VATIONAL ASSOCIATION

FOR RESEARCH IN SCLENCE TEACHING

42od AMNUAL MEETING

MEW APPROACHES TO SCIEWCE EDUCATION RESEARCH

ABETRACTS OF PRESENTED PAPERS

| THE WUNTINGTON-SHERATON HOTEL

PASADENA, CALIFORNTA

FIBRUARY 6-2, 1969



TASLE OF CONTENTS

PREFACE -
PAPERS PRESENTED AT THE CONFERENCE

Qoncurrent Sesgiong B, |, L . . . ¢ 4 . e s 0 e e a4 8 & s o
Sesgion B~1 Instruction in Hliementary Sciamca
Friedel, Avrthur We . o . o . . , '
Kondo, Aldan . . . o . 4 v o « v v 6 o o 5 0 o a o o o
Delidow, Stanley V. . . . . e
Helgeson, Stanley Le « v « o o o o

Sessicn B-2  The Teaching of BIolegy .« « « o o o « o o = o o
Balzer, LeVom . o ¢ o o o ¢ 6 5 o o o :
Evarg, Thomas Parker o o o ¢ ¢ o o o o o s+ o 6 o s o o s o
Hoy, Wayne K. and ,

Blankenship, Jacob W. . . o o v o ¢ 2 s ¢ v 0 s o 5 o o

Concurrent Sessions € :
Seszion C-~1  Teacher Educatlion Progrems im Sciemce . . . . .
Hone, BLEZADAER | 5 v 4 0 0 i 4 o e e e e e e e e e
TaShiler, .Hiiiiam Soyg JPe 0 ¢ 0 5 o «
Rﬂsaﬁ;'si&gie?o‘o---aeoancnna-.oin-oﬁ
Troxel, Verne AubT¥ . o o o« o« o o o = o o

Session C-2 Gn the Teaca*n@ of C@@mismry o ne s e o o s v o
Goodstein, Madeline , . . . '
aC?’&ifjﬁhﬂFa,o‘u....,%......,....
Torop, Wiiliem ., . . . . o o & o & « «
Swartney; Ilene Joyee . . . . o o«

@ o 3B 0 LI L] LI ] L] s e e =&

. L] “ 3 L] o ¢ ° ° ° » .

Concurvent Sessionz © ‘ .
Session G6-1 New Instrumente for Scienue Bducation Research .,
DLetZ, MBULEER A . 4 .t 4 4 o o s s e e e b e e s e e

- Tannenbaue, Kobert Sher ‘
Jacobson, Milton §. and
M&cﬁougallﬁ MM? mlﬁ ¢ » & &8 & ® 0 e w 6 © 6 & @ 6 ¢ @

Smith, Bdward Le . o o o o o .

c o # ¢ @ *» e« * 0© & e o o P2 0 « .

Sesgion §~2 The Structure of Kaowledge and Science Education
Andeyson, G. BOBRE . . ., & o o o o o o o
Bolde, Walter 8. . . . . . . .
Ohey, James BusK . . . o o ¢ o o « o 0 @

‘Page

12
14

16

17
i8
20
2z

23

23
26
28
. 30
31

‘33
134
36

38

40
&1
42
44



Concurrent Sessions I
Session H-1 Burvey of Reseavch in Scisnce BEducation
Bingham, Eldred W., '
Cronin, C. Robert end ‘
Paulk, LETTY & o o o o ¢ 2 « o o o a a o » o o
Swift, J. Naktham « + o ¢ ¢ s ¢ « o2 2 o o o » « a

Phelﬁn, Eiiz@bﬂth e 5 6 .6 5 e © & & 6 s a o 8 e o

Session H~2 On the Teaching of the Physical Sclences
Momtague, Barl J. .« o v ¢« ¢ o o o ¢ a o 2 o s o s
Bt., Johm, CIIRLOM o 4 & o o o ¢ o o o ¢ 6 o a o o
Tanner, R. THOMES .+ & ¢ « o o o ¢ o o o o o o ¢

Connurrent Sescions J

Session J-1 The Use of New Approsches and Materials im

Science Instruction .+ « + ¢ o & 5 o o o

Collagan, Roberh Be o v o o o & « o o 6 o o « a o
Szabo, Michael and ’

Agsher, J. WLl34am . o 0 4 ¢ o ¢ ¢ o o o o « o &

Wohl, Beth Fo & & 4 v 6 v o o 5 o o 6 o o » ¢ o o

Session J-2 Teaching and the Development of Teaching
o Competencisas o . o o o o o o o s & & o @
ﬁallgceneoeo-oosoaoco'oaa:oouu
Steimbach, Alan HEUTY .+ o « o o » « o « o « o o o
Sutmen, Frank X. and )
Sparke, Patricia . . . o & 2 o o ¢ o o 6 o o =
Breit, Frank D. and R
Butts, David P. 2 s 6 e & 8 e o 3 s s & & a @

Concurrent Sessions I
Eession L-1 How Children Learn in City aad Suburk .
George, Keaneth D, o e v o s e = 5 & o s 6 o » b
Ritz, William C. B
Carey, Russel L. and ’
Steffe, Leslie Pu « ¢ ¢ 2 6 & o o v w5 0 o .
Neuman, Donald Bernatd . « o « o « o o o ¢ o o o &

Seszion L=2 On the Teaching of Earth Sciemce . . . .
Cohien, Michzel Bobet® .« « ¢ o o o « s 6 5 5 v o &
Yasso, Warren E. and

Brovey, Danisl J. 6 ¢ 5 v e s o s & s o & s =
Mayvexr, Victor J. ¢ @ o ¢ s s ¢ ¢ o 6 5 6 0 s o a
Grobmesn, Bulda ¢ o o « 5 8 s a4 6 o 8 o 8 o v o a

. &8
. 50

. 51

. 33
. 54

- 58 :

« 39
- 56

.75
. 76
. 78

. 81
. 83

. 83

. 36

.. 88
o 50



PREFACE

The ERIC Information Analysis Center for Science Education has
cooperated with the Natiornal staciation for Research im Science Teaching
to provide gbgtracts of most of the papers presented at the annual confer-
ence in Pasadena, Califoranis, February & through February 9.

" All pereons whoe had pﬁpérs accepted were invited to submit
gbgtracts fdr inclusion in this publication. Some editing was done by
the ERIC Stafé to provide a genersl fovmat Ffor the abstracts. Specisl
recognition should bs given to br. Willard Jacobson who organized the
program and obtained many of the abstrackts aud to Mr. Philip Dauterman of
the ERIC Scaff who was responsible for much of the general editorial work.

Meny of the papers will be published in journals or be made
available through the ERIC system. These will be announced through

Research in Bducation and other publications of the ERIC system. Papers

msy also be requested from the asuthors while their limited supplies are

agvailable.

February, 1969 Robert W. Howe
: Director
ERIC Information Apalysis Center
-for Seciepnce Education

Sponsared by the Educational Resources Information Center of the
United States Office of Education end The Ohic State University.

This publication was prepared pursuant to & contract with the
Office of Education, United States Department of Health, Education, and
Welfare. Contractors undertaking such projects under Government sponsorship
gre encouraged to express freely their judgment in professional and techni-
cal matters. Polnts of view or opinions do not, therefore, necesaarily
represent official Cffice of Education position or policy.



Concurvent Scessions B

Sesgion B~1 Instruction in Elementary Science
Chairwoman: Jean Kriebs, Temple University

‘1. "A Procedure for Observing Teaeher'and Pupil Behavior im the
Sciencevciassroom,” Arthur W. Friedel - Fort Wayne Reglonal
Campué, Purdue University. | ‘ |

2. A Study of the Questioning Behavior of Téachers in the
Science Cﬁrriculum improvement Study Teaéhing the ﬁni? on
Materigl ébjectg," Allan Kondo - Indiana Universitby.

3. YA Stu&yféf.thé Use of inquiry and Relatéd Goncgptual Under-
standings at Selected Gza&e Levels,” Stanley V. Delidow Q-Wéyne
State University. | |

&, “Achievément Trends'iﬁ Comcept Learning,” Staaley L.

Helgeson - The Chis State University.



A ?ROCEDURE FOR OBSERVING TEACWR AND sz’IL
 BEHAVIOR IN THE SCIENCE CLASSRCOM

Arthur William Friedel
The Ohilo State University

This otudy was desi gned to develop an observat ondl procedure for
degcribing teacher and pupil behavior in the science classroom. Bellack
and others have called for the development of a variety of techniques for
the collection of classroom datz before future research can be done to
ascertain what kinds of classroom events are related to what kinds of learn-
ing outcomes. The importance of this study is the development of observa-
tional procedure to describe the verbal and nonverbal classroom behavicr of
teachers and pupils. This research has also served as a prototype for
other recent research conducted at the Ohio State University.

This Qtu&y was éarfied out in two phases: (1) a record of teacher
and pupil%behavicr;was secured; and (2) the record was quantified.

_ The vecord was secured through dirvect observation of four Columbus,
Chio, area science classes and twelve video recordings of nine Pittsburgh,
Penpnsylvania, area science classes. Narrative records were made during the
visitations and the viewing of tapes. Developed was a theoretical framework
conglsting of & model of communications as synthesized by Galloway and a
theory of interpersonal needs as postulated by Schutz. Through the inter-
play of tﬁe narrative records and the theoretical framework, categories
were developed to codify the sender, message, channel, and receiver of
megsage behavior and the performer, behavior, and channel of non-message
behavior. 1In describing teacher .or pupil behav1or, symbols were recorded
every five seconds to &ndlcate {1) sender or performer, (2) message or
non-message behavior, (3) channel, and (4) receiver. To codify message
behavior, twenty*nine ‘categories were deve loped; to codify non-message behavior,
five. S8pecific directions for the use of the category system with a video
tape recording were developed.

, mhe second phase of the sﬁudy, the quantifi catlon of the record,
was acCOmplisheé through & reliability study. Ancther sample of twelve
,vxdeo tapes of twelve science classes was recorded in Fort Wayne, Indiana.
- An unaergraduate in science education was trained to use the observational
‘procedure. After about 30 hours of viewing, discussing, and recording
symbols corresponding to the science classvoom behavior of the teacher, the
chservers selected a random sample of 15 five-minute segments of recorded
tape for coding. Scott's coefficient was calculated for each five-minute
segment of tape coded and for the total 75 minutes of tape coded. The
range of the coefficients for the 15 five-minute segments was found to be
from 0.57 to 0.90, and the medisn was (.80; for the total viewing time, the
coefficient was 0.92. This procedure established the observational device
22 & useabdle ianstrument.



The researcher then codified the behsvior of the pupils as recorded
on the same 15 segments of vides tape selected for teacher observation,

Obtained we

re percentages of beshavior recorded in each category of sender or

performer, message oy non-message behavior, channel and receiver.

Six major conciusicns of saieﬁce classroom behavior were obtained:

i.

6.

The predominant features of sclence elassroom
behavior were the méssage behaviors of the
teacher and the non-wessage behaviors of the
pupils, Messape behavior accounted for 64
per cent of teacher behavior and not~message
behavior accounted for 83 per cent of pupil

" behavior.

Teacher impersonal message behavior accounted
for more messages than pereonal behavior--~56
per cent was recorded as impersonal, 44 per ceant

personal,

There was Lelatlvely infvequanL use ¢f reine
forcement by the teacherg-~2 per cent of the
recorded behavior=-1 per cent positive and

1 per cent negative.

There was an infrequent catsgovrization of
behaviors associated with experimental in-

formation~~3 per cent as compared with 31

per cent designated as authoritative informs-
tion and l4 per cent drill.

There was frequent use of the verbal channel

- for messages by the teacher~-87 per cent of
the teachers' messages was sent via this
channel alone.

Non-message behavior required the nonverbal
channel exclusively. fThe nonverbal chanmel
was used for 100 per cent of the ueac%are
and pupils’ non-message behavior.



/A STUDY OF THE QUESTIONING BEHAVIOR OF TEACHERS IN THE
SCIENGE CURRICULUM IMPROVEMENT SIUDY TEACHING
THE UNIT ON MATERIAL OBJECIS

Allan Kiichi Kondo
Indiana University

The purpose of this grojectmms to study the questioning behavior
of teachers in the Science Curriculum Iuprovement Study, (8C1S), and the
possible relationship between their questioning behavior and the diffevent.
types of SCIS lessons. The SCIS has identified at least two main types of
legsons: Invention lessons in which teachars introduce a concept to chil-
dren, and Discovery lessons in which children apply the concept to new
situations.

The same sequence of four lessons, two Invention and two
Discovery, in the SCIS unit on Material Objects, was tape-recorded for
four first~grade teachers in the same school. The transcripts of the
tapes were analysed in terms of the complexity of their questioning behavior
using question-response-comment units called incidents, the question types
{Routine, Cognitive-Memory, Convergent, Evaluative, and Divergent), teacher
reactions to responses or to her own questions, and the tramsition proba-
bilities of ore question type followed by the same or other types.

The analyses of the que stioning benavxor of the four teachers in
the SCIS revealed .the following resulis:

1. Overall, there was a fairly consistent pattern of questioning
by the four teachers across the four lessons. The most complex lesson was
Lesson 20 (Imvention of the Campaxlson of ‘Objects Using Slgns)

2. Differences in the complexity of questioning patterns were
more striking when individual teachers were compared. Certain teachers had
& more complex pattern thanvachers. '

3. On the average, the percentages of Routine and Cogritive-
Memory questions across lessons seemed to be infiuenced by the lesson being
taught, but not by whether the lesson was an Invention or 2 Discovery lesson
per se. The way the lesson was approached--i.e., teacher demonstrationm,
children handling materials, etc., seemed to have a greater influence. When
the lesson was largely handled through a demonstration, the percentages of
Routine questions were relatively low and the percentages of Cognitive-
Memory questions were relatively high.

4, There was a fairly uniform percentsge of Comvergent fuestions
across all lessouns, abcut_one-half of &ll questions asked being Convergent.



5. The relative Irequencies of Evaluative questions were low in
all lessons.

6. While there were low percentages of Divergent questions over-
2ll across the lessouns, the Invention lessons (Lessons 20 and 21la} produced
the highest percentages. : ‘

7. 1In general, it is suggested from thé data that the way the
lesson iz approachéd has a greater influence on the types of questions
asked than the type of lessom per se. '

8. 1In most caded, the differenc2§ of question types among individ-
val teachers were more striking than the averages acrose lessons. This
points ocut the importance of the individual teacher’s style if the types of
guestions she asks.

9. In terms of the teacher reacticns to children's responses and
to her own gquestions, the most proucunced differences acrosgs lessons were
found in Lessons 20 (Invention) and 22 (Discovery}, on the one hand, and
Lessons 21la (Invention) and 21b (Discovery), on the other. The percentages
in categories of Repetition of responses and Question following question
were higher in the first pair mentioned than in the second. Again, vast
differences weve found between individual teachevs. This vevealed the
characteristic waye in which different teachersreact tec children's responses
and to their owm questions.

16. oOne type of question tends to be followed by questions of the
same type to a greater extent than would be indicated by the overall.
digtribution. .

The information gained in fhis study might be used in the considera-
pion of teaching strategies, curriculum wmodifications, and teacher education.



A STUDY OF THE USE OF INQUIRY AND RELATED CONCgPTUAL
UNDERSTANDINGS AT SELECTED GRADE LEVELS

. Stanley V. Delidow
' Wayne State University

There are numerous current programs in science education that
attempt to use the inquiry approach of 'process’. Yet there is comparatively
little information on how children utilize or react to open or fluid inquiry.
What is known has been generally developed within such SpeCItlc programs .as
E.8.8., A AA.5., S.C.I1.8., E.S.C.P., and B.S5.C.S, :

There is some need to research the question: How do children,
X~12, react to inquiry when given similar problems and placed.in similar
situations? Implications from this type . of research could attempt to re-
evaluate the presence of any pattern of development of imquiry:skills, could
attempt to corvelate conceptual understanding with procéss skills, and could
have bearing upon the validity of tom(. centered s;:.irﬂl currlculum

The problem being explored in this study is the following: How do
children in the kindergarten, second, £ifth, eighth and eleventh grades
react to inquiry when presented similar problems in similar situvations?

‘The research is to be ¢onducted during the f£all of 1968 in the
West Bloomfield Hills School District, northwest of the ‘city of Detroit.
This school district will allow the study to select as homogenous a student
population as possxble

~The’ grades selected for thp study are- klndergarteﬂ, second fifth,
eighth and eleventh. The reason for such a selection is two-fold. First,
not every grade level could be examined in the allotted time Ffor this
research, nor would it be deemed essential to do so. Second, in pilot situa-
tions 1nvolvlng the elementary schools, it was ascertained that discrete
differences could be found between these grades. The eighth and eleventh
grades were chosen as being representative of two levels of secondary school
students. Two classes from each of the chosen grades are to be selected so
as to produce a total population of between 250 and 300 students.

Students will be asked to participate in one of two problems The
procedure is to interview each student separately for between twenty and
thirty minutes, placing his reactions to the problems presented on video tape.

Tha first problem involves the ab;lity to see pattern in selected
samples in an attempt to accurately estimate the colors in a population of
colored wires. 1In this activity, observation and understanding, prebability,
measuring, selection of sample and grasp of numbers are most important.



The second problem involves a cardboard tube, blocks, and three
marbles. Two of the marbles are exactly the same size (4mm) one glass
{93 mg), the other copper (338 mg}. The third is a Gmm glass bead that
welghs 300 mg. Students will be asked which of the two small marbles will
roll farthev and then asked to prove thHelr answer, using some procedure.
The object is to have the students deviss a gituation that will demonstra;e
thelr beliefs, ideas, or ways of finding out.

Each interview has a standardized but flexible format and pro-
duces a situation in which ‘the interviewer initially sets the question, This
.calls for a loosely structured but informal situation in which, after the
problem ie suggested, the student is left alone to his cwn devices.

The evaluation of each interview will be done by means of a loose
seale that parallels the interview schedule, . Such a schedule would attempt
to raté each child in two aveas: one, level of recognition, wnderstanding
of conuept dealt with; two, exhibited use of process skills,

As a final check on research procedufes, a different educator will
ascertain the level of prejudice produCed by the interviswer.

It is balieved that this vegseacch, using this forma;, w1x1 prcdace
evidence to show that theré does exist & pattern of developmantai ability in
open inquiry ahd that it does to some ‘degree correlate with the Piagetisn
model of the child's understanding of reaiity. This rvesearch will also
give evidence to show that, while levels of sophistication vary, all types
and aspects of iunquicy skille do eppsdr at each level.



ACHIEVEMENT TRENDS IN CONCEPT LEARNING

Stanley L. Helgeson
The Chio State University

Differences in learning achievement -attained by puplls of dzgfeting
maturity are. important considerations in teaching elementary school science.
I1f understanding is hierarchical in mature, we must then be concerned with
pupil actainment at various complexity levels within this hierarchy. Two
questions arise: Do pupils of differing matuvity atta2in the same level of
aunievempnt, and do such pupils achieve in the same ways at each of the
levels of unders znding? . :

U51ng grade enrcllment as an indicator of maturlty,,the investi~
gator considered the foregoing questions in the form of the followiug problems:

1. Are there significant differences among the levels of the mean
scores achieved by pupils in grades 2-6 for each of the knowledge, compre-
hension, and application levels?

2. Are the trends of the mean scores achieved by the pupils in
grades 2-§ parallel for each of the knowledge, comprenensiO%, and appli-
cation levels? - .

A sample consisting of 12 pupils was randomly selected from each
of grades 2-6 from an elementary school in central Wiscensin. An instruce
tional unit was developed for each of eight concepts selected from within
the conceptual scheme of force; the order of events within each unit was
fixed to provzde for comparable instruction of all pupils.

' Evaluation was by paper-and-pencil multxple response items designed
te test for achievement at each of the knowledge, comprehension, and appli-
cation levels. The instruments contained five items per concept for a total
of 40 items at each of the knowledge, comprehension, and application levels.

Analyses of the evaluation data reveal the following results:
Knowledge-~There are szgnlfl;ant differences among the levels of the mean
scores achieved by the puplls in-grade 2-6. The trends of the mean scores
are para;le‘ for pupils in aly grades when compared across concepts.
Comprehension-~There are significant differences ameng the levels of the
mean scores achieved by the pupils in grades 2-6. The trends of the mean
scores capnot be established as being parallel when compared across concepts.
Application--There are significant differences among the levels of the mean

gcores .achieved by the pupils im grades 2-6. The trends of the mean scores
‘were’ net parallel when compared across concepts.




It would appear that,; based on these results for thissampie; not
caly do differénces in level of achievemént occur for pupils of differing
maturity, but that differences slso occur in the ways in which they dchieve.

+

This research was performed pursuant to contracts with the United States
Office of Education, Department of Heaith, Education, and Welfare, btndetr
provisions of the Cooperative Research Program at the University of
Wisconsin Research and Deveiopment Center, Jenter No.$-03, Contracg

OF 5-10-154.

Principal Investigators for the Science Concept Learning Project were
De. Milton O. Pella and Dr. George T. O'Hearn.
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Session B-2 The Teaching of Biology

Chairman: Burton Voes, University of Michigan
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‘1. YAn Exploratory investigaéﬁdn of Verbal and Nom-Verbal Behaviors
.0f BSCS Teacherg and Non-B3CS Teachérs,“ LeVon Balzer ~ Westsrn
Washington State College. |

Z, TAn Expiafatory Study of the Vérbal and Non-Verbal Behaviors of
Bi&iﬁé;;Teachers and Their Relatibnship to Selected Personality
Frajtey'" Thomas:Pavker Evens - Oregon State University.

3. ¥A écﬁparison'af'the Ideologleal Orientatiens.and Pergonality
Characteristics of Imnnovative snd Non-innovative High School

Bislogy Teachers,” Wayne K. Hoy - Rutgers ~ The Stata University

of Wew Jersey and Jacob W. Blankemship - Cklshoma State Univetsity.



AN EXPLORATORY INVESTIGATION OF VLR AL AND
NON-VERBAL BEHAVIORS OF BSCS. TEACHERS
AND NGN-BSCS TEACWERS

# LeVon palzer
Western Washingt01 Stater Coliege

The purpose of this study was to achleve the following objectives:

1. To GGVELOP an instrument for thn cateoorization of biology
teasher verbal and non-~verbal behav;orsu S :

2. To record and encode behaviecrs and patterns of biology teacher
behavior by means of utiiization af the instrument on vxdeo tape recorﬂzngs
taken in. the classroom, : : _ - e :

3.— _To. 1de1L1Ly .aspects of teacher behavior patterns that differ
signifi cantly among teachers and aspecis that appear relatively similar or
correlate highly among teachers. L

4. To identify.behaviors and/6r patterns of teacher verbal and
won~verbal behavior that giffer sigunificantly between BSCS teachers and
non-B5CS ueacher

This investigation was one of two studies which were parallel in
part and were designed to contribute to the develvpment and use cf a category
system by means of vides tape recordings. The instrument {(Biology Teacher
Behavior Inventory) was developed ianductively from the complete written
records of behaviors obtained from the video tapes. 4All identifiable verbal
and non-verbal behaviors influencing the teaching-learning situation were
inciuded. The empirical data from the video tapes congtituted ,the basis of
the category system,

Encoding was accomplished by writiung symbols representing the
appropriate categories, subcategories, and subdivisiocnsg in the columns of
the Data Record representing verbal, congrueunt, non-verbsl, and contradictory
behaviors. As long as a given behavicr continued, pencil dots were continued
under those symbols at approximately one-second intervals. Condensation of
data involved identification of predominant behaviors based on time consumed
within ten-second intervals.

Observer agreement figures on the three groups of behavior samples
were 0,92, O 95, and 0.93 as obtained by use of the Scott Index of Intercoder
Agreemant.
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The completed Bislogy Teacher Behavior Inventory was.utilized on
video tspes of five class sessions of four BSCS teachevs and four non~BSCS
teachers. In this study, these data weve then examined by inspection and
non~parametric statistical tests for similavities and differences smong the
teachers and for differences between the BBCS teachers and non-BSCS teachers.

The following concluslons and inferences were drawn from the
processes and data: .

1. An iustrument can be developed on a category basis which
incotporates the verbal and non~verbal behaviors of biclogy teachers.

2. Some aspacts of the behaviors were ideatified which correlated
highly for these teachers. Most evident were the similatities in pattern of
ranks of the various categovies, subcategories, and subdivisiocns bagded on
percentages of predcmiﬂabt behaviors.

3. S me aspects of the behaviors differed sxguiflhantiy among
the teachers. These differences were observed within specifi¢ items, such
as categories or subcategories. Teachers differed significantly (at the
.05 level) with respect to “Labordtory Management,® “Control,' "“Release,"
"Seientific Process,” Facilities Communication,” and "Negative Affectivity.®

4, No significant differences were found between the BSCS teachers
and the non-BSCS teachers. "Scientific Process” appreoached significance at
the .05 level, and it was evident by inspection that the BSCS teachers were
higher in “Scientific Process" behaviors than the non-BSCS teachers,

5. The inductive method of instrument development baqed on
empirical data in the form of complete records of teacher verbal and wmon-verbal
behaviors has considerable potential in behavioral research.

6. Opportunities for improvement of behavioral research are
greatly enhanced by the uss of video tepe recording equipment. For example,
g second-by-second account of teacher behavior can thus be developed.

7. Sensitivity to forms of expression, both verbal and non-verbal,
and communication acts can be incorporated into an instrumeant without necessi-
tating that the structure of the imstrument be restricted to either framework.

8. Non-verbal behaviors may constitute a much gresater proportion
of the total behaviors of the teacher than has been-hitherto veported. Non-
verbal componencs influencing the cedch&hg-iearniug gituation were found to
gccuyr in 65.22 percent of 2ll behaviors of the teachers studied.
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V."‘AN EXPLORATORY STUDY OF THE VERBAL AND NON-VERBAL -
BEYAVIORS OF BIOLOGY TEACHERS AND THEIR
RELATIONSHIP TO SELECTED
PERSOMALITY TRAITS

Thomas Parker Evans
Qrégon State University

This inveséigation.was designed to test the following two hypotheses:

1. A reliable category system for first-hand systematic observation
of the verbal and non~-verbal behavior of high school biology teachers, in
both classrqom and iaboratory instructional situations, cau be developed.

2, There is 2 aigﬂi”iranr positive correlation between select ed
personality treits and the verbal and non-verbal behaviors exhibited by high
school biology teachers in both ciassroom and laboratory instructional
situations,

In ordexr to test the first hypothesis, thirteen video tepe recordings,
each one ciass pevricd in length, were made of eleven high school biology teachers
during their regular laboratory and classroom presentatiocns., These recordings
were used to develop the Biology Teacher Behavior Inventory and a method of
encoding behavioral data. . =

The category system, which was composed of seven major catégories,
was developed in an inductive manumer, i.e., it progressed from a narrative
list of teacher classroom behaviors to the individual categories and finally
into the Biclogy Teacher Behavior Inventory. The list of teacher classroom
behaviors wds later organized into a glossary of teacher classroom behaviors.

The method of encoding consisted ¢f viewing the video tape
recordings and identifying, classifyiug, and recording the teacher classroom
behaviors onto a data vecord. The behaviors were clasgsified into the
Biology Teacher Behavior Inventory according to the inferred intent of the
behavior and according to one of the following forms of expression: Verbal,
Cougruent, Noa-verbal, or Contradictory. The encoded behaviors were recorded
“in rowa, top to bottom, on the data recowd to preserve the sequence of behaviors.

Once the encoded data record was obtained, ten-second time intervals
were determined with the 3id of an audic recovrder. Each time interval was
examined, and the predominant behavior for each interval was determined by
the behavior which consumed the largest porticn of ten-second interval,

Fifteen, five-minute samples of behavior were drawn at random from
the thirteen video recordings, and each sample was independently observed
and encoded by two observers. Inter-cbserver agreement was calculated, and

~an overall inter-observer agreement was found to be .92. Inter-observer
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agreemcnt Was. rcchcckeé at the midpoint and again at the end of data
‘collection and found to be ,95 and .93, respectively.

In an effort to test the second hypothesis; forty video tape
recordings, five for each teacher;, were made of eight blology teachers
over a period of three months, Botn laboratory and ¢lassroom instructional
periods were recorded, and each tépe was one class pariod in Iength. The
tapes were analyzed using the Biolegy Teacher PBehaviér Inventory and the
method of encoding developed for testing the first hypothesis.

The petsohality data were obtained by administering the Guilgggg:
Zimmerman Temperament Survey to each of the eight biology tesachers,

The Spesrman R anl Lor celation Coefficient was used to correlate
the behavioral and personality data. The .05 and .01 levels of significance

were determined from a table of ecritical values for the Spearman Rank Correlation
Coefficlent,

The first hypothesgis wasg supported by the Biology Teacher Behavior
Inventory and the method of encoding developed and ueed in this study. That
is, the instrument met the stated definition of a category system, and the
reliability, defined as inter-observer agreement, was found to be in excess
of .90, ’

it was concluded from the statistical findings that there were
sigﬁ*ficant positive correlations between the selected persgnality traits
and certain verbal and non-verbal tescher classroom behaviors.:’ However,
these findings were highly suspect, i.e., therewarsano more significant
positive correlations than one would eupect to find by chance alone,
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A COMPARISCHN OF THE IDEOLOGICAL ORIENTATIONS AND
PERSONALITY CHARACTERISTICS OF INHOVATIVE AND NGN-INNOVATIVE

- HIGH SCHOOL BIO OGY TEACHLRS

Wayne‘Ko Roy ' ' , o Jacob W. Blankenship
Rutgers = The State University Oklahoma State University

» In this study it was assumed that certain ideological orientations
and perscvaliry charanterie*ics wonla facilitate lanovation and change.

Innovative and ﬂcn-inrcvative high school bxol@g} teacherw wera
dicged to differ sionincaﬁtly with respect to (1) pupil control orienta-

pre
tiom and (2) the set of personality characteristics termed "capaciLy for
fndepeﬁ¢ent thought and action."

) TﬂﬁOVatLVQ and non-~innovative subjects were ideantified from a
;f}eampie of 164 high school biology teachers attsnding four summer institutes
- financed by the Natisnal Science Foundation. The Pupil Control Ideonlogy

*Form and the Galiforunia Psycholeogical Inventorv were the operetional measures
of the dependent variablesz. :

The hypotheses of the atudy were tested end confirmed by the ¢ ~
teats for differences bDetween means cx noncorrelated samples of uneqnal size.
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ELEMENTS OF SUCCESSFUL IN~SFRVICE EDUCATION
FOR ELEMENTARY SCIENCE

Elizabeth Houe

Implemen*ation of any naw curriculum material depende upon the
xtent and gquality of in-service educatiocd of teachers in the new material.
Pte»servi¢a is too littie 2nd tosc late. As compared to the number of teachers
in service, pre-gservice education involves too small a fraction of the pro-
fession,  Changing curyiculum via new materials would occur at snail's pace
if it were attempted only through the pre-service pOgulaticn of &eache;a,

.in TFor years, major publis&exs have committed a considerab e budget
- for canzvltaﬁt salaries and materials to implement new books and related

materiais‘directly with teachers in-service. Indeed,

¥ .0sone private agency (@ publiszher) adapted the
tactics and strategy of the federal and foundation-
sponsored hypercommittee id calling upon ‘the services

cf a widely representative group of scientists, science
educators, administratore, supervisors and teachers,
selecting, of course, several individuals, who were then
responsible for directing the project. The result was
‘the' development of "experimental try-out schools,”
Yexperimental try-out editions," wide feedback resulting in
‘many revisions; the result was the development of a
hypertext or a multiplicity of materials; these included
classroom laboratories, individualized investigations,
iaboratory manuals, construction manuals, as well as
texts, classvcom guides and testsg, %

‘rolluwiag the templaue establighed by the’ Physlcal Science Study
Comnittee, those involved in the majority of new science curriculum projects
are providing for subsidized training of selected teachers to test and
proselytize materials as developed. Implementation of any new secience
material relies heavily uvpon in-service education to overcome several
obatacles.

Thase obstacles include:

teachers’ negative sttitudes toward science,
teachers' lack of skills in the use of simple equipment.,

As reasons for not teaching science, -studies show teachers cite:

iack of equipment
inadequate séience background
1ack of time and spdce

i

i
* Paul F, Braﬂawein, "Trende and issues in Science BEducation,® in InnOVatiOns
1266, Syracuse University,
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These three reascns can be shown £d ba more spparent than real
when in-gervice science is skillfully structured around Lﬁese three
elementsy

Program and Equipment
Personnel
Time and Place

The following report is based upon experience awd observations
with several hundred teachers over a two-yeayr pericd. The sampling repre-
‘sents 150 workshop meetings held between 50 districts. As a vesult of these
experiences, the three sbove«named elements emerged as determinants for
guccesgful inwservice education in elementary science. re~planning for
these elements with district consuliants will be described; overall and
specific plans for a workshop series and individual meetings will be cited;
and evidence of individual and group growth both duriug sad several months
later will be offered. Moreover, evidence from control. situations which lacked

the blending of sssentisl elements wiil ‘be pregented, snd examples of follow-up
activicies will be considered.
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AN ASSESSMENT OF SCIENGCE - A PROCESS APFROACH .

IN A COOPERATIVE CGLZECE“SCHOGLbﬁﬁiENCE PROJECT

William S. LaShier, Jr.
Kangas State Teachers College

A Cooperative College~Schocl Science Project provided W.S.F.
support for 47 elementary.school teachers and principais for a sin-week
summer period and addicicnal asgistance during the following academic year
of 1967-68. The project was plaaoned jointly by the staff of Lawrence,

Kansas Unified School District #4937, and br. biar% Brickﬁr and Dr. William S.
LasShier, Jr. of the Universlty of Kansas.

The summer insuitute partlcipants used the Physical Science for
Non=Science Majors materials, In addition, the rationaie and use of the
AAAS Scieuce - A “Process Approach Materiale were studied and subsequently
implenented by 26 teacher& of kindergarten through grade Lhree.

The summer instltute participaunts had a pre-test mean of 66.7
points ocut 0of a possible 100 on Form A cf the AAAS Science Process Measure
- for Teachers. After six weeks of instruction, the mean score increaased to
BGT1 85 measured by Form B of the same test.

The evaluation of the success of the subsequent academic year
program was based, in part, on & pre- and post-test design using student
achievement in science as the criterion., Four sets of Competency Tasks were
compiled to be used in Jdetermining any gain in student achievement over a
period of a year. Each set of competency tasks waz selected from pre-
existing AAAS tests that accompanied each of the exercises that wewre to be
taught at é particular grade level during the 1967-68 school year. Each of the
sets of competency tasks was limited in scope so that the test could be
administered to an individual student in approximately thirty minutes. The
regearch design provided for the pretesting in September of 15 control students
~and 20 experimental students randomly selected at each grade level from
kindergarten through three., Both the experimental and control groups were
tested again in May, 1968, to determine any gain in achievement.

The four sets of Competency Taske, correspondiung te the four grade
levels, were administered by a team of four dindivi iduals acquainted with
the rationale of the AAAS program. To imsure an cbjective assessment, an
examiner tested both the control and experiﬂe1ta; groups at a particular
grade level,

The reliability of each of the four sets of Competency Tasks was
. determined by means of the Kuder~Richardson Formula 21. 4An item analysis
‘¢f the post-test sgores of the experimeuntal group p*ovided validity and
difficulty indices for each item.
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Two null hypotheses at each grade level were stated to test
whether there was an initial significant difference between the two-
groups and also whether the experimental group exceeded the achievement
of the control group after encountering the AAAS program.

At all four grade levels, there were no initial significant
differences at the .05 level between the control and experimental groups
as measured by the pre-test sets of competency tasks., After campleting
the sequence of AAAS exercises, both groups were post-tested with the
same instruments. In all four grades, significant achievement differ-
ences existed in favor of the experimental group. The level of signifi~
cance at the kindergarten level was .05. 1In the first grade, the level
of significance was .025. In the second grade, a .002 grade level of
significance was obtained. The level of significance for the third
grade group was .05. The results of the study indicated that the stu-
dents involved in this AAAS program consistently achieved more of the
stated objectives than the students in the control group.
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REPORT ON! A NEW SINGLE CGB?S& CGMBiNING CONTENT AND TECHNIQUE IN THE
SCIENCE PREPARATTON OF ELEMuWTARY SC?@@L TEAE&ERS

Sidney Rosen _
University of Illinois

Betablished during the summer of 1967 at the University of Illinois
was a. new course which combined a science course with an elementary school
gcience methods course, Thus, the first semester of the physical science
course in the Liberal Arts College (DGS 141y and the one~semester methods
icourse elective (EL Ed 335) were made available to sophomore students who had
’not yet fulfilled their physical science requirément and who, under normal
rlrcumstances, would not have been aligxble to elect El Ed 335, a junior-

seaior course. » .

Briefly, t e apologiae for tﬁis 1nnovation are as follows: (a)
the impact of the new secondary-school curricula in science has been to
increase the pressure on elementary-school teachersz to teach more and "hetter”
science; (b) the tsaching of the newly developed elementary-school science
curriculs has been hindered by the inability of teachers to teach them, or
at least to teach them in the sense intended by the developers; (c¢) the
major area of lack of preparation on the part of elementary school teachers
seemg to be 1& the physical sciences, particularly astronomy atd physiecs,

It would be ideal to graduate a teacher who is well-groundedin the
physical sciences; however, in view of the typical four-year elementary
education curriculum, such an ideal is rarely, if ever, attained, Nevertheless,
it should be possible to graduate a prospective elementary school teacher
who has gained azu insight into the nature of fundamental physical concepts
and who is prepared to Ytranslate' these concepts at the child's level of
sophistication. More hopefully, such a teacher ought to be able to evaluate
any new elementavy-school science curriculum she is asked to teach.

This report will discuss at greater length the two courses involved,
the technlques of combination, and the kinds of activities experienced by
the students and faculty involved., Since the combined course will have
already been offered during the first semesters of two years (the present and
the past azcademic vears), something can be said agbout student attitudes and
accompiighmenta. No formal statistical measurements of muccess or failure
have as yet been actempted. :
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AWALYSIS OF INSTRUCTIONAL CUTCOMES OF STUDENTS INVOLVED
WiTH THREE COURSES IN RIGH SCH@@& CHEMISTRY

Verne Aubry Troxsl
Uaniversity of Towa

Three courses of study in chemistry, Modern Chemistry, CHEMS and
UB4 were compared to determine 1f there were any difference in the degree
to which these courses were meeting their common obiectives. The objectives
£ these courses ave such as to indicate they will provide for the student
(1} a greater understanding of chemistry, (2) a greater understanding of
science, (3} a greater ability to think critically, and {(4) a better attitude
toward science. : o D

Four instruments wevre used on a pretest and post-test basis te
determine if there were any difference in the attafoment of the objectives
of the three chemistry courses. These instruments were (1) ACS Cooperative
Examination - General Chemistry, Form 1963 (ACS), (2) Test on Understanding
Science, Form W {TOUZ), (3) Watson~Glaser Critical Thinking Appraisal, Form
YM (WGCTA), and (4) Prouse Subject Preference Survey (Prouse). In addition
2 Teacher Performance Scale (TPS) was administered on a post-test basis to
determine if there were any corvelation beiween achievement on the various
measures and the student’s cpinion of the teacher’s ability to make class-
room materials understandable. Including all subtest and total test scores,
each student received and answered a battery of fifteen examinations. A
total of 1333 students and 23 teachers took part inm the study in Towz and
Illinols. The students were compared on the basis of (1) the total group
without regard to grade level or ability level, (2) each grade level without
respect to ability lewel, (3) each grade level subdivided into three ability
groups as determined by the Watson~Glaser Critical Thinkine Avpraisal pre-
tesi total score. The comparison was accomplished by analysis of covariance.
Correlations were determined by use of the Pearson Product-Moment Corvelation
caleulation.

In terms of the total group, the analyses show that students en-
rolled in CHEMS and CBA perform significantly better on the ACS, TOUS, and
WECTA examinations than do students enrolled in Modern Chemistrv. Students
in the CHEMS and Modern Chemistry courses tend to rate the subject of chemistry
higher in terms of preference than do students enrolied in the CBA course,
as measured by the Prouse.

In terms of the various grade levels the analyses show that,
‘vegardless of grade level, students who are envolled in the CHEMS aund CBA
courseg perform gignificantiy better on the ACS, TOUS and WGCTA examinations
than do students whe are enrclled in the Modern Chemistry course. Students
in grade 11 enroiled in the Modern Chemistry and CHEMS courses tend to
prefer the subject of chemistry to a greater extent than do gtudents en-
rollad in the CBA course, as measurad by the Prouse. . .




~In terms of the three ability leveis for grade 10 the analyses
show that students enrolled in CHEMS develop a significantly better under-
standing of chemistry as measured by the ACS regardless of their abilicy
level than do students enroliled in Modern Chemistry or CBA. Also students
who ave enrolled in CBA in the upper third of thelr class develop into
significantly better critical thinkers than students enrolled in the CHEMS
course aslmeauured by the WGCTA,

: In terms cf the three ability Ievpls for gra&e ii, s;udents in
the lower and upper thirds of their abiliey leével who are enrolled in CHEMS
and GBA develop a sxgnafzcantly better understanding of science than do
students enrolled in the Modern Chemistrvy course, as measured by the TOUS.
Students in the lower two-thirds of their ability group who are enrolled

in CHEMS and CBA tend to develop a significantly better ability for some
aspects of critical thinking than do students in Modern Chemistry courses,
as measured by the WGGWA.

; In terms of the three ability groups for grade 12, CBA students
tend ko develop a significantly better understanding of chemistry than do
students enrolled in the Modern Chemistry course, as measured by the ACS.
Students enrolled in CBA and in the lower third of their ability group
develop a significantly betrter understanding of scilence than do students
enrolled in the Modern Chemistry or CHEMS courses, as measured by ‘the TGUS,
CB& and CHEMS students in the lower and upper thirds of their abilicy group
develop certain aspects of critical thinking significantly better than do =~
Yodern Cnemisr:y s?udente, ag weasured by the WGCTA.

in geneval the: correlations bcrween the TPS and the other variates
were extremely low Indicating only & concomitant relationship,
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THE OXIDATION-REDUCTION CONCEPT

Madeline Goodstein
Central Connecticut State College

Altnough the oxidation-reduction concept is much used in chemisgtry,
2 search of the literature reveals that no single definition i3 currently
accepted in all fields of chemistry. 1In this study, a new definition has ,
been educed which subsumes the maximum number of common elements of the concepts
aow in use.. An oxidation-veduction is defined as a chemical reaction during
which an atom takes possession of one or more electrons from another atom
because it is intrinsically a'more. powerful electron-attractor. Transfers
of electvon possession occur: when an electron pair is attrvacted to, from, or
through the position of equal sharing to a new position, or when an electron
ig transferred from one particle to another. A shift in\ﬁgﬁgggfof electron
passession is not an oxidatlion-reduction.

Baged upon the above definition, the usual meaning of oxidatien,
reduction, oxidizing and reducing agents, and oxidation state are redefined,
and & convnﬂi@nr new term, bond oxidation number, is introduced, Complex
formation is non-oxidative when the bonding occurs via a Yone electron pair
with an atom o; lesser electron-attracting power.

The above definition restricte vedox veasections to transfers of
zlectron possession which take place due to atomic electron-attracting power.
It eliminstes those reactions which are due to inductive or polarization
effects or are radiolyses or photoexcitations. '

The determinatiocn of the electron-attracting power of an atom is
seen ko be a difficult problem. Of the several methods congidered, Pauling's
electronegativities seems to be the best measure available,

When the energies of redox reactions are examined, it is seen that
they are directly related, although the relationship to electrenegativities
i3 not simple.

It is ghown that, significantly, oxidation-reductions take place
by characte”iatic nechanisms which coften differentiate them from non-redox
procesaes.§ The mechanisms may be divided into three major groupings with
saveral gseparate sub-groupings for each. The sub~groups include many reactions
not ovdinarily studied because they do not f£it convenientiy into classification
systems now in use, '

Redox process and redox product are ciosely linked; {norganic and
organic veactions proceed by distinctly different mechanisms. However, when
electrons are tremsferved to or from a coordinate complex with am accompanying
change in coordination number, mec%awisma of each type may cccur depending
upon the canditionso
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The redox concept, far from being arbilirvary, is a clasgification
of certain real changes in electron configuration, An accounting of these
changes is feasible through the usz of oxidation numbevs. The standard
get of rules for assigning oxidation numbers is readily justified in termsg
the new definition.

The pogsibility exists that other areas in science may benefit

from such intensive srudies as this one, especlsally vhen the topic crosses.

ordinarily separate aveas., The professional educator who is undertaking a
doctoral or post-doctoral project is aslmost uniguely-qualified for such an
exploration;

of
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ASSESSMENT OF THE COGNITIVE ABILITY EVALUATION
1IN STUDENTS OF CONVEHTTONAL AND MODERN
HIGH SCHOOL CHEMISTRY

John F. 8chaff
Syracuse University -

Severzl comparisons have been made between modern and conventional
chemistry courses with attempts to elucidate the specific complex behaviors
purported td be developed by the modern courses. Distinet. ingights ianto
ideatifyiag the complex behaviors developed by the modern courses have been
produced by tests based on the behavioral descriptions contained in the
Taxonomy of Fducational Cbjectives, Handbook I: Cognitive pDomain. 1In this
research, students were compared using an instrument designed to measure
Evaluatlcn, the most complex of tne behaviors represeunted in the Taxonomy.

The instrument, Aqsossment of Bvaluation Ability in Chemlstgg, was
developed to measure the cognitive abz?ity, Evaluation, in hlch school chemistry.
it consisted of two eqnlval ent foxms, Foxm J aud Form 8, designed to measure
Evaluation in the unit of content, Kinetic-Molecular Theory, which was taught
in both the conventional and modeyn curricula. A control for Knowledge, the
lowest of the six hierarchical categories of the Taxonomy, was incorporated
to serve az a meauns of comparing the kacwledge of students in the two
‘greatment proups, No attempt was made to control for, or o ‘measure, . the
~intervening categories of the Taxonomy.

The Kncw%edge test was a part of each form of the iustrument and
was adminigtered prior to the Evaluation test, It consisted of multiple-
choice i.tems designed to measure the recall of specific facte aund ideas
related to Kinetic-Molecular Theory.

Nine problems designed to measure a student's Evaluaticn ability
based un his knowledge of Kinetic-Molecular Theory comprised the Evaluation
test. EFach problem was brcken down into five specifiec items calling for
separat« judgments based on different criteria in order to measure as much
of the Evaluation process as possible. Each item called for a yes or no
respouse to a statement which was followed by a request for an explanation of
the derision given.

Twenty=-four classes, 12 for each treatment group, were selected
from seven schools in the aortheastern section of Iilinois. The classes
were divided equally among 12 teachers with no more then two teachers
represented by one schovl. The instrumzant was mailed to the achools and
administeved to the classes during a six-week period in Apzil and May, 1968,
ALl studeats were tested fizet with Form J and then with Form § of the
ivgtrument,



, When class mean scoves on the Kaowledge test were compared using the
BMDOBY Analysis of Variance program, no differences were observed at the .05
level of siguificance between the treatment groups.

A comparison of the two treatmant'grQUQs cn the Evaluation test
revealed that. the mean class scores of the modern curricula were subatantially
higheyr than those for the conveutional currlcula. & statistical analysis of
the student scores showed that subjects giveun instruction in modern chemistry
differed from those given imgtruction in couventional chemistry curricula at
the 01 level of significance,

This investigation disclossd differences in the cognitive ability,
Evaluation, of students given instruction in modern aud counventional high
school chemistry curricula, while concurreatly demonstrating in the same
students an equivalcnt_perf@rmance cn their Knowledge ebility. Students taught
the modern curricula demonstra ted & higher performance in Evaluation than
gtudents taught the convenitional curwvicula. These reagulis gubstantiated the
wypothesis that there were diffevences in the complex coguitive ability,
Evaluation, developed in etudents b by the two curricula. The results suggest
that thexe may also be differences in other complex cognitive gbilities of

the Taxounomy.
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AN EXPERTMENTAL STUDY T DETERMINE THE RELATIVE
EFFECTIVENESS OF FOUR METHODS OF LABORATORY
REPORTS. IN THE TEACHING OF GHEM STUDY CHEMISTRY

lliam T@ron
Upper Darby Senior High Srhoai

The problem considered inm this study was the effect of different
types of 1abaratory reports-on measured outcomes of CHEM Study Chemistry.

Mﬁsr of the iabokatoryncentezed ‘science couraes Eor the secondaty .
schools have some type of written leboratory report associasted with them.
The value of these written reports, however, has not been conciusive‘
demongtrated. There is no recent research which.addressesfitseif_spgcifically
to this pxoblem.

The subjects, Siviaed inbo four treatment groups, were eleventh
Gnd twelfth grade, college-prepavatory, high school chemistry students at
hie Upper Darby Senior High School, Upper Darby, Peannsylvania, during the
scuool year 1967-1968., The first treatment group was required to submit
an essay laboratory report. The second treatment group filled in the blanks
oa mimeographed laborgtory sheets prepared by the investigator. The third
treatment group answerad the questions in the laboratory manual. The fourth
treatment group did not prepare any writteu report. All four groups
‘were taught by the investigator and used the CHEM Study textbook and laboratory
manual, Chemistry An Experimental Science. All assiguments, quizzes, tests,
and experiments (excevt for report format), were the same in each treatment
group. The evaluation instruments administered as pre-tests only were the
Oris Qulck Scoring Mental Ability Gamma Test and the gmerican Chemical Society-
3at¢onal Sczence Tuachers Assocxatloﬁ ngh School Chemlery Test. Used a8

P L Y ppuiua i)

Aggra£§§§ aﬁd the Test on Understanding Science. The following tests were
administered as post-tests only.- Chemical Education Material Study Achievement
Tests, Chapters 1-4, 5-7, 8-10, and Semester Final; Laboratory Techniques

and Apparatus Test for High School Chemistry; Cooperaztive Science Tests,
Chemistryg Part 1I; and a test on the visual identification of laboratory

eguipment.

. On the CHEM Study Semester Final the mean test scores of the
group using the mimeographed laboratory sheets was significantly higher
{2t the .05 level) than those of both the essay report group aud the uno
written report group., However, theve were no gignificant differences on
measured outcomes in the other evaluation instruments administered.

pased on the vesults of thils investigation, it is recommended Cthat
report sheelte be prepaved by the tesacher in order to increase achievement
in high school chemistry.



e
ety

LEARNING DIFFICULTICS ENCOUNTERED BY STUDE

STUDYING THE CHEM STUDY PROGRAM
Ilene Joyce Swartney ‘
State University Coliege -at Buffalo

F

The problem investigated in this study was to identify those
science concepts and mathematical skills that may be the source of student
difficulty in learning chemistry as described by the CHEMS program. '

Although high school chemistry courses are somewhat selective by
virtue of their reputatiom  there are many students who enroll who fail
the courses. It is acknowledged that student failures may be due to lack of
academic ability, lack of interest, lack of prerequisite kaowledge and/or
iack of mathematical and reading skills, Although these deficiencies are
generally accepted, they do little to help understand what causes the student
to fail. 1Im chis study, the concerm is with the presénce or absence of certain
concepts and/or skille and student failure on tests in CHEM Study Chemistry,
It is recognized that these deficiencies may be traced back to ebility, intervest;
or other causes; however, theiy cause is not of concern; of concern is the
consaguance.,

A eclinical approach was utilized to determine if the students
possessed the concepts aodfor skills needed to respond acceptably tc a test
item. Each item on each test was analyzed to determine the concepts and/or
ekills necessary to give the desived resgponse to that item. These concepts
and skills became the toples discussed during perscnal student interviews
held following each of the four tests. These interviews were conducted with
those students who earned scores that ranked among the lower 20 percent in
School & or the lower 30 percent in School B. The percent of the population
was 30 percent in School B in order to include students with the same ranked
sccres from both schools. A fifth interview was developed which included the .
uae of previously prepared interview questions selected from those that were
anewered incorrectly during the first four interviews by 50 percent or more
of the students in either of the two schools. The students parvticipating in
this fifth interview were LhOSe who earned scores ranked within the top 20
percent of School A and _he top 30 percent in School B on two out of the first
three examinations. :

- Based upon finéings within the limited population involved in this
gstudy, it appears that the studenis earning low scores on the CHEMS examinations
were unable to define many technical te?ms, could not verbalize key concepts,
did not possess the ability to solve simple algebraic equations, could not
solve problems of a quantitative nature, and lacked the skills necessary to
interpret graphs and charts, Specifically, the students did not understand
or could not verbalize coucepts with respect to the particulate anature of
matter, equilibrium, tewperature, energy and oxidation-reduction, 2s well as
many cthers. These same difficulties were present te a limited extent among
students who performed at a satisfactory level.



32

The following are some implications of thie study. (1) It does
not seem reasonable for the teachers of chemistry to assume that the common
definitions used by students for common words as rate and boiling are the
same as technical definitions when the texms are used im chemistry. (2) In
planning curricula in chemistry it does not seem ressonable to assume that all
students have & common background of scientific knowiedge. (3) Some concepts,
such as equilibrium end oxidation-rveduction may be too rigorous for the high
school student. (4) Teachers of chemistry ehould give special attention €0
‘concepte| which deal with sbstractions. ' . '
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AN INMVESTIGATION TO DEVELOP AN INSTRUMENT TO DETERMINE THE
PROBLEM-SOLVING SKILLS IN SCIENCE OF CHILDEEN IN
GRADES ONE, wo, AND THRE

‘ Maureen A, Bietz
University of Penns ylvania

The purpose of this study was to develop an instrument to
determine the problem-solving skills in science of children in grades one,
two, and three. The specific aims of the study were to identify the skills
cuged in sﬂlence problem~-solving, o construct an instrument to measure
“these ékibls, and to determine the validity and reliability of the instrument.

"The first step in developing this instrument was to carefully
delineate the scilence content and problem-solving skills to be incorporated
in the test. During the 1967-68 school year, about 1300 children in the
first, second, and third grades were studied by this investigator. Basic
tasks were selected to test the children's skills with respect to instru-
mente, numbers, sameness, velative direction (right and left), and ovrdering
by size. The children selected for this study wers from three different
types of schocl districts in and arcund Philadelphia, Pennoylvanla

w;th the knowledge of how first-, second-, and third- gtaders
performed on these tasks, the investigator began constructing picture-
problems. Seven such problems were shown to about 360 primary grade
children.  Taped recordings of the children's responses to the picture=
problems were analyzed to determine if the children recognized the apparent
inconsistancy (the problem) presented in the pictire; if the children under-
stood the function of the objects (see-saw, balloons, themometers, bottles,
fish tank; floating blocks) used to create a problem; and if the children
could give at least one, if not more, reasonable explanation for what they
saw happening in the picture.

Two paraliel forms of the test were developed, with each form con-
sisting of two physical science problems. Each problem is presented to the
_students in the form of a large picture shown tc the class. The science
problem is basically a wanipulation of objects in a seemingly inconsistent
way. The student answer booklet is divided in the following way.

Section 1

Here the student is asked to select one picture out of four
pictures on the first answer sheet which shows the pieces of equipment as
ke usually sees them. By selecting any one of the four choices, the student
indicates whether he does or does not recognize what is inconsistent about
the large picture-problem. These choices were selected from oral explana-
tions Oiven by primary grade school children when they were presented with
the pictu;e-problems.



Section 2

In this gection the student is presented with seven multiple-choice
guastions concerning the sclence concepts invelved in solving the problem.
The stem and choices of sach Guestion ade inm the form of pictuves.

Section 3

Here the student is given an opportunity to collect data. Ten
pictures are presented to the child. He is asked to "put an X under those
pictures on his page that appear in the problem-picture." The picture
choices on this page £all into three categories: (1) the picture choice
ont the child's page is a single element Srom *ha picture~problem; (2} the
plcture choices are combinations of the elements in the plcﬁurempaoblem,
(3) the picture choices are not in the picture-problem.

Section &

Four “if-then"” picture choices are arranged om this last page of
the student answver booklet. Here the student ig directed to observe the
£irst picture in each row. He is then asked to indicate which picture
cholce 'is covrzet if the oviginal problem picture is changed to look like
the first plcture in the row.

Test Content . e

Each of the two parallel forms of The Problem-Solving Skills
Iest contains two picture problems dealing with physical science principlus.
Form &, Problem 1, is concerned with heat expanding a liquid indicator in
& thermcmeter and cold contraciing this liquid.  Form A, Problem 2, is
based on the relationship of a1s pressure to liquids emptying out ox a
cam&aznﬂr. Férm B, Problem 1, is concerned with the pfinﬁnp;e of a bal-
ance. Form B, Problem 2 employs the coneepts of buoyancy and gravity. .

The Probiem~301ving Skills Test countains many limitations but the
results obtained so far seem to indicate that it is measurxing: (1) recogni~
tion of inconsistencies; (2) accuracy of visual cobservation; (3} reasconing
with “if-then" statements; (4) undersianding of scisnce concept knowledge
needed to solve a particular problem. -Additioral conclusions with respect
to reliability, velidity, and cdrrelation of test scores with Lntellﬂgence,
age, sex, and years of schooling will be available in the fingl report
ready in November, 1968.




THE DEVELOPMENT OF THE TEST OF SCIENCE PROCESSES

Robérte Sher Tannenbauvm’
Columbia University

In this study, an instrument to assess achievement and diagnose
weaknesses in tbb use of scieunce processes by students in grades seven,
eight, and niﬁu was developed. it is entitled Test of Science Processes
The scleace DroceSuen considered were (bserving, Compaving, Clas s;fying,
Quantifyi ng, Measurlng, Experimenting, Inferring, and Predicting. These

were arvived at after a wtudy of relevant texts aud other literature, The
original list was edited and condensed, and the behaviors which students
must exhibit in order to demounstrate competence in the use of each of the
processes were specified in detail., This statement of behaviors was sub~
mitted to experts foy their opinxcns and validation before final writing.
The fiual version of the statement of behaviors served as the blueprint for
the Test c‘ Scxence ?roresseso

The 1nst ument has the fol low1ng cbatocterxsuics (1) 1t c01szsts
of 96 multiple choice (five choice) questions; (2) it requires total actual.
testing time of 73 minutes (some students may finish in less); (3) the test
booklet is printed with black and white illustraticas and, for the 12 ques-
tions which require color, 35 mm color siides are used; and {4) scoring of
the instrument yields z total score (Kuder-Richardson formula 20 reliability =
«91) and eight subscores, one for each process (reliabilitles from about
«30 to aocut 80) .

The instrument was administered to 3,673 students from schools in
the Bronx, New York, aud Rockland County, New York. This sample was carefully
selected to include all ability levels and 2 wide range of socioeconomic
backgrounds., The results of this administration were used to create norms for
total score and for each of the eight subscores. The norms are reported by
grade; by sex, and by urban versus suburban, and for the total sample within
each grade. The results were also employed in a study of the un:queness of
each of the subsceres (i.e., the proportion ¢f the non-error variance which is
unique o that subscore).. Six of the subscores were fouud to have uniqueness
between .1244 =nd .1578. The other two subscores had uniquenesses which are
not sigrificantly different from zero, but this may be attributable to their
short lengths., 7The item analysis data for ali 96 questlons administered to
theses students are reported.

There is considerable evidence of both the content and the curricular
validity cf the test. The ¢riteérion-related validity of the test is very
difficult to assess behause ‘this is the first attempt to measure this age level
studeats® ability to use “science processes, A small investigation was under-
taken to demonstrate the driterion-related validity (where the criterion is
teacher rating of the students' abilities to use the processes). The vesulis
of this investigation were not unequivocal, - However, they do give some
indication of a degree of criterion-related validity, More couclusive
evidence of this must aweit much more extensive investigations. The predictive

-vali d1ty of the Test of Science Processes has not yet been studied.
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_ The report of this study consists of (1}'an'intrcductory chapter
iking the study} (2) 2 chapter of suggestions for further study;

copy of the Test of Science Processes; (4) the supplementary color
e

o for the test; (3) 2 simplified instruction sheet for administering
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AN AUTOMATED ANALYSIS OF THE STRUCTUBE
OF PROGRAMED SCIENCE MATERTALS

‘Milton D. Jacobson
and
Mary Aunn MacDougall
University of Virginie

This paper preéenﬁs an sutomated analysis of program structure
which defines 25 independent variables descriptive of frame, response, and
content presentation and organizaticn variables and establishes the rela-
ticnship of theze variables with. student performance. The automated
procedures sort, locate, and accumulate a count and listing of the inde-
pendent variables from the.context of the programed materials. After a
printout of the varisble counts and word listings are obtained, the inde-
pendant variables ave related to student errcr rate {(validated against
student ability and achievement measures). The model of pregram structure
is described by an equation of the best predictors of error rate. Des-

Ceriptive date are summarized for all variables, thoss program varisbles
-significantly related to student performance are identified, and the
‘nature of the relationship is established.

~ The automated analysis provides a comprehemsive definition of
program structure and an evaluative model of program adaptations. The
use of such a model avoids the ambiguities often associated with program
descriptions, such as Skinmerien, smail step, este., and extends the findings
of program evaluztion bevond a knowledge of success or failure to a state~
ment of the nature of the influence of a program feature or branching
modification. The analysis is suggested as an effective guide in the
writing, revision and individual adaptation of programed materials.
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THE DREVELOPMENT OF AN OBSERVATIONAL SYSTEM. BASED ON PLACGET'S THEORY
FOR USE IN THE STUDY OF EXPERIMENTAL PROBLEM
. SOLVING OF ELEMENTARY SCHOCL CHILDREN

‘Edward L. Smith
Cornell University

To £i11 the need for more complete reporting of subject's
problem solving behavior in both laboratery sund classroom studies, an
cbeservationsl system patterned after those of Flanders, Bellack, ahd
othars was developed. As a basis for gelecting the categories for the
observational system; & model of experimental problem solving behavior
was developed based on Piaget’s descripticn of such behavior. The
system differed from previous systems not only in its theoretical basis,
but in ite inclusion of nom-verbal behavicral categories. '

Descriptions of the categories and ground rules for the uge of
the system were prepared. An additional observer was trained and inter~
cbeerver reliability was estimated using the Scott Coefficient technique
used by Flanders and others. a

The system was used in 2 study of the relative effectiveness of
external reinforvcement and conflict in developing the ability to separate
veriables in f£ifth and sizth grade children. The data obtained allowed a
determination of the extent to which each type of teaching conformed to
the patterns described in the study. It also revealed changes in individual
patterns of behavior unnoticed by the teachers during the teaching sessions.
Tests were used at the conclusion of the study to indicate whether or not
the children had learned to separate wvariables, but the data obtained with
the observational system indicated when the learning took place, what
activities preceded such learning, and how consistently the new behaviors
ware maintained. ‘

hpplication of the system in a classroom setting is planned in a
study of the velationship between knowledge of the concept of specific heat
and the ability te sepaerate variables in laboratory problem solving tasks
involving the comtept for nine o eleven-yaar-old children. The data obtained
will be useful not only for evaluation of the laboratery lessoms, but alse

will provide additional evidence om the validity of Piaget's descriptions
of problem scliving behavier in children of these ages.
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AN INTERDISCIPLINARY THEORY OF BEHAVIOR

0. Roger Anderson
" Columbia University

The discussion preseated in this paper will combine biolegical,
biochemical, and psychological data toward the construction of a bio-
psycho]oglcal theory of. behavxor, Since the environment favored the
evolution of organisms possessing receptors seusitive to periodic stimuli,
these stimuli, through natural selection, induced the appearance of highly
developed organisms which could react to the stimuli and thereby exploit the
environment. The consequent dependency on periodic stimulation induced a
psychological, perceptual bias to readily assimilate repetitive stimuli and
thereby produce changes in behavior, As a vesult, the pericdicity in eaviron~
maental behavior of advanced organisms can be partially understood.

The fundamental role of periedicity in natural phenomens produced
profound physiological effects on living organisms. Eovircumental periodicity,
for example, induced the origin of photoreceptors containing chromophores
seusitive to electromagunetic radiation and the development of the complex
nervous systems of higher animals. It can be shown that as simple living
forms evolved into wore complex organisms, the structure and function of
photoreceptors and of the nervous system concurrently increcased in complexity,
The elaboration of complex photoreceptros and the increasing mass of central
nerve tissue are further specializations of a fundamental organic function
induced by periodic stimuli earxly iun phylogeny.

Since during maturation the human organism is repeatedly cxposed
to a succession of visual patteras, the organism develops a pevceptual
set predisposing him to perceive spatially contiguous bodies as having comuon
properties., The constancy of association of proximate spatial bodies in
successive retinal patterns further enhances the perceptual bias to perceive
two spatially proximate bodies as having common properties, Given such a
perceptual bias, the organism will readily assimilate serially ordered stimuli
when these stimuli have common properties. Temporally contiguous responses,
which are repetitively arcused, will become associated due to their homology
to temporal relations of spatially related objects.

Thus iearniug is a process of response contiguity whereby repetitive
arousal of responses occasions associations amoug respouses, These asso--
ciations are acquived during phylogeny aud stimulated during ontogeny to
readily dssimilate repetitive or temporally contiguous stimuli,

This theory concludes that Guthrie was correct in his assertion that
contiguity of respondiug rather thaun reinforcement is the salient requirement
for associative learnirg. However, he did not propose physiological and
phylogeneétic bases for his conclusions. Moreover, su important critervion for
human learning must be added; namely, maximum reception learning will cccur
when contigucus eveoker responses contain common properties.
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A?PLICA”ZON OF mQGM,a S. KUHN'S VIEW OF
JCIFN“E TEACHING. AN BYPLORATORY STUDY

Walter B. Boldt _
University of British Columbia

The study renresents a oreizmznaty stage in a long~term
effcrt diractad toward the de Ve?apment of & theory of classroom teaching
and learniag. The genersl prbblen investzgatea in the present study was
the uvtilization of Thomas S. Kuhn's view of sciénce--a theorstical view of
the evolution of scientific ktiowledge ‘based on historical, SOClOlO”lual,
peychological, and philosophital considerations--for concepts and processes
nouewtialiy useful for conceptizlizing teéaching-learning episodes.,

ihe current national science curriculum revision movement has made
it ampiy clear that a firm theory of classroom instruction based on
classroom events is nct yet appavent to those concerned with the problems
of teaching science in schools. As a consequence;, recommended instructional
practices often tend to be vacuous. In the absence of such a theory, a number
of attempts have been made to exploit theoretical framecworks, such as the
Piagetian theory of cognitive development, as sources of concepts and
processes for conceptualizing. teachlngvlearning events, The present study
represents an attempt to utilize a thecretical view of scientific knowledge.
that has emerged from the history of science as a source of ideas for tecaching
science., Hopefully, continued effort of this nature may eventually direct
. science educators toward acqulrang a first firm research tradition in their
field.

. The oeneral problem was resolved into four major parts, counstituting
fouy pnases in the development of the study. The problem in the first phase
was to examine Kuhn's writings for concepts and processes which are related
to the growth and development of scientific knowledge. and which were
potentially useful for.conceptualizing classroom events. . In. the second phase
of the study, the problem was to obtaia observational data iilustrating
concepts drawn from Kuha's work. The problem undertaken in the third phase
was to aﬁalyze and adapt the theoretical concepts, identifiad in the first
phase of the study, to science teaching, and to illustrate the ideas adapted
through apparent examples from the teaching~learning episcdes observed.
.Finally, in the fourth phase of the study, the potential usefulness of the
study for meeting certain problem in the teaching and learning of sciences
was consaéered in a speculative way. '

jTha writer speculated that the children in the study did display
some paradigmatic-like behavior (individualistic styles for acquiring new
knowledge which manifest perceptual-conceptual assimilations of past experience)
in their invest;gationo as conceptuaiized. Moreover, the writer felt that
teachers, with some assistance, probably could identify pavadigmatic behaviors
among children in a classroom situation. :



43

Taking a paradigmatic view of the children's attempts to abstract
knowledge from their iunvestigations of certain natural phenomena, the
investigator felt that imnstructional difficulties velated to certain
scientific concepts may c$ten occur because elamentary schosl science
teachers fail to realize that a number of prescience paradigm transitions,
analogous to gestalt switches in percention, may have to be induced before
a scientific concept can be introduced constructively. Furthermore, it
appesved possible to link cextain 1nsﬁruntieﬁal prescriptions to explicit
theoretical constructs in Kuhn's vaew of gcience,

Locking into the future, the writer sees, as a useful extension
mf the present study, the possibiiicy of &eveloping a sort of taxonomy

£ pavadigmatic child bebaviors employed in coping with particular natural
phenawnna, and with anomelous.éxperiences 1ikely to dnduce constructive
paradigm shifts.

¥
i
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A STUDY OF FORMATIVE CURRICULUM EVALUATION
" THROUGH THE USE OF

HIERARCHICAL TASK AWALYSIS

James Rusk Ckey
The Florida State University

The traditional type of end~of-course evaluation is of limited
value in improving the effectiveness of newly develioped curriculum
materials, What is needed ig detalled information about studeat perfermance
on small pieces of the currlcuﬁum while the materials are still in a develop-
mental stage. Some of the recent curriculum efforts have used what is called
& systems approach to instructional devzlopment. In the systems approach,
cutcomes aeve specified, means of attaining the specified outcomes ave
developed and tried out, and resuits are measured against expectatiocus.

Robert Gagne has proposed a method for acquiring data to aid course
develoPe*s in maklng revisions of their preliminary efforts. What is
‘neaded, says Gagné, is paes-fail information on each knowledge unit in a
curriculum. The pass-fail data can be used to locate piaces of low student
mastery and reveal the sequential dependence of units. Ry using the method,
Gagné says cuzr*culum design can be based upon empiricsl evidence rather than
vpon speculation or logical derivation. :

In this ressarch, the applicability of the Gagand evaluation method
was studied by using it to gather performance data from students using an
expevimental science curriculum being developed by the Intermediate Science
Curriculum Study at Florida State University. Specific behaviors required of
the student were extvaciLed from the curriculum materials, and student performance
of thege behavxovs was assessed, Ia addition, a set of transfer items
was used to see if Students acquired a general capability on the behaviors
judged to be important outcomes of the course, The ocutcome chjectives were
arrvanged in a hypothesized hierarchical sequence., Student pass-fail data
ou each pair of objectives in the sequence were used to locate places of low
mastery and: sequence reversals., 4 place of low mastery is defined by a drop
in achievement from one ktask to the next. A sequence reversal is defived as
the phenomenon in which more students master a higher tham a lower task in a
hypothesized sequence.

i The student performance data collected in the study were presented
to the curriculum writers for each chapter of the materials evaluated. The
information provider the writers contained the student performance data on

each specific behavior and each outcome objective. Other informaticn presented
included a corvelat:on of IQ and achievement for all test items, location

of places of low mastery and sequence reversal, a categorization of the wrong
student answers en each behavior aund objective, and a set of recommendations
based on the data.



To ald in deciding the value of the Gagné evaluation method,
the writers were not given the data from a portion of the analyzed materiais.
The revisions in the materials for which student data has been provided
were compared with the changes in the materials revised on a conventional
basis, The intent was to determine how and tc what extent the curriculum
writers had usad the data. Major changes were made in the materials for
shich recommendations were provided although not all of the recommendatioas
were followed.

In this study, the Gagné evaluation method was judged to be a
valuable component in the ' systems approach to instructional development.
Employing the evaluation wmethod aliowed an assessment of the effectiveness
of curviculum materials and provided precise, detailed, empirical date
thet were valusble in making revigion decisions,
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DISCUS, A DEMONSTRATION OF AN IMPROVED SCIENCE CURRICULUM
FOR UNDERACHIEVING STUDENTS

¥, Eldred Biugham C. Robert Cromin . Larry Paulk
University of Florida DISCUS  PISCUS

~

Concern for improving the attitudes of educationally deprived
underachieving youth toward their teachers and toward their schools
motivated the authors and their associates to carry out a pilot investi-
gation to test (1) whkether such youth need preferential treatment if
they are to profit {rom their school years, and (2) whether science can
serve as a vehicle for this preferential tveatment,

After completing the pilot project, the authors initiated a
iarger and more comprehensive project entitled "DISCUS -~ A Demonstration
of an Improved Scilence Curriculum for Underachieving Students.? Funded
under Titie I ¢f the ESEA, Project DISCUS is designed to involve education-
zily disadvantaged underachieving youth in a carefully planned epecilal
program of science at the seventh, eighth, and ninth grade levels. This
extended program 1s presently being implewmented in fourteen junior high
scheols in Duval Couanty, Florida., These schools were randomly selected
£rom those schools having the highest percentage of educationally deprived
undﬂrachi°v1ng youth. In the fourteen selected schools, 54 teachers
volunteered to participate inm DISCUS, of which 27 were randomly selected
to be in the experimental program and 27 to be used as controls. The
original course materials were rewritten and expanded to imclude a
seventh grade bicloglcal science pregram, an eighth grade physical secience
program, and a ninth grade earth science program. In the 1967-1968
school year, Project DISCUS was in opevation for 2 period of 14 weeks,
Fretests were adminigtered im Janusry aad post-tests the following May, and
complete test data were obtained for 850 students in the experimental
group and for a similar number in the control group.

mong the tests used in the project were (1) the Otis Quick-
ring Mental Ability Test: New Edition, Bata Test, (2) STEP, Sequential

Test of Educational Progress, Science for grades &, 5, and 6, (3) The
Battle Student Attitude Scale, and (4) projective interviews. TIn assessing
the beliefs, feelings, and attitudes of these students, it was felt that
since they velied less on students’ zbility to read and write, the pre-
jective interviews identified more significant changes inm attitude than
did the wri?ten instruments.

Based on the analysis of objective data and based on subjective
evaluation of staff observations and teacher snecdotal records, the
following conclusions were egtablished in this uemcns;rdt1an°research
project., (1) A preferential treatmenit of educationally disadvantaged
junior high school students in success~oriented science classes does
improve thelr attitudes toward school personnel and toward the school.
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{2y without a hospitable class enviromment such as that provided in the
DISCUS project, the students’ attitudes toward school personnel and toward
school detecviorate; the students figuratively "drop out” of school until
they can legally "drop cut.' (3) Involvement in small group meaningful
laboratory activities in which the students generate data, communicate
about the data, and use the data in developing concepts does enable
educationally disadvantaged underachievars to continee &0 develop in
school. (4) Even as late as during the junior high school vears it is
possible to rshabilitate educationally disadvantaged underachievers who
are potential dropouta.

The suthors feel there isg resaon to be very cptimistic about
the results that will be procuved from a student of DISCUS Project as it
ig being conducted during the current school year and as it is plannad
for 1962-1570.
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- RESEARCH STUDIES IN SCIENCE EDUCATION: 1948-1952

-Jg Nathar Swift
New York State Lmivcrsity College at Oswego

The problem investigated in this study was to select the most
guificant zesearch studies in science educafnon for the period 1948 through
5

i
3

Inves*lgaLLons in shian a ﬁéucatlan are reported in a variety
of journalg and books, some of which are not readily accessible to
practitioners, laymen, and sc:ence education research workere. This study
las been prepaved to serve ag s guide to research in science education and to
make the results of the “esedrch more readily available.

Francis D. Curtis, in his first, second, and third digests of
investigations in the teaching of science, collected and abstracted
selected research studies in science education from 1910 thyough 1937.
His much commended work was continued by Dr. Robert Boenig for the period
1938 through 1947. 1In 1857, the federal government began abstracting publica-
tions in science education. This work, slong with a subseguent study, bridges
this intervening time span,

Procedures similar to those of Dr. Curtis and Dr. Boenig were
employed in this study. All studies that might possibly be included
wers Toratg& by literature seavches that involved several cross-checks.
The long 1ists that resulted were shortensd by the elimination of repetitive
‘titles and lstudies not iunvolving research. Aunotated bibliographies were
prepared for submission to 14 science educaters who were active as researchers
during 1948 to 1952, Studies deemad by the evaluators as beiug most
significant were prepared in digest form} those of lesser merit wevre included
as annotated bibliographical entries.

The evaluators were frese to choose as many or as few studies as they
thought were worthy of prepavaticn as digests. The average number chosen
was 40, Thevefore, the 40 studies receiving the highest scorves were selected.
An additional 12 with scores near this value were alss ineluded. Dupliications
and combinations reduced this aumber to a final group of &4 digests.

In this volume, seven of the digests were on the elemeuntary
education level, 21 were at the secondary level, and 16 at the colilege level.
The 100 annctated entries inecluded nine at the elementary level, 37 at the
secondary, and 54 at the coliege level. :

when catagorized with refereuce to the nature of the studies, 11
digests were coucerted with the nature of pupils, 11 were about the nature
of teachers, ten were concerned with content, six with cognitive variables,
and four with test vonstruction. The anuotated entries for each of these
topica were found to be 21, 15, 26, 18, 8, and 10 respectively.

This volume is to be published soon by Teachers College Press,
Columbia Univevsaity, New York.
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RESEARCH STUDIES IN aC€FNCE EDUCATION PUBLIGHED
DURING 1953~13957

Elizabeth Phelan

o Durtis, realizing the information
retrelval difficuliy faced by students and researchers in Science
Education, published a d“m st of all sztudies in Secience Education produced
betwean 1900~1924 which met his stated criteria and ;herefore qualifieg

28 research studies, Thi" fi st .volume included 70 digests. The volume
was intended to be both a fecondary source for researchers and a textbook
for treining students in research methodology.

In 1924 Pr. Fraomeis D
5

. Even before publication, it was apparent to Curtis that there
had beew many studies which should have been included in ¢his first
volume. To help solve this problem, Curtis requested the members of
NARET to compile a list of both published znd unpublished research
investigations which relsted to any phase of the teaching of science.
Thiz list was to include any investigation which a member considered to
posgess sufficient significance to warrant inclusion iu 2z second volume
of cowpiied lovestigatiocns. :*cu this list he compiled a very lemgthy
bibiicgraphy, and sent this Iist back. fo. the NARST members to'vote on
the merit of iudividual studies., Those 92 studies which received the
highest score were included in the second volume of digests. This volume
covered the whole pericd from 1900 to 1929,

The problem which makes a continuacion of this series difficult
was appavent even at this early stage. The methods used to compile volume
one and volume two were very different, Im volume one, a single schalar

aypiied his own stated criterig in order to identify research studies

in volume two, a greater number af men applled thefr own unstated cr*teria
for “significance™ as well as for "research." Volume three, alsc compilad
by Curtis, followed the procedure of volume two. This volume, covering
the periocd 1930-1836, contained 93 digests.

The Curtis series was continued by Robert Boenig whose work
covered the period 1938-1%47. 1In compiling a bibliography, Dr. Boenig
did not include unpublished studies, XHe used his own criteria for

entifying a study as reseavch, and he used frequency of citation over
a'tmnmye"r period as an indication of sigwificance. He used a jury of
NARaT members to select from the bibliography 79 studies which he digested
in VGILWP four of the series. Agaiu there was no way of knowing what
eriteria were used by the various members of the jury to rate the
stu&xeso Velume five of the series was completed by J. Nathan Swift.
Tule volume coversd the pearicd 1948-1952.

4
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The evolution of methodology used in selecting studies for
inclusion in the series 1w an ‘‘abstract™ form cpitomizas the dilemma
faced by anyone attempting to continue a series of scholarly studies.
There Is, on the one hand, a need to preserve contlnuity, and, on the
other hand, a need to w~xamine the methodology of one's predecessors in
the light of contemporary standards. In science education we badly need
both continuing series of related investigations and the maintenance of
improved wethkodology, Both of these elements ave esseantfal for progress.
How this dilemma was faced and solved in one case is the subject of this
PEPRT . :

Ia the present volume of the series, the value of the jury was
the most c¢ritical element. The selection of and spplication of criteria
for identifyving “research’ and for determination of Ysignificance" were
additional problems.

The problems were solved by (1) the choice of a definition of
research from the standards developed by the USOE; (2) the application of
the standard to all published science education studies in the 1953~1957
pericd; {(3) the asbstraction of all studies selected by this method;

(4 the uge of "eitation' as a clue to find omitted studies but not ag a
criterion for elimination of studies; and (5) the "jury method" to select
cervtain studies for more complete treatment ag "digests' and to discover
omitted studies. Under the last point, the jury was given a set of criteria
for their ratings. The ratings were subsequently trichotomized and only
those studies which were unambigucusly voted as useful and known to moxre
thau oue-half of the judzes were included in the more lengthy “digest" form,

The unumber of studies abstracted was 137, and the number oF
digests was 33. The studies were classified along two lines: by educational
level and by independent and dependent variables congidered. In genersl,
the research publighed during the 15953-1957 pericd was heavy on the high
school| and college levels and concentrated on such varisbles as pupil
beliefs and attitvdes, problem solving, and teaching methods.
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. THE DEVELOPMENT AND EVALUATION OF.MATERIALS BASED ON
PE&@ET’S THEORIES ON LOGICAL THINKING FOR USE IN INSTRUCTION
ON FOﬁMULATlﬁG EQUATEGNS.IN PHYSICS

Earl J. Montague
The. University of Texas

R TN

ﬁhv ice stadenté as well as physics teachers have long experienced

difficulties with the extensive quaniitative thinking called for in the

subject, This study explored the possibility of partially overcoming such
difficulties through the use of iaustructional materials based on the research
of Jean Piaget. Piaget has developud the theory that the growth of an
individual's logical thought about physical phénoména progrésses heiracrchically
from the child’s fivst unaystematic manipulation of things, through a stage
in which the child reasons from a basis of his actions with the things, to

a stage of formal thinking in which the adolestent reasons logically abcut
truly gbstract variables. Quantitative thinkiog in physics must clearly be
placed near the top of this hierarchical ladder.

In this study, the assumption was made that instructional sequences
on guantitative thinking about physical phenomena, at least for cognitively
immature students, should, sc far as is feasible, paraliel the sequence of
development of the child’s ideas as developed by Pisget.

~ This study involved the development and evaluation of three self~
instructional episodes for use in ninth-grade physical scilence c¢lasses.
Each enlsode was closely based on Piaget's anslysis of the spontaneous
ioglual development of the child concerning the particular physical phenomencn
of the episode. Each episode began with the student's actioans with physical
spparatus and proceaded Lo the formulation cf a mathematical equation
representing the phenomenon of the episcde. The episodes were entitled:

(1) Hquilibrium in the Balaence; (2) The Oscililation of a
Pendulum; and {3) Hauling Weight on an Inclined Piane.

The self-iostructional episodes were evaluated through a classroom
trial with 133 ninth-grade physical science students. Data were collected
on pra-. and post-test administrations of a test designed to measure attainment
of specified objectives. Evidence for svaluation was also collected from
gtudents' written responses on the self-instructionazl episcdes themselves.

The following are the results of this study.

1. On the Balance section of the pretest, most of the evaluation
sample exhibited comprehension of specified qualitative rules iavolving
symmerry conditions for ecuilibrium in the balance, a schema for compensation
iu order to rastore equili brium in a balence, and a qualitative rule to the
effect that the heavier the weight, the closer to thes middle of the bzlance
it must be placed for equilibrium. &light improvement from pretest to
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post-test on items relating to the qualitative rule seoms to indicate that
the Balauce Hpisode was successful in leading many of the remaining students
to a comprehension of the rule.

2. A relatively lavge improvement from pretest to poest-test in
comprehension of the equation for equilibrium in the balance seems to indlcate
that the Balance Episode was successful in leading studeats to the equation,

3., Studeats on the pretest were geuerally not successful in
excluding weight and angle as factors affectiag the perilod of a pendulum. A
large improvement on the post-test relative to this exclusion indicates that
the Pendulum Fpisode was successful in leadiug students to exclude the angle
and the weight. There is some indication from student responses ou the
episode booklets thait students had difficulty with the logical analysis of
data necessary for the exclusion of weight and angle.

4, Prior to instruction a large percentage of the students knew
that a change in the length of a pendulum causes a change in the period. A
slightly smaller percentage kuew that the chaunge is such that an increase in
length leads to an incvease in the period. Few students appeared to know,
either prior to iastruction or after ingtruction, that the square of the period
is proportional to the length of the pendulum: The episcde was evidently not
successful in.leadivg students to comprehend this quantitative relationship,

5. The Inclined Plane Episode appears to be relatively successful
in leading students to comprehend the agualitative relationships between the
weight on a plane, the counterweight sttached to it, and the inclination of
the plane. The episode was not very successful in ifmproving comprehensioun
of the quantitative relationship between the weilght on the plane and the
counterweight, although a lawpge percent of the sample appeared to koow this
relationship bafore ilunstruction.

6. Both before and after instruction studeants thought that the

Py

counterweight 'is proportional to the angle, rather than to the sime of the
angle, of the inclined plane in equilibrium situations. The Incliined Plane

Episode attempted explicitly to dispel this erronsous notion, but was vot
sucecasgful,

: 7. There was considerable improvement from pretest o post-test
on cowprehension of the sguation for equilibrium of a truck on an inclined
plane. However, because exclusion of the angle as a quantitative factorw
and cowmprehension of the equation for equilibrium are closely jinterrelated
and because students were unot successful in excluding the angle, one cannot
conclude that iestruction on the eguation was successful.

In summary, each of the cpiscdes was successful in leading students
through the quelitative stages leading to the equation i{nvolved. It was found
that the episodss were quite successful to the extent that they followed
Plaget's analysis of the logical develepment of the child, In dealing with
the Inclined Plane and the Peundulum, it was necessary to go beyond Plaget's
findiags ia order to develop the quantitative relatiouships. In these
cages the self-instructional episodes met with little success. This model
for the development of curriculum materials based on psychological theory.
has definice implications in the avea of geience education. '



PROCESSES AND STRUCTURE OF THE PHYSICAL
SCIENCES‘FOR SCHOOL CURRECULA

Clinton St. Jchn
University of Torouto

- The current emphasis in science curriculum counstruction is on-
the processes of inguilry used by scientists and the structure of science.
At the present time there are few descriptions of processes and structure
which are in a form readily usable by the curriculum builder or the curriculum
evaluator, 1t is the intent of this study tc develop a set of behavioral
objectives and other seprpsentations which are indicative of (1) the processes
of inquiry used by physical scientists, {2) the componente which make up
the structure of the physical sciences, and (3) the relationships among these
warlous processes and components. The purpose of these objectives and
representations is to function as checklists and be suggestive of topics
and activities for the counstruction, wodification, and evaluation of curricula
which aim at emphasizing the structure of science and the processes of
gcientific 1rau*rye

Science, like most other objects of wman's attention, has not escaped
dualistic description. Scisnce is conceived as being comprised of a content
and a method, This conceptual dvalism seems to have little basis in fact,
since practiciag scientists are unable to divorce the one from the other.
Scientific content and scientific method are inextricably wedded through
definition; for whenever scientific content is produced, the method used for
ita production iz proclaimed as being part of the method of science.

Profitiess as this cententemethod dualism mey be for science, it

8 a definite utility when applied to the teaching of science. Education,
whethey in science or in any other discinline, is not primarily concerned
with developing new knowledge. In education there is no analogical necessity -
for content to be functionally related teo method in the way that it is im
gcience: Science content has been taught using methods which are very
éiﬁfﬂrent from the methods of science. Tt is this separation of content
and meuhcd which is conuerneé sy wmany persong interested in the improvement
of science teaching and mhlah is seen by them as both a distortion of
acience and e hindrauce” to learning. The separation of content and method
should be m1n1m*zed, and it is hioped that the vesults of this study will
help bring content and method closer together,

The research design involves the content analysis of a random
,uample of £ifty books which have been written by scientists and philosophers
“of seience and which deal with the general subject of the nature of science,
-Statements about scilence were fivst identified and then grouped and summarized
aQFOVding to ucpict ud the ideas expresssd within a topic. This summary
was then used as the basls for deriving e list of activities engaged in by
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ntists (these imply behavioral objecti ves)S a list of the components of
nee and their definitions, and g set of diagrams depicting some of the
ationships among the various processes and components, Applied wers

ome tests which indicated that the content anslysis procedures as performed
v the rezearcher were sufficiently reliable. A test for completion
monstrated that the pnumber of different ideas enccuntered in the sample

g sufficiently cowprehensive,
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The findings of thig study consist of a series of five summaries
h present science from'different vantage pclnts.' ‘The Eirst summary
onents of science} depicts science as a group of concepts which are
uge d to describe classes of congtructions and statements used in science.
The second and third summarviss (assumptions of scientists and rules of
seientists) refer to the assumptions made by sclentists in thelr work and
which,; tharefore, permeate much of sclence. The fourth summary (relational
diagrams) presents science from the standpoint of the relationships amoung
its various compounents and procedures. The fifth summary (activities of
scienLAq:s} 115ts the activities engaged in by scientiets az they endeavor
o create gcientific knowledge,
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For the results of this study to be useful in curriculum develop-
ment it Is assumed that the curriculum under counsideration has a significant,
if not a primary, commitment to the processez of inquiry and the structure
of gcience. - To the extent that this commitment is recognized, and to the
nt thet this study is successful im fulfilling its purpose, it is
eved that.the findings and construction herein reported will prove
ful to curriculum developers and curriculum evaluators. The findings
erve as (1) the bases for suggesting curricular units and activ1ﬁles,
checklist of objectivea for-comparison with the behavioral objectives
K curriculum, (3) the starting point for Eh- establishment of
mined hierarchy of behaviors, aud/or (&) the basis for
ments for evaluating pupll progress.
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EKQOSITORY“DEBUCTEVE vs. DISCQVERY”INDUCTIVE PROGRAMMING
OF PHYSICAL SCIENCE PRINCIPLES

R. Thomas Tanner
- Oregon State University

Research in discovery learning does not lend strong or comsistent
gupport to the current propositicn that much learning in science should be
discovery-inductive in nature. This experiment is an attempt to control
varigbles which may have confounded the results of previous studies iu this
area. g

. Three forms of a2 highly illustrated self-instructional program were
uged to teach principles of mechanics to 380 ninth-~grade studénts in fourteen
general science classes., These programs comstituted three experimental
t“edtments; each offering a different degree of guildayce to the learner, In
th Exp031t01yvﬁeduct1ve program, explanations of principles preceded example
frames illustrating the nrlnﬁzplc The Discovery+Inductive and Unsequenced-
Discovery programs coutained only the example frames, which were randomly.
dered in the latter program. 1In these two programs, the learner had to.
infer the principles if he were to attain them at a2il. . All programs contained
the same questions and feedback. The three treatment programs weve diefributed
vandomly and in approximately equal numbers in each class.

The use of these pragrams a8 treatments allowed contrci over con-~
founding variability in assignment of subjects, ewperimental history, time,
novelty, learner activity, teacher traits, medium of instruction, coatent,
slass discussion, and feedback.

Criterion measures of comprehension, lateral transfer, vertical
transfer, retention, and interest wetre administered. Dats were subjected
to analyses of veriance and covariance.

: No significant main effect difference was found for any eriterion
measure. Howaver, some interactions of treatment with sex and with
tntelligence were noted.

Future research should inciude experiments which (3) consider the
intevaction of treatment and content with subtle organismic variables,
{b} ave well controlled but of longer treatment duration, (¢) allow subjects
to become accustomed to discovery-inductive methods prior to the administration
of Lredtments9 and (d} use dependent variables specifically related to the
science curriculum,
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THE CONSTRUCTION AND.EVALUATION OF A
PROGRAMED COURSE IN WATHEMATICS N“CESSARY FOR SUCC?&S
IN CGLLE&IAT& PHYSICAL SCTENCm

Rcber B. Collagan
Morgan State College’

Success in college is frequently preazcated upen the early
mastering of mathematical skills. However, freshmen with a2 deficiency in
mathematies frequently demonstrate, concomitantly, a deficiency in English.
Bince conventional instruction in collegiate mathematics depends upon an
advanced capability in reading skills, the student faces an jmmediate
dijemms in his inability to read conventional textbooks in mathematics.

The primary problem in this research was to develop a programed
mathematics text that would teach that mathematics esssential to the success-
ful manipulation of guantitative problems in the physical sciences, minimize
the importance of reading in the teaching of such mathematics, and emphasize
the significance of mathematics not as an abstraction, but rather as it
specifically relates to problems in the physical world.

The general purposes of the study were twofold: first, to
ermine whether & programed course in mathematics better prepared non-
ence majors in that mathematics essential to a quantitative understanding
of science than did a conventional program of the same duration and subject
macter emphesis; and second, to determine whether those students who had
completed the programed course performed better in a physical science course
than those who had taken the cenventional course in mathematics.

detl
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& 504 page programed mathematica text was written, reproduced,
and dlatr~buteﬁ to 77 students who comprised the e%perlmewtal group, while
the matched pairs which made up the contyxol group used a conventional
mathamatics text. After ten weeks of mathematics instruction, six weeks
of teaching in natronomy, and eight weeks of physics imstruction, the fol-
lowing hypothe.:is were accepted on the basis of the evaluation of differences
between experiunental and control groups ss measured by z~ratic techniques:

A 1. he level of learning of mathematics by the control group
increased wirh counventlonal imstruction.

2. The level of learning of mathematics by the experimental
group increased with programed instruction.

3. The level of lsarning of mathematics by the experimental
group exceeded that of the control group.
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4. After conventional mathematics inmstruction, the control
group's level of learning of p?/ ical science increased with conventional
instruction im astronomy and physies,

, 3. After programed mathematics instruction, the experimental
group's level of learning of physical seience increased with conventional
5 _

6. The level of learning of physical sclence by the experi-
mentel group exceeded that of the control group.

Not only did the experimental group exceed the contyrol group
in learning levels of both mathematics and physical science, but also the
completed the prescribed mathematics subject matter course in less time
&han the control group.

On the strength of the research resulis, it has beed recommended
that the programed course be widely adopted for use with those college
students exhibitling needs for remediate instructicn in Eunglish end
wethematics



AN.EVELUATION OF A SECONDARY SCHOOL PHYSICS COURSE
TAUGHT VIA AN AUDIO-TUTORIAL MODE

Michael Szabo
J. Willizm Asher
Purdue Yniversity

‘The purpose of this study was to determine whether audio-tutorial
{a-t} %nsa*uLL on was as effective for teaching high school physics to juniors
and seniors as conventional instruction. '

‘This study, therefore, (1) attempts tc establish some methodological
precedents in the area of a-t evaluation consistent with Scriven's model for
curriculum evaluation, {(2) determines the general overall effectiveness of
the a~t mode of instruction in comparison to a conventional mode of classroom
physics 1natzucrlon, and (3} attempts to identify assessable c%aractexietics
which are | pre dictive of aca&emlc guccess in a-t phys ics.

§During the 1967-1968 school year, two classes of juniors and seniors
formed an experimental ngLb in an a~i approach to teaching physics in a
large Midwestern high school.

A control group, composed of physics students from the 1966~67
school year who were enrolied in a conventional physics course, was used
in the study. The groups were found to be equivalent on the basis of scores
on seven available predicztors.

Separate multiple regression analyses were run on the a-t and
ontrol groups using the Weighted Regression Analysis Program (WRAP) on the
iBY 709 computer at Purdue University.

'The standard course and the a-t instruction groups were then
compered on the basis ¢f a two~part standardized final examination and
course grade using "t tests for differences between means. No significant

'
oy

differences were found.
In the next phase of the PValuatiOE, attitudinal and personal
mation guestionnaires were administered to all students. Additional
a were secured from school recerds.

bl
a
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Using geometry grade, fourth semester prade index, and PMA scores
as predictors, and course grade as the criterion, the WRAP analysis yielded
a multiple regression equation for each group. This analysis yiesided a
miltiple R? of .80 For the control and .31 for the a=-g group. The multiple
R® is regsrded as the amount of variance in the criterion accountad for by

the predictor{s).
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The students did not differ significantly on course grade,
nor on parts I and II of a gstandardized final examination. However,
the guesticnnaire showed a markedly higher enthusiasm for the a-t method of
‘ghysics instruction compared to the standard method of inestruction.

The 1argevdif§p?ence between the multiple R?'h for the two
groups is interpreted as reflecting the presence of factors important for
academic success in a-t physics, but not for the control groups. One
might ask,'What are the var&able& which will account for maximal prediction
under an a-t system?® . ' '

in addition to the large discrepancies found between the multiple

s, the two sets of predictor variables which are significant in predict~
ing course grade hed only one membaa in comnon, the fourth semester grade-
index.,

5’2

The fact that the group means were not diffevent for course
grade may-.indicate the success of the’ a-t approacn. Students in a first-
year, new approach to teaching physics performed as well as. students en*ol?e&
in & course taught im a well established, Fully tested manner.

Ia the light of: these flhcingay further evaluation ia being
done. One hundred students have been randomly assigned to either one of
three a-t or two control classes for the 1968-6% school year. Two teachers
are participating, and the search for adequate predictor varisbles 18 being
expanded into the realm of pergonslity and socig-ec onomlc measures.
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PROGRAMED INSTRUCTIONAL MATERIALS IN SCIENCE FOR LOCAL SCHOOL USE
AN APPROACH TO THEIR EVALUATION

Seth ¥. Wohl -
Columbia University

The prob]ém investigated in this study was to determine how
‘programed instructional materials in science can be evsiuated by sclience
teachers and superviscrs for lecal use.

Documented under-ugilization ¢f self-instructional materials
in science, when emphasis on individualization is increasging, suggests
giving| faculties "guidelines™ so that they can better exploit currently
available technelog;. - - :

. Such ”gumdellnms,"-”pecigicaliy appiicable to science education,
were absent from the literature.

Guidelines* were developed the same way as programed instruction--
emplxlbally, through experiences: of local faculty-teams in working with six
aspecis of the problem: (1) locating available programed materials,

{2} determining criteria for their selection, {3) evolving rapid procedures
for locally revalidating them with small student samples, (4) simplified
data procedures from these initial tryouts, (35) generating the Guxdel;nea,
and {6) evolving suggestions for their implementationm.

Use of standard bibliographies helped locate several hundred
commerclally available programed science materials.®* (bservable "internal®
and reportable Yexternal" criteria were listed for 100 programs, and 13 of
these were selected as potentially applicable to the local curriculum if
revalidated.*%% Revalidation with only three students per ciass became
feasible under multiple class replication, and teacher aptitude ratings
correlated with standardized science achievement scores. A six-step "learm-
ing ¢ycle” procedure was observed for students. Cuidelines were evolved
from these findings and three principzl concerns of local program users:

(1) need for a resource person helping teachers work more effectively with
progromed materizls, (2) ready evaluation of individual learning achievement,
and (3) relevance of selected self-instructional units to the local science
curriculum.

It is feasible to develop guidelines ewmpirically by using few
gtudeats in local preliminary "revalidation” tvyouts with programed sciance
materials. Effectiveness appears contingent upon coordinating activities
of a resource person to standardize selection and individualized study, to
allocate materials, and to insure adequate implementation of revalidated
pPrograms.
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These Guidelines are uniquely different frém earlier attempis by
ite empivical base, its wider range of administrative curricular and imple-
mentation provisions, and its detalled cperational specifications for pro~
gremed individualized scudy,

Flexible design suggests broad applicability of these Guidelines
beyond gcience to other disciplines in education gnd industry.

*The Guidelines appear as an Appendix in the dissertation,
"An Approach to the Evalustion of Programed Instructional Materials in
Science for Local School Use by Seth ¥. Wohl, Teachers College, Columbia
University, 1968, pp. 357-385. The study is available from University
Microfilms, Ann Arber, Michigan

A mimeographed copy of the Guidelines alone under the title,
idelines for Imviemeunting Programed .nstructicmal Materials im Science,®
will be made available upon receipt of 31.00 to the author at Box 129,
Teachers College, Uolumbia University. New York, Wew York 10027.

*%Carl i. Hendersﬁot;??rcgrawed Tearuning: A& Bibliography of Pro=-
grams and Presentation Deviges, 4th ed., publisned by Carl H. Hendershot,
Bay City, Michigan. Programed Instructiop Guide, Wewburyport, Massachusetts:

Y,

Entelek, Inc., 1967 (Computer-compiled}.

*kkJoin' Committee om Programed Instruction and Teaching Machines
“Criteria for Assessing Programed Imstructional Materials: 1962 Interim
Report,™ sudiovitual Instruction, Vol. 8, No, 2 {February, 1963), pp. 84-89.
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Session J«2 Teaching snd the Development of Teaching Compctencies

Chairwoman: WMary Budd Rowe, Teachers College, Columbia University

i. VA Comparison of the Teaching Behaviors of Second Grade
!l .

Teachers Teaching Science = A Process Approach with Second Grade
Teachers Not Teaching a Recently Developed Science Curviculum,®

Gene Hall - Universicy of Texas

2. "A Compavative Study of the Effect of Practice With
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mentary Childrenm or With Peers inm the Science Methods

Couvse;" Alaa Henry Steinbach - St. John's College

3. "Sclence Teachers' Seif Analysis iu the Avea of 'Discovery’,”
Frank ¥. Sutman - Tewple University; Patricia Sparks =~ Stamford

{Conu.} High 8chool

4, "4 Comparison of the Effectiveness of An Iunservice Program
and a Preserviece Program in Developing Certain Teaching Competencies,”

Frank D. Breit and David P. Butts - univérsity of Texas



& COMPARISON OF THE TEACHING BEHAVIORS OF SECOND GRADE TEACHERS

TEACHING SCIENCE - A PROCESS AFPROACH WITH SECOND GRADE TEACHERS
NOT TEACHING A RECENTLY DEVELOPED SCIENCE CURRICULUM .

Gene E. Rall. .
The University of Texas

A new awaceness and concern for the improvement of science
imstruction in American schools has recently evolved from the scientific and
techuological developments following World War II, the Koreaun Coaflict, and,
more recently, Sputnik. During the late 1950's and early 1960's, following
the revision of secondary science curricula, drastic revisions were made in
existing elementary science programs. Iev addition, duvring the past five years
a concern for the ilmprovement of science imstruction in the elementary school
has vesulted in the development of several '"new" elementary science curricula
{2.g. AAAS Science - A Process Approach; Science Curriculusw Improvement Study:
and the Minnesota Mathematics and Science Teaching Project, 5

Although the training of teachers has been of concern to all
curriculum developers, very little empirical evidence is available demonstrat~
ing differences and/or similarities in the classroom behaviors of teachers
using counivasting curricula. There have been some empivical examinations of
teacher classroom behaviors while teaching the recently developed science
curricela, Nevertheless, many questions have not been adequately answered.
‘For example: Do teachers using a recently developed curricula differ from
tezchers using traditional materials in their teaching behaviors? Do summer
workshops vesult in significantly different teaching behaviors then in-service
programs? Does a visiting consultant influence teachiung behaviors diff ferently
ithau the curriculum specialist from wztnin the school system?

Using the background and rﬂtxonaLe stateo abcve, this study will
attempt to examine the olLGW1ng gquestions:

if a school system installs a recently developad curriculum, does
this curriculum in and of itself influence tegching behaviors and do teachers
teaching this curriculum exhibit different teaching behaviors than teachers
not teaching & recently developed curriculum?

What effect does the method of teacher train&ng and supervision
have on the teaching behaviors of teachers teaching a new curriculum? What
teachling behaviors of new curriculum teachers may be attributable to the
in-gservice method of teacher training and the presence of a school system
curriculum specialist throughout the school year? What teaching behaviors of .
new curileulum teachers may be attributable to a summer workshop method of
teacher tralnlng ‘and the presence of a curriculum specialist from outside the
school Syguem durieg the school year?

: The curriculum vehicle chosen for this study was Science - A Process
fpproach. Three groups of eight second grade teachers were selected from a
sample of upstate New York suburban teachers.




Groups Suf end Ing were ta&ahitg Science ~ 4 Process Approach for
e first time. Suf teachers wers introduced io arience - A Process Approach
4 8 -Flve~day sumner workshop which imcluded tza“ning s*ﬁflar to that
ecelved by the BAAS tryout tsachers. In sddition, these teachers had 2
i@ee?iy visiting science consultant throughout the school yeaxr. Group Ial
as trzined in 8 mevries of in-service scssiouns during the school year prioy
o the official insteilation of the ewrriculum end received supervicory
wip from their school asyetem K-12 sciance coowvdinstors. Group Nof teachers
ware not trained in teaching & vecently developed sclence curriculum. NoS
teachers werz teaching similar gcience programs to those the Suf teachers
taught in previocus years. :
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Thzae obgervations of eaczh tescher were wade hy three éifferowt
erversg uwaing the Instyument for the Analysis of Science Teaching (IAST),
veloped specificsily Zor this atudy by the iunvestigator. The IAST consisis

woe parits: Part I is @ 26-catepory system of interaction anglysis, &ud

rt I1 is a 15-ifem sign system which the observer completes at the éad of
-aabh sbaarvation period. Observer relisbility estimates mede during txc’duta
L@gimwﬁﬂﬁﬁ paricd Langem from 705 to 867 with 8 mean value of 772,
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Cne-way aunalyais of vari&nee,&a& post~hoe c@mparisom@ were
emploved in ﬁﬁevat%tiﬁticav snalyeis of the IAST date. The following
difizvences were found in the tesching bshaviers of the three groupss
Group Bul differed significantly from Sroup oS in thairvs

uge Gf more teecher management information awd ﬂiQ@Ctiﬁﬂ gtatements
student overt gctivity :

teacher talk per amount of student talk

teacheyr closed gquestions pex number of open aﬁeailans

uge ¢f feway  Leacher open aaescisn
gstudent open statements ,
extended student telk per aswmcount @f tra 3 ridn student telk
axtendad student talk perx tsﬁai an@unt of student taik

ind diffared & gaifiuanﬁzy €rcm Gr@@% Hog in thelr:

Groun
use of mwre teacher management . informstion and divection statements

student aver
&i 2ot mot’

iv“tv
jm*a"arm control teacher bahavmr@

use of fewer - studeunt Qi@ﬂau 8&5%@m@ntﬁ
' student open utatemenls )
extended student talk per amotnt of transition student talk
extended shudent ta?k per kotal smount of caudent tslk
,Twmvprincipai conclusions drawn from tnis stu&y are
'{ ) taauhers teaching Bcience - 4 Process AppramL% do hav gome éizﬁerent
teachi ng behavior from tea h srs not teachiag & veceatly developed gzilence
curciculum, snd {2} the five-day summeyr workehopand biweskly visiting sclence.
goneultant were more effective thsn ineservice training duving the school
vear and supervisory help from the K-1iZ school systesm sclence coordinator
for instslling Science - A Process fpproach.
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ﬁﬁ%ﬂ'@? THE EFFECT OF PRACTICE
WITHE Emz:mmw ﬁmmm OR WITH PE zas
N THE SCIENCE METHODS COURSE

'_éian Henry Steinbsch
S5¢. Johu's College.

Pre~student teaching practice op Dortuni i have been recommended
in th& pre+gervice ¢raining of eiemennary teachers. These oppertunities
should be oriented ko the laboretory point of view so that the application
of the priwciknes suggested in the instruction courses may be cerrieéd cut with
g winimuin of conceva for cl&ssr@em management.

- One~to-one and one-to-two téacriag proviaea guch practice for the
pre-service Leachmrs with one or wo pupii& for fifteen oy twenty mianuteg.
Feedback 18 supplied by ewperienced teachers so that reinforcement is provided
on the way im which these principles apply to a tesching situation. Such &

avgt%m of practice aud fae&hack was imﬁiemenzea in tha scleuce methods course
r pre~service elementsyry teachers at the University of Tezas,

jt—

)
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Elementary children .are unot always readily availsble to provide
guch practice opportunities during the mathods couraes, and the contribution
of peers to such practice is not kaown. Thie study examined the impact of
feedbeack and comparsd practice with children or with neers in the attaloment
of gpecific teaching competencies. It compared the competencies achleved
and the chenge in attitude of these prospective teachers as & vesult of
verying combinations of practice, feedback, sad grade level. These specific
competencies were identified as maintaining teacher-pupil interaction,
developing tescher-pupil rapport, pacing the lesson, presenting the lesson
with ﬁaﬁgiij, and uging behavioral objectives.’

 The aﬁbject&Asf thiz study were thirvty-one pre-service elementary
edecaticn giajors. 8ixteen of the subjects were assigned to teach rh’léran
in the &ow~ratia gsetting at Lucy Read Elementary School ia Austin, Texas,
while the other fifteen tsught their fellow peers from the science methods
‘course at the University of Texas., Lesson meterlals that would provide s
challengr Lo peers and children were provided from Sclence - A Process

foproach,

A semantic difserential interection analysis, and rating scales
of i@aﬂhiﬂg performance were utilized on a pre and post basis. The performance
iats were collzcted from videctapes of the Leacﬁﬂmg seseions. Using s thres
'factorial snalysis of variance to determine the effects of type of practice,
feedback, and grade level on attitude asnd on the specific teaching compatencies,.
the investigator noted the fellowiag findings: '

ﬁ
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1. Practice with peers or with children made little differenre,
Excep? for specific interaction and pacing skills in regard to questioning
techniques and clavification of student ideas, there were no gigniflcant
differénces in attitude changes and these five specdfic Luacning competencies
between those who taught ch‘x&reﬁ and those who taught pesrs

: 2. Systematlc feedback provided significant results, Systematic
feadback was found to be essential in the developmeni of skills asgociated

with pacing and with clavity of praesentetion, but was not found to be

eggential in the development of interaction ghkilils, rapport, aund achieving

bekavioral magec*iveuu F@adaack was aiso found to contribute significantly
to 2 student’s positive attitude to teaching.
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"SCIENCE TEACKERS' SELF ANALYSIS IN THE
AREA OF 'DISCOVERY'

Frank_K.iSutman S ,  : v : ‘Patricia Sparks-
Tewple University: Stamford (Coun.) High School

4 science methods course for inservice tezachérs wag designed to
give maximum experience with self discovery. The course was organized arolind
ten activities that reguired the teachers to seek answers for themselves
through the science laboratory, the library, and the instructional materials
center; but minimized their role &s a source for answering questions. As
part of the "discovery" experience the teachers were asked to examine their
own teaching for its "discovery" orientation. This was done by using a seif-
evaluation checklist developed by science specialists at the U,§5., Office of
Education. The teachers completed the checklist during the first meeting of
the course and again at the ead of the 15 week semester. The checklist items
ware categorized inte three wajor areas: (1) cobiectives in teachiang; (2)
structure of the subjects and (3) spproach to teaching. The third categoxy
was divided further into two sub areas: gqualitative approach and quaatitative
eppreach,

' The results of the teachers' responses to the checklist were
anaiyzed to determine to what extent, if any, the teachers believed their
teaching had become more oriented towards "discovery” during the semester.
Using a weighted scale, the investigators found the following overall
percentage chauges iowards more “dipeovery” in the categoriea listed above.

Category | Fer gemt
Objectives « v ¢ o o o ¢ & ¢ o o ' 30
Structure . . ».o o o 5 o o B 27
Approach - qualitative . . . . . 25
Approach - quantitative . . . . 33

- The data 1nd1cate generally that the teachers envclled in the methods
course purporting to have concern for "discovery' believed their own teaching

to be oriented more towards '"discovery" at the end of the methods course.

No direct cause-and-effect relationship is claimed to exist between the methods
course with its orientation .and the self-evaluated increase in "discovery"
orientation by the teachers “Ththeir own teaching. The study deliberately
attempts to answer very.few questiong, Rather it raises many questions. For
example, are the criteria included in the U.S, Office Checkifst valid for
determining the extent to which teaching is “discovery" oriented? Are inservice
teachere able to assess changes in approach in their own teaching? within

the limirations of this preliminary study, why sre the overall total weighted
changes in vesponses towards greater “discovery” orleatation 8o alike for the
four categcriea selected for the classification system? Further rigorous
regearch needs to be done in this area.
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4 ¢ PARI ON OF THE EFFECTIVENESS OF AN INSERVICE PROGRAM
AND A PRESERVICE PRUCRAM YN DEVELOPING CERTAIN
TEACHING COMPETENCES

Frank D, Breit
David P. Butts
The University of Texas

The formation of federally sunparte& national curriculum projects

nas led to the developmeunt of a anber of new curgiculum innovations.
Hvidence that wmany teachers ave inadequately prepaved to teach the new
curriculum has led to the development of teacher education programs especially
‘designed to develop the necessary competences iun teachers. The effectiveness
of such a progrem in developing teacher competences is dependent upoen the
characteristics of the participants. Programs have been developed for use with
creservice teachers as well as ingervice teachers. The different characteristics
of the two populations could affect the cutcomes of a program given to both
BTOUpSs.

This study examined the relative effectiveness of a teacher educa-
tion program given at the preservice level and at the inservice level in the
daevelopment of zegtain teacher cempetences. The specific teacher competences
studied were kﬂowledge of sclence content, positive perception of goals and
VhpLﬂOﬂS of a curriculum iﬂnDVaL o, and iac111Ly in coping with a learning
envivomment which emphasized the child's responsibility for his own learning.
Alsoc. exawined ia ths stuay~waa the relationship of certain factors to the
successful davelopment of teacher competences by program participants. The
specific factors studied were initial level of competence, intensity of
initdal attitudes, teaching experience, amcunt of college science, and number
<ok yea;a sxnea last science course. ' . '

. : Four grcups of individuals were included ia the study. The pre-

" gsrvice versiom of the program under study was given to fifty-eight students
envolled in an undergraduate science methods course at The University of Texas.
¥ifteen students envolled in an undergraduate social studies methods course

at The University of Texas served as a contrel for the group above., The
inservice version of the program under study was given to 28 elementary school
teachers enrolled in an elementary school science workshop. Zleven elementary
school teachers enrolled in the summer school at The University of Texas

served as a control for the group above.

The Science Process Measure for Teachers, Insiructional Decisions
Test, and a semantic differeantial were used to measuvre the teacher competences
under study., Scores on the abeove instruments were collected for all
individuals in the study am pretest dats sud as posttest data,




: The relative effectiveness of the teacher education program at the
preservice level and at the inservice level in developing teacher competences
=as investigated using analysis of variance. The relationship between certain
factovs and successful development of teacher campetences was analyzed using

muitiple llnear regression.

The results of the study indicate that the program was successful
in deveioping knowledge of the processes of science with both preservice
participants and inservice participants. However, a greater increase was
found for the inservice participants. The high correlation between pretest
scores and change scores on the Science Process WMeasure for Teachers indicates
that the greater change in knowledge in the inservice participants was related
to thelr lower initial level of knowledge. This could indicate that the
énsuructieniélve% ie more beneficlal for those with a 10wer ?evel of knowledge. .

Both preservice participants and ingevvice participants made
subgtantial change in their instructional decision bshavior. The preservice
participants began at a sigunificantly higher level than the inservice
participants and retained this difference at the end c¢f the program. This
geems to indicate that the aspacts of the'program which dealt with instructional
decision behavicor were of equal benefit to individuals at varicus ievels of
cumpaetenca and wztb o w1tﬁouL t@ac ving experience,

g Q

Thé concepts for which attitude cheuges were found differed for
preservice participants and inservice participants. Inservice participants
showed a change in attitude towards the program inself along with methods
of imstruction utilized in the program. U0u the other hand, preservice
participants did not show much change in attitude towards the program itself
but did show a change in attitude towavd the philosophy of the new curriculum
under study in the program. The changes in attitude noted seem to indicate
that the program itself had a biggér impact on the inservice participants.
it is possibie that this is related to how relevant the parvticipants see the
program. Inservice participants, havinc Laught, can sege a greater need for
the type of h&ip offered by a.teacher education program. The lLack of change
in attitude by Inservice participants towards teaching methods espoused by
the p*«gr an could be due to the difficulty of changing basic attitudes towards
{nstyuctional methods. of experienced L@acﬁeLBa-
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AN Ea? IMEN T M”APISOW OF URBAN CHILDREN
WITH SUBURBAN CHILDREN ON EIGHT TASKS OF BASIC SKILLS

Kenneth D. George
University of Pennsylvania

Many reasons are given to explain why children from lower income
urban howes do poorly in schooi. Perhaps one of the main reasons for this
is aue to the fact that these children lack some of the basic skills needed
in u£§~~ to work with the materiais normally usad in an elementary schocz,
especia iv in an elementary school science program.

f'vl‘

If this assumption is true, there should be a difference between
children from lower income urban homes and children from higher income
suburben homes on performances in some basic taske. The null hypothesis of
this study is that there was no diffevence between the population proportions
fo“'ai-at, second, and third grade children on the following eight tasks:
. Lde1t1T1C4tion of six basie ecolors.

. Drawing of four sngpes.

». Counting in order; starting with one.

. - Identification of common characteristies.

Indicat*ng‘taa positions for the hends of a clock at 3;00,

12:00, 2:30, and 4:49.

. Dist 1nguzsh1ng bQLWEEﬂ right and left, with respect to

. - themselves ahd then with respect te a person facing them.

7. Measuringa- ectargﬂ;ar box with a ruler.

8. IdentlaLLatloq of a Yhot" reading and a "cold" reading on
a thermometex.

T

o3} B N e

Dur;ng the 1967-68 school year, about 1500 children were studied.
The children were randomly chosen from the schools that agreed to cooperate

4n the testing program. Onte the local principal specified the number of

children at each of the three grade levels, each student was assigned a

number., The students whose nuwmbers corresponded to those found in the Table

of Random Numbers were selected.

There was a sign 5 ficant difference between children from low-
income urban familiss and nlghnr-tncome suburban families on meny of the
tasks selected for this study. The children from the urban sample did
significantly better on the following tasks:

L. Drawing s triangle {second grade).

2. Responding to numerical counting beginning with one

: (second grade).

3. Distinguishing between right and left with respect to &

person facing them (Becond and third grade).
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The children from the suburban sample did significantly better thanm the

childyen from the urban sampie ‘on the foliowing tasks:

i. DastLrgulomjno colors {(first. and secend grades).

2., Drawing a-civele, qqdareﬂ and rectangle (second &vd thivd
gradej}; Bfaﬂlﬁg triangle (thivd grade)}.

3. Responding to nwnc&Lcai counting beginning with one
{first grade).

&, Placing the hands of a cleck a*’BZ:SOs 2:30, and 4:40
{second and third grade); 3:00 (thizd grade).
5. istinguishing between right and left with respect to

themselves {(thivd grade).
., Measuring with a ruler (first, second, and third grade)..

There were no significant differences between the childres from both
samples with vespect to the following tasks:
1. Distinguishing colors (third grade).
2. Drawing a circle and a triangle (first grade).
3. Responding to numerical counting beginning with one
(third grade).
4. Placing hands of cloek at 3:00 (second grade).
3. DPistingulshing between right and left with respect to
themselves { second gradej).
6. Using a thermometer (second and third grade).

of the word, the urban children in thie study

In the true sense

use they.lacked some of the skills possessed by
chear

[s

sen

were disad Vantaocd" beca

other children. Many teachers keow that these children experience many
failures in their learning activities and therefore usually do more poorly
in schooi. There are wore drop-outs from this group of children. It is
estimated that by 1970, one-half of the children in large cities will be
disadvantaged unless the currently uevelowlng programe of compenqatory
education are more successful. Oun wany of the skille studied in this
investigation, third grade uTbmﬂ children were comparable to first grade
suburban children.

Teachers who work with disadvantzged children must begin to use
instructional materials that will help them to acquire the basic skills
that they lack. These ekills must be emphasized in our teaching of young
children. Perhaps the pnew curriculum programs in elementary school scieme
will help disadvantaged children to scguilre the skills nseded to achieve
SUCCEES .
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THE EFFECT OF TW0 INSTRUCYTONAL PROGRAMS, SCIENGE-A PROCESS APPROACH

AND THE FROSTIG PROGRAM FOR THE DEVELOPMENT OF VISUAL PERCEPTION, ON

THEE ATTAINMENT OF READING READINESS, VISUAL PERCEPTUAL, AND SCIENCE
FROCESS SKILLS IN KINDERGARTEN CHILDREN |

William C. Ritz
; ECI? Program

The purpose of this study was to examine the effects of port;ous
cf two instructional prograns, Science-4 Process Approach and The Frostig
Program for the Development of Visual Pexception, and a combination of
portious of these progrems on the attainment of reading readiness, visual
perceptual, and science process skills in kindergarten children. Reading
raadiness level was measured through the administration of Metropnolitan
Readiness Tests, Form B. Visual perceptual level, shown by two indicators
{Perceptual Quotient, and ""Constancy of Shapzs" scsle scores), was assessed

“via The Frositig Developmental Test of Visual Perception. Behavioral
performance in a-substantial number of the sciehce process skills which
constitute the instructional goals of the fivst half of Part A of Science~
‘& _Frocess Approach was also measured. The research instrument used for
this purpose wasg & group measure, Competency Measures for Grouns, which
paraliels closely the individual competemcy measures of exercises a-k
of Sc *enue-a Process Approach, Part A.

Twenty~four classes of kindergarten children from ten different
schoel systems located in New York State and Pennsylvania served as sub-
jects in this study. Figure 1 illustrates the experimental design which
wag employed. Group I consisted of eight classes who participated in the
science experiences of exerxcises ‘a-k of Science-A Process Aaproach Part &,
during 2 time interval designated "InstrLctxonai Phase A." These pupils
did not receive visual perceptual training during the subsequent Instruc-
tiomal Phase B. The eight classes of Group II also received Science-4
Process 4pproach imstruction during the 11itlal instructional phase. Im
addition, these children received wisual perceptual training (The Frostig
Perceptual Constancy unit) during Instructional Phase B. Group III
consisted of eight classes who did not participate in Sciepce-A Process
Approach work during Instvuctional Phase A. The Group IXI classes did,
howave?_ receive the visual perceptual trainming of the Frostig Perceptual
Constancy = unit during the subsequent instructionsl phase.




- Parazdigm Tllustrating Instructional Sequence snd Experimental Design

Treatment instruetional Test Instructional - Test
. Group. Phase A D Fhase B =~ 11
Kiﬂ Science~=-A Processg X.® Ougoing kindergarten _
1 gpqrg%gg, Part 4, I LR PROgY i, S &y
; Ezercises a-k.
, %;= Science--A Process :  Xo™ Frostig Perceptual
iz Aporoach, Part A, s 107 s Lomstancy unit, - |02
Exercises a-lk. : : Horksbeats 1~14 and
ney A f
2G40
(.= Ongoing kindergarten |  pe——y | X7 Frostig Perceptuai
o e Constancy unit , : :
E_LI ?rﬂgxalﬂo — e S e St 4 e 0
‘ , -1 7 Worksheets 14 and ~> V2
38-48,

FICURE T,



: Ten pupils were randomly selected for testing from each of the 24
classea. The skill attainment of each of Chese pupils was measured via each
of the three research instruments on two sepavate occagions. The first of
these occurraed at the end of Instructionzl Phase A, whareas the gecond coine
cided with the conclusion of Instructional Phase B. Absentee problems re-
duced the final sample to eight pupils per clags, or-a grand total of 192
pupiis. :

. A total of 20 hypotheses were stated in this stvcvo Eight of
them involved camparLsQﬂﬂ of mean test scores among the three treatment
groups. The remaining 12 hypotheses Focused om velationships existing
among subject achlevement on the vesearch instruments and between the
scores of each measure and. subgnct aga ewp“e@seé in months.

The only signixlcant 41frerences found at Phe end of Ianstructional
Phase A were differences in science process scores existing between the groups
of children receiving Science—A Process Approach instruction and the group not
receiving this instruction., Those differences noted at the end of Instruc-
tional Phase B involved group differences with respect to visual perceptual
gkills, Sigunificant differences in Parceptual Quotient and "Constancy of
Shape" scale scores were _ound to exist between those groupg receiving visual
perceptual tvaining and the group not LeceIV1ng this training. 1t was noted
that the pupils of the group that received Science-8 Process Approach
instruction followed by visual perceptual training attained significantly
higher Perceptual Quotient scores than éid the pupiis of the other two groups.
No significant differences in readiness scores were found te exist among the
groups at the end of either instructional phase.

The scores of 2ll three research instruments were found to correlate
gsignificantiy with each other in each case. It was noted that a sionlficant .
negative corvelation existed between Perceptua; Quotient and subject age in
Groups I and III at the end of each of the instructional phases, but this Was
not true in the case of Group II.. The relationships of the other test scores
with subject age was leas clearq; Metropelitan Readiness Tests scores wers
found to correlate significantly with age in Group I at the end of Instruc-
tional Phase A and 2lco id Gioup II classes at the end of each of the two
instructicnal phases. Competency Measureg for Groups scores correlated
significantly with subiect age in only one case, that of Group II at the
end of Instructlanal Phase B.

' The most significant finding of this siuav appears to be its
demonstration that science and/cr visual perceptual instruction can be

incl uded in kindergarten programs without impairing the reading readinesg
attainment of children trained in this menner. The inclusion of these
instructional programs not only failed to bring about a reduction of the
reading readiness of these children, but appears to have enhanced their
visual perceptual and/or science process skill attaimment., This finding
seems to refute the opinion that since readiness asttaimment might suffer as

a result there should be uo time for science and/or visual perceptual instruce
tion in kindergarten. The evidence of this study stands in direct contra-
diction to that viewpoint. Instead, it supports the contention that teachers
can devote reasonable amounts of time to programs such as Science-A Process
éRQdech and The Frostigs Program for the Developmesnt of Visual Perception
without fear that the reading veadiness of their pupile will suffer as a
regult.
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AN ANALYSIS OF THE E FECIS OF SELECTED WXPER}’EMCES ON THE
ABILITY OF mm SCHOOL CHILDREN T0O USE CO&SER‘*JATIGN oF LENGTH
AND CONSERVATION OF LENGTH RELATTONS

Russell L. Carey
Lesiie P. Steffe
University of Georgila

.

The purpose of this Sahﬂy 1s to analyze the effects of selected
eriences in length comparison, conservation of length, and conservation
length relations on the #bility of foup- dﬁﬂ five- yeav—ol children to
‘wge conservation of length -and comservation of L@ngtﬁ ‘velations. The
following questions are of basic concern in the study.’

&

1. (2} If children are sble to establish a length relation
between two curves, are they able to conserve that relation without
formal experiences? (b} If children ave able to establish a length reia-
. tion bétween two curves, are they able to conserve the relation involving
_pranﬂrtias oy leogical consequences of that relation without formal
experiences?

Z. {a) What is the effect of selected experiences on the ability
of children to co%sev*e'la"gth relaﬁ;aﬂs? (b) What is tae pﬁfnct of seiected
i

i g8
ing properties or logical ccnseqaences of 1QBE th relatiozs;
3, Are children able to conserve length without formal experiences?

4. What is the effect of selected experiences on the abillity of
children to conseyve length?

5. What is the re

elationship between certain student charactexr-
istics and scores sarned on Cons

uervat101 Tests?

The subjects were 18 lcur-year~old chi dren and 33 fLVE ~year-clid
children. ALl children received instructions in establishing length vela-
tions hetwesn two curves, conserving 1ength ralations, and conserving lenghh.
Small group instructional procsdurses werse uiilized. Identical pre and post
Conservation Tests were administered. The pupils were treated on & one-to-

one bagis for evaluation.
The conclusions are surmarized ss follows:

1. A small pevcentage of the children conserved length velations
after formal experiences in length ccmparzsena, Afrer formal ezperiences in
conservation more than one-half of the cq&kd en were able to consevve length
..v&at’go"ls-
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2, Few of the children were able to conserve length relations
involving properties ox logical consequences of length relations with
instruction only in length comparison. After formal experiences in con-
servation of length relations, a statistically significant number of five
year old children were able to comserve length relations and properties or
logical consequences of length relatiomns. Formal experiences in conserva-
tion did not sﬁaﬁistxcaxiy change the four yezar olds.

: 3. Few of the chi!dran are able to conserve length involving
both the reflexive and non-reflexive property with only formal experiences
in establishing a length relztion. After selected experiences in conserva-
tion, & statisuicaliy sigaificant number 0£ children were ablb to conserve
length. | :

4. There appears to be little, if any, velationship between the
variables Age, Verbal Maturity, I.Q., and Soclel Class and the ability of
four and five year old children to conserve length and length relations.



THE INFLUENCE OF SELECTED SCIENCE EXPERIENCES ON
THE ATTATVMENT OF CONCRETE OPERATIONS RBY
FIRST GRADE CHILDREN

ponald Bernard Neuman

The main objective of this study was to investigate the influences
of certaiun acience experiences on the attainment of concrete operations by
first grade children as revesled by selected Piagetian counservation tasks.
These tasks involved the conservation of liquid quantity, couservatiom of
discontinuous solid quantity, and conservation of weight.

The study was carried out in Okemocs, Michigan, and iavolved all 87
nildren in the three first grade classes and oneé first-second grade transition
g2 in the Cornell School, At the outset of the study, each c¢hild was randomly
igued to one of four classea ‘for the purpose of studying science. 1Two
classes, designated as the c&peaimeﬂta? group by the investigator, studied
science by means of the WetﬂOdo and materials developed by the Science Curriculum
Improvement Study (SCIS). ~The other two classes, designated as the control
group, studied scieunce by means of the school’s usual program.

For the purpose of determining differences iu developmental growth
between the experimental and contvol groups, all children were shown sixteen-
miliimeter color motion pictures of the Ffour conservaiion tasks. Tape-recorded
sound tracks consisting of information pertaining to the films and 1nstructiens
-for answering a question about each film were also presented to the children.
The children were given a pre-test consisting of the four films, After an
eighteen-week treatment period, all of the children were given a post-test
cousisting of the same four comservation films.

The data to which statistical tests were applied were obtained
from the results of the conservation tests., Parametric and non-parametric
wmodels were used to analyze these data. On the basis of the analyses, the
following conclusions were indicated:

(1) There were no differences in the attaimment of concrete
operations between children who studied science by means of the SCIS program
and children who studied science by means of the usual program. (2) There
were no differences in the attaioment of cencrete opevaticus between boys and
givls. (3) The girle who studied science by means of the SCIS program scored
gignificantly higher on the post-~test than on the pre-test. (4) No conclusive
evidence was produced to indicate a dominacce of the experience factor in
promoting attaipment of concrete operations, (5) Children appeaved able to
conserve welght at the same sge that they conserved quantity.
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THE EFFECT OF WATURAL SMALL-SCALE GEOLOGIC
FEATURES ON THE CONCEFTS GF
FLUVEL AL GEOLOGV ﬁFGNG F?F“H ﬁND STXTH GRADE CHILDREN

Mic hael Robext Cohen
Indiana University

Geologists and educators have suggested the use of small-scale
geclogic features for learning geolegic concepts. These features provide
valid snalogies to macro-geologic festures and zre common on school |
grounds and backyards.. Since field work is an important part of the
ieazning of geclogy and ig. usugilly neglected because of economic and legal
problems as well as &: suarclty of appropriate nearby locations, small-
acale features appeared ideal for increasing Lpe kind and extent of geo~
logic fieid study.

- This study measured the effect of activities using small-scale
‘geologic featuves on the concepts of erosion, deposition, and lakes held by
'fifth and sixth grade children. Forty-eight children were selected from
all the £ifth and sixth grade classes in a central school in central New
‘York State, so that there were equal numbers of each sex, grade, and high-
est end lowest I.Q. levels. HaLf of the sample were measured before the
field activities, and the eatire sample, except for those children absent
from the activities,; were measured after the field activities.

The measurement consisted of a thirty-to-forty-minute individual
interview. The interview was based on the premises Piaget suggested in The
child’'s Conception of the World. The first few questions were 0§enended
and zllowed the child to express his own spontaneous ideas. Subsequent
questions probed at the concepts touched in the earlier questions from
different points of view.

Seven of the classes participated in the field activities which
used the small~scale features. The activities were gselected from those
suggested by others and those judged successful in pillot studies. The
children weve taught by theilr fifth and sixth grade scilence teacher. The
field activities were suited to her style of imstruction. The children
would engage in an activity and then compare results and ideas in class
discussiong led by the teacher, but oriented tg¢ the child.

Before the field experiences the f£ifth and sixth grade children
had similar concepts with respect to general ideas. They were all familiar
with erosicn which they said was caused by water. Most children felt that
iakes grow larger because of the rain falling into them. As the guestions
became more specific, the grades showed differences. The sgixth grader had
more sophisticated ideas, aglthough in many cases the primitive concepts
commeon to the fifth grader were s8till evident in their answers.
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: After the field experiences the interviews indicated that the

activity on lakes had no effect on either grade. The activities on erosion

and deposzition had a smell effect on the sixth grade and a large effect on
the fifth grade, . The sixth graders had & clearer understanaing of the pro~

cesses” of ero¢101 and depogition. The fifth graders were raised beyond the

gilxth. graders pre-activity level of unders&awding of the processes of
erocion arﬂfaepoeltion. ‘ B

e mba‘rcsults indicate that the use of small-scale geologic features
4n the feaching of geology may not be universally suvccessful. The teacher
involved in thie study and those who took part in the pilot work were very
impressed with the activities. The children seemed to have an enjoyabie

and interesting time. However, these feelings were deceptive. The measure-
ments show that in some cases the children learned much less than was thought
possible by the teacher. The sixth grade children had been exposed to other
geocloglc ideas such as mountain building and glaciers, and possibly comn-
sidered the field activities below their meeds. On the other hand, the
fifth gradersz were perfectly suited to the activities on erosion and deposi-
tion, and gained & great deal from the experiemce. The results suggest

thaz £ifth graders can gain move from asctivities on lskes if these activities
ave velated and combined with these sctivities om erosion and deposition

in which the students participated.
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A MODEL OF EARTH-SCIENCE FIELD EXPERIENCES FOR
URBAN ELEMENTARY STUDENIS

VWarren E. Yesso
. Daniel J. Brovey
'Columbia University

There is a need to foster meaningful Earth-Science concept: -
formation smong urban and ghetto upper-elementary students. Concepts that
demonstrate the universality of geologic forces and chéanges are part of
the common experiences of both those in the city and inm the suburbs.
Field trips to the uncluttered suburban enviromment are a possible means
of illustrating such concepts, but could not such illustrations also be
proviced in an urban enviromnment? Considerations of travel time and
~tance, among others, dictate the maximum possible use of the loeal environ—
ment. However, & general lack of geologic field experience among upper-
eleﬁenuary teachers has p&evented even minimal use of the Earth-Science

source of urbia. - . S ~

Toward a solution of these problems, a model Has been developed
that establishes criteria for recognition and use of urban geologic sites.
The site concept employed in the model is different from the field-trip
concept of Earth-Science learning, partially because each geologic site is
censidered 28 a single entity divorced from regional, geologic history and
structure, because site experiences emphasize those Earth-Science concepts
usually ignored in comventional field trips, and because each sgite is close
to a neighborhood school. Support and emcouragement for investigation of
the geclogic site model was prOVlded by the Center for Urban Education of
New York City.

- A geologic site is considered appropriate when it meets the
primary criteria of (a) location within walking distance of local elementary
school, (b) safety from natural or man-made hazards, (c) simple illustration
of one or more useful Earth-Science concepts, and (d) potential for reviata-
tion by teachers and students to observe natural change. Of slightly
lesser importance in site selection are the secondary eriteria of (&) suffi-
ciently large site area tn allow simultaneous involvement of students in
the same learning task, (b) sufficiently large volume of earth materiais,
so that samples can be removed by many student groups for further analysis,
(¢} presence of a variety of soil, sediment, rock, or structural interrela-
tionshlps, and (d) closeness to public water fountains, lavater 193, etec.

Iin the present pilot study the imvestigaters, acting as professiomnal
earth scientists, selected six sites in the uppar part of the Borough of
Manhattan, New York City, that met the primary and secondary criteria. Each
of the sites exhibited all or almost all of the following geologic features
or phenomena: bedrock, fault, fold, dike, vein, differential weathering,
glacial boulder or erratic, transported soil, stream draimege patiern, soil
erosion, sediment, and mass wasting. The task of the investigators was to
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sequence the Earth-Science experiences at each site and to document the
suggested sequencing by text and photographs which would allow self-guided
visits by untrained teachers and students. A document that reports on

the pilot study is in final stages of preparation for publicatiom.

It is intended that this study will be expanded to include
geologic site experiences at rivers, beaches, etc. It is also hoped
that this effort will engender similar attempts at site utilization by
elementary teachers working alone or with the assistance of local,
professional earth scientists..
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CHANGES GCCURRING IN COURSE REQUIREMENTS IN EARTH SCIENCE TEACHER
PREPARATION PROGRAMS IN THE PERIOD FROM 1964 TO 1968

Victor J. Mayer
The Chio State University

& survey conducted in 1964 found 123 colleges and universities
with programs designed for the preparation of secondary school earth science
teachers. Information eollected from these imstitutions indicated the
foliowing: the most freguently required sarth science courses were from
the discipline of geclogy; courses in geography, wetecrology, and astronomy
were often required; the median number of semester hours of required earth
science courss work was 26; mathematics through calculus was vequired im
less than one-third of the programs; except for mathematics, the require-
ments folliowed closely those recommended by various natiomal commitiees on
science teacher preparation.

Another survey, conducted in 1968, revealed that over 150
institutions now offer progroms especially designed for the preparation of
earth science teachers. In this paper, the results of the two surveys are
compared, revealing certain changes in course requirements. Possible factovs
influencing these changes are the rapid acceptance of sarth science &s a
cecondary school subject with the consequent demand for earth science teacher
preparation programs, the development and publication of the Earth Science
Curriculum Project materials, and the acceptance of recommendations on pro-
gram content made by the Council on Education in the Geclogiczl Sclences and
the Eerth Sclence Curriculum Project.
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AN EXPLORATION OF POTENTIALITIES, ADVANTACES, AND PROBLEMS OF
MULTI= IRVESTIGATOR, PARALLEL RESEARCHES IN SCIENCE EDUCATION

Hulda Grobman
New Vork University

Increasingly, meaningful research in science education is
becoming a large-scale expeunsive venture that is beyond the means of the
individual investigator without large-scale outside financing. However, not
only are there some serious disadvantages to large-scale research projects,
but the competition for available funding for such projects is increasing.
‘Thus, it is timely to consider slternative strategies of small-scale research
which permit realizing meuy of the advantages of larger-scale investigations,
gne such approach iz the cooperative or multi-investigator research effort,
whereln several investigators carry on iundependent but to some extent parallel
investigations.

The proposed paper will summarize the methods of operation of the
recent First Grade Reading Studies, which used this technigue with considerable
-guccess and the allocation of roles and responsibilities between the 27
individual investigators in this study end the Study's Cocordinating Center.
This paper will consider how this aspproach differs from other multi-iunvestigator
related vesearch; the advantages énsuing from this method of operation and
its spparent limitations; and the possibilities of a similar apprcach in
research in science education. The paper will conclude with a design for a
hypothetical multi-investigator research project in sciemce education,
indicating the decisions to be made, the processes to be standardized, and
the difficultiss inherent in the implementation.

In brief, the 27 investigators in the First Grade Reading Studies

carried out independent reseaich studies, but in so doing, agreed on the

grade level and subject-atea fo be investigaled, the timingz and exposure

period for the sample treatment, some expected learning outcomes, the minimum
sample size for each investigation, the pre~ and post-tests, and some data
collection ‘content and methods, Each investigator remained free to select his
own experimental sample, to select curriculum materials for his individual
study, and to administer additional measurement instruments. 1In this way, it
‘was possible to explore effects of various approaches to the teaching of
reading, keeping scme agreed-upon variables and measuremeut instruments constant
across 27 experimental populations. Each investigator worked with a sample
small enough to pemmit some independent in~depth investigations, at the same
time that there were 26 comparizon groups for some other aspects of his treatment.

There are a lavge number of research problems in science education
where pgst studies have been contradictory or inconclusive, perhaps because
of noncowparability of data and/oxr treatment. Many of these would lend
themselves to the multi-investigator, parallel ressarch approach. For example,
more definite . information is needed on the interaction of class size,
curriculum, teaching method, and use of the laboratery in science teaching.
Needed also is more information ou the effects of various curricula holding
congtant such vaviasbles as length of treatment and relative emphasis on
laboratory, demoanstration, discussion or lecture. '



