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NOTES FROM THE EDITORS .
:f } ¢

This ‘issue of INVESTIGATIONS IN SCIENCE EDUCK(fON'qontalns the

» L .

critigal ahst;ach and analyses of nine articles. Although these |

nine articles have not been clustered, there are some common varlables.

Several relate to cognitive development gand/or learnlng Allen, Bredder-
. & -

man, Lawson, and Scott. Others focus on instruction: Anderson and Lee,

Hibbard and No&ak, Pgrker- and Mertens, ang Venderbrbucke. * One relates

<0 >’

to sclentdflc'llreracyf Doran.

¥

-
A - 3

Also included are three rebponses to articles previously published

in I. S .E. We are pleased that the authors have provlded addltional

information about their research and that they have attempted to answer

or respond to-comments

of the paper reviewing

. ! T
.

raised in the abstractor's analysis section

-
¢

4

their published research

We‘hope that other

authors wlll‘fée1~free

3

' .

to respond to.or comment about thelr article

as reviewed for I.S.E. : B o :
Clpe e . . ) L. l 4 B . - v A
: R . * Patricia E. Blosser B
v . “" ) ) Editot ) ' .
. : . ’ o . . T , 2 )
N A Robert L. Steiner '\ .
Associate Editor Lt
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Allen, Lealie R.

* Experimental Variables and fo Recognize Chauge."
© 57(2):135-151, 1973, ¢

Expanded Abstract and Analysis Prepared Especially for I.S.E. by Lowell
J. Bethel University of Texas at Austin. - ’

ose

.

Theﬁpurpdse of.the study was to compare tﬁe perfdrmﬁnéetnxspecifictasks' .
related to eome SCIS objectives of third graders who had participated

in a SCIS Program versus third graders who had ngqt. . .
children were qupated'én theit ability to: . ' "

...1. )

‘2.

The research hypotreses tested in the study ‘but not explicitly stated
are as follows:

\

1.

2,

.their ability tao identify changes in a system.

' Thege will'be nojdifferences between socio-economic status
and the ability to 1dentify'variab1ee in a systenm.

There will be'nd diffe;hnceh'between socio~economic status
and the ability to identify changes in a system.

)

R
) £

"An Examination of the Ability'ofsThird Grade "Children o
from the Science Curriculum Improvement Study (SCIS) to Identify S

Science Edutation, . -~

Descriptors--*Cognittve,DeVelopment Curriculum, Educati@hdl
Research; *Elementary School Science; *Instruction; *Longitud-
inal Studies; Science Course Improvement Project' *Science -
— Education : '

[

>

) Lo Y
b}

.

-
S

'Specf?ically, the

L4 - ’ (-
14

identify vuriebles in a .system " : : « ) J
. * . . ‘
1dentify changes it)l ‘a, system. .#

- . . .
. N

[3 ’ 4

» “(y 4
‘ * L : : ]
‘ . - . . . k
(. .‘ ¥ .

s . T
There will be no“differences between the groups in their J
ability to identify variables in a.system. '

There will be no differences between groupg in their ability
to identify changes in a system.

4

There wiii be no differences between male and female pupils
in their abdlity to identify variables in a system.

There will ‘be no differences between males’ and females in

. 3




Ratiqnale _ ' | L
. -y _ L . e
This study is but one of a series vritten by the author and‘based on a
longitudinal study conducted to determine the effectiveness af the SCIS
program on children's acquisition of specific scientific concepts,
‘process skills,'and positive attitudes toward science. The author ig
attempting to assess the effect of ‘the program on children 8 intellec-
tq&l development._ As the children proteed through the program, they
are dvaluated on thF basis of the program's stated objectives. At this
point in time four studies’ have preceded th&s report. Thus, the study
was an’ extension of previous studies angd it appearsothat this research

will continue for the next three years (grades 1-6). Lo

b

" Research Design and Procedure ‘

When the injitial .study was begun sqm]:::ree years ago, 50 children were
randomly chosen from three socid&ecc ¢ levels (upper, average, and
lower). Thus, a total of 150 pupils participating in the SCIS program
from three socio-economic levels was chosen. Next, schools having
similar children but not participating in the SCIS/%rogram were
selected and again 50 pupils from each of the three socio~economic
levels were chosen. This made a grand total of 300 pupils who parti-
cipated in the longitudinal study conducted up to this point in time.
However, because of mortality, only’176 pupils were avdilable for this,
particular study reported. The male-female ratio was just about 50/50
with an equivalent number of children representing each of the three
isocio-econbmic levels. All children were from the third grade, with
half participating in the SCIS-program continuously over a period of

. three years. The children were evaluatediat the: conclusion of. the
third academic,yearl ' . i v
" The experimental design used is the posttest-only control group design'
as defined in Campbell and Stpnley 8 article, At the completion of
the third year, after having studied the SCIS Physica1 Science Unit,
- all childrertt were tested individually '"in a room set aside - for this

L

- purposebr at a lanai table." All children were evaluated on five




_ test items presented one-at-a-time.- Four of the items required the

children to idehtify changes that took place when 'candle was lit . !
_with a wooden match and covered by a glass beakeru_ The items were
‘designed so that'ghi}dren could manipulace objects and explain their
actions. Responses were(recorded'for the chiidren on each of ‘the i
items presented. '

Children who were not participants in the SCIS program were'exposed

to some science instruction. The author reports that’ their science

program consisted qf a science text entitled Concepts in Science \

. which placed heavy reliance on verbal interactions rather than the

4

‘physical manipulation of objects. In other words, it was not a science"
inquiry program, but one in whicn children were taught elementary
science using the traditional methods 80 prominent during the firsE 60
years of this century. ) o ' '

: ' ‘ 2
The author summarized the number of pupils and their sex in ihe three
gocio-economic levels used in the study. Thus, one can see at a gianbe
the total number of pupils: both SCIS and non-SCIS, their sex, and

»1",_
\their division within the three socio-economic levels identified. , .

- A8 for .the findings of fhe testing undertaken ap‘tne close of the '
school year.(May—June, 1977), the author notes that ip's previous = .
study the five test items used loaded heavily on a 'cognitiﬁe'fsctor"”“w
using factor analysis methods. The author goes on to say that, "in
the interest of clarity,' a separate analysis of eaqh item will be
presented using ANCOVA methods. The Califopﬁfa Test of Mental MatJrity
(CTMM) was used as the covariate. It is-also reported thdt the average
correlation for each item and its scale total based on factor lpadings
was 0.71. ' ‘ _ . '

Therefare several taBles in the article which summarize’ the testing

renulés{f‘Tasks on which the data are summarized are as follows:
,ji. Variables effecting time taken to transfer water u?ing an

4

eye dropper. :Li‘ ‘ <
2,; Variables e'ffecting level at which a ‘plas\tic sytinge’ floats.
3

v
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N 3. Variables effquing‘rhe distance A stone f's thrown by a
~ slingshot. ' '

—‘-«.-/" N

4.. Variables effecting the distance travelled by a toy trﬁck..

”
. 5. Changes that’ occur durihg an exper}ment.. ihis was further '
-.subdivided into three parts: ‘, |
" a.- changes observed in a burning candle ¢ '
b. chqnges observed in the match and match-box
C. changgs observed when a beaker is lowered over é'burning -
candle - o ’ | " .
. - R '
Analysis of covariance for the factbrb of sciegce program, sek; and " 9 ..

socio-economic level are presented for the five tasks; Mean scores, .
stan@ard deviations, and t-tests for the'three socio-economic levels
on four of the five tasks, are reported. In addition, summaries of
the children s vesponses to the five tasks are listed and categorized

into SCIS - non-SCIS and socio‘economic levels.

- [
~

-
r
. ¢ ’

Findings

. ) - ’ . ’ ' ?
A . . : . .
Fa - ¥ .

The A&CQVA revealedprhat there were significant differences between
SCIS children and non-SCIS children on all five of the tasks. The
“d4fference was in favor of the SCIS éhildren. Three of the analyses
revealed that there was a difference between males and females in N
favor of the boys on tasks 3, 4, and 5. With respect to socio- <f:?
economic 1eve1, andlyses revealed that there was a signifjcant
"difference., T-tests indicated that, on three tasks, the Kpper sociof
economie group .outperformed the other two socio-economic groups while
_’Fhé average group outperformed the lower .group on one of the tasks.

No significant interaction effects were found or reperted. B

. Y .
Il \ . .
. ’ -
. / \ ..
' o . .

Interpretations . o N

~
2 ¢

The author concludes)\that, on the basis of‘the‘findinﬂs reported “in
“the study, Honolulu third grade pupils who had barticiﬁated in the" R
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SCIS program are significantly betterathan third grade pupils enrolled o

* in a traditional science program. on their ability to identify varia—

bles and changes in sys tems.

ABSTRACTOR'S ANALYSIS

~

) ~
. . - A - . .  J
. 4 .
.

- /

Several questions are raised after reading the study.

The introdnction

is very sr;mpi\ While it does refer to a continuous evaluation of the

SCIS program, it oes not place the present study in pr0per perspective '

relative to the o
s the overall lon
does this study rel

er studies referred fo in the bibliography.
-range objective of the longitudinal sthdy?.

What,

How

-ate to them and the overall ISngitndinal study?
. :
The purpose of the.study 1s straight forward. However, no mention is
made as to why evaluation of -the SCIS Physical Science unit 1s\pade and
not the Living Science unit. " Why not evaluage the program afte :
pufils have experienced both units? What sigdificance doés thﬂ

.Science unit have in relatidn to the Living Science unit? The author

This implies
'why were

-motes, too, that "certain SCIS objectives are considered "

that there were others and that, these were chosen instead.
L]

these objectives covered and not others? One can be led to a conclusion

_that maybe additional publications can be produced by using this proce=

dure of reporting. Clearly a problem statement should be included and

a rationale as to 1its importsnce or .significance relative to science.

education research. .’

.
~

A nain criticigm of the study lies in the research design. No research
hypotheses are ever stated., Isn't the purpose of statistical analysis
deeigned to- test hypotheses? These should be stated so that the réuder

does not_ have to infer what they ate.

!

-

While the experimental population for the study is iaéntifieda no real
information is provided here in the study. The reader iereferred to

prevdoue studiesqjor this information. Really good research does ‘not

use thisstype of reporting procedure.

review other studies in order to understand the present study.

The.reader should not have to
The

.

L




population should be 1dent1fied,and described'in detail, 1In addition;,
the author does not identify the-indgpynden; and dependent variables.
; However, theyican'be inferred‘tron“reading th study. .

_ .7 _ o - 4
Further, no description oé sampling'procedurelfor choosing schools
-and children 1is described Why did certain schools have the SCIS
prbgram and others, not? This is not made clear to the reader. What
‘controls were made or intfoduced to control for teacher effects? 1In
. @ study such as.this, .one woyld want to be‘able to control for this
factor in‘order'that adequate.compariSOns could be made. This has
to be’done so that one can be sure"that differencesffound can be -
_attributed to the treatment only,or else the. results may be called
into question, , ' ¢ : '
Concerning the treatmont little is said about this crucial factor.
There is no mention of how long the control group ‘has ‘been exposed
to sqienoe«instruction of any sort. In addition, time and duration
.of:scie-féifo;‘the third graders is not reparted. Also, how many " ’
teachers were involf&d in the instruction of\science for bo&h'the, B
.experimental and control groups? What 1is their background and other
pertinent information related tb instructional, methods? These are
: important questions that should be answeéred in order to evaluate the
effectiveness of the SCIS program. R

,A,zﬁxo. O R Y . L"

Only" one sentence is devoted to a description of the testing proce-
" dures used. The tasks used to makeé the assessment are adequately

described. But, who per}ormed the testing? How long did it take

. to test the children? Was there any method used to test the accuracy
v
and reliability of the responses recorded? The reliability -and valid-

ity of the tasks are not adequately described here{ It is reported

( _
that they.were piloted with grade three children. But one is left
hanging in terds of a deseription for this process. This needs to -
be explained furthet and additional information prILided here for the'

v \
. . Vo ; -
reader. S o
. " 7/ ' - ' '
. :
v G

The ANCOVA tables summarize the data ver;/ﬂbatly. As was pointed outv
by the author, the scores could have*been combined and one: analysis




L

... After the summary of the findings the author concludes that Honolulu

.

. both the average and lower soclo~economic groups on three of the tasks

,oﬁe of the tasks. But no summerization is presented.for_the.fifth_

. -vithout including a ‘table, oL .

the five tasks presented, Why doesn ‘t he do ‘the same for the fif:

‘children in the SCIS program are superior to children not in a SCIS ’

tasks. It was a good move on the part of the a\thor to proV"de

analyses and summaries for all five tasks, - This rocedure does aid | >
the reader in understanding some of the things'tha are.being con- =

sidered in the edaluation even though it results in Yeading some 17

tables in atl. The author dbes summarize the data for'means, standard. -

deviations, and t-tests by socio—economic level in tables r four of ’

task? No explanation is offeredjfor this omission. In addition, the- N -
author states that tw® of the analyses show scores in fayer: of boys, T
yet a critical review of the ‘table reveals three such sigpificant , .{~
differences in favor . of'boys. An alternate explanation here may be '
that the~girls outperformed’the boys on one of the tasks."But this | "
remains unanswered in the_analyses. R ) ' iﬂbl , -

.
-~ . e e

It is also reported that the upper socio-economic group outperformed
and the average group outperformed the lower socio-economic group on’

task. The author makes no note of this. Perhaps there were no signi-
ficant differences. But that cou1d have been stated in the findfngs

1 . .on
- .- ~ - [

program on ability to identify variables,and changes. But no appro— .
priate~{nterpretations or generalizations are made. Is this because _ SN
the focus of the study is so narrow? Certainly th€ 1mp1ications of “

the study and its limitations should be’ discussed Where does it fit

into the matrix of similar kinds of elementary science program eval- L
uations? Dpes it make a contribution? Does. it gshed some light on

any of the problems that are 'the major concern of science education

'tesearch? Or, another way of posing this question is: Does it reduce,

clarify, or throw any new light on the original area or problem of '
concern? Does additional research need to be conducted, and what direc-

tion ahould it take? Unless some of these questions are answered, it is .
difficult to make any judgment about the results of the study. Certainly

7 ‘ S . .o Y

s S o g «
~~ . ', : - _1 2D )
: _ g . : ~
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Rationale o S T e

Andetson, 0. Roger and Mae' T. Lee. "Structure in- Stience Communica~ )
“tions and Student Recall of Knowledge." Science Education,

o

59(1):127-138, 1975. - % ' .
) ~~Descripto;p—-Educational Research’ *Instruction Learning , -:
. .. Theories; *Retention; *Science Edutatipn, *Secondary School :

i ) Science"Stimulus ‘Behavior; *Verbai CGMmunication

., '

ﬂipanded,Abstract‘and Analysis Prepared Especially_for IwS.E. by -

Willis;J. Horak, University of Arizona. /v
o ) . 4, o ) Y
Purpose | .
’ ) . o0 ' . L K _ T e i Lan *,q: SN

. The purpose of $his sxudy was to investigate the relative relationships "
between amount of science content structure in lessdns and the amoynt :i
of knowledge retéined after instructional communication. ‘Additionally
the study was deaignéd to allow analysis 6f fine variations in know-

ledge acquisition. These fine variations were then related to the/

. overall structure of the statements or discourse units cdntaining the

- communicated content. : . - ‘ .

-

“The bio~psychological theory of structure in human\communiéation
developed by 0. Roger Anderson and presented in his boaks Structure in

Teaching:. Theory ahd Analysis and Quantitative Analysis -of Structure :

in Teaching formed the theoretical framework for this study. . Basically,

thia ‘theory holds that the effectiveness.of humap communication is N

biasedﬁby the. facts that (l) the environment favored ‘the evolution

of organisms possessing receptors sensitive to periodic or. repetitive
stimuli (2) the presence af periodio stimuli in space and time have
induced, through natural selection, the appearance of highly advanced
forms. of living organisms capable of exp,loiting the environmentﬁy
utilizing information in periodic stimuli (3) the dependency on
periodic stimulation, such as light d&ergy and movement ,of surrounding
‘matter, has induced a perceptual bias to readily assimilate repetive -
stimulj,,thereby producing changes in behavior, and (4) the perceptual
bill favored by organic evolution and reinforced by. periodic visual .

«
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stimuli during ontogeny produces communication patteitns in highbr . ..
animals contaiping repet{tive sounds (Anderson, 1970). . '. | e
e . Lo ' ,n"; . ’ ok ;

- . ‘h’ P — . . . S I ¢

: This theory may be interpreted in light of the results of research
| on’ attention and arousal which maintains that too much repetive ’ L

patterned input can produce lack of aﬁyention. Thus,.lessoﬂs need._
some novel gtimulus. onset or repetitive removal to cause continued

“ﬂeadiness to receive and to encode -gsensory input, Optimum commani-
cations would consequently contain a patterf of integrated discourse )

introduced byt a- novel stimulus whioh sez:fs ‘ag- an arousal step to _pre-

q

. . pare the individual to receive some subs uent communicated content.
° ., . - o 3 . . .
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This study was conducted in two phases. Subjects for the first phase .
consisted of 61 fehale ninth afid tenth grade’ students in a private
urban secondary school. Subjects for the second phase, which was'
viewed as-a test of - generality of the findings, consisted of ‘41 male
" &nd female students in an urban junior high 'school. Separate treat-
ment cpmmunications were’ constructed for each phase of the investiga—
tion. The topics chosen for the studies dealt with "African Sleeping
Sickness!.and "Life in the Ocean" spectively. These topics were f
_reasonably unfamiliar to the studeiis and hence prior knowledge should
not have interfered with the analysis. o
N | \ -\ / '
For each phase two treatment conditions were'developed. The treatments
consisted oé alternating.high and 10& structure spans as adcertaimped. ol
by kipetogram analysis of the discourse units. Qne treatment condd-
tion consisted of a sequence, identified as "hiﬁh—iow," containing
,alternating spans with the odd spans ‘high structure and the even spans
low structure. The other treatment condition consisted of a. sequence,
identified as "1ow-high," containing alternating spans with the odd '
.spans 1low structure and the even spans high structure. The -amount
"and‘kind of information within each span remained constant thus allow-
ing direct comparifon of the high and low structure spans’ m'
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Audiotape recorded messages were the insfructional mode of commuhica—

-

-

- tion and the criterion measure consisted of a freed recall response.:
‘ Immediately after. instruction studentsqwere asked to list in writing

* . as many of the ideas or statements as it was possible for them to

remember. The frequency of recdll of the items was plotted on a’
histogram ‘and compared to the kihetogram graph, dt the“communicated
lesson structure. thal dcores were utilized to compare the mean _
high-structure ‘recall scores with the mean law~8tructure recall scores.

\§tatist1cal significance&of the’ differences in the means was analyzed

' utilizing A two-tailed t-test. ’ !

.4 1

Finding " .

\u

-
L)

The amqunt of structure in a commnication was found to be directly
related to the amount of information recalled after hearing a communi-
cation. When the kinetogram sloped upward. or remained in an elevated
position denoting increased structure, there Was a correSpondin%

iqgrease 1n the number of items recalled as evidented by the histo—

- gram. In five of the gix spans.analyzed high structure spans pro-

. . . ~ . 3
duced statistically signiffcant (p ¢.05) more recall than low structure

-

spans. T _ : . ¢
[y B N ‘ .
“ . . ' | A L
' -
v « ’

Interpretations

N .
- . -

'

Theéagndings"support‘the theory of human commnication outlined pre-
vio y,py,Q Roger Anderson.i,The fact that the theory predicted the

- observed outcomes strengthens and enhances its °validity. . Additionally,

the two phdses of this study showed that science content and student

‘grade le 1-junior or senior high schqol 1eve1~—did not affect the

overall s eriority of high structure lessons. One point that needs ,
further study, howéver, 1s the length of spans and their relatinnship
to.knowledge acquisition, This is8 evident from the fact that in this
study pne of the longer spans of discourse ytilized failed to show
.Qigniticant differences between high structure.and low structure tre}t- .
ments. The resuloes’ of this atudy.may,also be 1nterpreted to indicate




that sclence teachers- should "give, consideration to the amounit of

structure in their "mmnnications particularly when the students are
expected to recall and apply this {nformation in situations that are

openended or provide minimum contextual cues to aid recall."

. -
- N o . !
« . . , . -

- " ABSTRACTOR'S ANALYSIS . .
\ .. ) N | . \‘ ° ‘ %
One cannot reflect. on teaching.without realizing'that teaching involves Q
conmunication.’ Consequentlf it is evident that any educational theory
relating communication and learning shonld be most useful* for educators.
Communication and structure in teaching,has been researched from mahy ‘
viewpoints. Gagne s learning hierarchies 'Ausubel's advance organizersk
Schwab 8 philosophical analyses of content knowledge, Gutman's psycho— )
logical viewpoints of structure and Bellack's work with teaching
episodes or teaching eycles are just,a few of the diverSe studiea.that“)
. come to mind when one considers structure in teaching.’ However; none
cen... - Of these research areas address themselves as pointedly to indepth
amalysis of teacher communicated subject . matteg structure and the -
- quantitative determination of lesson structure as does 0. Roger
Anderson's kinetic structure-analysis. Thus, research such as' the
report reviewed here should reveal new insights into .the processes of
a?nbolizing that congtitutes a large oart of everyone's schéoling.’

[ ]
N

-

Altnough the theoretical framework for studiesiof'thia type was
developed and published approximately nine years ago, the area has not
yet been thoroughly researched. " However, there are indications that
‘the theory is being expanded and‘integrated into some long~range
“research programs,.: One of the weaknesses of the reported studies )
. . appears to be the narrow view of achievement as knowledge acquisition.

In many of the early studies the criterion measures were based on

g, , :

factual item or.discourse unit or substantive work identification.

<This present (reviewed) stydy also meaaured knowledge level responses
Y by aasessing free recall of specific comnunicated. factd. Mbre.reCent
studies such as those reported in the Journal ‘of Research in Science

eaching by Mathis and Shrum (1977) and Ferraro,’ Lee, and Anderson -

12
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(1977) have expanded the theory to" include broader achievement defini-’
tions-and more diuerselsample or treatment groups.

»
..

Some:research eiidence exists whiohlsupports_the contention that other
types of teaching structure dd|differentially affect knowledge and
aoplicat{QnJLeVel achievetent. “PeterBon (1977) ytilized ATI methods
and found differential.achievement effects when the criterion measures

were essay and multiple choice tests, the treatments involved .

atructure) and the aptitude measured. was mani fest xiety. ' Similarly,
Horak and Slobodzian (1978) utilizing ATI mthGd:fa:esson structure

. variables, and an ap\itude measure of locus of control, found differ— .

ential achievément effects when the criterion measures concerned
science content or science prdcesses, These other types of school:
achievement may’ be differentially affected by the kinetic structure

of the communicated discourse. Thiis results of the kinetic structure

.. reséarch need to be expanded into areas such as these 1f 1t 1s to prove -

' most valuablegfor all edicators.

!

In a recent°educatioﬁal;article,-Glaser (1972) pointed_outithat
instructional-treatmen;s ust be generated py.a s&stematicianalysis
of the kingds.of peycholozﬁkal processes called upon in each particu—
lar instructional method and achievement measure. This admonition
may be moSt apprOpriate-for kimetic . structure research. The fact
that external organization of the science infbrmation is lacking
n 10w kinetic structure communications . force“students to utilize
other psychological processes in encodingf%he-relevant information.>

ﬁetenqion studieg may provide_some insights into this area.

a
v - i . . ¢

This study Adds significantly,to the rationale underlying the basic
kinetic- structure theory. It not only expands the generalizability

‘ of the theory to other science content areas, but also to other

grade levels.- THese results have been further extended" by the more
recent articles previously cited (Mathis and Shrum, 1977 Ferraro, .
Lee, and Anderson, 1977). Additionally this research study has yro—.

_vided’a method for analyzing Eihe variations in knowledge acquisition

. by developinghcommunications that alternated high and low structure

‘a
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lpansl The range of the mean structure coefficienrs, however, appears

‘ to vary substantiakhi between the two treatment communications. For »
the low-high treatment the reported mean fundamental coefficients‘vary

- ' from a low of. 0,23’ to a hi 'of 0.48.¢ For the high-low, treatment the .

reported mean fundamental efficients vsry from a low bf Q. 13 to a
. - ' .: high of 0.52." This differe‘tial treatment strudture may have affectad
A )the results of the t-test analysis 1n an undetermined way. - 'n\r.
" « . ' . . . |
In this research report it 1 stated that, in a sense, each subject

. served as his or her own cont rol for extraneous variablés since the

- against “their performance with low structure spans. From the- report,v
an -1t 1s questidnable whether ghis is exactly ‘true since,. for‘fxample,i- o )
B subjects with a high structure treatment on span two were\compared B ’
with different subjects with a low structure treatmént span. two.’
- | This was true for all six of the analyzed spans. The nymber of disr
course units in each span was. not equalized to allow such, a direct
comparison. - R T o p/

. 1Y
, .

The;description of the underlying~theoretical'hase is most’helpful. ‘ ‘

The extension 6f the basic theory based on neurophysiological con- . L

" cepts 1s also very ‘useful. ; This discussion 1is quite in-depth and .

s -therefore quite informativj\for readers not entirely familiar with T T
‘ ~ the presented theory. More studies need to present this type of in—

- depth rationale. The identification and explanation of the structure -

coefficients was concise and understandable..~ﬂowever, a more *“ o ‘

- thorough explanation of the scdring procedures of the free recall

33

, . test would have been helpful. One wonders 1if there is a relationship .
between the number 10.6 reported for low structure span three and’ the

' aumber 751 reported for high structure span one.- 'If a student recalled
-a.word that 18 a substantive word in four discourse units in a span

_does this word get tabulated in one or in four discourse units? One

‘example of a scored span would have helped immensely. Additionally, -~

- - .. this may have been‘clarified by'reporting the number of discourse
Wy st . + : ¥ '

units in each span.

e
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Overall this research report is yery thorough. it 13 well_written
and underatandable. People not familian with kinetic structure
analysis of communicatiéns can profit from the overview of the theory/
that is presented. A further analysis of reports cited and instruc-~
" tional methods employed in the design of the experimental research
may reveal that basically kinetic analysis of communications may have
a large input on indiyidualized _programmed learning. 1t may also
affect futuré textbook format and overall curriculum de?ign. More
teachers need to he aware of these findings related to knowledge ’

acquisition and cqmmuni,cation structure.

A S
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BieddﬂrmﬂQoTheodore A, "The Effects of Training on the Development~
* of the Ability to Control Variables." Journal of Research in -

. ~Science Teaching, 10(3):189-20651973. ~ .
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Psychology,'*Retention Studiea,eScience Education; Training
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Purpose \/ . ' : _ &

The majot purposes of this“gtddfﬂgere:

1. To determine if the ability to control variahles\could be

acquired at an earlier age by students receiving relatively
qxtensive formal training.-

.-

/

2., To assess the relative effectiveness of external reinforce-

ment and cognitive conflict-based treatments.

Rationale R , )
~atona.e . ‘ _
. 4
[ . : +, . _-.("

£

T Thé .study is grounded primarily- onkPiJketian research. Inhelder and

P aget (1958) reported that children typ{cally were\unable to control
ariables until 14 or 15 years of age. The present stqdy squght - to
determine if that age level could be lowered.

¢

2.

Plaget's equilibration theory proviaes ratiopale for the sécond pur—
pose defined above. Furth (1969) describes the theory in writing,
"The essential point in the 'knowing circle' 1s thé~interna1 structure.
The circle assimilates or incorporates the real event into the struc-
ture and at the same time accommodates ‘the structuyre to the particular
features.of the real event." The emphasis is on internal canflict

which«upsets existing cognitive equilibrium.~ Learning results when

-‘bquilibrium is restored through accommadation of internal cognitive

~

which place a high -value on external reinforcement. S

&




PERIEN Research Desim( and Procedure = _ - . » .

The subjects of thia study were 27 fifth and sixth g:ade students - from
a eingle school. The p0pu1ation consisted of all of the students in -
~the two grades (230) less a specia1°clasa of slow learners. Students
. were randomly selected from the ‘population and pretested until 27 who 7
. could not control variables were identified. Ihe 27 subjects were .
partitioned evenly (9 each) among three groups°-~control external

v BN

o reinforcement and, internal cognitive conflict, | ~
) ' ’ -—w”: oo .

There were three test administrations: the pretest (mentioned above),.,
the popttest and a retention teét. Based on information given in -
‘this report the design can be diagrammed according to Campbell gnd _-
Stanley (1963) as follows. i _ . _ - \ N

8

o %00 LT e
. 0 X, 0.0 I ' o

= 0 . 0 O " . - . &

A'different test form was used at each administration (observation).
. - The forms were all patterned after those used by Inhelder and Piaget
":“ . (1958) and were identified as rods," "springs," and "levers." Each'

"

provided a situation in which five independént variables and one ‘ S
dependent variable were operating..}/( \ . ST .

- L
N + . v -

. During . the treatment phase, students in the reinforcement and con-
R _flict groups received~training individually. There were four treat- o T

.

ment sessions for each group. :

- -

5 - ‘The reinforcement treatment focused on having ‘the stndent:repeatedly'
;, ., f'éarry out 31 properly'cbntrblled“ekperimente. 'The'predominant tactic;
- vas to talk the student through a series of controlrbd experiments 80

o '} &8 to reveal a consistent pattern of variation between the dependent. '
| . and one independent variable. The gtudent was then asked to predict _
A ¢ the effect on the dependent varidble of a partiéular change in the = . \ b

one independent variaple: ‘ BRI N




-

For the treatment desi ed to induce conflict the, student Was led

through a sequence of 31 experiments {n which two or three indenendent
ivariables were changed in‘eaqh experiment. However, the change in one
'of these variables and the dgpendent var«;:le followed a consistent

pattern giving: misleading support for esta¥lishing an invalid rela- °

tionship between them and for ignoring other changed variables. , '"'
4 ’ ( . . (‘ . . " I
- Findings S ‘ . o . .

At the time of 'the retention test, nearly half of the subjects‘were s

controlling variables. The mean age of the subjects was 11.8 years, >
“ : Fa . ' - . > . - :
: . o ' o A - ’
ﬁhe post and retention test means for the three combined-groups were - .
found to . -significantly different (p< .01) from the pretest means. A\ - .
However, while the mean scores were slightly greater for groups N .
. L -
receiving training, the differences among the groups on any of the
three tests were not significant (alpha = ,05). . "
lnterpretations .
The author concluded the following: : ' -, )
_ ¢ ’ N ‘ { . : - ’ ’ - ‘
1, Numerous experiences with. problems. requiring the controlling L
“© of variables can accelerate the development of this abili;;// -
.for some fifth and sixth grade children. q, ' '
. 2, Conversely, some children's development of the ability at | %
this age may be unaffected by formal training, e

[

3. It 'makes'little dif%erence nhether the fraining'involVes -
experiencés including'external reinforcement, the inducement |
' of cognitive conflict or merely the repeated posing ef the

problem to be solved - L " '_' ' 7?

e
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«+ are equivalent forms

Vaudity of the Study.

- Other questions might be raised about”the three test forms ("rods," - .

a ' ABSTRACTOR'S ANALYSIS el

h S—

The author seems quite safetin concluding that
_external’ reinforcement might not be necessary for behavioral change to
And such a finding is supported by the work df Smedslund (1961).

-
]

occur.

v
However, the fact that‘gil groups icognitive-conflict, external rein-
_ercement,.and cOntrol) made'essentiali§ the'same gains raises some
question about what is‘necessary for behavioral change. -Could the
gains have been the result of what Campbell and Stanley (1963) call
maturation, history, testing, or interaction of testing and X? The
author insightfully suggests a problem with testing, A Solomon Four-
G¥oup design would have been most appropriate here. l

& : , S .
o | L o “ :

A

The question on maturation/history 1s still 'of interest however, since

the 1ength of the study is not -given in the report. Not only were the

posttest means for all groups significantly higher than pretest medns
but all groups performed slightly better on the retention test than .on
the posttests. How long were the periods betwgen pretests, posttests,

and retention tests’ ' s _ ' L .

.,‘ .

"springs, and "levers'") used in determining the subjects', abtlities

to control variables. .
Further, thé order in which the forms were
administerhd 1s nof entirely clear. One can-only infer that "rods"

was the pretest, "springs" the posttest, and "levers" the retention

test. ' " \ PR ' ‘
The author found that at the retention test nearly half of the

subjects were operating at the formal operational level (substage

ILIB). While that age

is 8lightly lower than ‘found by Piaget and his associates, . it is of

interest that other researchers have found formal operations to

The mean age of this group was 11.8 years.

d‘velop several years later than 11. 8 (Rhnner and. Lawsdn, 1973). -

Of major concern is whether or not the three -,,f
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‘ Finally, the aathor does not indicate that thre 27 students‘were

Resaarch Design. The research design reported for this study is )

: adequhte. However, the description .of the .sampling techn{que leaves

some questions unanswered. It 1s stated that the sample was dravm
fr09L230 fifth and sixth grade students. However, "a special class
of slow learners was excluded from the population to be sampled."
The number of studenfs in‘the slow learners class.was not given.
Thus,, what was ‘the si

of actual populatidn? )

[ ;- 6 . - 3

The exact.method of saﬁpling is also unclear: Were 31 students
randomly selected and then that group pretested "until 27 who did

. not control vafiablea were identified?" More likely, students were

randomly selectbd one at _a. time from. the,population and pretested. _
until the 27 students. who would participate in the study were iden-

’

t1£18d.. o . .

randomly assigned to the three groups. If random assignmentp had
been made (or reported if they were madé) the reseatch design’ dia-
grammed above would have been strengthened greatlY.

t

.

' Suggestions for Written RePOftS This written' report conveys its

*

message quite well. The abstractor feels, howevhr, that the report

- suffers frem a very common problem. Namely, -it. 18 the problem of

condensing a relatively lqrgeistudy (in thisqcase a doctoral thesis) "

into a journal article. In this aiticle, for example, the introduc-

" tion and discussion seem to.in e much more than is needed ;6
adequately ithform the rea- . Extess material can often make an

article difficult to follow.
What to include and what not to include in a journal article become
critical decisions. And these decis}bns are especially difficult
for the author of the Jdarger piece (e.g., the thesis) to make;

" he/she 1s often too close to the _study. It would, therefore, be = -

wise for him/her to have a colleague not connected with the study

to review the journal piece for= c1arity and preciseness.
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Doran, Rodney; *Robert 0 Guerin; and Joanne Cavalier;i. "An Analysis
Co ot Several Instruments Measuring "Naturecof, Fcience Objec“tives.
‘Scienceé Education, 58(3):321-329, 1974, 5 _
,Delcriptors--ﬂducational “Research, _*Scientific Enterprise°
- *Scientific Literacy, *Science Tests;- *Tests’

ST T
Expanded Abstract and Analysis Prepared Especially for $.5.E. by

- Lawrence L.. Gabel The Ohio State Univ&rsity

Purpose ' : )
v i - A
L YT \ 2
The general purpose of tiris study was to investigate correlational -

associations between test instruments which, in ‘the opinion of the
\

T investigators, measured 'naturg of sdence ,objectives.. To- this endw

. oporatt,

. . .
s
LT 2 .
X A L. / . . . ' : B LG PP v
’ A} - - L Fd v, C -
~ « ! . : " . .
' ’ y .’. N T4 .~ ° 3 -~ ‘-
o
.

‘l'nctt, concepts, and technological applicatipns of science.i- Addi-

five‘esearch hypothesea were posited. ?\ere wilP be a positive ca&‘req

o -
o, . °

lation between‘ w T w7 T e \'.

-

-

A. The\"Nature of Sciencé Scale" (Kimball, 1968) test and sub-
ests of the "Telst -on the Social Aspectfs f Science') (Korth ‘

-ip

teaching.” Thap is; a claim 1is made that science educators ‘have

-

*“bacome ncreaaingly concerned that students .understand- more than

tionol co cerns-have been "that students=tnderstand how scientists

have . eorrect attitudes abchience and aciéntists, and
é

Ae9). L Te I
/"_j_p The" "N‘At{,lre- of Sci.epoe Scale" test and subt;ests of the N
C "Science Support\ Scale" (Schwirian, 1968) ‘test, | D

. ~‘C'., Subtests of the ."Test on the Social Aspects of Science" and *+ . ]
2 aubtests of the "Science ~Support ScaIe test.-, 4 :
]) 'l‘he subteéts’of the "Test on the Social Aspects of Science."
. ;' E. ‘l‘be subtest the "Social: Aspects of Science test. R
'/ . ‘ ) ~ “ | -
“ Ratfonale " . - o o .

oo . , . ) ' “v' L4 . ce ¢

.- Thonltudy is. couched in_the framework of recent trends in scI&nce

i
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" Research Design and Procequre . -
. ]

"know what, science-1s teally like." '

Objectives related to these’ latter

concerns are termed "Nature of Science" objectivea._
1S . » ?

.. ' n . . )
After examining eleven‘;-test 1nstrume‘nts which "had been constructed
~and Velida,l:ed for obj ectives related to the Nature of Science," the
investigators decided there was little agreement about the measure-
ment of understapding of nature of science—type objectives even .though
the instruments

"contain many common ideas and statements." The 'study

was .undertakgn to cast light upon this obse_rvat,ion.

~ 1

RV ) w -

. .
&
’ . LD
s B ’ .
S

N " . ’

4 Four criterfa were established to selec't- ihstmnnents “for the study.

: (1) "'Ihe instrument shouldoeither be broad and comprehensive in scope

or have pertinent subtests L.

Reasoning-—the nature of. ‘gcience as dis-
cussed by science educators has various cohxponents. (2) "The items on ‘
the 1nstrument should be compatib:le with-a Likert—-typé( Tesponse

fonnat.
position with regfrd to nature of 'science objectives.

ReaAsOning-—There +is not aIWays a "correct" or;"inéorrect"
(3.)- "The
instrunmnt should be ea.gily readable by igh school students.
Reaséding—-the study was to be coqducted with stufents in grades 9-12

(4) "The instrument should‘ be elatively short." Reasoning-——the _

_-instrument: could be administered during one class’ period and students

[ 4

would -not be apprehensive or reluctant to participate if not confronted

vﬁ.th a massive, complex instrument.} -

.
[N

Three instruments were selected based upon those criteria. The _
"Nature of Sciﬂnce Scale" (NOSS), the "Test 6n the Social Aspects. of '
Science" (TSAS), and thew "Science Support Scale" (SSS) The TSAS and
the SS'S had subtests the NOSS. di_d not. : .

EN
¢ . R

v = - . .
-

"illing four high schools (grades 9-12)., the investigators identified

approximately 300 students who were enrolled in-science courses. A

~ random one-third a"f each class was ‘iven each instrument.

+

L




Findings

c\. . -

Students chose the “agree" response more frequently than the ' stronﬁiy

agree" response for most items and likewise for the "disagree" response
and _.strongl’y disagree response. v BefOre the correlational analysis
was undertaken, strongly agree and 'agree' responses. Were combined as

were "strongry disagree and "dtsagree Jesponses for each iten of each

| 7
. instrument. oy N
y & - ) | . € ) ) ¢ “
'l'o test the hypotheses, correlations weé t/ssted for significant differ-
ences via the t statistic. _"(A) - Eleven correlation coefficients
greater than ;L-O 21 were considered significantly different from zerg" v _
<P, 05 N-69) The results are summarizeq in Table I. v ) g .
-, o

’ . .
. ’ . N w

Tab]:e I

Significant Intercorrelational'toefficients
* . gf TSAS Subtests, SSS Subtests, and NOSS

4

v e b

) _ .

Variable TSAS-1 TSAS-2 TSAS-3 TSAS-4 'rSAs-s_sss-_l $SS-2 SSS-3 SS§-4 SSS-5

TSAS-2] .

. TSAS-3
TSAS-4

TSAS-5 |

$85-1 o HYP.E
. §88-2 AL . |].282
© §88-3 -.368 v .285°  .319
sss-4 | - L 249 .32

' 896-5 | ( N . " ..303




. Intetrpretations : o

. : .
+ . . )
e

.i. Sypotpee;s'A was not supported.
- 2, « Hypothesis B wes not supported.

<, -

3. Hypothesis C was tot aupported
4. Hypothesis D~was¢sppported for 6 of the 10 correlations.
Hypothesis E vas quppOrted for 8 of the.10 correlatfbnq\

¢ y ¢

¢ \

* ' T K 4

L
.

Possible expiaﬁations'forAstodents tendencies to :1spond agree"'and

-

"disegreef as opposed to' "strongly agree and "strongly disagree were:

L \ N
1. reluctance to "go oGt on a 1limb";

2. lack of complete familiarity with words and phrases in the

|

instruments' statements; atd

3. agreement with part of a complex statement but disagreement
with another part of the same statement;1

«
- )

The investigators suggested an interview with subj‘cts as a means of';
understanding.this‘phenomeﬁﬁﬁ"and the .underlying causes. HoweVer,'n

this possibility was dism;ssed,;etatingcit "was not a major. dimension

" of the study." -

R ' . .

wtth regard to the resulttng tests of hypotheses, the investigators
concluded "that the iteu& .used to measure broad areas of the nature

of science (NOSS) - are not related to items that ‘measuré pertinent or.

ecifiq areas of the nature of science (TSAS and 8$5S)." It was also

doncluded that theiTSAS and the SSS instruments were measuring

F .dpa;ate domains. within the nature of ' science since subtests of each

instrument were related within but not across instruments. .

8
v .

It was recommended that science educators-should give attention to -
outlining the entire domain of the nature of science in order to '
To this.ehd 3
the ,investigators developed an outlige by elaborating upon_she mnjor

attain telationshipa-among the varioua'components.

components. o e . ‘




. . . 0 ) ¢
L TY .
.« . ‘e

‘ S . . ]
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13
4

o /fﬁe reviewet‘of this research report agrees with the investigators xu
that objectives related to the broad descriptlve phrase, nature of
science, '‘have been and coitinue to be ;mportant to science educatora;

‘ . There is also agreem'eillt -that instruments which are commonly construed

~ (not necessarily by the original authors) to assess knowledge or atti-

tudes selated to nature o£ sciebce are very diverse evenythough they

. ' ~ .contain' 'common ideas and statements." -,

’The title.and introduction to.this research report led this reviewer
to hope the 1nvestigators had attempted to" disc0ver unity in. the wild .
variety of these instruments in a way domewhat akin to Bronowski s
1{ description of science as.' nothing else than-the search to discover
| unity in.the,wild'variety of nature..." (1965, p. 16). Hoyever,rtﬁe
purpose—by now seemingly out of .context—stated the intention' "to
investigate the relationships.between three selected instruments..."

N Translated into résearch-hypotheses; one finds that another Corre-ghy, -

"+ lational study is in the offing. . '
!Given the contrhdiptoryﬁnature of the rationale for the study, this
reviewer was_sutprised.to see the research hypotheses stated in poei-ﬂ
tive terms. Would it not have beee ﬁore apprOpriate to have stated

the hypotheses in a neutral manner? That is to gay, does not the

rationale belie the posai\ility of expressing directional relation-

1

© shipa? .
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. The four criteria and their resp?ctive justification for selecting

instruments were reasonable. However, they were. aimed'more at admin-

'_ istration of the instruments as opposed to substantive 1ssties related

tq,nature ‘of science objectives. If the study wag truly to be "“an
analysis of several instruments measuring *Nature of Science’ bbjec—'
tives,' nore"criterih should have been offered. An examp!b would be,
"The instruments should each contain subtssts which purport to. assess
the same dimensions of the nature of science. T e ’

’

"With regard to the study sanple, the_instrumept{hwere administered

'to "approximately 300 students at four'area high schools who were
_currently enrolled in .sclence courses at grade levels 9- 12'" In a
research report it is important to specify exactly how_many subjects .
were involved. Where were these four high schools .located? How did-
these students compare  in terms of:’ 1) P st science courses; 2)
interest fn science; 3) types of sclence courses in which currently.
enrolled; and 4) future aspirations? What was the stra ification of
students by grade level by high school? A reader is always at a loss
to underatand and interpret research ‘findings -and conclusions if ‘he
does not know a great deal asout the study population and sample.

. . : ;

. With regard todata analyses and ‘the results and conclusions, the
investigators stated that, "Prior to the analyses, strongly agree

and agitee responses were combined as were strongly disagree and dis-
agree responses for each item.”" -They claimed the procedure "is done .
with most studies using Likert scale responses." Nomreferences were
cited to attest to the claim or to give credence to the collapse of

‘ the data. This reviewer does not recall’ collapsing of Likert data

as a combon procedure in the context of the planned siatistical ‘ (
analyses. One would wonder why the collapse in response chofces
was.not done prior to administering the instruments if’in fact the

collapse procedure was planned a priori. '

There were three potential explanations offered for the observation ““"_'

\ that students chose the less extreme responses more- frequently than

the more extreme “strongly" responses-fl) students were afraid to




<

" "go out on a iimb;" 2) students’ |
ltho words or phrases.in the‘statemehts'" and 3) "agreemént with part e

~ the criteria used to choose insttuments for the study and the inves-

more piiot studies prior'to_a'major study. -

.illumingte this criticism._ : ’ ‘ \

Sk
. ]

lack of ‘complete familiarity with -

The
latterx two reasoné raise serious questions about the completeness of

of a complex statement and disagreemen. with another part.

tigators spplications of those criteria which were posited. : )

Additionally, this research report’ does not describe a piloﬂ study.
———— ba

‘Based upon the foregoing results and their potentiai explanations,
one is reminded again of the crucial importance of conducting one or " e

-

. . : L ’ < C . * .
“ * )
v . . . -

At this juncture,‘it is appropriate to_point out that no statements ¢
vere made about instrument reliabilities in the context. of this

particular study. The investigators evidently have décided ,to join

v

the ranks of those persons who either, do not determine or who do not

R
‘ .

report reliability values. ¢ . . ‘

The investigators inserted a paragraph into the research repo,t which . o
compared the percentages of responses 'on the NOSS»instrument made by Y/
" students in thelr study to those made by sclentists, science majors,..

philosophy majors, and science teachers in Kimball's (1968) study.

Not only was it out of context (no rationale or hypotheses prepared- .

An examina-
5-6) short monograph will

the reader for such comparisons), it was inappropriate;
tion of-Campbell and Stanley's (1963, pp.

The hypotheses and their associated statistical tests left this
reviewer with several questions. Why were the research hypotheses
stated positively when. the introduction leads one to believe the
investigators found "little agreement about the measurement of under-
standings" of nature of science objectives? With the research

hypotheses stated.in a positive sense, why were the correlations

"tested for significant differences from zero" using "all correlation - ‘
coefficients greater than 10.21" as being significantly different from .
zero? The fnvestigators' means of expressing themselves indicate they
do not understand differences between research and null hypotheses and
diffcrqncss between one and two-tailed statistical tests.

!

+




Additional questions “must be: raised relative to the sta&istical l!bts.
Nhy did the 1nvestigators base their tests on a sample size of 69

‘ when there were "approximately 300" subjects in the study? With 11

Entercorrelated variables, did the investigators not recognize their
resulting decrease in alpha level?® Finally, in interpreting their
Tesults table, why did the investigatoip conclude that TSAS~5 was

~

_not statistically corrélated ¥ith TSAS-3?7

4

© The fnvestigutora ended their report with an outline of their con-' -

WIthout discussing
the merits of their outline, this reviewer would only suggest that a

ception of the domain of the nature of sciencd.

research report is not the apprOpriate medium 1n which to introduce

such: a model.
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Hibbard K. Michael and Joseph D. Novak, "Audio-Tutorial Elementary
. -School Science Instruction as a Method for Study of Children's
Concept Learning: Particulate Nature of’Matter.‘ Science
Education, 59&4):559~ 570 1975,

; Descriptors--Audio Active Laboratorie8° Educational Research
/ Elementary Education, *Elementary School Science; Instruction,
AScience Education; '*Scientific Concept8° *Teaching Methbds

Expanded-Abstract -and Analysis. Prepared ESpecially for I S.E. by
Rodney L. Doran State University of New York at Buffalo.

Purpose » L o R

As"stated by Hibbard and Novak, "A ptimary purpose of this ‘study was to
understand the cognitive' structures which children develop with respect

to soiids, liquids and air, whether on their own or through formal -
"-"instruction.

* Citing research on science concept learning and that.'utilizing<A-T
instruction, the authors attempted to "show how pupil achievement of

scieace cconcepts follows patterns cond‘istent with the learning theory
of Ausubel.’ : ' '

N

A central hypothesis to this subsunlpti_on-Based learning theory is

/’

that "all learning-acquisition of new knowledge or reorganization cf
‘existing knowledge is’ based on new information impinging on the.
learner, and also on the particular cognitive structure of that
learner at the start of the learning tasks."

Research Design and .Procedure o | o !
L . \ . . ¢
The one-shot case study was conducted with "children in four first-
' grade classes in two elementary schools in Ithaca,, New York:.." The
84 "instructed" children weceived a four-lesson ‘introduction to A-T
1nlttuction and a "ten-leuon \Cruence dealing with aspects of the

v
‘ . s ‘ ¥

\‘.



particulate nature of matter and effect of energy exchanges on particles

of hatter." Each lesson required approximately 18 minutes for comple-
tionp <The instructional schedule provided for qpe lesson to. be ‘
acconplished each' week. '

-

The 38‘duninstructed" children‘recEiﬂfd only the four~1e§sonlintrqduc-
tory sequence to familiarize them with A-T methods so they could be ‘
tested subsequently via pleture tests with audio instructions. The
“normal first-grade classes had "1itt1e or no science instrugtion, and
hence the uninstructed' group constituted a control group similar in
age and other experiences, but not exposed to A-T science Lessons.'
Students in the 'uninstructed' group were in the same schooly. but
different classrooms, - ‘than their 'instructed' peers. No“ééstement of
selection procedures was included.". * L v

. ) -
o , ‘ s

The evaluation procedures used inéolﬁed two formats:

1. tests including 'production' and 'recognition' questions.

2”T 'individual ipterviews modeled after Piaget's t1inical .

‘technique.’ ’

4 ot} 4

An example of a picture-pro n question was "one. which showed a

to draw the smell,” A parallel picture—recognition question "showed"
a set of drawings, each with the same person and smelly substance but
each with a different representation of how a smell might be drawn.
The child was asked to select the best representation of av"smeil."

The production-type questions were administered before the recogni—

- tion items to avoid cueing. Each child heard the typed instruccions

to these tests via headphones. Children were tested i groups but
they were isolated from each othér by cardboard partitions. One
hundred picture test questions were\organiied into four booklets and
administered to both groups of studéﬁts oze: h'two—week neriod.-
Additionally, 25 instructed and 10 uninstructed children were randomly
selected and interviewed individually. "The interview’ technique

»

-
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4 ' T ’ . .
d . - L. . - o

[ ’ "

‘inVolved an individuél child with hands-on material in a sequence of

questions calling for predictions, manipulations, observations, and

: explanations.‘ Two interview questions were very similar to the pic- ‘
ture questions, while the third, called U-tube interview, was described
. e

as "a.novel problem—solving situation." 1In this intervie% coffee is

poured into two U—tubes, one containing water.And tﬁe other only air

~and the child is asked o smell at the other end of each tupe.
rResponses to‘sll inte

iews were taped for subsequent analysis, ¢
The duration of the entire study was apparently 16 weeks (lﬁ weekly
lessons and two weeks of picture testing) plus any delay between -

. instruction and testing (which was not specified) and time required

for 1ndividua1 interviews .

L g ' Y <
- . .

The children's responses were not scored. '"Instead, a system of cate—

" gories was derived to 3roup responses for each question. The

categories were intended to'distinguish.between students with diffefi

ent’ cognitive structures in a certain conceptual area, i.e., the

relationship between a material and its smell." ¥The authors recog-

nized that there would be some variance in responses among those

grouped in any single category. "This grouping of responses, while

. 1t may make the data more convenient to manage and may’ be functional

potentially hides information as to particular differences in

children's structures." ’ . ) .

~

@ -
Findin ,,///2' T .

With respect to the responses to the questions requiring students for
drawings of smells, the author's descrip®ons were the following:
’ , | '

1. 66 percent of the instructed (I) and+«6 percent of the .
uninstructed (UI) children used dots to represent a smell.

The remainder used lines or some other-forms of representa-

tion.

!

o




2. 30 percent of tHe I and 2 percent of the UI groups drawing

‘showed’ the ‘smell’ going all around the room, not just to a
nose. The others drew the smell going just to a nose or one
place‘in the - room.(’

"~ 3. 55 percent of the I and 12 percent of the UI drew a model
with the- smell origindting at or within the source of the
smell The other children showed the smell origrnating

o

above the soﬁrce..

A .

//6; 23 percent of the I and more of the UI group used a dot model

« which showed the smell coming from the source and going all

around the room.

w
Responses to questions requesting drawings of\the "inside of" a solid
a liquid and ailr were generally similar to the above, but the authors _
recognized that some student's drawings are "difficult to'interpret
and the children's knowledge is dnderestimated by this type 6 test."
Interviews with selected children were.used to probe the 1limits &f

cognitive differe tiation which may allow some insight into chil ren 8.

From these results the\ authors believed that many instructed children |

" seemed to have developed\a more sOphisticated model for: smelLs and

the states of matter—many\ employing a .particulate mbdel. However,

they questioned whether "thig cogpitive differentiation 11 be use-
ful for problem solving in new situations.V' Related to his'qnestion,

the results of the U-tube interv were cited, "The 1instructed -
children differed from the uninstru ted mainly in their more prevalent
use of mechanisms to explain how wate \could block some of the smell
than could the air." Their use of.mecha 1sms may be an indication of ~
the increasing cognihive dirferentiation i.'this concept area and

to the other two interview questions. The childreh who isplayed.no




*
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“
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. . .
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mechanism with the U-tube interview were, similarly unable to use any

explanatory mechanisma in the other interviewa.‘
) . . L 3
[ o N 7 3 ‘. <

-

. w

InterpretatiOnﬁ

Accordinh to the authors, "this study_shows that instructed childre?

use a particulate model to explain the nature.of smells much more,

affectively than uninstructed children, and that they also use some- C

what better explanatory models for comparing solids liquid8° and

air." Further, some children "demonstrated their mastery of Ghe

&

new models by exploring them to solve a- novel problem involving the
‘movement of liquids and air," ' '

~ . & -

. The authors concluded that the~particulate.model ugeq in the instruc-)

tion fwas'eompatible with«the 1earner'3'edgnit ye structure and,
therefore, many.cnildren were able to synthesi)e-and/or use a partic-
ulate model of smells%fromftheir previous kiowledge and information
inwtheiinstruction{" However, such Synthésis did not occur as
frequently with respect t0‘emplanations of solids, liquids, and air,
"presumably because the‘lesson'ihstruction'and the children's prior
knowledge were not compatible or the extent of instruetion was

L

“ -

1naaequateo ) " B . N R . - ~ )

- [ . ’ ' J
’ . ,

In summary, the atthors inferred that "development of basic science
concepts in children's cognitive structure is possible and should
result in facilitation of future learning in science and in reading -
or mathematical skills vwhere these inwolve science materials." .

/. D ) . : . .

ABSTRACTOR'S ANALYSIS

¢

- : " .

This study is not a comparispn of resultsf?rom differing methods of

' ’Lnstruction, but an attempt to examine how children's cognitive

*

structures change as a functioh of- relevant instruction. A-T instruc—

tion was‘chosen because of its minimal need of teacher involvement and -

k

-

e !
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)-The authors'

v,

, a few brief comments about the school and thp neighhgrhood would have

,ease in standardizing instruction.

he concepts chogen have been

used extenﬁiv71y in past’ gcience education resegrch S

Q"

L9

While getting any kind of a sample for researgﬁkspanning several
months is difficult it would seem” appropriate to aim for larger
samples, especially when, after sécondary se1ection and analysis, one
group is reduced to a sample of five. It seems important for the
readers to know-mokk“about the sample and how it was chosen. Even (‘

<

been helpful A sample chosen from schools 1argely~composed of

* children of Cornell faculty may not be representati%p of u.S. 'elemen-
tary'schools. Second, the method for choosing zhich children were to -
receive the in-depth instruction should have been specified. Compari-

sons between cognitive structures of instructed and uninstructed

s groups as reported here is valid if.the groups are shown to be s

similar or were chosen randomly from some pOpulabihg Student self-
.gseleotion or Qeacher selection processes have been widely described .
These threats to the validity of a - -
study are important to all styles of research. Assumedly, the first .

grade level was chosen bedausé it is the’ beginning year, of formal
instruction.

as potentially having biases.

However, a cross-section of students from other elemen—
tary.school grade levels would have'greatly expanded the nature of
'possihle results.and conclusions. The_duration of the instructional
prggram seems sufficiently long but more details of thejcontents of :

the lessons would have been most helpful.

review of related research, Specifically with respect to

. science concept learni appears tobe limited Two of the studies
jﬁ .

': attributed to the University of Wisconsin R & D Center (7 & 9 in

" u
3

original bihlioﬁraphy)_were not associated with the UW research pro- .

. gram. Further studies from the W group’whidh had particular relevance N
to the pictorial dimension of representing” partibulate models. of ~
natters were not cited (e.g. dissertatiQns by Hasan, 1968, and Doran,:
1969) . L | ’

.
4
.
t »

It appears from inspection of the article that the following understandv
ingn may be within cognitive structures related to this content domain. |

‘.(‘

o~ i Y *
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Through work such ‘as that done by Hibbard and Novak, it would be \

. be helpful for; insttuction apd evaluat/iy :

any of the 1deas incorporated here were from the vesesrch cAted pre—
wiously by’ Dorsn. o Sy L . .

o 0

t .
W

s

possible to suwpport or refute such -a model or some part of it. As not
all children follow the ssme leaming pattern and therefore possess
different cognitive structures an underlyithg ubdel or framewoxk would

1

”»

. - _ to liquids and liquids to gases
Ve . ' - ° Particles‘of matter move faster andi'c
. faster apart when heated S

L4

e

; ’ l' '.,' i
In solids, the ‘particles are
pooled together and move

within & small- space.:

b
*
t

4
1

In liquids the particles are loosely :
" clustered tio_gether and move about.

In, gases, the particles are f
far apart and move freely.

Particles of matter attract each other.-
Particles of mptter are in motion. - T
Particles of matter are very small. "
Particles of matter have spaces between them. = . . .
Matter is composed of particles. o

The different states of matter are char-
acterized by various densities, moisture
content, degreaes of visibil}ty, etc,

Mst:ter can be described as being _
‘solid, quuid or gas, . .

.o N

Figure 1.-~I§ypothésized Structure of Concepts

! N 2 U I )

. : {Jith the Jddir.ion of heat, solids dﬁange _
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= % Th\t' 'td'eting procedure uae'd in,'t'his ‘study was very extensive: 100
o " questions administered over a two-week period. But no. description
was included ‘of which phenomena were used in these 100 quedtions,
i.e. how‘hmny questions focused on solids liquids, or gases? "With-
- out ouch information, 1t 1is hard to imagine the need for 100 questionms.
-—m—_Great_careuunantaken_tg_standardize she inntructiona and other elements
of the data collecting. Results of the "production" questions and
individual Interviews were discussed {n considerable detail, but no
mention was made of results from:the "recognition" questions’ =

of - ' >

The categorization of student responses to interviews.and their draw-
ings is admittedly difficult. The abstractor is not sure what the B
-investigators uniquely determined from this phase of the study, as
contrasted with results‘from the non~discussed "recognition" type
é“ questions. VUsing questions with distractors'constructed to represent
:specific-misconceptiont and. errbrs; one can still distinguish between
-, children with different cognitive structure (see Doran, l972) it
'seems that with the considerable amount of past research on children 8
. learning of these particulate nature of matter concepts, such would
f have . been\possible.s R -
Research in this conceptual(area is pivotal because of 1ts use with~
-eubsequent inetruction on so many topics. It is necessary for parallel
studies to explore the ability of the youngsters to manipulate several
variables simultaneously and other logical operations described

Piagetian theory. These Plaget-based studies could utilize some of

the ' f'", *%o such as’ thoae usegd in this study. Item one’ could begin
iy A ‘
' to des e fally interactions between cognitive structure (a la
N ~Ausube PP "ve operationa (a la Piaget), '

v'i-" 3
R

\

_ - Hibbard Eﬁd Novek have contributed significantly in a crucial area.
N "It is hOped that they will continde to explore the msny dimensione
' of lcience concept learning. ' . ' R

A . ’ , e
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- The purpose of the investigation was to determine the relationship

between intellectual development and.reading ability. .

Rationale

|

Through references.to previous eaearcﬁ the authors establish a

logical justification for their-inyestigation. First, a connection

between general problem-solving capabilities and reading ability 1s . %
. documented. Then, reading ability is presented as a complex cogni-

tive skill with the suggestion that there is a link befween gener

cognitive ability and reading ability. 'Therefor;, it is suggested

that since the Piagecian moded 18 a comprehensive model of intelled-

tual development, a strong positive relationship sHbuld exist between

reading ability and the level of 1ntellectua1 development as described

.by Piagot.
N\

-
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- R.s:;rch Design and Procedure \ _;& / <\z
by B ) : . . .

" The 1hvnatigatfgn examined the correlations among scores on ten
Plagetian tasks used to asseas levels of concrete and formal reason~
1ﬁg and’problom»solvin% abfl%ties, and scores on the Sequentia% Test

. Ed ;tional‘Prdgréis-Reading form 3A (STkﬁineading) Educational
Th.-'njjsérvici; 1956. The Piagetian tasks were: (1) cqnqexvatiz?

"
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-Total Score.

“ Findings -
L L . X

The relationship among thé Piagetian scores and the reading ability

¥ : t
vf number, (2) conservation of substance, (3) conservation of contin-,
uouo ‘quantity, (4) conservation of length, (5) consetvation ofPRrea,
(6)- ¢onsetvation of weight, (7) conservation of volume using clay,

(8) consgqyation of volume using cylinders, (9) separation of varia-
bles, and (10) exclusion of irrélevant variables. Reading scores
were obtained for the following: Reproduce Ideas Translate, Make
Ihferénces,'Analyze Motivation, Analyze Presentétiop; Ctiticiie, and

: : . R _

ap- <
After administering the Piagetian tasks to 506 randomly selected
students and constructing a frequepcy distribution of their ﬁotal

scores from each of the 10 tasks, a subsample of 35 subjects was

selected to complete the STEP reading examination. The supaample

was selected to be representative of each-of the Piagetian score
categories from the éreqUency distribufion. The gubjécts, 18 males
and 17'fema1es, were ;;tending-an urban high school which enrolls
predominatelf black and SpanishéAmeriq?n students. The squects'
ranged in age from 14.0 to 17.7 yeayl.

.'. .. \ | ‘\

scores for the 35 students was examined.in various ways. A scatter

diagram showing the relationship of the Piagetian: total score and
the STEP qual scﬁge was presented along with the Pearsop prod
moment correlation coefficient for the two variables (.70 /4LJLr601)
An analysis of linear prediction (the hypothesis of no difference
between etz;2 and rho?-vas accepted at the .05 leve%) indicated that

a8 linear and significant relatidnship existed between the subjects'

X N
scores on the two instruments.

N ‘ l ‘ . R ’
The correlations among each getian task. and total task score and
thcmruading subscalefdnd total re ing score. were also presented.

fal
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Jnterpretations

4

than did the easier tasks. Corrslations between the Piagetian total
“'mcore and each reading subscale were all positive and significant.

7,
The: authors discuss why such a strong relationship, as evidenced by -
their cGrrelational results, should exist between reading ability-
and the growth of logical thinking ability. Their premise is that

before the subject can obtain a high score on the STEP test, he nnst

be able to understand vhat he has read. Other research on this topic

is examined and a tentative conclusion that the development of "
logico-mathematical mental operations precedds the development.of
linguistic skills 1is entertaineda-'Two items from the STEP test are
analyzed to ascertdin what mental operations are necessary before
the questions can be answered. After this analysis, the authors
conclude that "To improve reading comprehension..., it may be argued
that what must be done is improve h student's thinking ability or
iricrease: his level of intellectual Xdevelopment."

P e

After reaching the above conclusion, the authors reassure the reader

. that the school can indeed affect a student's level of intellectual

development, and that an ideal vehicle for this may be through the

teaching of inquiry—type laboratory and field activities in science.' o

Three studies are then cited which suppprt this contention\

\
The authors summarize by stating that their interpretation of the’
results indicates that the present -emphasis on readiftg instruction »
as a means of improving language development and intellectual growth
is misplaced, and that the provision of situations which optimize
the development of tke leaxner's ability to think would prove to be

.more beneficial. The authory state that "This development is likely

to be obtained only when instruction is designed with the present
intellectual level of the child in mind and when the child is allowed
to interact with the materials of the disciplines, with his peers, and

1
1
.

vith his instructors, to answor questions which: ths child himsel f has

rsisod.
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- ABSTRACTOR'S ANALYSIS _ . .
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B

This roview\addreasea two levels of concern about the article. The \

more fundamental level characterizes the study as an example of

Plagetian research in the behavioralist tradition. To counterbalance

that method. of research the constructivist model is introduced. The
second level of concern about the article involves .the terhinology of

the article and research procedures used in the study. - -

L3

' Current American research on Piagetian qhestionscfalls into two prin-

cipal categorieés: behaviorist and constructivist (Emerick and Easley,

1978).. One type is exemplified in the article'being discussed; namely,
a behavioral“approa to Piaget's theory of cognitive development.

The behaviorist approach postulates a one-to-one correspondence between
mental operations and their surface appearance as behavior. On that
assumption, the article authors claim that the observance of individual

acts is sufficient evidence that certain mental operations are occur-

L3
3

ring. That type of research emphasizes classifying students based on v /J

their performance on Piagetian tagks. ,
. " . ) ll

A different type of Piagetian re%earch postulates that the relation-

.shipe between mental operations and subject behaviors cah be described

-

as many-many. Suth an assumption means a single mental operagion can
manifest itself in a. variety of behaviors, only a select few of which
have been described by Piaget. - Similarly, a given behavior can be the_
result of the functionlng'of a variety of mental operations. In this
second type of research;<study focuses on the functioning of those
operations and'how they r¢late to observed behavior:

-

The major propositipn pregented by the authdrs of the article is:<:A
. ‘ e : £:‘§
If reading ability cdn be viewed as being dependent upon,
or at -least linked to, strategies for attacking and solv-
ing problems which themselves ‘are dependent upon the growgh

‘ -of logical thinking abilities, then there should exist a

strong positive relationship between reading ability and
level of intellectbal development as described by Piaget A
<Vp'—11491 S
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'ori the. reading test requires high level reasoning skills

'ties affect behavior o

The authota then describe a atudy ahowing a positive oorrelation

between reading ability. 4ds ‘measured by'the STEP re ing examina-
tion, and cognit ve development. An analyais of aﬁing test items
follows the descripgion, demonstrating the plau biliﬁx of the
assertion that cognitive deve10pment &s relatgd to reading test
porformance. Essentially, tke authors contend that high\;erformance ’

criticizing and analyzing. Thus, common sense would auggeat that
improving ;hoae reasoning skills would intrease performance on suqh .
reading tests. On the other hand, improving language abiliﬁy (which
is only a surfiace indica;fbn of,mental operationa that might be func-
tioning), need not enhance the gantal operations generating thoae

surface indicators (behayior) , r

1
b,

Given the argument deacriped in 'the previoua paragraph, of what aiéhi—
ficance are the correlational(ﬂata which are the heart of ‘the anticle?
Are theésge data evidence that subjects the hypothesis to a critichl

A

test? Isn't a rationaz demonatration of why the same”logical. abili—

both tests of intellectual development and

- tests of reading ability more convincing than is ‘correlational study?

) ’ ¥ . . ’ .

It might be argued that the purpose of collecting ddta, as in the

_“correlatidnal study, liea in validating theoriea in real‘world"

settinga.xtbehavioriata and constructiviats part company over what

" method ahould be used for such validation efforts, Behaviorists

\
perform statigtical tests to compare .groups of subjects, while the

'.Vconatructivi ts concentrate on 'a small number of subjects in order

to construct, models of the relationships between mental operations

" and behaviors.

~—

In the study described in the article, the collection and analysis of

data merely confirmed what was later argued in .the analysis of the -
test items, that ia, performance on the reading test probably relies
on the sade logical abilities aa*performance on the éiagetian tasks.
Would it not be more- important and intereating to- explore the facets

‘of that relationship and 1its supporting theory? .

LN

uch as .
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- The remainder of this review will focus specifically on the terminofb;?

and sampling procedurea in the article.

Th; argumcnta in the article are persuasive unless the readet‘paya
close attention to the terminology and the role the terminology plays
in the logical developnent of the argument. Essentially, the tetmin-
ology is imprecise and 3therefore, elusive. Piaget, oxy the one hand,

~has defined precisely his meaning of logico-mathematical operationa,

although the [definitions might be difficult to comprehend. On the
other hand ip the article, concepts such as problem—aolving capa-
bilities, problemlsolvtng strategies, intellectual deyelopment, logico-
mathematical mental operations, and thinking ability are. all terms used

' without definitions or even regularity. Repetition of terms would be

N

- a smal price to pay if 4 few clearly de¥fined terms wére to replace

the variety of terms currently in the article.

-

‘Examples of the elusive terminology are "reading and language ability"
“and "thinking ability." The authors®' argument climaxes with the claim

that improving students' ‘$hinking ability will improve their reading
and language ability. If reading and language ability is defined
solely as performance on the STEP test, then such a conclusion is

not very interesting, simce translating and making inferences, analyz-~
ing motivation an’ presentation, and criticiaing certainly qualify as
"thinking abilities.”" 1In other words, thinking abilitiés include the
reading abilities tested by the STEP test.' Thus, the climax of
authérs' -argument can be reduced to improving thinking ability to
improve thinking ability. If, on the otner hand, the authors wish to
argud that reading and language ability is somehow a special form of
thin&ing ability, there might then be some basis for the claim that
improving the general skills enhances specific skills. However, the

aubiguity of those concepts in the article makes application of the
_ cpncepts .difficult for both educators and researchers. ’ '

¢ S A}
The methodology of -the study raiaes‘fome questions, especially the ,
Piagetian aspect of the research. An interpretation of Piaget's
vork different from that in the article contends that Piaget did not

describe subjects' behaviors on his tasks so that .those behaviors

r

. o
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could bo used qs nedsures of cosnitive development. To limit "correct"
reeponses on a Piagetian ta:k ;a a single response, such as holding
all variables constant except one, 18 to define men;al operations in
terms of behaviors rather - than operations. Such an approach pre-
. cludes’consideration of eubjects alternative conceptualizations of ,
- the Piagetian tasks.. Alternative conceptualizations could result in
behaviors dev atin, from those described by Piaget when he discusses -
particular tasks. ‘For example, if a subject thinks of the variables
in a problem as interacting rather than being independent the. subject
might test for the effecta of combinations of variables instead of the
effects of independent variables. The first author has observed such
)behavior and‘reasonfng‘in subjecté.

* ]

The article does not provide a ragtionale for the point system for
scoring subjects on the Piagetian tasks. 'Readers shquld be given
. an acdeptable explanation of why a correct response 14" given credit.
~equal to a correct explanation, or wby a III-B classifigation is worth °
" three times as much as a IiI-A classification. Awarding points by
observing particular isolated behaﬁiors is not a logical extension -
. of Plaget's theory of development in that the "value" of a behavior -
lies only in the role 1t;p1ays as intermediary between the subject's
- mental operations'and the enwironment. Thérefore, to investigate the
value of a behavior, the resfarcher must generate a plausible explana-
¥ tiongf the interactdon of mental operations and environment. Then
\ :the explanation should be tested . through observation of actual
behavior. The hypothesized explanation should be related not only
. to a particular sequence of behaviors, but algso should be based on
a set of interconnected postulates (a'theory) which attempts to
‘ o explain a larger piece of reality. - . ,
: ' AN
\ The sampling procedure for the study motivated several questions.,
L, ‘ Ten Plagetian tasks (only two of which were attributed directly to
L : Piaget) were administered to 506 randomly selected high school
' etudents. The subjects then were grouped according to their scores.

Out of each group who performed within a range of scores, three or

AMWMWMM_wIqu;!;gdggtg constituted the whole group so_that random selection
e "
- was inpoooible. The practice of combining sub ets of subjects who
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‘eonetimee ere randomly ‘selected and sometimes comprise the whole group "
is a methodologically dubious procedure. MNhy was the correlation
studygpot done simplx,on 35 subjects who had been randomly selected

' from the high "school population and who had been administered both

? . ' the reading test and the Pifgetian tasks?. And, an n of 35 for this .

study seems unnecessarily small since it is assumed the reading test

- wis more easily administered than the Piagetian tasks. R

Why does the title of the(article contain-the_word "disadyantaged"\
when no further mention is made of the concept in the article? 1Is

the reader to assume that "an urban high school which enrolls pre-\. :
dominately black and Spanish-American students" is by definition | ‘
"disadvantaged"? |

The resesrchers sampled st;dénts in the 14.0 to 17.7 year age range,

a span of 3.7 years. The potential correlations between age and stage

of intellectual development and age and reading ability was 1gnored in.

the article's analysis. Also, it is peculiar that, if the emphasis
. g of the study-is on reading instruction, why was it not conducted on
' younger subjects? It is possihle the authors wanted to ensure that
.both. formal operations and high level reading skills were represented
¥n the ssmple.\ Assuming that resdiﬁg skill and inteliectual develop-
ment correlate positiyely with age, it is fortunate for the résearchers
that they testéd the Clder,subject's. kt was at the higher reading
skills ang-intellectual development that the 4g¢orrelation was strongest.
In suunsr&{ the authors were ingenious in justifying science teaching
in terms of improving rEading and language skills. The integration of
the two subjects to the. mutual benefit of both is a topic worthydof
more reseerch. For that topic, At is probably not necessary to incor-
-porate the Plagetian theory of intellectual development. If researchers
are interested in the theoretical relationships of reading skills and
reesoning skills, then precise definitions and logically developed
arguments are minimum requirements for meaningful discussiqn of the
topic. R o T
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Parker, ‘G. E. and Thomas Mertens. "Programmed Instruction, Test
P Performance, and Classroom Discussion." Journal of College K
Science Teaching, 4(2):103-106, November 1964, .. e
Descriptors-~*Achievement; *Biology; College Science. d!Lss- '
i ' room Communication; *Educational Research;
) Programmed Instruction; *Programmed Texts;
kA /

#Group Discussion;
Science Education

: + Expanded Abstract and Analysis Prepared Especially for 1.S.E. by Linda
. R. DeTure, Winter Park, Florida.

“ ' Pugpose,h T
The_purpose_of this‘study was to investigate”the‘:jfects of selected
programmed units on the testyperfotmance and the quality of classroom
_discussion of students enrolled in an introductory college biology

class.\

‘  Rationale o .
" “ .

Studies examining the effects of piogrammed instruction on test per-.

formance are relatively numerous. In this particular study,the
authors have been careful to control spurious factors that frequently '
influence the results of programmed instruction. _The progremmed units’
dio nqt differ from the conveqtional units in philosophy, emphasis and
examples or content.  Quizzes were announced well in advance and the
Hawthorne effect was controlled by experimental design. The second
hypothesis, that students taught by programmed text will engage in
higher level classroom discossion;=has,not been researched as exten-
An intent

of this study was to edd empirical sﬁpport to the tenet that programmed

sively as the first hypotheeis concerning test performance.

instruction would enrich classroom interaction, thereby adding a new -
dimension for the use of programmed instruction as a teaching aid.

¢

N

-

)

_. Roo.;rch Design and Procedures

“
»

o

_e_uin.tyfetudepes—we:o—:aadonly—divided-

semester infroductory*bdology class.

7
¢ T

N

a—second
. The usual ‘curriculum consisted

- . - . 1
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of 11 unitu of biology, taught by'the-lecture—diecussion method with

'oach unit having two lectures followed by.a discussion and quiz. A

test followed,a fOur-unit sequence and a comprehensive final was given. .
For the study, four programmed units, which were written by the lecturer,"N

iwere substituted for four conventional units.’ The four programmecd units

were Cells, Mole:zules, DNA and Heredity. Each section, which received
programmed instruction for only ‘two of the units, was alternately the

- oxporimental_or the. control 3roup. The degfun for an experimental
- Bequence consisting of a total of four urmlts could be diagrammed as

. - follows: . , .
o »oR X 0 X 0, X 0 X, 0 05
RB xo oo X 9% %5 0 x2 02 ?3

in'which X = no treatment (conventional class or neutral units) and
xl-x2 - programmed instruction units, Cell and Molecules, respectivelx,
0 = unit quiz for the control group, 1--02 = unit, quizzes for the

treatment group and 03 = the midterm test, N

e 7

This'deslgn was repeated.for the two'rem&ining programmed units. --Sec—
tion: A was the experimental group for the DNA unit and Section B, for'the

Heredity unit.
[

.To examine the test score-differences between experimental ;roups and
the control groups, the scores were cdtegorized as high (2 80 percent)
and low (S 79 percent) and subjected to Chi-square analysis. :'The
differences between the classroom discusadon of the two groups were
measured by two judges who tallied .student responses according to an’
inventory of high-low discussidn level indicators. The judges were
also asked to write an evaluation of the discusgion and to note any

ditterence“between the two groups. . They were ot -told which groups

were program instructed. The diqcuésion results were also analyzed
with Chi-square analysfe.




~

(-3

. Interpretation:

The Chi-square'results indicated that a significantly greater number of
students fell into the high category than into the low cqﬁegory for

three of the four programmed uhits. No significant differences were
noted,&or the DNA anit: On the two midterm tests and the final exam

“the subjects continued to score significantly higher on the program-

taught matetial than on the conventionallfftaught material.
Differences between the’ two groups were less ,striking for the class-
room discussions than for the test performance. The only unit in which

a: statistically significant difference occurred between the two groups

was the unit on Molecules. However, the groups who were program taught

scored slightly higher in the discussion analyses for every unit' and
whén the tallies from the four units were cumulated, a statistically

i ]

significant overall difference occurred“between the two groups.

-
- . H \\,.--/ ' e . . ’ _:]
. o ' oG . . 0 . : o o
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The findings of the report indicated students taught with the pro-
grammed units improved 'in béth test performance and classroom
discussion. Due to the sexperimental design, which controlled for the
Hawthorne; effect diie’rences in content, emphasis, examples and the-
 usdbuf unannounced quizzes, the author attributed he ‘changes in

performance sole;z to the variation in 1nstructional techniques.
Also the final e m scores demonstrated that the initial difference

semester. : . )
On a.course-evaluation form students acknowledged that they.lea
more from the programmed units than from the conventional’units;~~-—5-
However, they also indicated that the lectures were more intereating

and enjoyable. They checked two programs ‘as the desirable number o£ _
programmed unitg to be supplemgfited into the coursa. The results of -

this study suggest that pr&fHmmed texfbook _supplements could be used

‘as an effective teaching ald to bring meaningful Vanigty 1nto the .?w ;n

‘classroom. - « .o ST Jf.f ,{
Y . . R ) — - e
‘\ . . ’ 50 *
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B © XBSTRACTOR'S ANALYSIS
T o : w . : e

L . . . A . "
L. . . o o . ..~ S

This study varied from other studies of programmed instruction in .
some critical areas. One important one is’ that the content of the ..
lectures and programs were parallel .98 the lecturer had written the '
- prggrams. - An advantage of any progrhmmed instruction is that it pro—
vides immediate feedback and reinforcement of response.. "This seems '
to be any: effective procedure. initially, bub stidents often become .
program wige" and leamn to make -the correct response without really

havipg to process the information. ‘A. criticism of programmed instruc--

"tion_ is that differences tend to fade with time. Thé author mentioned
this and attempted to measure‘it by giving a comprehensiVe final ‘at
the end of the course. - : : R BRI

) .-1 Tn
- \ . ’ € . t

However, I think the ‘notion. of differences fading with time refers to-

o

“the effectiveness on the program being in- c8ntinuous.use., If initial
_interest” is high due to the novelty of the teaching procedure, .t hia
.could accoynt for differences in performance.- The differences may

. disappear or fade with time after the students become accustomed to . .-

Y , the programmed method. .
' . Rd '

'oﬁ the evaluation form the students reQuested that no more than two
. of the‘bieven units be"taught withkprogrammed texts. . The researchers
' suggest that Ehe programs be ‘utilized as supplements to the conven—
tional prqocedures ratﬁer than as a complete substitution for them,
. In this context programs could serve as dn effective instrument for

<

adding variety to normal classroom procedures.
a8

The experimental design vas effective for measuring the objectives

and it helped control threats to- internal validity that frequen‘\y

plague studies of programmed learning. The authors attempted to '

3

avoid the Hawthorne effect 'by having each section altd%nately serve o

,as the experimantal group and. by making intragtoup comparisons. In
effect this could have servad to heightan the novelty effect described : -
by Bracht and Glass (1968),especia11y since each class was exposed to
ohly two programmed units dut.of a total eleven. The uniqueness of

N o




th‘ mnthod poaeibly resulted in the students focusing their attention

. more carefully on the content of the unit. If the programs are util-

1aed to supplement and to add menningful variety as the author! e
intended in thia gtudy, then it may, be worthwhile to trade.on the
effects of novelty as long as 1t is kept in mind.that the program

18 not uniquely responsible for the differences fn\performahce.

-

One: question that needs to be raised in the study 1s the appropriate-

~ ness of uaing Chi-square analysis to test the differences between the

groups.’ The Chiwsquare is usually ﬁsed fgr nominal data or the
median test is used to measure central tendencies of the two groups
if analysis of variance would result in violating the ,assumptions,

which does not seem to be the case here. No 1nformation was given

.‘iéoncerning the range of the scores or how: they clustered within the

groups. 1f the standard deviation was low and if the mean was near '

= 'the-diVieion point between groups, 1t wou{d appear that the numbers °

i

- these questions. -

" By using the pregrAmmedftextfon a limited basis; the researchers
’” v r'

.in the two groups vould be manipulated to meet the standards for,
significance. It would have been interesting to see the means and .
‘'standard déviations and the F values of the groups tested -with an

ahalysie of variance. A ratione%eufor.the decision to use Chiﬁp
square analysis rather than analysis'of variance would helpgéiarify'

»

»
0

‘Overall the studj was wgi;ten in a style that.wes easy to' follow.

{

demopetraqed how effective a programmed unit’can be inimproving
test. performance and classroom discussion and they avoided the
problem of boredom that often eccompailes a programmed course.

The hypqxhesis that ptogrammed texts used- on a2 limited basis results:
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: . . _

/ - Purpose J
. The'htudy investigated'the long-term effects of a two- to thrge—year
¥ exposure to an inquiry tenching strategy on students' cognitive styles.
o ' . A
The cognitive styles pf the experimental and comparison subjects were

assessed one and six years after the end of the treatments.

¢

Rationale = |

In recent years reseafchéts have become interested in the tactics
individuals ﬁée to perceive and organize external stimuli... These
tactics are known as cognitive styles. Oné aspect of the researcn .
into cogn‘tive styles and their educational implications has focused
' on the type of cues individuals use in percei\ing srmilatities and,
_ subsequently, in categorizing their environments. This has led to
' ] the definitlion of several "styles of categorization" and ‘their
| measurement through the use of tests such as the Sigel Cognitive
Style Test employed in this sfudy. '
iagan, Moss and Sigel (1963; have founn that individuals show a
.tcndy,'continuous progression from a relatively global style of
categorization toward a more analytical one. In addition, they
found tnat an individual's style is resistant to Iarge—sgale change
hpcauae ‘individuals generally retainm their relative stylistic posi-

& .Eions relative to each other. .

1

-
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o \eerd For eech ca

: -80vera1'investigatqrs have attempted to'shift dtudents styles toward:

) qgre snalytical ones. Davis L1967) reports little success in training .
students to be more analytical in toncept identification»tasks.J ‘ ,
Scott (1966, 1970)'"3ported some success but lis study did not: attempt"
to assess whether the treatment had any lasting effects. ‘This study

)ettenpted to assess the permanency of style changes in students.

\ -

//%eseerchvbesign and Procedure

The paper presents the results of two separate but related.gtudies.
1‘The authqy refers to one as a longitudinsl study and the other as a

The independent variable for both studies bss.the'level of exposure'

cnosa-sectional study.

to the inquiry strategy teaching method originally proposed by Suchmen
(1963) and modffied by Scott (1964).  ,Two levels of treatment were
used: no exposure and two or three years exposure during the ‘subjects®
K upper elementary and junior high school yearg. In the longituﬂinsl
study the ekposure occurred’ in science classes during grades 4, 5 and
6 while in the cross-sectionsl study it occprred during grades 5 6 and
. 'There is no mention of tge actual amount of fnstructional time - .-d
spent using the inquiry strategy nor any indication of procedures used
_to ensure that’ the strategy was implemented ppropriately. However,
the suthor‘ indicates that careful question_ g of the subjects revealed
that the comparison subjects had never beén exposed to this strategy
snd that the exposure of the experiment 1 subjects was limited to the
treatment period \ v .
/ The dependent variable for the studies was the stpdents styles of |
/ cctegorization as measured by the Sigel Cognitive Style Test (SCST)
The SCST consists Qf a series of cards with three pictures on each _
s&h« subject indicates which pairs of. pictures \’\Q
are relqted and. give reasons for' the cﬁgices. Eech grouping and the

feasons given for that grouping are scored as belonging to one of six

/ .
styles of categorization: descriptive-part whole (analytical),

" \ad
s N A

»;




- The research design used for the longitudinal groups 1is shown dia-

_ .
ducri‘tivo—-wholo (non- alytical). relational-contextual, categotical
funct:lonal. categori - —clasanaming or categorical-attribute. __.A

. student's total score for a,categoty is simply the number of timbs f

hc ‘or she hu grouped pictures uaing ‘that style of éaecgoriuciOn ‘ .

'l"or this study only the twelve (12) picture cards Gommon to’ Q:ha M

(male) and F (female) forms of the SCST were uﬁed. The. split-half

- reliability for this modifikd fom of the SCST was found to be 0.76

(n = 101) .. ®

The subjecta for'th’e studies were drawn from four large, urban high
schools. For the longitudinal study there were 16 eicﬁeriuiental sub-
Jects and 16 comparison subjects. The comparison subjects were drawn . B
from an area which" in 1966 (when the first test was administared), : C.
had a similar socioeconomic and cultural background to that of- the
area 1n which the experimental subj ects lived and had sigilar tenth

grade achievement test scores. The subjects for the cross-sectional : i

~study cdonsisted of 26 experimental and 34 comparisons.. The comparisons e

consisted of two classes of high ability high ‘school studenta. Not all "

of the experiméntals were in the high ability track--thua the coﬂpari— e
son group had a slight edge over the experimental group academically. |

There is nosindication of .random assignment of students ‘to treatments—

the students appear 6i:ojtafye:“cted to receive the treatment.

v

gramatically in Figure 1 The design appears to be a mdifica\tion of
the static-group comparison desigﬂ described by Campbell and Stanley

. (1963) . ’ “ : .

-

ne=36 X 0] _01 —— Y _ X- occurred in grades 4, 5 and 6
. “gsm 01— at the end of grade 7 )
. =16 01_ 02 02- prior to high school graduation

Pigure 1: ) Experimental Dea;-gn fo_r the Long t:udinal‘ s'_,tudy - ’

LY

-rose_arch design uséd for the cross-~sectional g is shown in
Figure 2. It is a static-group comparison desigy ampbell - and Stanley,
1963) wit.h the post-troatmnt observation delaye for several years




S | e
thie study were the same students that. t:ook part in his p)pvious' | . \
study (Scott, 1970), However, he does not rep‘ the previous data . . '
nor indicate how these gtudents' scores changed "bver time—-the only

v

comparisons made are with tim comparison group.

~

.

S
. e, 1”(\_. . Py

j nw26 _ X 0 X - occurred in grades 5, 6 and 7

W e Qe it il s v
.

A=W . 0 0 ~ prior to high school graduation '.

3

Figure 2: Experimental Desig§ for the Cross-sectional Study

Statistical comparisons of \the experimdtalland compatison gréups
were made for eadh of the six sub-scores of the SCST- for each of /
" the three testing periods (two for the longitudinal study and one
for- the cross-sectional study). Chi-square was used to test fot
significant differences between the experimental .and comparison \
' groups. A2x2 contingency. table was constructed for each of the
six SCST categories with the median score in each ‘category being used )
to determine whether an individual's score was high or low. The four
cells were low experimental, high experimental, low comparison and '

high comparison: a

*  Findings

AN
'l‘he‘ analysis of the results of the longitudinal study indicated that

" students who had beén exposed .to the inquiry teaching strategy had
,eignificantly higher descriptive—nert' whole (analy:tical) scoyes Qn
. .the SCST than the comparison groups for.both the 1966 testing and
" . the I971 testing. There were no significant differences between the -~ - .-
longitudinal ;groups for any of the other five SCST ”categories.
T \ '

'n\e mlysis of the croas-sectional results indicated that the exper-
{mental group had significantly highgr scores on three (SCST categories:
descriptive-part whole, descriptive-whole, and: categorical-vat:tribute,

' {

‘

) : than the:comparison group.




. The: l,dian scorea»of the two comparison groups (the longitudinal and
| ‘the crou-uctional) appured to be quij:e similar for all SCST cate-
‘gorioo except for. catcsotical—claasnaming. The author attributes
the apparcntly higher performance of the cross-}ectional group on
) . *thio categofy to the fact that all the students in this group had
‘. high verbal abilities and vere in the top academic .track in school
whereas not all the members of the longitudinal group were in this
track. '

-
.

* o C . e

A non-statistical comparison of the two experioental groups on the _
pre-graduation tests 1nd1cated that the median scores for the longi- o N
tudinal group were consistently lower than those of thq, cross- ‘W
sectional group for all categories of the SCST. The author attributes

this to the fact that the cross-sectional‘group had more hours of
exposure .to the inquiry method, ' -

« Interpretations

The author concludes that. since similar results dere obt&!ned fron
* both the cross-sectional and longitudinal studies, the inquiry strat-
 egy method influences a student's  ability.to classify objects towards
. & more descriptive-part whole (or analytical) style. He cites a
aunmber of studies'to‘aupport his view tﬁat the develoﬁment of an
ég analytical ability has important implications for increasing” student o l_§“
achievement in such disclplines as mathematics and science. However, ' \
he 1nd1cates that the development of such an analytical orientation
* could hamper creativity and productivity in‘such” areas as the arts
and humanities and points out the neec for further research to ;
| .assess the total impact of inquiry strategies on students.

% ABSTRACTOR'S ANALYSIS

-/

Although there 1s a long history of research in education and psycho-
logy relating to how individuals perceive their environments, process
. ’ sensory information, form concepts, and solve problems, 1§ ?s only

-

; oy | 58 | |




within the last 25 yeags that research in these areas has been organ-
1zed and integrated uaing the concept,of cognitive style. Much of
the reaearch on cognitive styles has focused on the field-dependent-
field-independent dimension. The research relating to this dimension
and-its educational 1mp1ications are summarized in a recent review
(Witkin and others, 1977). Kagan, Moss, and Sigel (1663) defined a
related dimension which they termed,a person's style"gf categoriza-
tion. The Sigel Cognitive Style Test (SCST) was_dev;ioped to assess
the various styles of categorization. This éonceptualization of
styles‘and(%he SCST do not Aﬁpear to have beeg widely'accepted by

the research community and are cited only rarely in 'the recent liter-

ature. ' ) b

'

. The study under review apbears to buiidxlogically on the conceptuali-’

zation by Kagan, Moss, and Sigel (1963) and related studies”(Davis,

1967 and Scott, 1967 and 1970). . However, there are few follow-up. .

studies since this area of research appears to have fallén into dis—

favor. Another reason for a lack of follow-up studies .may be the

" recent emphasis on adapting instruction to the learner 8 aptitudes and

_cognitive styles rather than attempting to modify the learner's apti-
tude or cognitive styleb to suit the discipline. :The more recent

‘undesirable side. effects. The possibility of a’detrimental side
effect of a shift to a more-‘ﬂﬁlytiqal‘style 1s indicated by Lee,
Kagan and Rabson's (1963) finding that an analytic set could hamper

" ereativity andhproductivity in areas such as the arts and humanities..

\
-

The validity of the sﬁudy is weakened by the research design employed.
The static-group comparison design fails to control for selectiom and
mottality as'well as for interactions between selection and such fac-

ey

tors as maturation and the experimental treatment (Campbell and

.

4

. approach 1is more defensible on mora\‘and ethical grounds because modi-,
~ fying something as basic as an individual's cognitive style mﬂ& have

Stanley, 1963). The study would have been improved by the use of a

research design such as the one depicted in Figure 3 which combines

the elements of a time series design and a nonequivalent’éontroligroup
design to increase internal and external validity. The design would
have been further strengthened 1f the subjects had been randomly




’

W .
4

assigned to treatments Howevcrt random assignment is not usually
posnible 1n the real Gorld of classroom research

( oy 2% o 9 05
. 0 - 0y 05 0 O -
Figure:3: An Improved Research Desig? - o
b4 - :

: : W -
The xeader wouid have more-confidence in the validity of the findings

if the author would have been more specific!!?out the extent and N
nature of the experimental treatment. The author indicates that the
experimental subjects were exposed to the inquiry strategy ovér a two

or three-year period but‘prouioes no indication of the actual number

of hours spent using this-method.. The author appears to have this

inf tion because he states thst "the cross-sectional group had! ’ i
more hours of‘exposure to the inquiry method. . .than the longitudinal .]
1nquiry s#udents" (p. 329). Unfortunately, the author did nof include /
.thi;—information in the report. There is also no indication that the
claserooms were monitored to ensure that the intended treatment )
occurred as planned. '

W -

It would be unfair to criticize the author for using the relativel /
rare SCST because when his research™egan in 1962 there were no o? er
measures of cognitive style suitable for use in classroom situatfo
However, this does point up the dang;\\of attempting ‘researcly,,

especially longitudiaal regearch, in an area where/ltandsrd tests
‘'have not been developed.
)

B

.

~Since the SCST is not well known, the author should have been more
careful in describing both the test and the scoring procedure used.
Th# text of thé'report appedrs to indicate that the SCST is an
iplstive test—the sum of the six sub-scores for each subject equals _
tntlve becsuse each subjett resbonds to twelve csrds with each //
r..ponse being assigned to one of the six categories. However, a
ﬁtudy of the medians given in the data tables and a related-report
(Scott, 1970) indicates that the SCST .is only semi~ipsative since
ft subject may'mske more than one response per card. Greater clarity




Y

' "“ﬁ.;~\ Complexity and Training Procedures: Technical Report 32,

in thie section of the report. would heve been helpful in 1nt:erpret-
1n3 the results. _ ":. )

) -

[

! t S ] ‘ : (

The duthor deecrdbea the procedures he ueed for making the etatistical

' conparilone with refree ing clarity. However, he neglects to mention
that the procedure he ig following is for the . median test for two

e independent samples (Siegel, 1956). The procedure he followed is.

_’correct,'prozfded u1_+ nj, 1s greater than 20 and,the‘expected fre~
quency 1in every cell is greater than 5. Hopefully, these conditions
- were met. A reader would have more confidence in the reaulcs of the
tests 1if t:he authpr had pamed the t:est:—t:he reader would then assume
that the author was at least:aware 6f the limitations on the tests. ;f
The posirion of the author's statement that the rejection'level for
the statistical tests as get at10.05-implies that he reCoguiged the .
need for establishing ejection limirs before.the tests were run.,
~ The author deserves c-nmendation and emulation for thia fact alone,
It would be a welcome change if the ~educational research reflected
the fact that researchers recognized the need for establishin rejec-'
tion 1imits before the fact and then used estimated effect sizp and

power analysib (Coh » 1971) to determine the semple size they needed.

I "
!

-
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" Vanderbroucke, A. C.; Jr. "Evaluation of a Personalized Inatruction

System in General Chemistry." Journal of Chemical Education, ¥ o

92(8):516~518, 1975. : "
Doscriptors~—*Autoinstructional Programs' *Chqnistry, *CoLlege
Science, *Course Evaluation; Educational Research; Higher *
Education; *Instruction; Programmed Instruction; Science L
Education - . .

Expanded Abstract and Analysis Prepared Especially for I.S.E. by
Robert W. Johnson; Towson State Un1Versity. .

[ 3

Purpose - : - - ' | 2
The purpose of the project wds to explore an alternative to the lectsre
format widely used in general college chemistry. The model selected o

for field testing in this study was the Personalized System of Instruc- 73
tion, PSI developed by F. Keller. _ ' L . :

Rafion:ga" | - . o

Recent attempts to improve stndent performance in college science have

resulted in new approaches to individualizing instruction.: Programmed

. texts, modular self~pacing units of study, and coaputer—assisted L

instructional formats are being used more widely in the hlgher educa-
tion. Encouraged by the tresults reported .by other investigators using
the self—paclng mode, the author decided to test the PSI model against -

the more traditional lecture format. o . ‘ :
. : : w
-

Research Design and Procedures

L4

The study sample was drawn from eight sections of general chemib{sy
(111 and 112) during the school years of 1972-73 and\l973-76 . Students
knowingly selected either A sectionsNblecture/mornings) or B sections

(PSI/afternoons). Students, mainly freshmen and sophomores, were:

'pursuing programs of study in biology and- the health-related sciences.

,

..
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‘)6th "treatment groups shared common. (1) textbooks, (2) wqokly laborstory
'p pericds, and (3) final examinations. A two-hour department final exam .-

L 4 . 4

concluded the*first semester of study. The ACS - COoperative"ExsninA~ : S

tion in GenQral Chemistry was given at the end of the secoand semester.
A N - >
n_”J/ Students in: Section’ﬁ wete given four 50 nn e lectures per week..
<Se¢tion P students were given one 50-minute 1ecture per week plus
< three 50-minute testing periods per wetk Addit}ogally, B students ,

-

~
were’ aided by paid tutorial upperclass chemistry msjorq. They moni-.

tored student progress through 20 _units of material demanding 90 percgnt

.;Zﬂ 'instructional formats were gathet\d from scores obtained on both final®
examinations. Correlation co-officients between the five ACT (American ]
X Gollege Testing) parameters and three variables ‘were obtaihed for the .I. ..
oight settions. The three variables examined were (1). final examins- . ”
tion scores, " (2) total points earned in course, and (3) cupulative
giade point: averages. o I | - | !

Bhsed upon a comparison of finsl test scores at the. end of . the first
term of study, students in both A and B sections demonstrated’ about -”'
- equal performance. Similar results were attained by both groups com:
pleting the second term of study in- Ib?3-74. However,’fOr_the second
term of 1972:73{?81 students achie&ed'significantly‘higher scores-Ona".j
the ACS - ngferative Exsmination than-didqtheir 1ectured‘counterparts. .

Of the five ACT‘Tes; parameters, studeht mathematical scores were.
found to ‘correlate with each of the thrq@ variables more frequené[y

.

‘.A - a .‘“‘ - z-..'

.Reported also-was the fact that a far higher percentago of A and B
course grgdés were awarded i::zSI*students over the two-year trial
period. ' |

. . : , . . 1
. : . : . o .. ’
L]

msUtery)of each unit. Comparison data’ fbr evaluating‘the two. differeﬁt P "o

and with the highézt level of confidence. . " , ’ o
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gi...;gégrpretations - ' o - B

Y
v

| . The ‘author concluded from the test results that PSI stydents were learn-

ing at about equivalent levels to studenta oﬁ.comparable ability in
].cture sections. Nonetheless, the mean score of the 1972-73 PSI

sections were higher on the ACS = Cooperative-Examination, the second

. semester chemistry final exam. This difference. in performance was

attributed to better mathematics” ability demonstrated by PSI students b
on the ACT Test and not to the method of instruction.

- -

S N ” ) S S ’
In evaluating the eourse, huoi}ﬁobservation supported the notionfthat‘
PSI students left the course;with a better’feeling about chenistry.
The author suggested in his assessment of the dourge that PSI students
-appeared more AEfively involved in the course and attained bettef’

retention of material. He implied that self—pacing developed 1in

‘students a more positive feeling about chemistry and that, in general,

'to suggest. an answer in the negative. One generalization is most !
vﬁ » .

a better attitude, about learning was engendered
U .
ay |
. ABSTRACTOR'S ANAL¥SIS . o

The study, herein reviewed, {s but- one of many being reported in the
literature. It attemots to .compare and evaluate student performance
resulting from two different pproaches to college instruction, e.g.,

lecture versus se1f~pacing study. The findings here fail to support

the superiority of ome instructional format overuthe other. Neverthe-.

less, results do underscore/the contfntion that the PSI approach can

be an- effective alternative teaching/learning model when ‘certain

conditions are met. Teachers do teach and studentg,do learn. But /
does 1t necessarily follow, then, that all students learn.hetter when

taught by the seif~pacing method? The larger body of research purport- |

ing to compare the effectiveness of PSI to the lecture approach seems

frequently offered by inVEstigators‘assessing ;he Keller model: PSI
enhances and improves student attitudes toward“ii(ining. The guthor

v

of this study concurs with that assessment. - .-

.
s .
. °
o 6 '
3 : .
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The Personalized System of Instruction, admittedly, is a. falrly recent

'1nnovation at the collegc level The advantage is that students, given

" precise instructional objectivqp, can move through a module of mateq‘al

and master it at gfieir own pace, Its major limitation. tesides within
'Y
its own mﬁ&hodology. The habit of procrastination may not be effec-

L}

tively managed by‘some self>pacing students. . :
\ v T . -
Therefore, to sliggest that only PSI students become hctlvely.involved
in the learningbrocess 18 to.discount the concept of individualizing
instruction. Learning styles differ greatly among students. Teach-
ing styles and formats also differ. The preblem; then, is to find a
proper fit between teaching format and a particular learning style
vhich produces maximum studeht performance.m’Certainly, PSI may be

one of many approaches ‘to effective instruction.

' . | . s : ' “... h
Given the requisite tools;”skills, and cognitive development, the idea
of making a student, personally responsible fot his/her learning is not
a new. concept in education. It was not the fyrpose of this study to
advance or “explore new ground.

The study's teseatch deeign was carefully planned and executed. The
sample was limited but adequate, and controlled for comparison pur-
poses. Quantitative performance data in the fdrmiof student test
scores were collected and tabulated in table form. Correlation co-
efficients between selected parameters and significant variables were
obtained at the 0.01 and 0.001 confidence limits. Comparative analy-
sis of data gathered from the two treatment groups produces no
significant evidence to suggest that a Personalized System of
Instruction was better or worse than lecturing to ‘students in college

chemistry courses.

l

*

- One wonders'if other variables aside from instructiohal‘format might

not have a greater effect upon improving student performance. Indi-
vidualized learning styles of studéhts most certainly affect the
tcaching/learning relationship just ‘as teaching style does. Instructor
enthusiasm for his subject or a dynamic personality may just preclude
the superiority of one instructional approach to another. Gifted

- \\‘*4 ' 66
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tnachcrn can be found amongst lecturers, demonstrators, and factli-
tators in education throughout history. What attributes are the b&nch~"f
marks of gifted and effective teachers? What formal training in theory

" and practice should be required to produce competent teachera in higher

¥ * education? These qubstiods pose problems for on—-going resear What
. this study does support strongly is the contention that PSI optiona
,~  should be_made available to students in couiﬁea that are freely
entered into bj.cpmpetént faculty.

. Perhaps the best way to ‘inaute improved student performance is to

'g/' _guarantee improved irstruction. Much still needs to be done in the
area of training college teachers to teach effectiyely} Irrespective
of degreetfhgld, many cbllegh teathgrs have littlg or novbrofestighal
background in education. None hold frofessioilal licenses or certifi-
cates to practice theit tegching skills in highér education withinaa-f

. single'atate. Maybe state licensing boards need to be established

to set standards and review credentials of those’ seekLPg teaching
positions in higher education. None presently exist,

. ]
\ ‘ - Refereénce

—

Keller, F} S. '"Good-bye, Teacher . . ." "Journal of Applied Behavioral
Analysis, 1:79-90, 1968. :
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Moore, Kenneth D. and Jacob W. Blankenahip.- 'Tedching Basic Science
Skills through Realistig Science Experiences in /the Elementary
School,”" by Donald E., Riéchard for Inveatigations in Science _
Education , 5(4):12-18, 1979. - T R
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_by R )

Kenneth D, Moore
. Universityof Science and Arts of Oklahoma

a

v
In reviewing the abstractor's analysis of our article, beveral-egggehts
appear to be in order. - o ’ . .-

A

¢ '-\ First, the use of the word "frugal" in the leaAing sentence of the

second paragraph of the Written Report section appears to be mis)ead-

1ng as ,to the.abstractor's intention, The use of this word éuégests
y that the abstractor found the study lacking with re3pect to our
.preaentation of related research and with reSpect to- a rationale for

the study: However, this is inconsistent with the subsequent comments

-%nxthis paragraph, ' - "

.
The abatractor further notes that the atudy 18 weak with regard to &
. validity and neliability. Although "construct validity" of the assess-

. ment 1nstrument has been established and reported the abstractor is

correct in reporting that concurrent or predictive validity of the

L

asadssment instrument has not been established This limitation

tahouﬁd be kepg;in mind by potential users of the study results,

»

<

Since¢ it was .not expedient to administer the assessment instrument
to eaeh~respondent a second time, I tend to agree that reliability
has aoi been rigorously established, However, it q\puld be noted
that - this research study deals with averages and theae averages will

of COUrSQ, be much more reliable‘than individual responses, More~

over, the! randomization procedure utilized in this study greatly
ances ghf reliability and external validity of the findings, The .
authdrs therefore feel thebzeaults can be generalized to the elemen-

tary teacher population with a fair degree of confidence.

N
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-~ . . L




~

..

R ( . : . * ' - :
In his closing remarks, the abstractor concludes that the study does

‘not{ create any new or unique knowledge.' He further suggests that
providing realistic acience sxperisnces" becomes a high priority
need factor only after othsr higher priorlty need €5ctors have been
pet. These closing remarks suggest that the bstt‘ct T incorrectly -

-interpreted the findings. ’ : : ' : 7{“

*
. - » . "

: . 3 ¢
The a:th;;:\;hggest that the identifieddiactors (Table 2,‘$age 344,

Jfr‘Science Education article) as well as the high loading items of each

cof the identified high priority factors needs to be reexamined.
Although the authors do agree that this study confirms the'findings

\
@ducation appear to be those which provide "realistic science exper-

/

‘\_'

of past research in that- the most uppme;;iate programs for science 2

iences," the study goes beyond mere confirmation, The results suggest

that science teachers view yproviding realistic science: experiences
as being a higher priority need than such needs as thoﬁ: in the area
of discipline, reading, writing, mathematics, and spell ng. Further
more, an examination of the high loading 1l€hs on facto need I"
"Providing realistic science experiences' suggests some of the con~‘
straints- -which seem to be keeping science teachers from providing
these more agprOpriate 'realistic sclence experiences" in their

+

‘classrooms,

While there 1is disagreement on several points, the abstractor has
made several enlightening and“vhlid points which, 1f addressed

would make this study and future similar research much stronger. .
We weMonme and wish to thank\him for hiis critical analysis of our

'S
work,

-
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A RESPONSE TO THE ANALYSIS OF )

Peterson, Kenneth D. "Scientific Inquiry Training for High School .
Jtudents: - Experimental Evaluation of a Model Program," by » Y -
John R. Staver. Investigations in Science Education, 5(4): '\5 .
29-36, 1979.

N . .
by , . .
. _ . . . _
Kenneth D. Peterson
University of Utah
. ' d O

I appreciate the critique of my recent research report (Peterson, 1978)

which appeared 1in Investigations in Science Education (Staver, 1979).

It is of service to researchers to have pertinent and responsive reviews.

]

yhere were a number of questions raised in the critique which, I “think,
are\nWered‘ in the or:iginlal article:

1. Oniy one scientific inquiry assessment instrument was used in
the study. It was administered to half of each of the three treatment
groups as a prétest and.to all ;subjects as q'posttest. - No pretest ' \
experience effects were found. '
{
2. Variance explained by treatment (omega squared) for each of the
15 dependent variables ranged from .02 to .64 (not .04). g

3. The scientific inquiry training treatment group (SI) was
aupeiior to the verbal instruétion treatment group (VI) on 6 of the

15 variables; the VI group was suﬁerior to the SI group on none.

"The posttest means and standard deviations are presented in Table 1, L

They were omitted because of space limitations.. .




\
Table 1 (
. ) N . &

_ , _ J "
_ Posttest Results--Treatment Scores: Means and Standard Deviations
. ~ ¢ . - ’
: ' : . 4 TREATMENT GROUP

Project Physics Verbal Instruction , - Science Inquiry
(N=24) | (N=17) (N=26)
. , - Mean , S.D. yean S.D. . . Mean S.D.
1. Number of Variables ’ v 429 1,51 8.65 335 - 9.7 3.53
2. Viriable Points of View ©Aan .53 2.47 .82 2.96- .68
3. Uncued Variables et 22 %26 100 0 .92 112 1.20
4. Divergent Variables .21 .43 1.06 .89 1.96 1.94
5. Number of Questions | 4.17  1.57  8.06  2.54 7.12 2.63
6. Question Points of View ) 1.83 .55 2.88 .84 3.12 .85
7. Pncued Questions ‘ .37 .56 .59 .9;' - 1.00 ° 1.55
8. Divergent Questions , .54 69 .76 71 1.85  1.93
9. E‘betion Criteria . .9 .75~ 1.88 1.52 2,77 .95
0. Experimental Components - * . 1.79 1.13 2.53  1.56 4.19 1.06
1. ‘Number of Generalizations . . 1.25  1.13 1.53 .98 1.27 .50
2. ﬁorm of Generalizations .71 A3 ; .53 .53 .65 48
3, Adgitions to Investigation' 2.08 1,02 2,53 1.42 2.15 1.41
4, Sc ence Processes - 4.33 2,72 4.65. .1.94 8.23 - 2.15
5. Relations Among Processes S 497 .65 40 . .96 .14

[
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My reading of Ausubel suggests that it was reaaoﬁﬁbie to expect.high
~
“concrete-intuitive" stage whieh it replaces in "the latter .portion- n
of the junior high achool periqd" Ausubei 1963, pp. 133- 5) Thus,
it was anticipated that the. verbal instruction group, which received

schpol seniors-to be at an "abstract-verbal" stage and not at the ‘2/‘//A

. instruction as per Ausubel, wbuld have performed as well or better

¥

than subjects  completing other types'of instruction. (The VI instruc-
tion vas designed to "teach to test” to the samg;ﬁégree as the SI
Qinstruction) ) '

The reviewet'discountsﬂmy conclusiqn that'tﬁ; Augu liah prediétions
did not hold for some kinds of scientific tnquiry performances. He
offered the interprethtion that the students‘!ere at various stages
of Piagetian development (1. e,; some not' yet at a level of formal '
operations). While the literature clted certainly backs this point
of view, his statement changes Ausubel's explanation, The result is
a thetic interpretation which combines both 'Ausubel and Piaget.

1le ‘this makes sense to me, and is probably a more adequate

heoretical explanation, it is not pure Ausubel, One_point of the ~

study was o test Ausubelian theory. I still offer the cencluaion
that Ausubeliaf principles do not hold uniformly well for- all kinds
of scientifid inquiry learn%ngs. . .«\_
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4 RESPONSE 10 THE ANALYSTS OF T

. Suter, Patricia E "Using Audio-Visusl Study Lessoﬁi“gg Teach the Under-
prepared Student,” by Elizabeth Kean. Investigations in Science

Education,  5(4): 37-41 , 1979, : . -
by . I
- patricia H. Suter . . S : .

Del Mq:\ﬁollege A o
Your inclusion of my article "Using Audio-Visual Study Lessons to Teach
the Unprepared Student," published in Schopl Science and Mathema;ics;uis

- greatly appreciated, T would like to make the folloﬁing-comments on the
» critique: a o .

-

. ' i . . \ .
1. The cbu;se of instruction for w?ich,thg lessons were designed

is now what we classify as "introductory." The college has two other i
cosrses using this desighation, which are taken by liberal arts students
or healtﬁ‘sciente students. The course taken by studénts using the - {
lessons is-called General Inorganic Chemistry which is taken by those
sXpecting to attain a bachelor's degree in a field of science, mathe-
matics, or engiﬁeering.‘ . >

- R . . s
t

2. The term "better student" refers tb‘those receiving grades of
"A" or, "B". The final examination given in the course is that prepared

by the American Chemical Society .and these students compare well with -
the national norms.

. ‘. .

3. The lessons were prepared to help syudents lear#/the requiféd
material, Instructors at Del Mar College operate under 'the theory that
1t is their job to-tell the student what he or she must learh and to _
provide @l1 possible ‘help inefat lesrning process, The A-V Study : ap
.Lessons hsvé'provided some of that help, Over 300 stJhents a year use
one or more of the lessons. The students themselves are the judge of

the sflectiveness of the lessons an

hey continue to report that they

find them to be of great assistance. Therefore, "we contin:z/to beljeve ,
. .

_that the prepsrstion of these lesson as worth the time,

ort and

e | | |




money expended in their preparation, We are cohtinuing'to modify the
lessons as the need arises. - o S

i

ing with mathematical concepts, Entrance examination scores continue

to decline nationwide in both these areas, Our students are»attending

college to become better able to compete in a techn}logical Engliaﬁ
//Speaking work situation. No bilingual lesbons were prepared, nor are.

contemplated, Our Spanish speaking studénts are not more'hdept An- that-

language than in English because most learn a mixture of English and
SpAnish at home. QPther languages (German, Czech, Chinese, Vietnamese)
are the first languages of a significant. part of the student popula—
tion, No student has ever requested the leasons in some.other language,
| even though anonymous polls are taken each semester and a suggestion
box- 1s available for the studohts to-use, 'The lessons are modified
periodically, either to incorporate student suggestion, or to include
new material '
(1 S
5, Follow—uo studies of the students registered in General L

Inorganic Chemistry have shown that .most (81 percent)of the students
who failed or dropped the cou;;b\Std not use the study lessons at all,
'Many of these students are working\and have little time for study,

The usage of the study lessons increases during the. latter part of

the first semester and the second semester, Probably this is due to
unsuccessful students dropping out or failing, and the remaining
students finding that the lessons do help them learn, It may aiso be
‘due in part to oome students who had high school chemistry reaiizing

that they do not know as much chemistry as they thought they did at
‘the beginning of the first semester, Some have commented that this

i ’ A

is so, - e

N

6.. The members of the chemistry faculty at Del Mar College are

not rained in educational ‘theory, We are merely trying to provide

n

aids for ouf students to assist theiy learning of the required mater=~

ial, They are given detailed lists of objectives for euch unit of

~

;

4, The background of the studenta attending Del Mar College 18

 ,diverse, Many have language difficulties as well as problems in deal-




‘study and glossaries of new technical terms. No other control of

. _ L §
the vocabulary is attempted on the tapes nor in the classroom, How-

ever, unusual words are defined the.first time they are used.’

7; Design details are available from the author, (Write: -
Patric}a H.. Suter Associate Professor, Dept. of- Chemistry, ' Division
_of 'Arta and Sciences, Del Mar College, Corpus Christi, Texas 78404,)

' ’ R 8
. - 8, Presently the faculty at . Del Mar College 1s offering other_\

: “. _ study aids to our students. These are CAI unité\\some multiple test-
g ing after the Keller plan, and supervised tutoring. -The students are
o not tequired éo use any of these aids, The responsibiiity for learning

is, in o pfnion, the student s. We are there to help and tncourage

- the pcogf;:T ' ' '

- ' L
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