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NOTES FROM THE EDTTOR . o - :

* L) ' . ' - - . Q\J '

“

- 1 ; ¢ ] T L . ‘
This issue has as its major theme the.analysis of aiticles\dealing.with N
various aspects of instruction. Sheehan and Hambleton looked at adapting
inStructlon to student differenc Thomas looked at meéhod% for increasing.
students' reading comprehension of textbooks. ‘Anderson and Fowler investigated -
s B he effects of using behavioral obJectives. Hermann and Hincksman compared‘ .

two approaches to teaching chemistry. Krockover ahd Malcolm investigated the

‘use ,of spec1fic curriculum materials on the child's self-concept., . - N
. " The’ analyses«found in the "Critiques andTResponses section also' deal '
* ¢
- . w1th 1nstructlon. Goodstein and Howe studied the use of concrete eﬁemplars ‘.

[~ s

An teaching chem1stry. Quorn and Ybre compared the effects of dissiMilar -

programs on reaalng readiness of Findergartners. Cavin and Lagowski studied . . .

the effectiveness 6f computer s1mulated laboratory experlences in a college ‘

» Chemistry oourse. Preece cohpared the usé of two models of the structure of - ’\
physical”science concepts on graduate students cognitive structure of these .

K conceptS. Bartov investigated whether ox not students could be taught to \ .

: j,dlstlnguish between teleological aqd causal explanations. - .

- . . These artlcles present evidence that there are many variables to be Q

*

considered when planning for teaching ‘and when choosing instructional methods® .

. - to use in the ‘science classrpom. : ’ .
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Sheehan, Daniel S, and Ronald K. 'Hambleton. ‘"Adapting Instruction to
Student Differences in an Individualized Science Program."
Journal of Résearch im Science. Teaching, 14(1): . 27-32,, 1977.

Descriptors--*Achievement *Educat ional Research Grade 9;

vl *Individualized Instruction; *Instruction; *Predictor Varia- |

bles' §cience Education} *Science Courseg; *Secondary School
Science o .

<

Expanded abstract and analys1s prepared especially for I.S.E. by
G, Neufeld Brandon University. y

.
[y

Purpose
This study was .designed- to investigate aptitude-treatment ‘inter-
" actions (ATI)--whether grade nine students with certain aptitudes
) ¢
learn more science when taught using one teaching method than similar

‘students learn from other teaching methods. ' L.

‘

X
-

_Rationale”

é
Many recent'educational models, such as Indlviduaaly Prescribed
Instruction'(Glasek, 1968), Project Plan (Flanagan, 1967), and a Model
of School Learning (Carroll 1963) emphasize‘adapting,instruotion to

" the students' 1nterests,'ab111tie§, aptitudes and needs. 0ver the
3

past 15~years there have been many studies of aptitude treatment
interaétions (Cronbach and Snow, 1969, 1977 Snow, 1976 Tobias,
1976 W1tk1n'et al., 1977) In general, there have been few solidly
demonstrated ATI effects. However,  the authors-feel that the follow-

ing tentative«principles fax;the” designsof instruction can be inferred

«uﬁrom the literature° -

>

1. Instructional treatpents which reduce. the burden of semantic pro-
cessing of verbal information (such as programmed instruction or'.
a media—oriented approach) should decrease the relationship

between general abiLity and achievement. .

2, Instructional treatmEnts which pi!!e more, responsibiiity onlthe

" student for organizing material should strengthen the relationship




4 LI Co AN 4
between achievement and such aptitudes as general ability,

achievement, motivation, study habits, attitudes, and anxiety}’ -

s [N I

) ) The authors used these pr1nc1ples as the basis for designing the
1nstruct10naI\treatments and for seiecting the student aptitudes

. to be measured. As a result, *the study serves as ‘an empirical test

of the”validit& of these principles. ) ‘ P
' ' ' . : ) o
~ - . . .
o " & * . ! B
* ) , Research Design and Procedures A - 3
. . . . . L N Y ] -
- : The. research design used in this study is shown in Figure 1. . L
by The design is a variation of the Pretest-Posttest Contrgl Group design
A T N . o b
[ 0,--R--T, --0, 0, = battery of aptitude measures and pretest
. . . 4 . \ *
. 01--— R-—- '1‘.2 - 02 _ 02 = criterion-refei‘enced posttest w -
. . 01-- R - T3 - dz R =random assignment to treatments . -
o 0.-~R-~T, ——0 T = four different ~instructiomal tredtments
1 4 9 1-4 . . . .
. . . . , . .~ X
|, .- . Figure 1: Schematic representationof the research design
o oo - ' .
PR “ ‘ h < o
. ' (Campbell and Stanley, 1963) in that there are multiple treatment groups .
but no control group. ’ . . 4 :
£ ~ \’-—; . - ’
. ' The subJects for, Che study were,285 ‘students -enrolled in a ninth- °

\
' grade science program. The report daes not indicate the general ab:lit??r*‘“—‘-—
\\ level of the students, their science backgrounds ,their socioeconomic
) status, or whethet they even attended the same‘SChool .The students

were randomly assigned to one '0f the,four treatment groups. .There is

- "‘no indication that the random assignment was stratified. s -
- b ) b | -— o . ! ) ! ’ - ~
N § “ 2 Y .
. ' ~ © .

Each student wrote a total of 12 aptitude tests prior to random

assignment to the various instructional treatmept groups. The‘aptitude

N

tests_used were; . . ' S

o - . e < . .
o . - & s o o T L e ‘
T 1. Module Pretest (40 four-alternative myltiple-choice questions * N
e L . . —-no-reliabidity ox validity data). - - :
o . ~ e . s . . < LT Tt e
. Q . . . . i /' 4 9 ', N R .
“ g R ! N L .‘j;‘ ' . N s

o

‘/a_ - . . "' N ‘




--no reliability or validity data). ..

‘ , )

©

.

"y

~

%2, Lorge—Thorndike Intelligence Test. -i
i *l.~ Science Research Associates (SKA) Achiévement Series
*4, Survey of Study Habits and Attitudes. S 3 ‘
*5, Junior Index of Motivation (JIM Scale) ) .
*6: Tegt Amxiety ‘Scale for Children. . ¢
*7. Children s Manifest Anxiety’ Stale ! Y
*8, Intellectual Achievement Responsibility Scale. )
. *é?l'School Anxiety Scale, S ; S
’ '10..s Mathematics Test (np reliability or validity,data) (Frengh, n
. Ekstrom and Price, 1963) . .
11.- Letter-Sgts- Test (no reliability or validity data) (French
, - et al,, 1963)
*12,

Most of these aptitude test 1nstruments (those marked w1th an *) are

standardized or quasi—standardizéd and reliability and/or validity

data are available in the literature

A3

The modulé pretest and the

M
Student Attitude Questionnaire (semantic différentia% format

student attitude questionnaire were devised by the researchers and no’

validity or. néliability data are prov1ded

J
~ .

*

g The instructional treatments were descriﬁed in the study as:
. . . L}

N,

Teacher-Directed Treatment.

L

-

Students assigned to this instruc-
\1,0‘

.

34

tional treatment met in a teacher-led class and were presented a series

Media Tpéatfné'nt

pairs on four'worksheets that were used in conjunction with one video

tape' amd seven audio tapes.

Students in this treatment’worked dlone or in

-of lectures by ninth-grade science teachers.

X

L
-
1

)l

-

YA

Readtny Treatment This treatment consisted of a reading handout

composed of an assignment section and a section of appropriate read-

ings. Each student, who was assigned to this instructional treatment
Worked alone on his booklet of readings. - . ‘

R - ..

Programmed Instructzon"Treatment Students assigned to this

1nstructioeal tneatment worked alone on one set of five~booklets con-

sisting of 185 frames of’ programmed instruction material.

.
- [y .
~ «
» (Y - Y

s .

. s
- ?
. o
)
A

~

.
« . LIS . ‘. . * . 4
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Aruitoxt provided by Eic:

~

»

It con-

The criterion measure for the study'was-a Module Posttest.

sisted of: 40 four—alternative mﬂltiple—chqicé questions. No validity

or reliability data are.provided. The repprt does not indjicate if this

paettest was 1dentical to;the pretest g1ven prlor to 1nstruct10n (both

_have 40 1tems ‘based on the module obJecglves) he Module Posttest was

administered immedistely dfter 1nstruction and again a month later
? ‘ . . L4 M . .
@Delayed Module Posttest). b t oo . -
* . 4 ‘ ’ " -
- M - - e ] A ) * “ \‘
The, data were analyzed us1ng a‘ﬁggress1on analysis. - The criterion

variable (score on immediate or delaigafpbsttest) was regressed on the

various aptitude var1ables for each treatmeht group

statistical procedures were then used to test the parallellsm of slopes*

~ -

' *of the dlfferent groups for each apt1tude measure, Due td technlcal

problems with the medla treatment, tbe analyses were repeatéd excludlng

-
.

this group; °
] : A}

~

~

In cases.where the parallelism of slopes hypothesls was rejected,

~

4

a Johnson—Neyman analysis (Potthoff l96&) was performed pn each pair-

of tr%atment groups - withln‘each interaction to detenmlne ‘the ut111ty

L e .
of the interaction. . .l fe
%*. ‘ -
} .., . R 4 R .
et Findings ° -

' : L e 0

. . - * - L] A

# N
In three cases the parallelism of slopes hypothesis was rejected

N

(A .
at the 0.05 level. The Johnson-Neyman analys1s Lndicated that in only

one of these cases was the interaction disordlnal This occurred
ot when the Test Anx1ety Scale for Ch11dren wasg thegéggltude, the Delayed
Module Posttest was the criterion, and “the media gfeatment group was

excluded. Only the reading and programmed instruction treatments had

significantly different slopes at the 0.05 level The Delayed Module

Posttest scores rose slightly with increased test anxiety scores for
= . . e . .

~ z ‘. ‘ . _‘

17

-Unspec1f1ed ’

:

Ly

1

‘

av




’ 3 . : . - .. -~ A - - R
~ K _ N - .
Do C the réadlng treatment (gaopeaf‘+ b. 04) and fell fairly rapidiy for the .._;
MR programmed instruction treatment’Tslope - 0.68), " The Johhson-Neyman - ‘_
¢ . ] region of n0nsignif1cance for’ these two groups Lay between scores of ) b:
i, k#‘ . 5.8 and 23.3 on the Test Anx1ety Scale for Children= This 1nd1cates . ) ’ .

that students with scores below 6 should beoass1gned to the programmed

5o " instruction.treatment and those w1th scores above 23 shQuld rece1ve )
B - ) '/\ ¢
the reading treatment. . ‘ - i S ]
5 ¥ . . R . R
& . ] . . 4 . . . ~ B '
A \,’ ‘ M e ’ ’U =y v . * .
: Y - ., .. -
. R I PR \ \
T, Interpretations N ‘ ‘.
. . . / I > .' ‘: :
. s . o v . . - ‘e

e k) . . =~ T e "

- * _ The authors feel that the1r results should be interpreted with .

PR
N \v .
.
[{
.
a
s
-

. qconS1derab1e caution because of the p0551b111ty that the tthree inter- . : .
« ) actions +hat were detected were 81mply chance results. xhey feel that v
the lack of definitive results was due to faulty des1gn of the study-- .

* ) spec1f1cally w1th the construction and executlon of the 1nstructional -
. \ -

'_treatmentsh Lt appeared that the tseatments were nbt separated as . .

completely as would have, been des1rable for experimental purposes.

.a » * -

“ "ABSTRACTOR'S ANALYSIS T o

- .
- Iy . -
. -

The study of aptitude treatﬁént 1nteract10ns (ATI' s) is a rela-

. tively new field of research.- It began about 20 “years ago in response . e d

to Cronbach's (1957) call for® cooperative research between experimental

and correlational psychologists. ° - 6t om ! . 2
< H .

" s ’1 ‘l . ‘ ! N - M

. . * ' L) : ¢

R =

- This new area of investigation has generated a great deal &f

- - interest because the differential 1nstruct10n of 1nd1v1dual§ ‘based on’
theirs need interests aptitudes and abilities is the cornerstOne af

$ Ve indi@iduai%ied instruction. The numerous studies?bf ATI s have been ; .
capably reviewed on several occasions (Cronbach and Snow, 19%9 '4 )

L L ) Berlinen and’ Cohen 31973 Tobias, 1976 6%onbach and Snow, 19775 Co
o . " Despite the many studies in this area, progress has*been slow. In" . %
. general— tife research réviews indicate that' thete ate feW‘°1f any, o Te .

o ' L replicated ATI's ‘that permit’prescriptive instruction.’

- . . 13 .

.
- Al L]

EMC T . 13 . k'.;,, N &{" '

PArirTox:provided by Enic - e, 0 . .-
. . . *




a

- a small segment (module) of a ninth-grade science course? Pract1c1ng

"'may well have been swamped by these extraneous factors..

_vator Rut can also generate a great deal of confus1on over a several

© [ >
\ -« TES EET ek € CECEC w HSewan !

v “« . -, . Lot me. . -
In view of this dlsceuraglng conclusion Eeached by the varlous
(

reviewers of the research on ATI'sy it is not clear how this study

fits into the matrix of previous research in| this field or on what
bas1s_the authors inferred the*tentativﬁ guihellnes for the design

*

of instruction that form Rhe basis for the sﬁudy,-
/ ‘ . - _ . .

In their’reviews‘of the research in ATI's, all of the reviewers
have commented on a common weakness of ATI stud1es that affects—their
validity that the aptitude var1ables andcthe corresponding instruc~
tional treatments have not been very carefully thought -out 5 -Oftensthe
instructional treatments have differed only in minor details so that
these. treatﬂénts have not tapped different apt1tudeS In view of thi§
continuing criticism it 1s unfortunate that Sheehan and Hambleton
provide such a br1ef and cursory descr1ption of the instrlictional
treatmpents used 1n the study.* A more extended descr1ption would have
allowed a reader to assess the va11d1ty of the authors statement that

the paucity of results was due’ in large part to problems in the

construction of the instructional treatments. .
¢ ‘ ¢ S

4
\ . . 23
.

» el . - Y. .

‘The validity of the study-is further weakened by the relatively
« .
short duration of the instruetional treatments. The atthors do not
mefition exactly how long the treatments lasted but treatment brevity

can be infefred from their statement that the treatments extended over

teachers are well aware of the fact that an abrupt change in teaching

methodologv,.suchdas from a létture-lab method to programmed instruc-,
tion or a set of- readiugs and worksheéts; can serve as a stE%pg moti-
week period ,as ‘the students and teachers ‘gradually adapt.to their new
roles/and resppnsibilities. As a result, any potential differences.

.

in .the effectiveness ‘of the. various treatments on different students

£ ] " ~
L 4 .- N \.“
- . . . : Yy

The research/design chosen for the study was_an unudually rigorous

one, * Qndpubtedly the researchers encountered stiff opposition to the’

random 3ssignment oﬁ students to treatments and they are to be commended
? . e ‘

- ! oo . ; . .
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iadmipistered would have allowed the neader to assess the possible \\\

.toa

. .
~ P .

for insisting on its use=~-it certainly strengthens the validity o& A
3 - ‘ . .
the study. . . .
PN . v ’ . ] -
[ f

, In general, the research report is well written. The candor with
whlch they discuss possiﬂ/e _reasons for their failure to* detect more
ATI s.is refreshiﬂg ;However, they fail' to mention°In their discuss1on
any cons1derat10n of the power of the statistical tests they' employed.

(§tat1st1cal pqwer is the probability of detelting significant rela-

. tionship when-the relationship does, in fact, exist.) A number of

statisticians, Cohen (19625, Brewer (1572), and Schmillain (l9l6L have ~
cohmented-on the very.lowvstatistical.powen inhetrent in most educational
research Educational researcher’s planning studies would be well
advised to Keep abreast of the 11terature on hypothesis testlng and

power ‘analysis. Cohen's hook, Statistlcal Power Ahalysis for the

;BehaviOural Sciences (Rev.ﬁzd., 1977), clearly outlines the concepts

and procedures involved and should be on every researcher's bookshelf

Cohen s (1979) proposaf»for new conventions for designing and‘reportlng

.

research results deserves widespread attention from the researc
community. . . <
y . . H \\

The research report would have been more useful if it had more
complete.description of how the tentative guidelines for the design -
‘of the treatments were related to previous studies. A descr1pt10n ’ - . -
of the previous background and socioeconomic status of the subjects
would have allowed the reader to gauge the .generalizability of the .
results,. A description of how the battery of aptitude tests was - - .

effects of fatigue and test weariness on the aptitude test scores. :

As previously mentioned "a more adequate description of the instruc-

.tional treatments and their duration would hage allowed the reader S
ngess whether the treatments engaged different aptitudes and - L, .

whether novelty effects qpuld have swamped the ATI. *

* ~ ) ’ - .

Theifield of ATI's has,been,'and still isy an important and popu-
“Tar one. “However, as the.previously mentioned research.revieWS have
pointed out, the problems are many. gnd progress has been agonizingli

slow. Future reseatrchers in this area must be.cateful to design

e i e Al h e e bk n g e et sk e mnm e e et P e e e n s e et ia )
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% their instructjonal. treatments so_that they- do ergage different

. _’————"‘"—/_ -
~_aptitudes,—to—ensure that the treatments extend.over sufficient
g time 8o that the ATI's are not swamped by extraneous“factors, and,
to design their studies with sufficiemt statlstical power so that

the hypqthesized effects are 1likely to be detected.
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Thomas J L. "The Influence of Pictorial Illustrations with Written Text
and Previous Achievement on the Reading Comprehension of Fourth Grade

Science Students." Journal Of Research in Stience Teachigg 15: 401- -

405, 1978. -, T

o Descriptors--*Academic Achievement; Elementary "School Science;
Elementary School Students; *Grade 4; *Illustrations, *Reading
Comprehension' *Science Education;” Textbooks>

o . . ‘ ~

ﬁ&panded abstract and analySis prepared especially for I.5.E. by William G.
' Holliday and William Winn, The University of Calgary

«

)

Purpose'f

f

Dr. Thomas asked three research questions. First, do the addition of

-

.

line drawings or photographs adJunct to a textual description of unfamiliar
sc1ence information'facilitate, in fourth grade students comprehension of
the verbally expréssed information? Second dQ_the composite SRA reading

and science achievement scores of these learnets predict "literal" and

"inferential" comprehension of unfamiliar science information? Third, what -

__1is the predictive relationship between reading comprehenS1on and general

science achievement, as measured by SRA assessment instruments? .
" . ’ . N

.-
-

Rationale - . ) -

0
3 \

Publishers'of elementary school science materials use many different
types‘of line drawings and photographs to illustrate ideas described in
. - -4
~the_prose portion of their, textbooks. Yet, few investigators have eval-

.uated the learning effectiveness of these pictures fp terms of previous

o

-

"‘achievement,. and colored-uncolored and inclusion—exclusion pictorial varia—

bles. Previous research suggests that pictorial illustrations either haVe
no effect on comprehension (Samuels, 1970) or have unclear effects on com-
prehension (Holliday, 1973, 1975).. Indeeq, Travers and Alvarado (1970)
indicate that publishers make editorial decisions about including textbook
pictures based on unsystematic intuitive reasons rather than on empirical
grounds, hence, the need to investigate dn a general fashion the learning

- -

effects of.pictures adjunct to prose passages.
R . , .
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. the subjects as those least familiar to them.

- k4 1y

) .
N -
. *

Research Design and Procedure P )

A sample of 108 fourth —grade students from three elementary schools
was randomly assigned to a multiple colored photograph textk single
colored Line drawing—text or a text-only - treatmént. The first treatment
consisted of pictorial and textual displays taken directly from a recently:
puUlished book

uncolored) drawing substituted for the publisher's photograph and set in

The second treatment was a simplified (apparently

a Single corored background. The third treatment cons1sted of the pub-

These

-

lisher's prose description without illustrative adjunct pictures.
experimental materimls ;Jere photographed arld projected on a scrgen using
Subsequently, students were administered

This procedure was conducted on two occasions,
'Za In addi-

a two—by -two slide projector.
a comprehension posttest.

(apparently) attending to two science topics at _ch'sitting.

tion, subjects werecadministered the SRA reading and science achievement

tests for use in evaluating the setond and third research questions.

~
.

: . .

The four science topics chosen from a'group 0f-20 were identified by

In addition, the experi-

‘menter used Fry's readdbility- graph to assess'the appropriateness of the
chosen prose material and uséd Smith and Barrett's (1974) taxonomy of
reading comprehension in the development of'ghe posttest to insure that )
items measured either literal (i e., recognition) or inferential (e 8., %”

implicit main ideas) learning

-

Findings - . .
J ) . 4 ’ . - . 'l"

AN

" No significant differences were found among the Broup mean scores
nor among treatment- by-SRA test data However, s1gnificant differences
“in posttest scores were detected in the predicted direction among the
high medium and low performers (i. e., high> medium> low performers) “on
the composite score variable (SRA reading cbmprehension and science

achievement) Finally, analysis of the SRA composite score yielded a

positive~correlational coefficiént (0 55), as,predicted e .

-

- 0 9

‘.
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Interpretations

. ’/ . -
reproducing and-including color photographs' in their science textbooks.

$<7 It was conditionally concluded that the type of adjunct picture .

(drawing vs. ghotograph)~and its inclusion or exclusion apparently had -
no influence on student comprehenSi:ZHZZ/fEfEEES~EE§91mationT”fHTEnis

regard, '"Publishers could greatly - some of the enormous expense of
Furthermore, these books apparently were written for the average student

when, indeed; such averaging failed to meet the learning.needs of

students of high or low abilities.

’ -4

ABSTRACTOR'S ANALYSIS

-~ i e

$ Tt ~

Th1s study did not contribute to our understand1ng about how visual
media facilitates in chlldren comprehension of science 1nformat10n pre-
sented adjunct to a prose passage. - Furthermore, the correlational find-

ings dealing with*science comprehension and the SRA instruments were not

-scientifically significant. Indeed, Dr. Thomas was‘cognizant of weaknesses

contalned in his study, as suggested by his remarks to usjand by those made
to his audiences (Thomas, Note 1) at the 1977 Association for Educatlonal
and Communications and Technology,(AECT) annual meeting, . Based on his
comments and other apparent ab111ties we believe he is capable of maklng

a substantial contributign to the field of eduédational’ communication. - -

)
«

) IV
Nevertheless, we will deseribe some of the more serious problems associated

with the present study and cite‘recent methodological advances andigmpiri~

.-

tal findings outlined by other researchers exploring the learning effects

of adjunct visuals. . Co-
) P

~ .

The most serious problem constitutes Dr: Thomas' p01nted suggestlon
4
that "pictures do not influence comprehension.” Careful inspectiOn of
other research studies does not substantiate this no—effect" suggestion

and thé experimental results used to explore ‘this general hypothesis do,

’ not provide the evidence neéded to give it reasonable support for three

reasons. F1rst . a single experiment providing 'no differences or nega-

L
tive evidence does not fconstitute grounds for suggesting ‘that two or motre

instructlonai treatment conditions have a similar effect on.learners. In

‘ . - . 14 ~l£;ﬁy
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\ledge because of the unreliability of such assessment methods.

fact, such findings are of little scientific interest and are often con-
S1dered ‘meapingless when an experimenter theoretically deduces fram the
literature an expectation of positive results. In this sense, the ,f
literature‘review presented in- tHe ggticle is 1ncomplete a:d somewhat
misleading For example, Holliday's (1975) and Holliday and Harvey's
(1976) work clearly supports the general hypothes1s that adjunct’ pictures
"can fac111tate comprehension i secondary school science students., Yet,.
reading Dr. Thomas' literature review, ‘one is left with the 1mpre551on

that thlS hypothesis lacks empir1cal support

[ 4

Second, Dr. Thomas chose nog to use a traditional control group,
thereby leaving open to question the possibility that subjects did not
comprehend on the average treatment information. Data generated from

a control group'would have prov1ded a baseline of performance from which
experimental data c0uld have been 1nterpreted - Indeed interpretation

of any kind is most d1ff1cult (1f not 1mp0551ble)}under such "no~-control"
-conditions when(n;lsignificant differences are reported among treatment
groups. The checkhist mechanism used in thlS study to select treatment
information: cannot be con51dered an adequate control of previous know-

Third, the experimental'vaniables are vaguely defined. Specifically,
the following variables are not described in the artjcle: 1) the

"'science' topics presented to the children, 2) an operational definition

.. {
of the prose passages and the ' comprehension posttest, 3) the informa-

" tional nature 6} the p1ctures and the degree of prose—picéure information

overlap, and 4) a clear description of the procedures used to treat and

.assess the subjects. (Incidentally, some of thip information was presented

in Dr. Thomas' AECT address.) On the other hand; Dr. Thpmas' well-written
article suggests (but does not confirm) that a conscientious effort was
made to provide fourth-grade children with "appropriate" learning mater-

ials and '"reasonable'" posttest Etems 4 s .
:’ n rl

»

@ ° ¢
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Without question, pictures can facilitate the learning of prose _
material contrary to earlier claims made by such researchers as Vernon
(1953) and "Samuels_ (l970) Most of the recent work in this area (see
Holliday; 1973; Levin and Lesgpld 1978) has evafuated elementary school

, . ” ., . . -
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- some gene alization across' 1) methods of presentation (e.g.,- verbal

screens and presented to children as laminated plastic cutouts), 2)

methods o esting (i.e., cued recall us1ng verbatim and paraphrased

-

questions ,13) learner aptitudes (i,e., sex, age social class, intelleg-

\

tual .abil ty) 4)9passage characteristics (1 e.; length complexity, topic

¥ )
" of narrati eL, and 5) retemtion time (i.e., 1mmed1ate and delayed recazl)f
*

Uk
bt N
[ ! » . - ¢ . ,

Pictorial .research in science education during the past decade has‘

mainly focused attention on, junior and senior high schopl students learn-

\

ing "textbdik" information using denctﬂline drawings and photographs

(Dwyer, 1972, 1978; Holliday, 1975; Holliday and Harvey;\l975) ands,

specialized learning materials_including flow diagrams (Holliday, 1976

Winn, in presslx) On the whole, the .empirical evidence and theoretlcal
' explanations suggest that visual media_can facilitate science learning

However, " whether p1ctures have .a similar effect on thildren learnlng

science processes and concepts is currently a matter of speculation.

Consequently,' science educators interested in this research area*will be

.

pleased to learn that recently reported methodological procedures’ (see'
Levin, Bender and Eressley, 1979) can be used with confidence to examine

a multitude of adjunct picture hypotheses dealihg W1th elementary school’
science. In addition, theoretical frameworks used to deduce research
questions about the learnlng effects of p1ctures on»young science students
are derivable‘from commonly cited Piagétian sources and a wide variety of
recent non-Piagetian works: (e.g., Ausubel Novak and Hanesian, 1978; Brown_

and Smiley, I 978 Gagné and White I978,,Pressley, l977 Schallert, 1978;

‘

Winn, in press.b)
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=Anderson, Elaine J. and H, Seymour Fowrer. "The Effects ‘of Selected
- Entering Behaviors and Different Cognitive Levels, of Behavioral
ObJectives on Le?rning and Retention Performance in a‘Unit on Popu-
lation Genetics. Journal of Researth in Scieflce Téaching 15(5):
373-379, 1978. - <y

. . Descriptors--*Behavioral Objectives; Behavior Patterns; Biology,

. - . : *Critical Thlnking, *Genetics; *Learnlng, *Preservice Education;

The. purpose of the study was to expand'research infbrmation regarding -
" the effectsfof selected entering behaviors and different cognitiVE‘i;vels
of behbvioral objectives on learning and retentfon performance in a unit
o : dn/pooulation genetics. The gelected éntering behaviors were prior know-="
ledge and cr1tical th1nk1ng The different cogn1t1ve levels of behavioral
'y objectives were (1) low, (2) high, (3) both low and high, and (4) nome.
; ’ The legrning and retention performance was measured by criterion tests coni~
pletezihy 121 preservice elementary education majors. The unit of popula-,
. tion gerfetics was a 97~ frame excerpt from Population Gene€§c5° A Self-

I

InstrUCtional Program by R. Anderson, V E. Drantz, G. W: Faust, and J.s T.,

Guthrie. - .

Rationale ‘

* - »

.
- AR ©

Bloom (1956) edited the Taxonomy of EducatiOnal Objectives, Handbook

—

. I: Cognitive Domain. Manycstudies have used the clear definitions for (-:

| class1fy1ﬁg questions or behavioral obJectives which this T onomz has
prov1ded Some recent studies have demqpstrated that learners function
differently when they are challenged by different levels of the~cognitive
- domain (Madaus, Wo&%s and Nuttall, 1973; Anderson, DeMelo, Szabo and Toth,
1974). Science educators generally recommend an emphasis on the higher
levels of the cognitiVe.domain. Another major recommendation for the
improvement of instruction arises from Ausubel's study (1963) of advance‘

organizers. Thig study?used behavioral objectives of different levels of
g ‘ ‘ ' - l

. ) ¥ 19 e

2¢ .

Science, Education . e ¢ ’ T
L Expanded abgtract and analygis prepared ‘especially for I.S.E. by David R,
- . Stronck, Univers1ty of V1ct3f
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the cognitive domain as advance organizers for a self- 1nstructiona1 pro-

Y

gram.. Previous seseargh studies encourage the ant1c1pation that advance
organizers will be most effective when they are in the higher levels of -

‘the cognitive domaid. ’

- e

-

Research Désjgn and Pragedure . .

- - R P

~

. <, 0 - : . : : K4
i -, Th1s study used the pretest—posttest control group, design. The pre- -
test determined prior knowledge of basic genetic concepts (PKTO This
pretest was” given one week prior to the treatment. ‘At this same time the-
121 subjects completed the Cornell Critical Think@Test (GCTT) . Two
posttests were g1ven: (1)’ postcriterion test (PT ) 1mmed1ately after the

AN

treatment, and (2) ﬁostcriterﬁon rgtention test (PTZ) eight‘weeks after

the treatment. ' v ‘ e .

.

A}

= . < -

’ i »
Within the treatmént was the study'of the 97-frame excerpt from.

Population Genetics: A Self-Instructional Program. All subjects used_the

same §7-frame excergt and proceeded 1ndependently at their own pace for

three days. The firszksage of the learning packets was of four=d1fferent
oA

types and therefore generated four diffekent treatments: Treatment 1 was

a list Qf iow cognitive level behavioral objectivesy Treatment 2 was a

‘ lisgt of h1gh cognitive level behavipral objectives; Treatment 3 was a list

of both Tow and high cognitive level behavioral obJectives Treatment 4 .
was a placebo rather than obJectives. Although this last list was made

to appear-as the llStS of objectives, it consisted of a 1ist of statements .

of genetic curiosities. Because the last treafment was fiot a*treatment

with behavioral objectives, the subjects receiving this treatment served

- -

as the control group.. - : <

The 121 subJects were preserv1ce elementary edycation maJors at a
major university in Pennsylvania. They were. divided into two equal groups
on the basis of the prior knowledge test «(PKT) by using a median split at
the score of 19. Equal numbers of subJects with high ox iow‘prior know- .-
ledge of selected genetic concepts weré rapdomly assigned to each of the (
four treatme;ts. Similarly the Cornell Criti%ﬁl Thinking Test (CCTTY was

used to divide the same subjects into two groups by usjng-a median split

* i
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" cent agreement level’ in establishing the content validity of each asgessment

= B " . / o -

at the score of 30. Equal numbers with high or low critical thinking R
scores were randomly assigned to each treatmegt Combinations of subjects .
%y scores on PKT and CCTT generated these four groups \ﬁl) low scores on '
both.tests (2) low on PKT but high on CCTT ¢3) high on PKT but low CCTT, -

and (4) high scores on both tests. Because each.of these fiur groups were -

n‘

lelded‘by four- different treatments, 16; d1st1nct subgroups nere finally . -

,1dent1f1ed. The number of subjects im each of these final® subgroups ranged / .

from 3 to'11: ! .. o , : ‘ o,

. .
4 . . 0
- N - < . .

L]
: 3

' The data on the two postecriterion tests (one showing immediate learn-

s v . .

ing performance and the other ?émbnstrating retentien performance after

eight weeks) were‘analyzed by using aftwo-way analysig’of uariance to i{ \ .o
compare the four treatmentg and two‘levels of entering behaviors.‘ Because o 'k'
the number of’subjects in ‘the subgroups wenre unequal the program ANOVUM -
was selected from The Pennsylvania State Univefsity Computer Center library.
Comparisons of the specific subgroups were made as well as the cons1dera-" .

tions-of larger groupings w1th1n the study. ) <. e,

AN 3 a
R ,

. - -

“

The postcr1terion tesf consistéd of 32 items considering the learning "
task on population genetics. The postcriterion test (ﬁT ) was given eight
yeeks later as (PT2) with randomly teordered test &tems These post~ .
criterion tests had three subscales, each des1gned to measure a specific
1evel of cognitive abiL1ty congruent with the behaviqral obJectivés and . .
the learning packets. The three subscales were for measuring khowledge y )
comprehens1on and application wh1ch are thé first three levels of Bloom s
taxonomy of the cognitive domain. A selected panel of experts had 95 per—

AY

tool used in the study._ i »

’ - on . N . . . M B

. h~_:<q’//?qndings ¢ - N e . r -

_ The subjtcts in the four treatmenta.did hot differ signiﬁicantly on ‘
posttest scores ﬁor either PTl or PT2 On PT1 differences were found
, between subJeots with high and subjects with low prior knowledge levels
when they experienced Treatment 3 (which consistéd Jf both low and high
cognitive levels of behav1oralﬂoh;ectivesz,f In this’ s&guation §§§.gépup

3
3

v - 21 - - .. .
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'\with high prior knowledge had’ s1gn1f1cantly higher scores on the knowledge

ne

- level questions. On PT2 differences were:found between subjects with high

w - - .and subjects with low prior knowledge levels when they experienced Treat-
A o ment 2 '(which consisted of high cognitive 1evels of behavioral objectives).
e In this sitdation the group with h1gh prior knowledge had significantly
. higher scores on both the knowledgeband the Somprfhension questions. No
3 . significant differences were found on the basis qf identifying-the sub-
( jects as high or low ‘critical thinkers. ’ .

¢ ‘ - »'
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Interpretations * - F . .
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. __The innesnigator made the following conclusions:. "(1) Behavioral

objectives neaningfully presented to some learners with a new cognitive .
¢ a task Can enhance learning at the knowledge and comprehension levels. (3) .
) Behav1oral obJectives based on cognitive levels of learning accordifg to — ,
. -. - "Bloom (l956) ‘and cons1stent w1th programmed materials prov1d1ng low and
4 S h1gh cognitive level eXperiences enhanced learning for stadents 1dent1fied
.o as hav1ng h1gh prior knowledge (3) xhe 1dent1f1cation of specific enter—
lng behaviors seems to be a significant variable for a learner's perfor-
mance in contentéspecific learning tasks. (4) Systematically,written r

. : el
) programmed instruction seems to enharice learn1ng for some students. (5)-

.2 No 1nteraction was noted between critical thinking ability and treatments

Thi5¢leads one to the notidn that the domains of critical thinking ability .

* and the levels of cognitive behav1oral obJectives presented Ain th1s study .

are in fact 1ndependent of each other The invest1gator observed that .
®

"+ T this study encourages ¢college science teachers to preassess students' know-
' . [ o “ [
. B ledge. . LT ; o 7 . -
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breviods research studies suggested ‘this study by which- béhavioral
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. SR objectives of different bevels of the cognitive domain were .used as.‘ ' AL 3

advance organizers.u Researchers generally willwanticipate that advance

. v w"’@mﬁ.
organizers of‘the higher levels will serve best as factors Whlch improve T
learning Research on| testing indicated that students wilI be best o °°‘ - T
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i 'comparison of t is type of learning with other methods dnd thereforé pro--

;.\

_prepared . for any éxamination by anticipating essay guestions which will

0

require higher levels of the COgﬁitiye domain. Ausubel and others have
»demonstrated that advance organizers 4o improdb-learning. This study

attempted to provide evidence in support of generally accepted concepts.
- . s AY

[ - N

The design and -procedure of this study seem correct, with the‘follow-'
ing exceptions: (1) All subJects proceeded 1ndependently at the1r own
pace for three days to complete the learning from: ‘the 97 ‘frames. (2) .
Although the total number of subjects was 121 the subgroups consisted of -,
an average of only 7,56° students with a range from, 3 to.ll. These two
exceptions tend to eliminate potent1al significant differences‘;nd the
possibilityiof reproducible generaliiations. '

The first problem with the procedure was to allow the students the )
‘freedom to study the materlgls for three days. Apparently no data were
gathered on the amount of .time dedicated to th1s project, by eachestudent
Therefore, each student had thesopportunity to work ‘toward complete

s mast;rv of the 97 frames in the learning“packets. Students with e weak )
background in the concepts or with poor skills of critical tﬁlnking could
eas1ly arriye at mastery of the assigned material by spending a relatively
1arge amount of time in stud%& ‘Some studies on individualized programmed
mater1als have demonstrated that students will achieve mastery by using
widely varying amounts of time, e. 8> Some students will use four or five
times: as many hours as other Students. frobably@all of@the_lZl subJects
were capable of achiev1ng mastery of the mateyials under "the given circum-
stances. The most important var1able may have been the motivation of the §

students toward thisztask Some 1ndividuals stréngly ‘dislike self-
instspcfiongl programs while others greatly enjoy them,. The investigator
concluded“that "systematically written programmed instruction seems to

enhance learning;for some students. . Yes, this study does show that the

subjects learn ‘by use of such materials The study does not show any

vides little or no support for sele&ting systematically written programmed

1nstruction as. a method of.instruction.
. . ,
. . A

~

Theinv2stigators concluded%that behavioral- objectives meanlngfully

pnesented to some learners wibh a new cognitive task can enhance learning///

e
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at the knowledge and'comprehension levels. The data from this study
linit the "some learners" to only.two situations: (1) On PT, the group
of 14 subjects with higher scores on the prior knowledge test (PKT) had
significantly higher scores than thé’l?ssubjects with lower scores on the
PKT when nhese two small subgroups experienced Treatment 3. The higher . .
scores On PTl were limited only to the knowledge level questions. These .
results were not replicated in PT,. (2) Omn PT2 the group of 17 subjects -
with higher scores on the PKT had s1gnif1cantly higher scores than the 13 :
subjects with lower scorgs on the PKT %hen these two small subgroups exper- ' —~
ienced Treatment 2. These, results were limited to scores on the knowledge
and on the comprehension ouestions and wére not found.on PTl‘. Obviously
the significant differences in this study are relatively rare events,
based on small samples and not replicating between the two posttests.
The lack of consisten% trends in the’ data seems to indicate that the sig-
nificant differences may be generated by undetermined differences within .
the small samples.° The abstractor has little confidence that the same two )
situations gnd only these‘two,will produce significant differences if the
study is repeated with another 121 students,

Bloom.(1976) generalizes that half of the variation in achievement -
by students can be attributed to prior knowledge. ‘This study does support ‘ ..
the impact of prior knowledge by showing that some groups have improved
scores on a posttest when ;they have higher scores‘on the priorgknowledge
test. Nevertheless, the significant differences are relatively rare and

probably were eliminated in most comparis0ns by the uncontrolled factor

of time spent on the learning. The investigator is correct in concluding

‘that the identification of specific entering behaviors seems to be a sig-

. nificant variable for a learner's performance.

.

- ' ' N ’

°

- The 1nvestigator s conclusion that the domains of critical thinking
abilitywand the levels of cognitive behavioral obJectives presented in ‘
this study are independent of each other seems to be based on very weak \
evidence. A As noted above, there are only two situations among the 16 \
simitaf comparisons which produced significant dif ferences. The small .1
samples in these.two comparisons Supported the well established recogni-
tion of the major impact of prior knowledge on future achlevements in

learning. The abstractor believes thatgthere’is a weakness in this study

s
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becauge it does:not provide more evidence in support of impact from prior
knowledge The absence of significant d1fferences on the basis of the

scores from the‘Cornell Critical Thinking Test may be explained in terms

of var1at10ns of t1me spent in studying the packets varlatlons 1n moti-

vation toward self 1nstruct10nal packets, and the size of the samples
The abstractor does not find the absence of s1gn1ficant differences to be

suff1c1ent basis fo tablishing the independence-of critical thinking

ability from the higher leve f the cognitive domain. Definitions from

Bloom's Taxonomy (1956) seem clearly to requlre critical th1nk1ng ability

in order to ach1eve the h1gher levels of?cognltlve th1nk;ng. The only
conclus1on wh1ch the abstractor could cornfidently ‘support is the recogni-

tion that prior knowledge is the most ‘significant variable in predicting

achievement on sglf-instructional programs.

L1

The investigatorsrecognized that this stddy provides the implication  *
for college science teachers to preassess students' prior knowledge.
Certainly teachers will be most effective in their selectior of curriculum
when they clearly know the level of knowledge of students when they begin
each unit of instructf%n. The investigators havebeen helpful to science
educators by encouraglng the use of preassessment to meet the unique needs

of learners. In-this study, preassessment was used to d1v1de the subJects

,1nto groups of high and of low prior Jknowledge and lnto groups of high and

Y

of, low ‘critical thinking SklllS. In research stud1es ‘pretesting 15
usually given toidetermine the increments in achievement for‘each'subject
The abstractor hypothesizes that if increments had been measured in this

studyg'the subJects w1th low prlor knowledge probably would have ach1eved

_ significantly greater increments.- Th1s hypothesis 1s based on th®e finding

of few signlflcant diffegences among groups in the posttests. The abstrac-

" tor's suggestion for” another research .study would contribute to the many

studies alteady comp{eted on self-instructional packets as a method of

learning. . ) ] L ‘
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Hermann, G. D. and N. G. Hincksman. "Inductive versus Deductive Approaches
2 +in Teaching a Lesson in Chemistry." Journal of Research in Science °
Teaching, 15(1): 37-42, 1978. ’
Descriptor——*Achlevement' *Chemistry; Deductive Methods; Educa-
tional Research; Inductive Methods; *Instruction; Science °
.. Education; Secondary Education; *Secondary School Science,
. =~ %Teaching Methods .

3 ~ . .

Expanded abstract and analysis prepared especially for I.S.E. by John R.
‘Staver, De Paul Unigersity. 3

s

Purpose . . '
"t ’ .S’ .(\ ‘ s -
The purposes of the investigators in this study.are twofold. First, the
“
efficacy of inductive and deductive teaching methods are compared in
* . . . .
teaching a unit of chemistry. Second, trait-treatment interactions con-

‘cerning‘subsets of learners and increased effectiveness of the inductive

t

method are investigated. .-

Ratidnale

. .

4 iy . . . °‘

’ 14 . s 7

Proponen.ts of inductive learning claim that student involvenﬁt in problem-
solving actLvities aids retention and further discovery learning. However;
a second claim often leveled by eritics is t t'inductive problem solving °

RXeach.identical learning goals

3 /
" than’ does a deductive approach. T )
o -~ ) ’ ‘o

- *

. . . h e ’

activities require more time for students to

-

/ « .
Discovery learning_experiments, accordiQétto the investigators, _are, gen-
ru

erall;_concerned with sequence of inst ion. In this study, ‘inductive

and deductive strategies are compared which are distinct in t7e‘§equence

« of instruction but are identical in time allotment. s/An inducfive learning
strategy is characterized by examples of a‘rule followed by a rule,,
whereas a rule followed by %ﬁ%mples of the rule identifies a deductive
method in this investigation. 4

e
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" Evidence in the literature of education and psychology indicates that
differences-in subject performance under inductive'and deductive treat-
ments miy be expected with respect to IQ, trait anx1ety, “and sex.

- Specifically, high IQ subJects will perform induct1ve problem—solv1ng

‘ activities better than average IQ students. ngh IQ children will learn

equally well by an inductive or dedubtive strategy Average IQ stidents

,> . will retain more information after 1nduct1ve learning than after deductive
N learning Further, highly anxious sub3ects*w1ll learn better deductively .

than inductively (Sakmyser,~l974) Finally, mgle students w1ll outperform

v their female counterparts in the 1nductive ‘learning of a chemistry task

" (Ormerod, 1975). ’

»

- ..

\

Research Design and Procedure . ‘ N
. . . Q

\ - o .

: S The independent variables in this factorial research design were instrtc-
tiot, trait anx1ety, IQ and gender, whereas the dependent variables were )

the immediate and delayed posttests. The data were analyzed by analysis

- of variance. // ! T ) A
. ' [

~ a

Participants in the study were ninth Vgrade advanced level science students

from nine higH schools ‘in the Sydney, Australia, metropolitan area. There
.were 455 subjects involved, but 156 cases vere not included in the data
. analysis because of absence lack of IQ data, - and clerical errors.
. ¥xclusion of these, subJects left 299 cases™ (134 males and 165 females) -y
who ‘were randomly assigned to the inductive or deductive learning ‘program {

. “on a within-class basis. The authors noted that subject wastage was ’
o > N ) ' . .

random. _
Deductive and inductive instruction was focused- on stoichLometry, a unit °
in chemistry not yet encountered by the subjects. -Learning materials ‘
included linear "programmed instruction booklets and separate response °

’ * ‘sheets for: each type of instruction. A fixed rate of instructional

progress-as -assuted by use of audiotapes. The lone distinction between |

d the deductive and inductive booklets was in the relatfve placepent of

e - the rules to be taught. ﬁach booklet contained 60 frames, the rule was
placed in the eighth and tenth fram§§ of a 10-frame set in the inductive

. PR . . , .
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N -
) format, whereas the rule yas found in the first and third frames of a

table of chemical synbois and

10-frame set in the deductiwe formatf !

e i
valancies (authors term) and an answer sheet were included in each

prograﬁ. Al! directiong were administered via audiotape, and the time

allotment (30 to 90 seconds per frame) was also controlled in this

manner. The total learning period lasted approximately one hour. A

posttest was administered immediately following ,instruction and a

parallel form pf the posttest was given two weeks later. A“mooified

form of Sarason's Test Anxiety Scale for children was administered

immediately,foliowing the second posttest. The investiéators did not

speeifically mefrfion the source of IQ dataj it is a logical guess that

- such information was o6btained from school records.-

.
»
o
\

,

. Findings : ’ s. . ,

¢ - . . -

A summary of the authors' findingfi%f given below:

4
l.

'

The deductive instructional group scored 51gnif1cantly better
(p <.05) on the immediate posttest than ‘did the inductive 2
instructional group, but no significant difference between .

g e

.treatment groups was revealed on the delayed posttest. .

. 2. High IQ students did eignificantly better on the immediate and
“

dela&ed‘postuests than did thed average IQ counterparts.

3. No 51gn1ficant differences were observed on ‘either posttest

. :' between the high and low test-anxious groups. . .

40

, : posttests.
. 'A .
5. The interaction of method x IQ x anxiety reached statistical

R significante (r <. 05) for the deiayed rétention test. All

Famales scored significantly better than {id males on both

L]
~

. remaining interactions were not significant.

Toae
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‘Interpretations ;////,

v
d - <

Conclusions, inferences, and impdications made by ‘the authors are

& ®
E) . .

summarized below:

. -

1) Presence of a significant difference in favor of the de%fctive
) group on.the immediate posttest and absence of such a difference

on the delayed posttest are consistent with arlier findings.

2) A tentative suggestion, based on the findings, is that a deduc-
tive method may prove superior'for immediate retention on difficult
learning taskg/, whereas .the inductive method, seems equally

+ effective for delayed retention. ’ (’ -
. ' N « 7

3) 1If disgcovery learhing'techniques'are developed, time allotments
are equal, and delayed retention is equally effective, then

& . inductive learning ig the' advantageous method.

‘ 1 S -
4. Absence of interactions among method, IQs trait anxiety, and sex *

' may have resulted from the high degree of structure associated
: ¥ .

’

with this learning task. n

e N
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- ABSTRACTOR'S ANALYSIS ) -

The issue concerning the.relative eff cacy of indpctive and deductive

‘methods is the -most important point of this investigation. The instance
of equal effect1veness for delayed retention ﬁeported in this’ investiga—

" tion is noteworthy because equal allotments of tite were given to each
instructional strategy. However, caution must be'exercised in the results
and generalization-of these findings. The learning task was highly |
structured, briéf, and involVed the use of audiotapes. "Also 33 percent of

%ﬂ%the students were not included in the analysis, due to missing data,
Removal of one~third of the subjects from the analysis created a_serious
problem. The authors' note that the loss was randojifs difficutt .to

" accept without further evidencey “The participants ncluded in the data
analysisAmaywnot be representative of the science class from which they

were selected, thereby king further generalization tenuous. Techniques
vﬂ* ~ ¢ e
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Aruitoxt provided by Eic:
i . N

- ,' ) ,
- ‘v . ,‘ S
for handling unequal cell freqUencies in -ANOVA were available in the mid-
1970's, and such methods are more approprlate than is exclusion of cases .
due to missing data. Pt seems best to view the results of this study
with much caution. * The findlngs have heuristic value, but further work
is needed to support the evidence presented in-this study.
- - A i - N - ‘4
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Krockever,, Gerald ang,éarshall Malcolm. "The Effects of the Science
Curriculum Imprévement Study on a Child's Self-Concept.! Journal
of Research in Science-Teaching 14(4):  295-299, 1977,
Descriptors,—- Educatdional Researgh; Elementary Education;
i ﬁElementary School Science; *Elementary School Students;
Instruction; *Science Course Improvement Project; Science
Education; *Self Concept - .

L L 3

David P+ Butts,JDepartment of Science Education, The University o

Georgia . .
. : 4 : P2 i - . ‘ .
\ .y /
éPurgosé ” .
o .

To'investigate an hypothesized relationship between p%rticip tion
in SCIS and“the child's positive self;concept.

3

LN
(. ‘ A3
‘Resgearch studies have suggested that the leagping environmeﬁt, e.8.,
a humanistic emphasis, enhances the development of a strong positive self-
concept in students. Other studies also‘support the conclusion that the,-
stronger the self-concept of.the student the greater the student's agédemic
performance. Other variables such as gender, race and égé that ﬁéy enhance
or detract from this rélationship have also been investiga%ed: The precise
way in whfzh aA;Becific science curriculum as a context for learning ianﬁ:
ences the.dependent variable of a chilq:s séif—éohcept is a key conéern in

this study. . ) .
. Al ’

(} . X i\

Research Design and Procedure

-

The design-was a pre-post control group where

%, B % . |
\ ‘ ¥
‘ 0 X3 0, - , \ :
. " ) ~
01‘__4 = measures of gelf concept with Piqr'Harris scale
X\ = §SCIS cqrriculﬁm for 4-1/2 months ' ’
Xy ~.= conventional cu;ricﬁlum for 4-1/2 months, )

P 32 .
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% . .
The subjects used in this study were 189 students, third to sixth
'grades, in Indiana schools., The subje ts were intact groups enrolled in
elght classes. . The experimental _group consisted of two randomly assigned
. classes to receive the SCIS curriculum at each levely grades 3, 4, 5 and

6. The control classes continued to have a sc1ence textbook-based

v

- sequence as had been their custom, . I

S

.
¢ . R . N
o §

All the subjects were given pieteét of self-concept, Piers Harris
E Scale. The.teachers were-given the Bratt Attitude Test to ensure lack

of bias in teacher attitude.

The treatment consisted of four and one-half months of instruction

either in SCIS or in conventional textbook. At the end of the treatment

.

the Piers ‘Harris test was given agalh to all subjécts, = .

. b
Findings . . . . ’ ' . )
Using”a three-way (4 [grade] x 2 [gender] x 2 [treatment]) analysis
of varrﬁﬁce the mean gain scores (total and sex cluster) from the Piers ‘
. Harris Scale were analyzed. -No evidence was found fhat gender or grade g
level produced a change in child's self-concept. The type of instruc-
tion was found to be a siéﬁlficant factor.”
- .
Interpretation - b . T
' For this studym it -can -be concluded ,that tﬂe science curricula can .

o

. : " ' -
_ﬂd_ﬂﬂ,,be effectively used t% enhance a child's positive 'self-concept;

R 7

ol

ABSTRACTOR'S ANALYSIS - ’

L s . * . . - R - L4 P — .
5]

This study provides useful hints about the impact of school exper-

¥

’ .iences-on students” self-coﬁiept»wmlhat school eXperience would be.expecteda

) ‘- to show such an- impact is well supported by. the authors. .That schodl experi-

. ence did indeed have this impagt is far. less certain. The design permits
:‘J&:’_ AN ' c e . ®
o 33
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only the certdinty that post-instructional measures of self-concept were
indeed *different than the pre-instructional measute of that variable,

L 4 -
What is missing is a clear measure of the Validity of the independent

—

variable.\ In what ways ‘was dbe inst;uctional variable agtﬁally .
_manipulated--and with'what confidence can one believe,that there was
egéugh difference in the experimental and control treatment to attribute
change iﬁ'pre—post méépure to the trea:%ent?”'In the absence of ejither a
specific description of the experimental treatment--and an indication that
students had indeed acquired kndwledgé or skills,ﬁthe reader is permitted\
only.the cthlusidn that student performance on the measure qiﬂ cﬂange ¢

over the four and one-half month period. This is reflected in the very

2

>limited implications for scierfce teaching the authors were willing to

~ make. (\ .
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owe e "The, Use of Concrete Methods in. Secondary .

Goodstein M. and* A. C.
Journal of Research in Science Teaching

Chemistry Instruction, "

lS(S)w# 361-366, 1978, .
DescriPtors--*Chemistry, Cognitive Development, *Educational

Resedrch; *Learning Theories; Models; *Science Education'
*Secondary Education- *Teaching Methods_
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Expanded abstradt and - analysis prepared especially for I S. E by John R.
Staver DePaul University

-~
-

° Purpose . ' ) ) . ;
. ’ * 2
i The purpose of the investigators in this study was to answer the *
First will the use of concrete exemplars in chemis~

following questions-
Second is learning

()

. try instriction improve learning in chemistTy’
improvement relate .to’the operational level of the student's thinking?

i:;tructional methods,1n which

" The authors stated® ypothesis was that
of a concept will lead to

. learners use- concrete models and exempla
- better understanding by students ‘at both the concrete and formal opera-

donal levels of cognitive development

Y
-

W AN

R

Rafionale
The theoretical base 'of the investigation is founded in Piaget s
The instructional issue concerns the

theory,bf cognitive development
walue of‘matching teaching strategies and the intellectual development

of students for the imprqvement of student learning

¢
]
t
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Résgarch Design'and,Procedure )
. < T .

< . LI
W

.

7 Ninety-ffbe (95) chemistry students enfolled’in a, high school whose -

population is largely indnstrial*IOWer-middle-class participated in'the

Do &

Each subject wag a member of one of four’ regular chemistry .

study.
The'

'élasses' students in the honors chemistry section were excluded,

fiean’ aggaof the subjects was 16 years 8 months*
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o L The four classes remained intact during the investigation; two were

..assigned to the treatment group such that the two teachers prov1ding

.

insttuction each taught‘one experimental and one control class. The unit
of instruction was stoichiometry, the first unit uiring chemical ealcu-~

lations fbr these sybjects. Before 1Pstruction, the Piagetian level
,'é'-
each participant was' ascertained., Next, stoichiometry instruction, control

* and experimental “was provided for six weeks. After instruction, student .

-

comprehension of stoichiometry was measured A diagram of the research

l, design appears 1n Figure 1. ., .

.. ; R ’ - , Stoichiometry

- LN
. .
. ° o
. N
. . [ N s
-

Assessment of the parbicipants logical-reasoning'processes was done

by a written instrument.i The three sections of the wrltten test measured
i ability -to ﬁerform the operations of exclusion, combination, and propo't-

tionar reasbning.' Sectiong 1 a 2, exclusion and combination, were taken

from Gray s (1973) validated,test “whevreas Section 3, PE; portional reason-
ing,’ was adapted from, two tasks designed by Karplus (197 Y, "Mr, Tall-Mr

Short" vand "the cdr® problem "

’ 3
. . N . . . .
. ’ -

.

- &

: The six—week instructional per;od was conducted in a lecture-response
Jhi mode with associated>d;ill dnd 1aboratory experiments. ’The stated princi-
. _pa1 difference between the treatment and control classes involved the use
‘ ‘of Concrete midels (marshmallows, jujubees,‘styrofoam balls, and toothe

P

picks) to represent atoms, molecules,,and ioﬂs in stoichiometric chemicdl

readtions. Laboratory\work consisted of four two-hour iods’ during ,
which all students performed the following experimeﬁts‘ l) indirect count
of large numbers of parqicles, 2} determination of, the percent “of water in .

.a hydrate and 3) determination of the ratio of thq producﬁ (NaCl) to

o ” i

) , \',-\.’ . . . ' -~ : R .
. N . ‘ N . o .- ,
- T . . - [
4 * . . .

Ekperimental . - .- Piagetian i instructionwith . Stoichiometry
*  Group © "——=  Level concrete models Posttest
‘(2¢intact classes) *Assessment . and exemplats ?
'. . o . LA . N . . ) -
) ' ’ .. . Stoichiometry
«  Control ’ Piagetian . instructionwith- Stoichiometry
Group * -t ——" . Leyel, out concrete models Posttest
(2 intact classes) Assessment and exemplars
¢ ¢ . s -
Yeoe s . 3 Figure,l.-?Design of the Study o< ’
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reactant (Na ) antrol classes!performed an experiment to determine
Avogadro's number by monomolecular layer method but treatment classes
instead worked with concrete models and 0.1 mole samples of certain ele-~
ments and compounds. to‘deyelop the idea that thé mass ratio of single
atoms of different elements is the same as the mass ratio of models of,
the same element. All instruction‘in both groups was based oi\the intro-

ductory chemistry textbook by Metcalfe, Williams and Castka (1974).. ,

. N
~
.

Comprehension of stoichiometry wss measured by two questions (shown\‘\
below) embedded in the unit exam administered to all participants follow~
ing instruction. “The twa questions ‘were unlike any encountered by sub-
jects in the text or during instruction! They were constructed to assess
the development of a conceptual understanding of stoichiometry in con-—

" trast with the use of a memorized dimensional analysis algorithm in the
solution of quantitative problems. All other items in the unit.test we;e
similar to instructional examples, The chi~square statisticéwas employed
to test the,phll hypothesis. ’

%

. . N . . \ . ) -
Question 1: Which, if either, has more atoms, 30 grams of‘ogygen

4%

or 30 grams of chlorine? Explain your answer,
Question 2: 35 grams of chlorine are reacted with 35 grams of
sodium to form NaCl. Is there exactly enough of each

or will sodium be. left ‘over or wilk chlorine be left

!

over? Explain your answer.
' ¥
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-
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Find ings . . o » - ’
- ! ~ . .

i .
A summary of the authors' stated findings is provided below:

-~ : s
. . ’ o

‘ 1. The eipectédAwide variation in cognitive level of the partici- -

pants was observed (Cl——early concrete: 4 percent; C2--advanced
ey . -
concrete: 21 percent° Fl--early formal: 35 percent; F2--

advanced formal: _ 40 percent).

>

‘2, Participhnts' scores on the stoichiometry comprehension posttest
were "significantly associpted (X = 25, 68 df=4, p < ,0001) with
cognitive level within the treatment'group, byt posttest scores




’ ) were inde'pendent (X =8*94 df =4, N. S., p < .05) for subjects

- .

- . in the .control group‘“ . ¢

3. For sul;jects cl-assifiedg as advanced* formal operational a signi- .
. ficant .number 4in the treatment group achieved higher scores on

the posttest than their counterparts in the ‘control group (X = L.

»
.

‘ - * 7.36, df 2, p< 05) The independence hypothesis was - ot - .

- ~ el ? e
rejected for students classified as early formal or concrete

- . . . ;
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Interpretations. .~ L. s -

.t -

.
- & .
et © »

. The conclusions, inferences, and implications made by. the authors are

f summarized below: . ' .
. ¢ 1. Concrete operational students did not profit from insttuction includ- . -
] [AJ ‘ - _ , ' v
. ing concreté models and exemplars. < L '

a [y

- 2, The results are unclear concernirg st(deni:s, classified as early formal

. . operational s ) ‘ L
-2 3, Instruction with concrete models and exemplars was beneficial‘ for oo e

- advanced formal ;hinkers. ) - ) b - .

< 4, Negative findings concerning the benefits of the instructional treat- . .
ment for concrete,learﬂerskcannot be attributed ‘to poorly designed o~ o . )

- - ? Il ® u\\\ r

. . ' prbcedures. - ) | ~

-~ f: *5. The ﬁ;lndings do not support the view that any subJect may be success— . ’.,‘

'_ . fully taught if concrete methods aré used. . ;

i ! R 6. Three factors (cognitive ‘level of the learner, conceptual level of the - _f,.?

S material,. and the method of instruction) must be considered in thé\-

SR g interpretation of the results. . . NN

-, s - -

»

: 7. The oncepts were apparently too difficult for all but the advanced %
2 T , forma thinkers. ' o . ‘ T i%

v . 8. The instrucﬂional method was a controlling factOr for. advanced formal
;V 7 . ' students, . Concrete fexemplars provided a base for formalsthought. by ;
SN , - ' these participants in the experimental group, but such thinking was

apparently not used byf advanced ‘formal contral subjects who did not . ;

LI - ~

havé such models.a '
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~ 9. The findings suggest' that concrete thinkers cannot learn concepts

that require advanced formal thought regardless of the instructional .

method, but the-use of concrete models and exemplars -by formél.

%?# N thinkersican\enhance learning of ‘formal concepts, ' , :
5 J . :
B 7 - 10, The first consideration‘should be level of thought required in the _ ‘

’ concepts learned,‘then a reasoning level\assessment of the learners.

i

T Y

If the students do noy yet possess the necessary cognitive‘reasoning ‘ ?
‘\patterns, then instruction +should be postponed or the concepts reduced- —. { :
. in abstractness until -they are consistent witthonformal reasoning
T

* patterns. , B ~ , "

:

o ABSTRACTOR'S ANALYSIS . o . | 1

-
. -

- . .~

. . The authors have provided evidence concerning a most important *
!nstructional question' Will matching the conceptual level of instruc-
tion and the intellectual level of students improve learning’ Whereas’
generalizatipns Beyond the chemistr; student population in the school are .
unwarranted (and the authors rightfully make none) due to the nature of ‘

participant selection .and assignment to groups, the findings, conclusions

and.interpretations merit dfscussion within the4limitations of the study.

Three pointq of concern require delibenation. First the planned -
instructional difference between the treatment and, control groups was the
use of«the aforementioned concrete models. However, control group parti-

cipants- were required to do an experimental determination of Avogrado 8

i

t

.

¢ -
B>

TS i peiny pwin P

number'bymonomolecular layer method whereas ‘the experimental group

performed“an alte?nate experiment Further, the ihv tigators nyted that - ?}

Avograda s\numberfexperiment required a high degree of abstract (formal)

Sy g
2
e e tae

thought but the\hiternage experiment seemed inherently less abszract

\\
This represents a very substantial difference' it invoives 15 percent of .
’ ¥

IR A

the time devoted ‘to laboratory Work duting instructiop R

L4

P ~
‘z -

'-/'

. . '

‘a
1A

—_—— The second concern stems from the lack of detail in the description 7’

of the treatment. Readers are merely informed of the planned, instruc- o ﬁ
tional\\iffer~nce involving\the use of concrete exemplars. A more
\
detailed summary\ofgthe frequenc;\ana‘methods with which concrete modelsp
ey

e .. ¥
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were'usea during the six-week instructional period is needed, especially
. ~in -view of the findings. Without knowledge of such details, readers must
question the degree of any difference between instruftion in the experi--*
mental and control groups. Leonard and Lowery 6l978)'have empirically
addressed the issue poncerning differences in instructional treatments.,

" and simllar procedures should be an 1ntegral part of empirical effective-
ness compar1sons. " The results, however, do revegl that some 1nstructlonal
d1fferences existed between the groups, but the magnitude ‘of that d1ffer-

. ence cannot Be inferred from the authors' cursory description of the
instruction in the treatment and control groups. The central_point of )h

\\second concern is this: Can the expected comprehension by concrete

thinkers in the. treatment group be better than that of their control group

K . counterparts, ‘given th1s particular instructional treatment and posttest?

—

In my view, the answer is no, until the treatment is detailed. An explana-

tion of my answer includes an integration of the authorsJ\posttest, the

. treatment, and the nature of cognitive ‘development according to Plaget - e

' Theuposttest,1sugenuinely a test of comprehension, or.possibly applica- ‘
tion (Bloom, 1956), and such cognitive thought implies a deeper .internal-
izatibn of concepts thaq a commitment to memory. The investigators are

to be applauded .for setting such cognitive goals as their learning ;
objectives. Howeyer, a problem arises with respect to the instruction and
concrete thinkers. Possibly, an insuffieient frequency and integration, of

the concrete models and exemplars did not allow the concrete thinkers to

internalize stoichiometr1c candepts to the degree measured by- the posttest:.
T It seems clear that for formal thinkers, the frequency and integration ‘was
quite sufficient? and the, concrete models did, as the authoxs state, pro- ;
" vide a nonsymbolic framework for carrying out the formal reasoning patterns ‘
“ ' alr ady within their capability. But a more frequent use and elaborate

!
‘ deg ee of integration must occur for the concrete thinker to employ con—

I M i,

s i e

.
()

o'

The'third concern is dérived from the mental capabilities of concrete

‘thi kers. Again, inmy v ew, the treatment possibly 'did not provide
eno gh integration and reduction of abstractness within the time frame ‘ . ‘
! - of the experiment for concréte thinkers to be successful on such post- i

test problems. This study was not-a training study, and the authors . .1
- N ¢ . . i *
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rightfully did not expect concrete thinkers to be in using formal reason-

ing patterns as a result of treatment But, was thg treatment effectiyé

in helping concrete thinkers understand stoichiomettry via concrete

. reasoning patterns to the extent that such participants could solve posf-

. test problems at bloomfs‘fIQSG) comprehenéion or application level without '

: concrete models? It would have been most interestlng to inspect the post~-

. ‘test results of.concrete thinkers who used the\models during the posttest
The abstract structural.relationships S0 apparent to formal thinkers are'
not obvious to concrete thinkers. JIf the concrete: aids are removed, the
concrete thinker is left to consider the problem abstractly. Whereas the
treatment was almost certainly helpful, it probably dld not adequately

prepare such subjects for the cognitive rigors of posttest

. e
[ 6
« .

The entire line of argument may be due, guite possibly, to factors
beyond the control of the 1nvest1gators Herron (12]7) has often taken

1ssue with the desires of reviewers and editors for brevity to the extent
d w
that clarity is comprised All concerned must remember that their goal

is to communicate as much as possibLe In thls,case, the reader is left

wifh ‘questions due to a lack of clar1ty concerning the 1nstruction .

Tt .
~— « ., -, ° .
f -2

—— . Kl —— i e = gy =

‘ The oppOrtunity to consider\the empirical data in this report was
most pleasing, . However a: detailed 1nspect10n revealed an inapproprlate R
analys1s of part of the data. The .poifit involves minimum’ acceptable
expacted cell frequencies in a chi-square’ cOntingency table. Siegel
(1956) notes that when the number of columns in the contingency table is |
larger than 2, the X2 test may be used, provided that no’ more than 20
perceht of the cells have an expected frequency of léss than 5, and no .
cell has an expected frequency of less than 1. X K test is not mean1ng—
ful unless these criteria are met#° Unfortunately, the expected frequency
falls below 5 in one-third of the cells for each X2 done. Siegel (1956)
recommends the combinatioh of adjacent categories. to alleviate the pr3b~
lem. Whereas -dombination of adjacent categories represents aﬁéacceptable

°. statistical procedure, it should not be arbitrarlly doﬁh In tﬁis inves—"
tigation, the, adjacent categories of "early formal" and ﬁadvanccd formal"

? thinkers also represent a theoretically (psychologiéally) acceptable -

s combination. The categories have more in common than eitﬂer deas tith

P

the "concrete" classification. M r' .
- . = ’ a .o
. . ] ) . e " Y . -
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e When the X° tests performed by the authors are done on the modified

[

contingency table, the following results are obtained:

- ’ '
o ’ 1. x? tests remain meaningless for comparisons of cognitive level

- and score’within the experimental and control groups due to the

. . ‘ aforementioned criteria concerning qinimum expected cell fre- ,

quencies. . . )
£ L] ¢ “

aﬁ For all formal thinkers;’the proportion of)studéhts in the

_ experimental group whd obtained high scqres is significantly

‘ s greater (Xz-12.92, df=2, p < .01) than the proportion of
control grolp subjects. »

’ Ve ) 4

& -

. . . \ﬁ In sum, the contribution of this investigation, in its present form,
. ”—\;) to the science educationm ljterature remains unclear. The exact nature of
thg use of concrete models and exemplars néeds more ‘detailed descriptiom,
vt and ata requireLanaleis hy more appropriate methods. The score .distri-
v, bution\could be collapsed further by combination of adjacent categories
to give % 2-x 2 contingency table. The Fisher Exact Probability Test
) (Siegel +1956) is an appropriate alternatiVe to\Xz-fdf 2x 2 contingenc&

4 tables w1th smail expected frequenc1es. Whews the above suggestiong or -

@ other acceptable alternatives are carried out the findings, conclusions,{

. ' and implications will be clarified and the contribution of this. investi-

<
- - > L)

gation ‘'will become more . lucid c- . .
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“to use thetsame time-sl
- '@@experlment;for the control roup.
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IN RESPGNSE TO THE ANALYSIS OF

o 4

Goodste1n M. é and Ann Howe. "The Use "of Concrete%ethods in
Secondary\Chem1stry Instruct1on," by John R. Staver.

Investigations in $cience Education, 8(2): 37+ 45 1982.
‘ ~ . L by X% s

R . Madeline P. Goodstein C .

Central Connecticut State College

- + and . N AU
c Ann Howe - Lo .
: . Syracuse University ¢ '
. « - d
’ -
We wouldf like to respond to the three po1nts of concern stated by
Professor Staver as follows: N .

-

4
. -

On the Differegpe in Instructional Treatment
P-4

roup mﬁst be: equalled by time spent with the control
réht lreatmeﬂt of the same topic. 'In this case, the -
ulxed_tlme_ln_the_experlmental treatment that
was deVoteQ &orgﬁbh nencoricrete actjvities ‘as oral d1scuss10n or working
out problems=w1th$§he chtpol;gro&p -
s ol * S . . ,

In the same ve1n soﬁ% labyratory time also” was used to increase ‘
the .amount of cdncaete@actlylty availfble to the>exper1mental group. Of
the four. experlments carxled out, ‘pnly one, the monomolecular layer

tﬁe e§peg1menté§
f

oﬁ’ ome

.

-experlments,-was Judged to be: esSentlally formal rather than céncrete.

in tth experlment is rot. in itselif productlve of .

ize of aumolécule,‘axtenslve°mathemab1cal and! A

The hands -on. activit
understanding of the

1geometr1calinstfuctionsare requrred to reach the desired conclusion.

Hence, an éxperlment wh1ch used afmore concrete procedure was selected -,
s was'f1lled by the monomolecular layer ' S
This t;me perlod ¥ccounted fof&seven

percent ofl the total course thme. i |

models were posted permanently on the wall: We question whether any
attempt to modlfy this would be useful. . } , -

* .2 ¥ ¢ : N

g

Q

. 7 e e e g ;ﬁvqwkw'»~-«*;,’l e

"On Loss off Detall in the De5cr1pt10n ‘of the Toel T %é; g ”..x
. Instructional Treatmént .’ f R C L, ; ) ;ﬁ‘:j
T .. P . 7 o I &Y

As part of the treatmenﬁ-selected for the exper1menta1;group,, N z
models” were frequently’p1ckqd up and shown to, the class for rather ,short ;
. periods and then put down agaln Also, the models’ to be used in any i
-discussion were visible on the front. desk throughout, thatpperlod, some &
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The editor's limitation on the length of the article unfortunately
forced us to eliminate ma of the details:of the instructional.
procedures. However, thiére are only a specific number of places in the
topic of stoichiometry wHich can be concretized with models. We believe
that simitar use of the models ‘would-be,made by*any teacher offering
secondary instruction in stoichiometry who sought to replicate this
study. . ;

.

*

On the Chi Square Analysis__

. -

A more ‘seriows point is the reviewer's statement that our use of

chi square for the analysis of the data was. inappropriate.. We cannot:
accept this. McNemar (1962) discusses the éffect of small E's on the
‘'value of chi square and states that "the effect of small E's in produting ,
discontinuities is not as marked when df is 2 or more" and "there is ’
evidencg that, when df is not small, E's as low as 2 will not produce
misleading chi square values" (p. 218). We would, of course, have felt
more confident of the results of the chi square test if we had had
féwer cells with low frequencies but we do not think the reported
analysis.is misleading. By publishing the frequencies in a clear and
unequivocal style we made it possible for the reader to draw his or héer .
own conclusions.about our use of statistics.and interpretation of

- results. The reviewer's suggestion that categories be collapsed does
not seem to solve the problem since that would obscure the distinctions
between students at the three cognitive levels. ‘

0

' e T
In our judgment we chose the best available alternative and we do
vnot think the results are meaningless. _ ~ ‘
A ) / .
_ It should be remembered that we did not claim to have conducted a
definitive experiment--it was, instead, an effort to test an idea on a

small scale under cohditions that exist in real classrooms. We would

-

——r

welcome~evidence from 6

* s

-

thers who have been able to improve on our
¢ : .

, « methods.

',

. .
’ e

-~
“
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Quorn, Kerry Charles amd Larry Dean Yore. "€omparison Studies of Reading
Readiness Skills Acqidsition by Different Methods: Formal Reading
Readiness Program, Informal Reading Readiness Program, and a,Kinder-

' _garten Science Program." Science Educatiop 62(4): 459-465, 1978,

Descriptors--Comprehension; Elementary Education; *Instruction,

*Kindergarten; *Language Ability; *Perception; *Process Education; .

Reading Achievement; *Reading Readiness; Scdence Education

-
Expanded abgtract and analysis prepared especially for I.S.E. by Donald E.
Riechard Emory University.. .. .
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Purpose ., -
3

The primary papenéreports on two different but closely related experi-

-

ments.' The purpose of experiment oné was tb assess the effectiveness of
v

twd d1ssimilar programs, Science--A Process Approach (S~~APA) and The First

Talking’ AlpHabét (FTA), upon the acquisition of reading readiness skills of

~ kindergartners. The hypotheses tested were: - There will be no significant C
' - ; l:' t?%itment; sex, and attendance—time main effects;' - :
4 ,
; 2, 'interaction effects; ' . 5
) N differences between pretest and’poSttest means on any of the N

reading readiness measures. .

.

l j ;

The: purpose of experiéent two was to compare the effects of four

different programs (S—-APA FTA, informal language development, and a
i control) The hypotheses tested were: There will be no significant R
¢ .- » . . ‘
- /: L\ , i B s . ) LS -. (e . - o’
- 1.4, treatment, sex, or teacher main-éffects; E
o= R - e :
! .. 2. binter‘action effects on anyiof the reading.readiness measures. ' *
e A " 3 - .4- L N :
. Y . 4 ‘__~ K
> . . \ 0 . . ‘ ’
ol Rationale | ‘ .
: ST e e s AN ¢ P
Y » iy . - RS .- L \;k e @ v . pr
. N ‘ ) AR e ’ ) v
-

The authors build a rationale on published research Refereitces are. R

. -

cited to support the following: ° - e

B LIRS .
A P ° s (Y 2

‘2
3

1.

g reading achievement.'

There are predictive correlations of certain skills with later

(Skills are listed in the pnimary paper )

.
’I i . 48 AP M - n‘
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2., The skills, above, may be developed through training. .

~ 3.. Similarities between new kindergarten science curricula-and . .

N

- ) teacWers' informal rdadiness activities suggest that science )

procqsses and reading readiness skills are not mutually exclusive.,

v

M \, . 4, Certain science activities might provide an opportunity and cli-

mate ifor reading readiness skills acquisition._ ’
. '

~ 2 - . te .
- .

L : .- . o S
. Research Design and Procedute ) .
; . . ‘ ) LI . Y
- - As stated above, two different but closely.related experiments were '
. presented by the authors. Designs and procedures of the experiments are B
given under separate subheadings below. . » .
> ' B . -

Ekperiment I. Fifty-one pupils from morning and afternoon kinder-

- garten classes were randomly assignéd to four treatment groups. Two reading

S readiness measures, MeE@bpolitan Readiness Test and Clymer-Barrett Preread-
¢ .
ing Battery, were adminilstered on a pre- and posttest schedule. One morning .

group and one' afterpeon group were randomly selected for one of the_treat— L .

. ment programs (S—- A or FTA). The two remaining grolips were assigned the

. other program. Tr atment consisted of an investigatorﬁteaching the two

B
instructional programﬂ (Se—APA and FTA) over a ten-week period.. Each group

received 22 Half-hqut periods of instruction. - .. . -
P fj‘k . - ",

. - L} .
1 : Upon completion-of the pretest; treatment, and posttest, the reading

’ i " ' -
readiness measures were scored. Posttest data were aflalyzed by a three-' -
. way analysis of variance, ausing tteatment .sex, and atténdance time (morm- " o

- ing or afternoon) as the main dimensions. Pretest-posttest mean gain L.
- . 2 .\ - - . 2

s -. scores for each treatment, sex, and, attendance—time group were ana&yzed o .

e by correlated t-tests. B e A

:, . w‘ﬁ.“ N } ' } , ’ I o
. . - ~ - . h“

v «
.

o "° i . Eﬁperiment II Fifty-four kindergarten pupils from one school were

LY

K randomly assigned to thtee treaéhent groyps and one ‘comtrol groyp. The N
: 'tréatment groups were science, formal reading readiness and informal .

reading readiness. One of the’ ihvestigators conducted 14 sesgions with -

~aer

?fch of the trEatment groups: The science sessions\\’re lessons from




-

S-—APA while the formal reading readiness lessons were selected from FTA.
"The informal reading readiness sessions ‘were developéd by one of the

authors.: The control group continued with the regular kindergarten pro-—
tam.- . ° ' . . .l . 2
8 3 . <} - - :; '

A posttest was administered after treatment.- The posttest consisted

of three measures of reading read1ness—-the Clymer—Barrett Prereading

Batterz, the Wepman Auditory Discrimination Test, and'the Moe eginning

L

Consonant Sound Symbol Relationship Test. ' . .

o ’ L.

s . .

% Analysis of data was done by means of a three-way ‘analysis of .

variance with treatment, sek, and teacher as the independent variables.
The teacher variable was deiined as the two "regular". kindergarten

teathers. Reading readiness was the dependent vaflable :

LY
.

Findings

Experiment I. There sere significant (p=0.05) differences:in the”

.

following: ) . \ .

> !

» « e

1. Attendante times on the Clymer-Barrett discrimination.of begin-

’

ning sounds subtest. . . .
- e "L ) - ‘ )
.; Treatment-by-attendance time interaction @n the Metropolitan

mafching'sybtest. . -

.
. [N -

3. Treatment—by—sek—by—attendanc? time interaction on the Met ro-

politan copy'spbtest.' '

. S s !

/,ﬂ\\ghe*t—test analysis of gains between pretest and posttest means

yielded 51 signifjCant (p < 0.05) findings and 3 at or, greater than the

- 0.10 level of probdbility:. These data are given by table in the primary..
’ L'

‘article.. . . S = o re o o
.o « - D ®

'QE§perimént IT,, ‘Resulq9nmy be summarized as follgWsa .

Al .
1 .,

1. Significant (p = 0 05) teacher effects wére found for thé. audi-

»

‘ tory discrimination section of the Clymer-Barrett.




s,

or researchﬁwith young children.

A signifigant @ S o. 05) sex effect wé% found for the Wepman

Test of Auditory Discrimination.

No significant treatment differences or interaction éffects

/

2

%

The authors summariZe their research by the following:

-

Y

-

;I

~
\

\

E

q

-

k]

A

The ef@ectiveness‘of:kindergarten-sciencé activities on reading

<

. P4 - e
aregdineSS'development capnot be supported-conclusively by these
v . - . . - - .

The theoretical links bétween reading and the sc1ence processes_, ~

o

JéobSe;ving, inferring, and classi%yingT:Were,not evident in ‘the 0

13

4.

£y

L)

b
e

3. Kindergarten science activities effectively develop science

‘skillls, without interfering with reading readjness attainment.

Thus, science-aétivities may be'reasonahly includedbin the

-

%

P

curriculum even though their effectlveness for reading readiness

development has not been demongtrated.

o
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ABSTRACTOR'S ANALYSIS

N

The authors' summary of findings (above) raises quéstions about the

-akiaoin

-.';

reading readiness and. science experiences.,

o

Furt

~ ad
ithuggests some lessons on

&

&

B

interpreting data and preparing written r!ponts. ;f

=y

-

ors being a bit overly‘conservative in interpreting their.data7

*

Is this a unique case gj 1nves—‘

conttibutions of this study to existing knowledge on relationships—between &

At ‘any rPte, the. studygdoes provid% useful insighéi;nto methodology

e
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Résearch Design and Validity : . ‘ . #

N . T
. S _ . )
The pretest-treatment—posttest design used in experiment one seems

adequate for the specific purposes. stated. However, the report does not

indicate if a.bomparison*of.pretest scores of the different groups was v
‘made. Random assignment. to treatments was used and each treatment con-
, tained a morning and afternoon group. Still, it would be helpful in . "
analyzing results to know hew the groups oomparedﬁprigr to treatmentz
P ‘f o .
Experiment two was conducted with treatment—posttests only, no pre-
tests were administered. Again, deSpite randomization the question of ’
. group comparisons before treatment is raised. . ", o ’CL
Several other questlons are related to design and procedure, Among
them are the follow1ng;\\\ . - .
l:. Was the same school used ‘in experiment one and experiment two? !‘
. © If so, were any of the same children used in both experiments? ) -
. Were* the« same "regular" teachers involved in both experiments?, . i
‘é. In experiment one, were morning'and afternoon classes taught by
\" the same "regular" teacher, or- were different "regular":teachers
. involved? The teacher variable was:signiﬁfcant on some measures
' in experiment two. ﬂ \ " - L
- ' . -
. 3. Did experiment two -use both morning and afternoon groups7 Atten-
aance time (morning or afternoon) was significant on some measures
S in experiment one. L T ' ’ o
4, rHow long did experiment two last? Experiment one lasted 10 weeks.
.. *—<ghe authors’ suggest that experiments of this nature which are’ .
3 concluded in a ghort petiod of time are less likely to produce ”
:,'_ - iznificant results than experiments running an entire year. %\
g T e | |
. ResBarch in Early Childhood . .' ' . .
. The design of the study indicates a sensitivity to some of the speciét‘ ¢ Y
.'probiems’encountereo ir early childhood nesearcn. Good efforts were made . 3
L : s N .. S
: .o , e §2 - ) . ' .
. T, . S6..- .

- . « " ‘ﬁr ’ . . v
. o + . pes
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© . .
at randomization and assignment to treatment'and,attendance-time grouns.

' Also, treatment and testing were rotated across groups. Such rotation

can minimize the influegce of extraneous variables such as children s
. attention spans,. fatigue, eating habits,“napping and play patterns, and -

.
so on, ° o~ -

. ©

The .paper doesxnot indicate if childgen.were familiar with the
investigators but this is also a factor to be considered. It is some-

times advisable for a stranger to make several "rapport visits'" before
g 3 P

e actually beginning an éxperimental treatment and/or testing with young
children, ; . : -
. o ' ' .
Interpreting Results . . .

°
B *

3

The authors were very conservative in drawing ceficlusions and inter-

o preting results, In general brevity and caution in-interpreting behavioral
research are highly commendable. ¥Tare must be taken, however, not to over-
look relationships or 1nadequately analyze data for the sake of concise and

o + cautious reporting. ' ' : .
Quite appropriately, the ‘investigators do not'overgeneraiize or make
statements no, fully supported by the data, They éeven question'some of .
- 4@§heir stat1stically significanbaéandings and suggest that the results be |

"viewed with suspicion.” ' .

~

g Another example of caution is in the summary statement that "kinder—'
garten science activities effectiveness'on reading- rpadiness cannot be-
gupported conciusively by these studies. The theorétical links between
reading and the science processes...were not evident in the empirical
data " These conclusions.are made despite the large number of significant
pretest to posttest gains in réading performance by the S--APA groups in
C experiment one. Since similar gains were made by the FTA groups, . the

authors allow only that both programs.produced similaf‘types of achieve-

! ) " ment and that further research is needed to isolate" the significant

.variables. : ' - .
- ¢ « » ' ' ‘

T 9 . Y\ | - >3 T
FERIC = o 87 . ’
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Wpitten Reports . L. ' . . ‘
~ ? ' ‘ﬁ& -~ e N ’,”

At.times itvwas'difficult‘for this abstractor te follow the two,’ .

S

different exﬁerihents.in one article. Keeping track of purposes treat- -

-~ * ments, teachers," g‘oups, results, et cetera, for each experlment was
. bothersome: Publication.of two separate reports would have ‘made easier
reading and might have permitted a more thorough presentation of data .

and analysis of results.

\

-~ .

- ) Null hypotheses were stated for each of the exﬁeriments. Hewever,
in the interpretation of datay no mention-was made of the hypotheses.
Direct reference, to previously listed hypotheses and a statement about
the acceptance or reJectlon of each can be an .excellent starting place .
. for discussion of results. The writer of the” report then has something
specific to focus upon as conclusions and interpretations are made.

~ .
~  Such a focus reduces the chances of over-interpretation of data, and,

conversely, reducggs the chances of under-interpretation (too cautious,
2y R ’ =

an’interpretation)za well . . ' K
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IN RESPONSE TO THE ANALYSIS OF-
Quorn, Kerry C. and Larry D. Yore. "Compariéon Studies of Reading * . "
Réadiness Skills Acquisition by Different Methods: Formal Reading
Readiness Program, Informal Reading Readiness Program, and a
Kigdergraten Science Program" by Donald E. Riechard.
\ Investigations in.Science Educatign, 8(2): 48-54, 1982.

- . bY\ °

.

. Larry D. Yore
v .University of Victoria

The opening comments regarding the contributions and conservative
interpretation of the data appear to be unsubstantiated by the majority
of the related criticisms. Surely two independent studies with rather
consistent findings and reasonable design and limitations make some ,
contributions "to existing knowledge on relationships between reading
readiness and science experiences."” The critical question appears to sbe
" whether science educators can make unconditional claims regarding
science experience's influepce on reading achievement. Several
researchers-have found signgficant correlations” and differences favoring
activity science (Ayers and Mason, 1969, Kellogg, 1971; Morgan,
Rachelson and Lloyd,- 1977; Esler and Midgett, 1978), but others have not
found such results (Ritz and Raven, 1970). Couple these inconsistent’ .
findings with the likelihood the nonsignificant results are less likely '
to be published and one sees a cloudy picture of the reading-science

question. As a science educator I would have been most pleased to

publish results that enhiance the position of science in the elementary .
school curriculum. However, my research results-did not support such an *
interpretation. . . s, '

The issue concerning "conservative interpretation™must be viewed in
terms of statistical expectation regarding rejection levels and the
contribution of chance in finding significant differences (Hays, 1963,
pp. 167-171). . In Experiment I three-way analyses of variance were run
of 14 measures of reading readiness, i.e., treatment, sex, attendance .
‘time, .treatment x sex, treatment X attendance time, sex x attendance ’
time, treatment X sex x attendance time. Therefore, on each measure of

the dependent variable seven different hypotheses were tested, resulting

in a total of 98 tests (7 x 14 = 98). With a'rejection level of 5 ,
percent (%£0.50), one would expect five significant differences in ,

\\‘“10thests purely due to chance. Therefore, when testing 98 hypotheses .

one\Ehodlg\not bg surprisedto get 1, 2, 3, 4, or even 5-significant v
differences” -On_the other hand, if a small number of significant .
differénces outline-a-rather consistent pattern, then greater concern .
should be expressed. Such~a _consistent pattern was outlined by the
. teacher factor in Experiment II. - Three-way analySes of variance were i )
run on 12 measures of the dependent variable, thus 84 tests were run (7 — . -
. x 12 = 84) with a rejection level of,5 percent (e«% 0.05). The e
expectation-was that four significant differences would be found due to *
chance. The analysis of data in Experiment II yielded four significant ;

Ve,
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differences but three of these involved the teacher factor favoring a
more structured approach.

» ' -
«

v :

] .- .
>

*

Design and Validity ’ v

The concern regarding the analysis of pretest data to assess equivalence

‘of the random samples in Experiment I was a noticeable weakness in’

reporting. A complete analysis of pretests were completed and reported

in the more complete document (Yore, 1973, pp. 55-61). The analysis of

variance on pretest data yielded two significant (p ., 0.05) differences

on the 98 hypotheses tested. Only the attendance time X treatment X sex

interactions for Clymer-Barrett Beginning sounds and Word Matching were .

found to be significantly (p 0.05) different. o ‘
; . .

Since random samples were used, differences that existed were attributed

to chance and the random sampling fulfilled the assumption of the ANOVA. .

On.the other hand, since Experiment I used a pre-post test design, the

descriptive statistics or summary of results should have been provided * .

for the reader. Experiment II attempted to avoid the pretest-treatment

interaction and test-retest effect; therefore, no analysis of pretest

was possible and is not a legitimate criticism since the pretest was + ,

removed to increase the external validity of the design (Campbell and

Stanley, '1963). s . ' .

Concern regarding the sc;ooI populations are implicitly answered with

the mention of "kindergarten class(es) of a Victoria, British Columbia,

Canada, public school" (Quorn and Yore, p. 460) for Experiment I and

"kindergarten pupils (54) frem a school near Victoria, British Columbia"

(Quorn and Yore, p. 462) for Experiment II. The key operants "of" -and .

"near" indicate, that different schools were used, therefore different
teachers and pupils. - .

The pupils in Experiment I were taught by ‘the same teacher, which allows
for a three-way analysis of variance rather than four-way. In *

Experiment II two kindergarten_ classes which met simultaneously with
different teachers were used as the sample. The simultaneous attendance t
allowed the disregaxd of attendance time and the addition of a teacher ’
factor in the three-way analysis of variance. In both' experiments
)subjec;s were randomly assigned to groups and-the groups were randgwly

- assigned a treatment. i : : R
The investigator conducted 14 instructional sessions with the assigned
treatments over a 12-week duration in Experiment II. In Experiment Ia
four-week physical education (tumbling) unit -was conducted by the -
investigator prior to the pretesting Yo' establish* rapport with the
students. In Experiment II the investigator visited the classes
regularly for a month prior to the start of the treatments.

s
.

D _

Data Analysis ‘and Interpreting Results

The comments.that "care must be taken, however, not to ovérlook -
relationships or inadequately analyze data for the sake of concise and

56 . | < .
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cautious reporting" is viewed with interest. The choice of statistical .
analySis was built into the design of both experiments a priori and.the.
underlying assumption of the specific statistics were considered.
Alternative statistical technique could have been used, such as in-
Experiment I--an analysis of govariance (Campbell and Stanley, "1963).
The statistics were chosen the advice of étatistical'consultants‘at‘
three different universities (Victoria, Minnesgta,. and Washington

.State). - A

The concern regarding conservative interpretation is a critigism that, . -
may be taken by many as a positive attribute. The large number of s
significant pre-post test gains suggest that learning occurred over the 4
duration of Experiment I. The lack of significant differences between
treatments prevented any specific identification of the possible cause. -,
The design of Experiment I did not allow the investigators to partition -
the variance down to resultant components. It was believed that the
test-retest effect, the regular kindergarten program and outside® °.
influences contributed so much variagce that the variances due to the
" specific treatments were inconsequential. The design of Experimegt II
& attempted to factor out some of the effects. Unfortunately the regular
program was not significantly different from the other three treatments.
.o ‘Tt was judged resPonsible not to interpret too liberally since the data
' and analyses appear rather consistent. '

<

-~ e’
-
ae
H

- ) \ o

Given this opportunity to expand on the original interpretation, it

appears that a potentially strong eutside influence that might have

, discounted the effect of the treatménts is television available in -

; Vietoria, British Columbja, Canada. Victoria is located near the,

USA-Canada border aad hd§ 12 channels 6f US and Canadian TV available

for viewing. Several channels carry educational programs for yeung
children, i.e.; CBC, CTV, PBS and ‘the US rfational networks. Reading
readiness programs like "Sesame Street" viewed several times might be
discounting the effect of formal in-school readine§s-programs.

v
©

b ] 4 y
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’ . Cavin, Claudia S. and J. J.-Lagowski. ,"Effects of Computer Simulated ot
.7 ' Laboratory Experiments- and Student Aptitude on Achievement and Time
’ in a College General Chemistry Laboratory Course." Journal of

. Research in Science Teaching 15(6): 455-463, 1978.
. . + Descriptors--*Achievement; *Aptitude° *Chemistry, College
e SEience° *Computers Assisted Instruction° Educational Research°
" "o : Highe% Education, Individualized Instruction‘ Science Education;
. *Simulation. .

Expanded abstract and analysis prepared especially for I.S. E ‘by
Joseph C. Cotham,.Indiana Un1versity—Bloomington. ¢

Purpose_ '
. - . i}

b e .

* This study investigated the effectiveness of computer simulated -

R , .
- laboratory experiences in a college chemistry laboratory course, The
e . ( -
s following null hypotheses were. tested: o ) .
T=——___ 1. There is no significant différence in achievement or time to

—
complete’ the experiment of students d01ng a s1mulated or labor-

- .

.. ) atory experiment SR : .
- - 2. There is no significant differenceuinsaihiezement or time to
L3 -
) . complete the experiment and calculations of students of
P -
different aptitude. : e B
. AN ’ - Z .
3. There,is no s#gnificant 1nreract10n between experiment type and
student aptitude. . . -
h ]
Ratfionale g ' . , .

The authors cite current interest in computerrassisted instruction .
(QAI) and computer simulated experimﬁnts (CSE) as possible means of
improving student learning and providing.for individual dif ferences.,
Recgnt interest in microcomputer applications in the schpols and the ~
1ncreasing accessibility of these systems does, indeed emphasize the
— - importance of generating a sound empirical basis for decisions concern-

support the use of CSE in place of laboratory experiments in high school

I e

the use of CAI to teach the operation of an instrument, and the use of
. : ’ : 59

63 ..

L .
ing the use of computer systems in instruction. Evidence exists to . aw
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CAI in supplementing college chemistry coursework. This-study attempted
* to extend understanding of the utility of CSE in college chemistry ‘labor-~ e

atory: 1nstruction An Important’aspect ¢f this understanding, emphasized

in the authorg' rationale, is the relationship between aptitude and teach-

‘{ng method.

« g Research Design and Procedure . . Lt

! ’ The hypotheses of this study were tested using a.2 x 2 factorial_
design (posttest only or time).. The factors were method of doing the
experiment (31mulatlon or laboratory) and student aptitude (high or low

' scores on the SAT). The dependent variables were scores on wr1tten %,
ach1evement tests, the time required to do the experiment t1me required.

s to ‘perform experimental calculations, and din one test, achievement (score
\\, ,  ‘and time) on a’ performance test.  The achievement tests/were multiple

choice instruments of varying lengths. The content validity of these

ltests was estimated informally using consultation with subject-matter”
experts. Reliability was estimated w1th the KR20 and Spearman~Brown
formulas (values for.the 10 tests ranged from 6l to .89). The perxfor-
mance test, whicﬁ was administered ind1v1dually, was based on a checklist
of observable behaV1ors required to make a spectrophotometer measurement

' 77 on a solution. _ - ) |

, . T~ .
: . T T ee——

. ' $The sample consisted of.students enrolled in an introductory‘ehemist'

v i try course at The University of Texas in the fall of 1976. The'course ot
) consisted‘/j multiple laboratory sections which-were offered at four
different time periodsy Pairs of laboratory/simulation exper1ments for i
' each Course topic (refer to Table I) were prepared and randomly assigned
to each time period Within each time period laboratory sections were
randomly assigned to either a:laboratory,or 31mulation experiment. “The
number of different sections involved in Qach treatmenI was not reported.
. _ Absence of bias in the registration.of students in one .section or another
: ? ' within a time period was assumed .and used to Justify‘failure to randomly
- , assign students to treatments. The treatmentS3“which Were only briefly
,described, appear ‘to ditfer significantly:in ways not attributablextg

. type of experiment,® For~exafple, the simulated'experiment for Group 1

o : S o o -~ 64 | e
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involved a spectrophotometers but the laboratory experiment did not.
Also, treatments were administered in different laboratory sections.

. It was not clear from the ‘report what steps were taken.to ggal with
¢ the threat to int;rnal validity implied by this arrangement.

@ . »

TABLE 'I
° - Sequence of Course Topics
‘ ,' -
Group , Topic
‘ 1 Kinetics
2 Wavelenéth of maximum absorbance, Beer's'law, and:deter-
mination of copper comcentration
i 3, . Flement identification using emission spectroscopy
4 Beer's law and equilibrium constant determination
o - . T n ;
¢ . . / . . o
- N i - :‘
R Deperident measures were administered at the conclusion of each experi-
. K ment. Results were analyzed using a two-way analysis of varfance.
o . Findings ’
i The following findings were reported: T
4
: St e % g T -

1. Based on achievement on written tests, students;who Aid.the
- simulation in Group 4 performed significantly better than
* . students who did the laboratory experiment. Also, students
S who did the€ simulation in Group 2 performed‘s1gn1f1cantly
f- better on one dependent measure than students who did the
-laboratory experiment "No significant differences between
experiment types were found for scores on the performance

- test taken by Gréﬁp 2. T ~i v,

-
- .

2. Students who ddid the simulated experiments in Groups 1 and 4

" used significantly less time to perform the experiments than

did studepts in the laboratory. However, students who did
the laboratory experiments in Groups 1 and 3 used significantly

less time for the calculatioms. -
T ‘ . . 61

65




Ny »

N ' ) . .o '\\ﬁ
ﬂm -
3. Students in the higher aptitude groups - perfbrmed significantly
e, o better on all written tests than students in the lower apti—
e - tude; group. . . - ) )
o, * 4, Even though no significant aptitude* by treatment interactions
- \\//’\\ ) . were f'pnd (at the 0.05 level), ev1dence of ordinal interac-
(___ . [lishely

_\tion wassobtained from one test from both Group 1 and Group 2
- kgreater increase for low aptitude group). Evidence of dis- -
ordinal interaction was obtained from values of time to do the
"+ "experiment for Group 4 (less time for low aptitude group in

- laboratory treatment). : . .

. .".' ) ‘ .; . € !
Interpretations w?

* N A

’ The authors. consider their study to be one'experiment with‘three
2 replications. Consequently, on the basis of significantly better;per-
formances in some of the‘experihents, they conclude that the u f CSE
in place of laboratory experiments in college chemistry laborato}y is
Supported. The conclusion that higher—aptitude studenfs perform 51gn1—
~ficantly better on all written tests is conSistent with previous AN
studies. Lack of significant differences on the performance test which
+ required spectrophotometer manipulation was used to support the asser-
tion that CSE can be used to teach t¥fe usg of some types of laboratory
instruments. The authors provided a detailed explanation of the °
> observed differences in time to perforﬁ the experiment.tﬁa'time‘to
Lo perform experimental calculations. *They speculated that the simulation
5’subgroups of Groups'l and 3 required more calculation time bec 'E the
" calculations they were required to perform were more complicatzgftﬁan'
the calculations dene by ;yt laboratory subgroups. The interaqtion
results, although.only suggestive, agree with prepious results at the
- elementary level (Martin, 1973), ind¥cating ;ﬂé% CSE may be especially
» . usgful “for low-aptitude students. ‘ ’ - v
: v . | A

3 ’ ‘

IN . ’
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. "ABSTRACTOR'S ANALYSIS - Co .

The laboratory, possiBly the hallmark of science education, deserves
the critical scrutiny“eRempiified by this study of the effect of tbaching Lo
method and aptitude on’ ach1evement in a college chemistry lab ) oL .
course. It is worthwhile, ‘as an introduction to the analysis of this . T - ‘
study, to refer t9 a land/;rk study of laboratory teaching conducted .
Yager, Englen, and Snider (1969)." ‘On the basZs of this study of differ- . \ .
ent methods of ‘teaching an adapteq,version of the BSCS‘ﬁlué versdon to
eighthiiraders, it was\concluded that the laboratory approach provided no .
megsurable advantages over other.modes 6f .dnstruction except in the .
?lopment of laboratory skllls. ‘ Cavin and Lagowskl, in their study of T
college laboratory instructionyeconclude that on'all measures except time
£ -

CSE accomplishes as much (if not more) than laboratory experiments-—even

- in the development of laboratory skills Are wé then to con ude that the

., addressed by this. abstract suffers from this deficiency. What dist¥n-

-commend it to our use? The authors, to their credit, cite the importance

af the characteristics of this study more closely.

-~

~ L]
- * ' '
1 LN * .

A notorious problem in studies of the effects of particular teaching

methods is failure to\adequately q§scr1be the method studied. The stully

guishes a CSE experiment from a laboratory experiment? Th_/simulated
experiments for Groups 1, 2 and 4 involved manipul ation of a spectrophoto
meter, If, both GSE and laboratory  experiments involve manipulation of

laboratory instruments what are the distinctive features of CSE that

of attenddng to the typebbf chemistry experiment that is,simulated. The
experiments‘in fheirfstudy were conducive to simulation becauge they
involved use of instruments. “An et, not all aspects of instrument
use were simulated because instruments were.used in some simulated exper-

iments. A fuller description of the study'shtrZEEEEn would have dis-

'S s

>

pelled some of these ambiguities.

Another difficulty iinnterpretinglthe_reSults:ef/thisrstﬂdy are g

the poteptial threats to internal validity that were\referred to earlier.
The existence of multiple laboratory sections.implieg‘that treatments he .
S e - - . E
¢ : ’ . . ' .
- 63 . s
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" were administered by d1fferent instructors. Was anything done to counter
. , the qpnfounding effects of the ipstructor on treatments‘7 And what steps g
p were taken»to_jrsure that’ diffe:Znt administrations of the‘same tréat- -

ment were uniforui‘7 This is especially salient for the sections ‘receiv-" ‘,' ’
ing the laboratory egpar\\ents because af the presumed instructor 1nter-

o action with this treatment._ Failure to randomly assign students to .
. treataents; akthough understandable under the naturalistic’ constraints l . _
of thé'experinent deserves‘more comment, TH’ assumption of léack of '

- bias in distribution of students.among secttions may be valid. Eut situa- .

tions exist where students in a particular program (e. g‘, elementary ‘ Lt

education majors) end up in one or only a few sections of a course due to .
¢

b , scheduling requirements. Was this pBssibility investigated?  If so, its ~ é?
Y; discussion would have assisted in interpreting the study. ‘ o ’

- .
N : : Lol

» . A numbér of tests were used in this study (10 written tests and l
performénce test) However, their focus appears limited to cognitive
and psychomotor domains. It may have been an interesuing addition. to

“‘ this study to assess students' attitudes toward chemistry and‘teaéhing - g?

method, These findingsyéould provide useful insight into the utility . .
* of CSE. L

-
. . -

) , . \ \ . . X . . .‘: <
. o Zhe authoks OFf this study devot% considerable attention to the .

. 1]

dependent variable time: both time to perform the experiments and time .

to do experimental calculatlons. This is-appropriate because the labor- _~

-

atory has been frequently criticized as being too time consuming How- .

ever, the authors' careful analysis of this part of -the study does ’ .

.

* little more than emphasize the uncontrolled différences between treat- .
’ a0 ments that confound any attempt to interpret the.observed tlme differ- .
‘. . ences.t Orce aéain, a fuller.explanation of 'the two treatments would ‘__ o
have facllitated.unamb}guous interpretation of\experimental results. v
S : : - L ‘ .
R concluaggn, this study provides a valuable contribution to :,

» reséarch on the use of CSE in science 1nstruction. The authors were

- ambitious in characterizing their study. as ong experiment with three ~
replications, The existence of substantial d??ferences in treatments TEEL_L
B

chardcterized as identical vitiates this' claim. The results-of this

. .' s 64 - - .
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study certainly suggest, however’, that CSE may supplement or replace

’

certain types of laboratory experience in the achievement of particu—

lar cognitive and psychomotor *objectives. Continuation of this

research with the recommendation that a more rigorous experimental
‘approach be employed, is encouraged.
L3 . Sy
ot yoagm e
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"IN RESPONSE TO THE ANAEYSIS OF

Ca:;R}\Claudia S. and J. J. Lagowski. "Effecty of Computer Simulated
or Laboratory Experiments and Student Aptitude on Achievement and
Time in a College General Chemistry Laboratory Course," by -Joseph
Cotham. Investigations in Science Education)} 8(2): '59-65, 1982%

. i
Y

by ' /

. -
<Claudia S. Cavin and J. J. Lagowski
The University of Texas

.

»

+

We would like to make the féllowin

= the abstract and>analysis,in'I.S.E

. ~
g comments on*and ‘clarifications .to

= -

Treatments--A déscr{ption of the indiv?ﬁual gxperiments'may be found in-

Cavin, C. S.; E. D. Cavin; and.J. J. Lagowski, "A Study of the Effig§cy
of Computer-Sinulated Laboratory Experiments," Journal of

- Chemical Education 55: 602, 1978 (reprint available on request) or
Cavin, Claudia S-; .A Study of Some Computer-Simulated Experiments in a

" College General Chemistry Laboratory Course, Doctoral dissertation,

University of Texas at Austin,.1977. The differences in treatment,
which may be more meaningful on reading & detailed .description, were,
prompted by the requirements of the tyo different instructional
methods--i.e., laboratory.and computer. In the example cited in the
abstract, the laboratory experiment involved observation of.a colory
change, the simulation of whi¢h would not. have,been meaningful on 2
hard-copy computer ‘terminal. -
related only to those aspects which were commonsto both methods of
performing the experiment. - n
VN . N

Student enrollment and scheduling requirements--It was suggested in the
analysis that students in‘specific programs might haYe scheduling
requirement3 that would influefice the laboratory section in which they
‘ enrolled.
it is for this-—xreason that W restricted the study of a particular
experiment Comparison to a given time period. We had no reason to
believe that there was any registration bias for laboratory section in
- the-same time period.
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In any case, the tests used for comparison

N

These requirements would seem to he on the basis of tine, and

i
i
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Preece, Peter F. W.

"The Concepts of Electrdmagnetlsm‘

A- Study of

) Internal Representation of External Structures*“ Journal of S
e Research in Scier¢e Teaching, 13(6):- 517- 524 November 1976.
; Descriptors--College Science; *Cognitive Processes; ° ancebt
to Formation; *Educational Research; *Higher Educatlon, *Physics;
Science Educatlon, Sc1ent1f1c Concepts wo
R Expanded Abstract and Analysis Prepared Especially for I.S.E. by Dean
R -Zollman, Kansas State University.- :

»

.o

-P

~

»

0s€

- = J'

~

s

-

<

Two models of the” structure of concepts in electromagnetism were-
compared with the scierce graduate students cogRritive structure of the *

same concepts,

.

Rationale

The manner in which

-
[ L]
. N

cdﬁgeﬁts in sciende are presented is strongly

dependent on the structure of the subject matter.

In turn, learning of

the concepts depends on the cognitive structure of students

An

]

1mportant question is:

7

-

-

Are these two structures similar?, N

~Preece investigated :the adswer to this question for the basik concepts

of electromagnetism.

The present work wa

one of a series of studies on -

the relation between subject-matter structure and cognitive structure.

)

v

As with other similar studies %his one was empirical.

No model was

assumed for the students'’
may have reached the present cognitive state.

cognitive structure or for how_the students .

Instead, data were "

.collected, and results compared to models of the,subJect matter

-

'structure

5

-
A

v

T LI -

e N - o~

Research Design and}Prdcedure .

-

Y

Twofmodels of the re1at10nsh1p amofig the concepts in electromagnetism -
were constructed. A spatlal model was derived by comparing the
dimensions of basic units (length t1me mass and current) for each of
“the 15 concepts. - By, assigning a point in a four-dimensional '"units
space" fo¥ each cgoncept, the distandes between concepts were established.

. 4 - * -

. . P . .

The segond model, a.digraph model, began with electric current as
central concept. Using the deflnlng relations the other .concepts were

rélated graphically to the.current and/or the other

oncepts derived -

from it.

resulted.

Nale

A two-dimensional graph Bf the subject-matter structure

For each model a matrix of concept proximityswas established.

These two uodels were compared with the cognitivé structure 28
university science graduates who were studying to become ph

béi
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sics' teacghers.
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! A word-association test“asked the subjects to respond with five words
most closely assocjated with each of the 15 concepts of electromagnetism.
The data were analyzed by assigning Mndices of response hierarchy overlap
- to the ubjects' responses. ‘These indices are used as measures of the
semantic proximity q{ the stimuli. A matrix of concept proximity was,
o ‘thus, established for each student. ' :
For comparision with the models a matrix of mean values was determined
from the individual matrices. Correlation coeffitients between the mean |,

matrix and each of the model matrices were calculated. Graphical « .
comparisons were also completed for the digraph modew > .
. ; . . N _ I
. Findings
ES &,

A very high correlation (0.80) was obtained between the digraph model
. matrix and the subjects' proximity matrix. Essentially no correlation
(0.24) existed betweerd the-spatial model matrix and the proximity matrix.

<

A graphical analysis of the subjects' ‘proximity matrix yielded a .
representation of the subject-matter structure which was very similar
to the digraph model. This representation contained three distinct
groups--current electr1c1ty, electrostatics and magnet1sm )

) » Interpretations . ’ p

. .t "7. R . [ ’ .
.The digraph model which contained a pivotal concept, electric current,,
was more closely-related to the subjects' cognitive structure than the
other model. This' result may be an indication that emphasis on central
ideas can bé uséful in teaching science.. The results.further indicate

. that a digraph model is a more appropr1ate method of representing students'

. cogn1t1ve structures

~
. »

. All but two of the subjects had received degrees in phy31cs The %tudy ,
supports thé idea that-students whg%e cdgn1t1ve structure—gatches the *
, experts are’ more 11ke1y to succeed

» ~ ¢

- o, N ABSTRACTOR'S ANALYSIS

- The concepts in any branch of science are related to each other by a

structure which develops  over many years.- While log1ca1 development of

the concepts contributes most strongly, tradition and history also are

) involved in determining the subject matter structure. Once this

‘e . strycture is estab11shed textbook -authors and teachers seldom deviate-

*  from it. In presentlng’gpncepts, thé structure is followed as- if all
students already have the. necessary cogn1t1ve structure and just need to

£ill inthe blanks. ) . '

MY

Perhaps, o science 1s more* r1g1dly strugtured in its teach1ng than

.- physi'cs. The*vast majority of physics .courses and texts follow some

general, plan in develop1ng congcepts. The structure 1s suff1c1ent1y well
. estab11shed that a phys1cs text which dev1ates from it seldom survives

tw
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© it .into the cognltlve structure is- yet to be determ1ned

Y

.structures

to a.second edition. _Thus, it is appropriate to compare the structure
.of physics"with students™-cognitive structure.
The presént paper is one of several recent studies, relating science
students' cognitive structure to the structure-of physics. Previous

work, mostly on mechanics concepts, resulted in very similar conclusions.
A two-or three-dimensional graphical model of the subject matter structure
is able to describe the students' cognitive structure.
The most 1nterest1ng condlus1on of these studies is the” form of the
structure the students ass1gn to a central location on key concept.
All other cortepts seem to be, in some sense, derived from this one.
Further, the concepts seem to be grouptd by the students in a few clusters.
Thus, physics teachers could learn about ways to organize 4nd structure
teaching. -

)

Ay
B -

While the clusters and central concept are 1nterest1ng, they are at the
same time d1sapp01nt1ng In the present study, and in earlier work on’
mechan1cs, the central concepts are the ones most emphasized by phys1c1sts
The ideas of mechanical force and -electrical current are presented many
times through physits. Likewise, .the clusters represent chapters or
sections of a physics book. The matexial seems 't be organized in the
students' minds the way it was taught to them. Successful physics )
students seem to have a cognitive structure ‘'very similar to the experts.

The next important question in this research area is: How do the students
obtain this cognitive structure? Perhaps, science courses filter oyt

all students whose cognitive structure differs from the "norm," Perhaps,
science stiidents enter a science course with a different structure, and
structure must be changed to fit the norm. These possibilities have not
-been addressed suff1c1ent1y in any research on subject matter and cognitive _

.
. \

Even more interesting than the cognitive structure of sci'ence students
"fis that of nonscience students or beginning sc1ence students. Most
teachers’of scierce .treat these groups as if. they have the same cognitive
structure as sgientists.’ The courses and textbooks, with a few notable
exceptions, are structured the same for all types of 'students. Only-the
‘details such as level of mathematics differs’. No rational defense for

the assumption of similar- cogn1t1ve structures can be made.

[y

Some evidence for.differences is b€g1nn1ng to emerge. - Some' recent
efforts indicaté that students' preconceptions about physics ‘concepts .
are much different from those of physicists. How these preconceptions -

R4

. H

To 1earn about the cognitive structure of nonsc1ence or beg1nn1ng science
students, research des1gns different from the present study must be

used. Word associations have little meaning for students who do not know
the language of sc1ence but have heard the same words in other contexts.
Comparisaons.with models -acceptablg to experts may lead to conclusipns
thaﬁ no structure ex1sts when one does.’ ' o

.

"
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We must.learn how students organize the thousands of everyday experiences
e related to science.

The task will be difficult one for science-oriented
3 researchers to undertake. But, it has tremendous payoffs. We can learn
to talk about science to all those people who say they. hate-it. “

. Ve

>
. -
«

= .
’
- .
—
~— .
.
! \/ *
§
/ .
'
’
£ v ~
-
a .
N ]
A
LS .
. 4
* .
<
. N ., . .
, -
} -
. v
- . 7/ ~ 4
3 . s . > ’
. v L 4
¢ ‘
e . .
.
. . v . ° .
S i : .
e .
- . . . N T
" . 7
€ -
. . . .
.
- ., ’
. ' -
.
.
- ¢
- - - -
¢ .
. ’
. 2 . !
. 'y - -
P ” .
3
.
* .
3 -~ a . 1 v '
* PR ’ - N @‘ ‘
% ’ -
' . e . .
- v . =
4
\ -
.
. . .
A -
- . .
? . e
. . ¢
. ; b
o -
- N
. .
. ~
. .
.
. i
PR
.
. E-= . -
A ¢ « .
. -~ ~
7 , N
’ ' . - s
. ’ .
. . . 3 .
P -] . . .

N ’ .
i - . ‘ .

- . . . g

" A

Z . . . - ' ' ’ \ ) ] .

.

.-




L

&

e

&

e

~

"1 should like to comment briefly'oﬁ one issue raised by Zollman in his

< ' ‘ <
L N \ .
> . “, N
y ’ ' ‘

. IN RESPONSE TO THE ANALYSIS OF o

Preece, P.F.W. "The Concepts of Electromagnétism: A Study of the
~ Internal Representation of External Struétures" by Dean Zollman.
Inyestigations in Science Education, 8(2):- 67-70, 1982.

-

P.F.W. Preece
University of Exeter

~ .
S

g
.

very useful and balancéd analysis of my paper (Predce, 1976c). He notes
that the cognitive structures of nonscience and of beginning science
students aré of particular interest, but claims that word-association
methods are .inappropriate for investigating such students. Although
word-association methods are relatively crude instruments for exploring
cognitive structures and the.development of more.-sensitive techniques
would be very welcome, they have certain advantages particularly for
students with little formal experience of the subject mattér. Johnson
(1969) noted that problem-solving stestd were unsuitable for students .
whose knowledge of concepts could not be expressed as a solution
sequence, but that word-association.methods did not suffer from this
disadvantage. Moreoever, it seems.-that word associations are
particularly sensitive to the early stages of learning (Rothkopf and
Thurner, 1970; Shavelson, :1973). -Deese (1965) also argued that
word-association methods were not contaminated by arithmet;cal . .
competence or by the rote memorization of examples.andVyerz\therefore -
particularly suitable in studies of scientific concepts.

¢

- N

Zol1lman argues that "word associations have 'little meaning for students
whé”do not krow the language of science but have heard the same words in
qther contexts." But it is a great merit of thé free worgd~asseciation
test that it permis the exploration.of the everyday meanings of words,
if -these predominate in _students' ‘memories: Thus the issue raised by
Zollman of the possible mismatch between beginning students' .
pregonceptions of physics ahd the subject-matter structure. can be
investigated. by the word-as@ociqtiaﬁ“tqchnique.-

IS

., s . .o . 3 ..

I should like to illustrate:‘this by some research.carried out in Exeter
(Preece, 1976a).. A continued freeword-association test was used to
explore the mechanics: cognitive_structures of monsciehce graduates and
also of physjics students throughout-the period of learning that subject
at school ard university. The cognitive structures of the adult

.» -nonscience group and of the 12 year-old beginning physics students were.

‘work, remained unconnected.
* knowledgeable in physjcs, all mechanics concepts were interconnected,

closely similar, these structutes reflecting the everyday, nontechnical,
meanings of the science concept words, For both groups, three clusters
of concepts~-kinematics, statics, and energy--emerged ifi the graphic
analyses, although a number of concepts, including distance, time, and

" For the school and university groups most

the, three. tlusters beingklin}eq together by~the'coﬁcep2¥force. Further

. . .
! \ , Ce 71.
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-insight into the crysta111zat1on of these structures from the concrete, s
intuitive, and isolated concepts of childhood was pr9v1ded by mu1t1- :
dimensional scaling analyses (Preece, 1976b).

’

T e— In the Exeter research, the. empirical interconcept proximity data were
. T——compared with various models of cognitive structure (spatial, N ~
; hierarchical,_and graphic) based on several triads of basic concepts, .
. /7
v which defined the ions of semantic °$pace or formed the base of a

1earn1ng hierarchy. TFor the Teast knowledgeable_groups, the models

. based on the density-distance-velocity triad fitted the empirical data
best, whereas for thé most knowledgable. groups ‘themass-distance-time
tr1ad gave a better fit. This suggests that density (perhaps—through P
floatation) and velocltg (perhaps through overtaking) have a better \\\“\~\\x\\\\\
claim to natural ostensiveness than mass and tigé, which seem to acquire -
their spec1a1 role through the way phys1cs is taught

Although I have dlscussed th1s, and other, research on the organlzatlon

of scientific concepts in semantic memory in more detail elsewhere )

, (Preece, 1978), I hope that the above brief account is sufficient to
¥  show that word-association methods can yield interesting 1nformat1on on

° the cognitive structures of nénscience and beginning science students
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Bartov, H. "Can Students Be Taught to Distinguish Between Teleological

. and Causal Explanations?" Journal of Research in Science Teaching, . .
15(6): 567-572, 1978.
. Descriptors--%Ability; *Biology, *Discrimination Learning; .

- Educational Research; *Instruction,‘;earning, *Science Educa-~
tion; Secondary Education; Secondary School Students; Teaching .
Techniques ¥ v

Expanded abstract and analysis prepared espec1ally for I.S.E. by

John Penick, The Un1versity of Iowa. .
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Purpose i

1) How well do students‘disting\ish between teleological and causal . ‘ h///

explanatlons7 and, 2) Can this ability\Bé“taughEZ\;\\ N P AL
oo , P — X R

&

A

\\‘\This\re\earch was concerped with answering two major questions:

// . Rationale : . . .

.
- . o hd

The author states that the anthropomorphic implications of teleo-
\ , A

logical fofmulations have heen fejected by many science educatorss. He
\1s congerned that a much more basic aspect of teleology 1s being ¢ . }“‘
— o ignored by sc1ence educators--the danger of confusing ends and the
causes by which they are brought ab0ut As Bra1thwaite?(l954) stated,:
v "n a causal explanation the expllcandum is explained in terms of a )
_ﬂ ’ ., cause which either precedes it or ik simultaneous w1th it; in a teleo-
1dgical eXplanation the explicandunais expla1ned aS'being caudally . ,
- related either to a particula‘r goayx he futu,re’ or to a biologica‘l

end is as much ,future as present or past." ’ ¢ Joa T e
»N . ' . . ] - y e b e
. ) , R B < Noooo-

X . *

The author s basic assumptign is "that in ofdex to achieve the * .
ability to distinguish between causal and teleological explaﬁations, the
~ student had to. leary one simple principle, namely that biological pro-
. . i? cesses gre not brought about byjtheir ends ‘but’ by specific causal mainly

g neural and hormonal “mechanisms."- Bartov continues his premise by k;]'. ol

S,

. o . stating "that'the quite” simple.principle in question which,ﬁan be o §
. >
s, exemplified by a great number of’ otherwise unrelated biological facts,

-

- < . T . . A -
. . 1 f

\3
~




may be readdly learned, well retained, and, subsequently applied by T
« " most high school students." With this in mind, an experiment was set

up to assess students' ability -and to measure their gain.
SN . ‘\ ' .t

.
- N - T

N

- Research and Design Protedures
L. ‘ ’ _ . .

£ '
Six hundred ténth-grade sc1ence students were _g1ven prete&s, and

*390 completed both the pretests and the posttest 1n a nonequivalent

FaE
) ¥ control group deagn. These students wer‘e from 21 classes in five high S
( SChOOlS‘ 13 in the experlmental group and 8 classes in the control group. L
- s ’ . o 3 - .
:° .. o All of-these cl.asses studied blology with thelr normal classroom .
s ‘teacher with the exp&rlmental classes rece1v1ng an addltlonal five
. . lessons. The control classes rec‘elved no spec1al treatment and the .
L h' . regular blology lessons‘?lzere claimed t,o have no effect on-the 1nvest1—
] )" "gated questlon/..- s L e A
T — o . . R e . ',.}* el . ’,,4'
"-a. - / e The reatment lessons were also conducted by regular ckdssroom ' el :

A ) teachers who folfohtudy\,guldes.' Three of these lessons dealt w1th S v
. . biological pr1nc1ples and two of the\l\essens wer&levoted to d1scuss1on -t
J . of homework ass1gned at vt’ne end of ‘the qther’ treatment” 1@5501%\259 . ..
E o trédtment lessons involved a parti:cular biol:ogical phenomenon about '~ - L.
e j . whicH. students would suggest hypotheses, dr.aw deductiofs from thé - B
N . j ' P hypotheses and eplan and perfornf e}::perimenté t‘b‘gveu:i.fy deductions. - '.,‘f_

‘ .o R 3. o . T, m‘\ R . S
. ..., . ) Co The tE5t 1nstrument, Test Om Causal And 'I‘el-eological ”Rel«at‘ionshq'ps A ‘\‘
- : /(TOCATR) prov1ded students with ay,statement)v'f a biological phe?u:ung;;\o,m---"i!ﬁ’wﬁié
R }.—: and four sample statements . one each of causaL, teleological-,. anthro— T =

_‘ " e v:é . pomorphic, and both tel'eologicaI and an’thropomo,rphic expl&anatlons of e . o
: . 3 . _the p'henomenon. SCOring was accomplished by giv1ng‘one poin¢ -f’o‘zv -each’ ) .- i
i : '; correct response. R , . ¢ o
AN oo "~‘ i 4'03.{‘” o or)» ._..'3\“'.-. . . oo
. - $ PRV I - o>,

N ‘ Pretest scores were used as a covari-ate\in analysis of cové’riam:e N ‘
;"J.' I witH posttest sc!res being crit"erion variables. In addition, another ‘n ot 7;"\
% : versipn of the TQCATR Te'st. was used in a post.test onl"y form This . i
[ ..t .’,'.. K Voo .‘ L i '”“ ;v J“‘. ‘ Lo
e TS IT oy e 78 R
Cammmm, C o, 7 L - . o ) " . '_', L LI R .f:/~
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E version s data wére analyzed using 4 t~test between experimentaL and

> -

control gqoups. N ¢ °~§ ‘
. . .
- . )
Q - -
.. » . . 3
t v
L . > >
- . ) . . i
‘Findings Lo oo . : : -
D ~e.. " e N oY T

. . P ’ o’ T
Pretest.scores supported‘the assumption that seCondary school
st%dents have difflculty d1scriminating hetween causEs and- purposes.
Analysis of covarlance 1nd1cates that ‘at' the end of thestreatment the’
experimental group had significantly higher scores than the control [S
T—test/results of a comparison of posttest only TOCATR No. 2

scores 1nd1cated‘the same significant difference in favor.of the

group.

>

experimental group. .

. Interpretations <

- B f
. -

. P v

The author concludes thdt the experlmental treatment of,five .
lessons was efﬁectléEV1n 1mprovrng the abillty of seeondary school
students to distinguish 'between teLeological and causal explanations.
He sees this as justification for providing Speclal treatment to
students developing these abilities and recommengs that . lessons be-
conducted accordhng to spec1f1c suggestlons in theipaper and that in
any discussion, studernts should be asked to, provide both causal and
teleological explanatiops
questlons similar to the TOCATR shbuld be included in examination . .

- As 3 final note, Bartov suggests that .

papers in.bioloqufor a routine evaluation of'sbudent ach1evemenq

DRATIERY ’ .

s Am ¢ . RN -t . .-
‘ z ..
' ‘ ABSTRACTOR'S ANALYSIS . -

. <& . * M
Bartov has attemgted to investigate a relatively complex area.

A Jqlt AS generations o biologists ‘and philosophers have misunderstood

Aristotfe s use of teleology, leading to violent rejection of Aristotle
\by Bacon, Descartes, and others, moderndaybiology students are equally
causesﬁané purnosess

-

unlikely to be able to differentiate betwe




L N A .

\ Bartov's development of an instrument to assess this difficulty and *
- . +his design of a‘simple and short experimental program towadleviate the

o - deffhiency arg commendahle. It is self-evident that tegchers, should be \
'concerned w1th these d1fferences, but, I suspect few teachers deal

wEeh the phllosophy of sclence, much less worry about how students

. .

phrase statements of cause and purpose during explanatione.,

- . ‘\
' [} ) ‘ /
Since philosophers of science have had great diffieculty in deal-

ing with, teleological principles, I must take exception with Bartov's

statement that "the quleh symple principle in questien . . . may be :
-readily learned weli\retalned and subsequently applied by‘mdst high
school students. Certainly, 1f this trere the case, then his pretest
scores would have been considerably hl%her and the study,ltself “would

be unnécessary. ~ . ¢ 7L
. . 8
E - ° R R .
The study is weakened somewhat by the nonrandomness and inequality
v of the experimental‘and.control-groups. Adding to this'diffieulty is
the facg the experimental groups got the same'.lessons as the control’

group plus an additional five special lessons designéd ta specifically

EN

' deal with suggesting hypotheses, deducing from hypothdses, planning

2

and performing experiments, and drawing conclusipons. Certainly you

would’ expect the group who got everything plus something else to have

N gained from the experlence The author states. that the regular lessdhs .

were 1rre1evant to. the questions belng investigated but provides no~

»

ev1dence ‘of - that. Even if the lessons themselves did not” contain rele-
vantvlnformatlon no observations of teacher performance were made and,.
o thus .we have absolutely fo notion‘of what individual teachers did, in"

the privacy of théir own cl gssrooms.

>,

The treatment. itself sounds most interesting and innovative. It
. + would be very useful t6 the reader if the treatment were explained some-
what better so that the reader could know precisely what happened in
the classroom. It‘is unciear what went on,during the Iéssons whiqh were
ot . conducted after a sequence where apparently stu¢ents suggested hxpo-
theses and worked with them. The study could not’be replicated from

: " the information given, by any' means. °
' - - .
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Aruitoxt provided by Eic:

-

_ >'The Test On Causal And,Teleological Relationshios instrument sounds
most interesting. I could céertainly. ggree with:the author that such oo
items would be appropriate for partial evaluation of student achieve- '
ment in biology. As interesting as the test instrunent isx howe%er,

* it is certainly not appropriate to.call it a "standardizedstest" as

does the author. "~ .7 ®
. / v ‘(‘ .
N . " . >

S Analys1s of covariance is quite reasonable -to use in this _case and
showed that the covariate (the pretest) showed a s1gn1ficant difference
betwe&n the two groups. With this in mind, it would now seem inappro-

g priate to do an analys1s of the pos test only scores. The authpr al%so .

erroneously states that '"only a t-test\ could be and was used to compare

the mean scores of. experimental,énd control groups.'" Certainly, there

WOuld seem to be a number of othier appropriate statistical testls which

-
-

could be used, ! .
~ ety L 4

h ‘ﬂ
<The ,statement,-"the experimental group madé substantially more pro-
gress than the control" canpot be legitimately made s1nce the comparison -

that he ran w1th this analysis of covariance was a posttest comparison

and not a pretest/posttest comparison.
Al & \
The written rebort“could be improved greatly by panding the ,
explanation of theitreatment more careful wording of the paper in

-

general, and by providlng more specific implitations about what to do

witthhe 1nformation we. have learned from this study. For rnstance,

* + Bartov states that "lessons on ‘reflexes and tropisms should be conducted

according to the suggestions outlined “in this paper’ ‘15 not a very use- -
- . L4 m

ful statement since the suggestions were not really outlined.

- . >

' Very:lf?tle:research is done on the effeqt of teaching the philo- -
‘ sophf of science in high schools and it would seem to-be a very fertile
area for the future. It would be interesting to find qut if Bartév's
instrument detects significant differences among different principles
within science differencg"between teaching strategies, or differences .

t
between various curricula when teaching is’ controlled. . ’ I

“
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-, . IN RESPONSE TO. THE ANALYSIS OF

Bartov, J., "Can Students be Taught to Distinguish Between Teleological
and Causal Explanations?" by John Penick. Investigations in

Science Education, 8(2): 73-78, 1982. _ \r/ N .
. “ ' ,: by .“ . \
- . ) . ] \
’ .o H. Bartov i} ) .
. Hebrew University
oL, Coex . ; .

. @ ¢

The quotation from Braithwaite (1953), defining the notions of N
teleological and causal explanations, is very confusing ‘and must be
dealt with-in some detail. :
The statement "In a teleological explanation the explicandum is
explained as being causally related either to,a particular goal in the
future. or to a biological end which, is as much future as present or
past" seems to obliterate or even to annul the differences between
" teleological and causal-explanations. . . -

.

IS . .

Braithwaite's distinction between "goals" and "biolbgical ends" is highly
indiviflualistic and of little or no importance in biology, at any rate--in
high school biology. According to Braithwaite "the peculiarity of a

~ biological end is that it is a permanent goal," like the continuous
beating of the heart responsible for the continuous circulation of the

* blood, and therefore biological ends are *as.much future as presgent or

- -past." Whereas goals refer té a particular short action, such as a
°sing1e/beating of the heart, "responsible for "the circulatjon of blood a
-short time afterwards." o .

2

When only godls are takéninto considegatiqn; as ft,should bey the

i differences between teleological and causal explanations are quite '
distinct and clear. "A teleological answer (to the question 'Why')

ﬁegplains~a present event by means of a future event, ...a nonteleological
answer--in terms of a present or pasf cause." This rule holds "good- for

. "all‘teleologica} explanations whith are not reducible<to explanations 7
in terins Of 'a ®onscious intention to attain the goal" (Braithwaite, °
1953)" ~ . .t T ' :

[ 4 . ’ . ~ ."'l,- R
Moreover, even intentional activities (whigh aré™limited to human beings
onlye-at least in the opinion of-most bjolagists) are no ekception to
ethe abave rule.  "Teleological explanations of intentional goal-directed
activifies are always understood as reducible to causal explanations

"with idtentions as caubes (Braithwaite, 1953). In the case of intentional
-activities the action is not caused by theé“yet “unattained and--maybe °
never to be-attained--future goaly but by ‘the. desire to attain/it, which
brec¢des the action. Intentional explanations conform to the’ conditions” '
for causal explanation, and should be regarded.as such expldnations,‘to,
all intents and purposes. Tklealogical (nonintentional) explanations
refer to future goals and not to pégfentfor past causes. ‘
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The def1n1t1ons of te1eolog1ca1 and cauggl explanations were d1scussed
y at some length, because of their crucial importance for the issue under
‘ consideration. Some other points raised in the repiew are dealt with

briefly in the following lines. . . i

The reviewer questions the hypothesis; that "the quite simple principle
in question (that biological processes are no{ brought about by their
ends) may be readily learned, well retained and subsequently applied by
most high school students."

. .\ .

This question may be answered only by exper1ment such as that described
in the reviewed article. . -
T - .
I certainly admit that "the study could not be replicated from the
information given (in the article), by any means.'" The reviewer's
suggestions for further research, such a$ "to find out if Bartpv's
. * instrument detects significant differences among different principles
within science, differences between teaching strateg1es," etc., were -
also made bysme i my doctoral’ sertation (written in Hebrew). I
specifically referred to the so h debated quegtion of the relative
efficacy of the discussion, demonstration, and laboratory methods in
teaching biology. The treatment lessons developed for my study can be
‘given by-any of these methods. They have also the adyantage of economy ;p
of time, as only five lessons are needed to accomplish the treatment. I
would be very happy to have- the possibility to collaborate in improving
N and replicating my study under discussion in more controlled conditions '
than were possible here®in Israel, as well as in planning and carrying )
out new investigations, based on the tests and treatment lessons

»

- . developed for the study d®scribed in the reviewed article.
1
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