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The study{ras justff'iad by fef.epence to a §Eatemen§ in: Shulman and -t

'Iamit (1973) that: "reeeafch in t;he felati\ﬂnﬁ*betﬂ‘éen labara;ary and *

“other féarning modes remains scarce." It {s-related primarily to Pt‘;fﬂf B

)

’ ~ work 2 ‘agsessment of -a )ktihldes and labaragory gkixlls by one of the

* @ R
s . e - t .l . .
: ':.;" L \? [ ‘%\ TT T .~ - ) T » '—§ -
s 777 _ ,,,;,,:,, E' — §57 - f e et f”:i :*r'::"""it'" i rf'i' = @L”‘f ———— *"j - 71" '7'"":" — el T- = 7;7 BN




- "8B0 tegchen v haé re::eived aterxsive ingervice training in’ thg . e

- _e; i gur:étulm. A mltiple-:hﬁicevfé‘lmawledge of 15&1@:&" fgt:hievmém: Eest . )
_ "(ER-20 = 0,75) was ugecf ;s ‘a pleteat adm;l:;ig;ered prier to Eegiming 331 o
7 '“ . Jghe thgmisﬁry course, Af '%‘gfx man;hs of, Anstruction [ ’dminiszggtian ,
® 7 time eape&lfied al,_,) or the :hmistfy ac 1evemﬁt test, mmd for
. others), studehts completeds .~ | .. 0N toloe
. .,.’ } . . .!Q ;_.;!: T . S . /;‘1 “L;'g
- 1) AnIq test (split—half = 0,83) (Ortar and Morield, H;_QEE) MR
2 A mull:;iplé chaiﬁa 2hemistry achievemeat teat Gﬁsiﬂi G 78) A ," i

R ]

3) A Likert-t jrpe szie’ce interest andratcitgde inveminrj-

Tt ’_t’;;:"r""-"""”____'(AlpﬁfamiwU:.TZ) '(He ’! 1970)" R e 'ﬂ;‘_ ’ T
R Y. "pfablem-sulviﬂg" 1ab practical with tac}mique, pfa:edure, Lt
X + ] manual, dexterity and orderliness substales (:vverall Alpha = .
Lo, L. |
5y K *routfThe manipuldtive skIIIs™ Iab praztical with suhtesﬁs
, ' similar to the above (ﬁvgrall Alpha = 0.53) * . J
f 5) An "obserdatfonal ability" 1ab practical (A;lphsif C! .30 or B
TITETTTITT 0. 53 dei:ending on the scoring method use’d ) o e
- . In-ad :&gn, data wefe ;alle«:ted fgr instructar-assigned gt§§§§_§}n -
S ehemisgt}?, choice af mgjaf at the endéf the tenth gfade year and :
al:gdent sex. = : R - > *
Dm:e data were collected, two factaf and’lyses with varimax fata\titﬁx
) , were cnndu:fed. The ﬂm_tb&gnggJﬂngquipulatm .
o skillg lab pfagtif;alss—"shawed that the ' fauf guFtests could be reduced .
‘- . to distinct Eactars ' (D) highef ahili;;ies (technique and ptncedure) '
srid (II) lower abilit;gs (manual dexterity ané’ aﬂder,linegs) S
o * . ‘;‘ _c; L ,[. £ oo e s s = é : S
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I Eoms

using- I;Etgl sc:nreg m Ehe iQ, achigve-

~an lawg lab,i:l.l:lt.y fa:tng;gareg f:tm Ehe fﬂﬁ_,hbsﬁraﬁtiﬁﬂs discussed N
"ihﬁve; #nd instructdr gra.de&indi:ated’ Frée fa:éorg,‘ FACTOR, T—a ‘ -
- ;iﬁ&“Eﬂgﬂizifzpiﬁtellectual abiiigy“ fi:tqr ﬂﬂ“ﬁﬁigh‘Iql achieveméﬁt aﬁg¥~;3f%432;f
© ¢, final grade ‘loaded highly; FACTOR IT«a “problem solving" factor on

‘ ﬁhi:h both higher and lower abili% factors’ from the pfcbleg 5a1ving .ﬁ;i ‘. -
e lab p:m;tital lﬁaégﬂ ‘highly (0: 31 aﬁﬂ“ﬂ .84) " and ¥fEtE.St genet‘al N P
S s«;ienee a:hievmng lnaded ggdergtely{(ﬂ' 35}, .?éETDR IIIﬁa fD;;tiEE , -
luadeé highly, FAEI'DR Iv—aﬂ bsewatinnal ‘abilitg" factor :antain;ug :
i ‘i%; ﬁnly 'thg ,genrati&nal 1ab practic;l, gag F.AETDR \T—an affective factor
Y eaﬁtaiﬂin anly the attitude andx htéreat ~survey, 3 _ S .

. -Qm;e factats werer identifieg the sample was sgrteéis sc;ienc;e (ﬂ- 192} .
__—‘ or nanstiem:e (ﬂ -13§LLma;Lnrs,. ﬂ%ﬁfi@tiﬂ‘% st:at!sti:s fnrzghe Fhvm oo e e
% factaf s:ate& based mn ggch student"s™ s‘tandgrdized scores, on the @rigie o

. nal _measures wéremgenEEaEEd for each group, and the. Ewﬁ“graugslﬂeze -
HEEIN ::ﬁmp red usiﬂg a t—tese, A similaf pfgceﬂufe was used to compare béys S g
— B T . PR .

' » - — , s ,_,; — —— - _
_— ) "4 - i ( ‘ .

Statistically 5igﬁifi:ént differences iHeluded: sciencevmajors > non-

et s:iem:a magar; -and- bays > girls on- the- "zegnitiva/in:ellé‘:tual“ factgr B
' and girl boys on the abservatianal fac}ﬂr. — e .
,li . ] !L’ - P E -’.:t : . 1'! . ) ) . A0 = :
et i g i?” O B ...*._.M,;J..i_, ;_._‘.t_ Y S . ;__- e e e
= L ’ 1\3 ) T . ) R P < L B .
, Interpretation . _ ~
R I g - = F ) ‘; . '
The investigaﬁaps cnﬂcluaed that- a:hievem’ént on written tests and. 1lab
, ?i ) ,practicals constitute iﬂdgpgndém;jadgsq,;haﬁzlabafaEﬂﬁxgbﬂitﬁas
" at least three campanantstﬁprablemssclviﬂg abiliey, mgnipulstive skills )
¢ *and ebservatian; and that aIl of these should be used in- assessimg
[ E
s studen:s ‘ability 1in chemistry, They found tHat the teachers used nn}/f -
N . 5 A ' E o - L e )
== = 7 E’ = :




- ;' ’;t;,gbilitieg was hypathesizf
as due{b d:l:fferent rateg of coldr bliﬂdg.eas between the se;as. The

) cagnitive differeneeg were nnted bﬁ Dot iﬂt&fpfezed. - s - o
L agsmcmg's ggm:fs:s I : L
— — T ’ i;§w -

The :el;:isngbip of the study to the matrix of ﬁZ?Ef gtudies in t¢his
area 1is d&fficult because of - the potpourri of iéEuEE addréssed. The
mement af 1akorstary akills appears to be a emtinumg interest .

of-K 3 ”TZ;“TﬁiE ~dpproadh- Ta" typitsl “of —
25 athers vho have §ﬂareased the same problem 6Dﬂrgn, 1978). The philn—ﬂx
" sophical, psychological and/Gr empirical bases of Kempa's ta;aﬁamy oy

e were not discussed in the report but were referen&ed. The reasons for -

=lkwwww*mmgzpeeting*{af nutmezpe:ting;maS“thEA¢ase ‘mAy” bg)’a“différence Tbetween 7
. s:i-:e and .nonscience majors or betwé\p boys and girls on the - - e

e Eeasureﬂ -variableg are not-discussed. - (Final“ ‘grades 1n ‘science T

ses—f ot ::i,:taﬂ‘i"That‘ifﬁg”brﬁ 1§\1ntrinsi— e
cally gced and lab skills shauld comprise, measured abjectives is an

2 S
undis:ussed and unquestioned assumption.. .. R .

Ehé Teport, the tudy pravides no - .

‘new :ﬂnegptual Ef methndclggiﬁal e ﬂtriﬁutiﬁns.' In fact, the validity

of some of the cunelusiaﬁs is questianable on mechadglagical graunds. ~

The heart of the! study fevalves arnund che lab practicals, the best of
~ which 15 of minimum reliabili:y ‘(Alpha = 0.70 far the overall measure)

= 'fequi:es color dis:riminatinn in the blueengEn and viciet fanges and: o

B N VO S e s e s s e e m e

:a;afnblindnegs was nat dEtEfﬁinEd Haré than 50 per;ent of the

!

é vgtiante of each of Ehe measures’ seems due to méfsu ngﬁt error,’ &
. ¢ ’ \%qa—!" ¢
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‘% the intrﬁductiﬂﬁ: 10 is nat treated as an iﬂﬂapendéﬂt varisble.
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Ivéukpez: thgt iQ wﬂuld be sigilarly related to achievemgnt ig non~
3 oo

science Eaurseg. My awn z:periEﬁ:e as a ;hemisﬁry tga;her in‘high :
fgiﬂﬂl 13 that, with very rare exeeptjbﬁg, stgdentg whg make gand T

grades aﬁﬂwfitten Ehemistfy tests also make gaﬁd gfades on’ ﬁritten
W teats in math .- languages, -sécial atud123 liEEfatﬁfE 4typing, physieal
educatian, industrial arts, snd hdﬁe ecanémits. Some qnique feature =
- of Israeld, as :ampafed to Ameriaan, sﬁhaaling may greaﬁe ‘a differéﬂt
e gtgtﬂf”iffgifff (ej=12 41/ 7 e p— s e

i “With regard to the written Teport itsglf feviewingqlhis atudy was a
frustrating experience because determ%ggng what went en fzem reading,

~*w»mw=§wﬂ:hgirepart“vas qﬂitE“difficult T InTaddItion té i diStrepancy between
. stated intent in the introduction and g:tusl desigﬂ as mentioned above
Fl—with. IQ, deseriptiﬁn ‘of thé 1lab-practicals which were épparently -
- . ’ ; ‘?;'dy*ﬁttirtﬁta;ly Inadequate,  The
prnblem—sclving test involved: an apenaended“ investigation of" (the

*.rate of? the stciﬂhiame;ry af’) the thermal decomposition. nf ch03 o

—p————

with both “planming and aetual performance' assessed’via cMecklist

along undefined diméhsions labeled as cgchniqué, PfQEEdEfE, manuai

TTTE  dexterity aﬁd adefliness.fiThe manipulativé skills lab. pfaati:al
. involved following ' very specific directions” to investigate the :
_n%_mﬁ,ﬂEa:ipieatian of’ PbCrQL (Ksp? —Effect- nf -solvent- Eempefature -or*

; . common ian effegt?) assessed using a chegklist for tachnique,vpraa
cedure, manual dexterity égérardetliheés. w0 , -

- . Techniqug and procedure hung tagether an&.maﬁual dexterity and ardEfs

~Tinesds Hung tagether during one factgf analysis but not angther. The
results of ‘the two-factor gnalyges, and my own failure to understaﬁd

# _ haw te;hnique and procedure can differ véry much frnm manual dexterity,i

Y S —
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. _:@3tiﬂns“‘puzgle ne éﬁngiderahigi Tﬁﬁ er.three§gent€?:es af des@:iptiau
‘5;;%4562 e;gﬁitest ‘and a fEs items. fran zhg cheeklist(s?) would have helped

d have been included are:. Co
the me\ ;d usgd to selec: thé "representa;ive“ ssmple, the-time of . ... .
aéministraziaﬁ of the 1Q, lab pra&ticgl and attitude mgasures- ‘the ' T
‘,, ZEIiSBilitiEEqu the lab practical subtests; the unit of ‘analysis for -« - :
_.the factpr. anaiysea, _the_factor/instrument matr'ix which.indicated »... .. ... _

ST

"higher and “laﬁer" abiiities* the methnd of scoring the abse:vgtiﬂn\
CF lab practical ugad for generatiﬁg data used iﬁ the analysig, the natugé»
! QE the ﬂantent ?Elidatiﬁﬂ pra:eduré used for the ‘measures develmped
. especially- for ‘the study; the number of boys and girlsg at. 1east a

~*~*ﬁf4~4~t¥fe:zgce “to the glgnrithm used for calculating the t—EESE' and the.

prnbabilities assg:iated Hith the bgz!gifl ﬁamparisans,_ Since theﬂmx.i“%w “;&
entire répaft fequifed anly gi; and a fourth pages, all of the addi—!

'zala gauld ‘have been included within the JRST 1Q—page 1imit far ar- -

- research report. - [ "\

= SRS S SR D S,

e e e e

<~ ""With the reparting of this study, what is the. cutrent Etate of the -

art of research in this area and what difectiaﬁs are’ indicated for. the

future? ThEm;titE—ﬁfthEuaitaiBAdEVElapiﬁgwléha?fg:tigglgwbag bgguﬂwm—ﬁww7

fe:amtly reviewed by Doran (1978) who concluded that "research” intﬁ | o

- psychomotor aspects of science laboratory objectives is woefully’
»M?iéégiﬁé;ﬁ "Bécause .the lab practicals aevelcped for this study are
not adequately described, it is impassible to determine the contri-

=== = hytion "of -this study to Ehg state of that particulaf art.f

Theidistfimiﬁgfiaﬁ between science and fionscience majnrs is, I suspect,
an intractable prnblem 1nvg1ving at the very least preferred learning

ghﬁle, :egnitiveiigglé. cngﬁitive preference, rate ‘of development of .

formal apefatianai“thinkiﬂg, iﬁtetattian of all these with instruc-

tion iﬂ both the sclences and ﬂansciénces, encounters with® important

‘role mgdela, diffargntial socialization of the se%ég,xparenﬁal : e

L
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expectations and job marknt ntruntures. It is, at anyf:ate, beside o P -

the point as lnng ‘as the‘prantical cnnnidérntinn is develnpment nf a iii

eingle chemistry course tn be tnught to all students befnre they ~
vdenlare ‘majors. I believe the. pfnblgmugiudiffatnn;en“hetween_majn:sAMAqug&ﬁﬁxh

H

gﬂd nﬁqrmgjnf; is qglativély unimnbrtant cnmpared with»the nther prnﬁ—
légm implied but not discussed in the' study haw may inburﬁtnty . !-;
experiencen be used to,improve nlassfnnm instrnntinn in nhemincry?

- (In not- qualifying that question, I am ansuming that ali?nnrmal‘

‘humans learn in pretty munh the same fashinn t

If this 1s the impnrtant questinn, nnd I believe that it i;, then the

investigators' stress at thin*gime on psychamntnr skills is misplaced

43

The newaf scienné curricula are labsnentgred beeausa this nppfnach is -

thought tn be most. effective in helping ‘students: understand and learn’

the concepts and intelle;tual p:nnesses of science. ‘PsYchnmntnr skill

develnpment 1s. a means fnr Enabling students to- éncnuntaf pﬂennmenn \

which will help them acquife such undefntanding/lea:ning, nnt an end

- The important research problems include, then, the fnilnwing§3 : 3

Win 1Eaelf Hy nggnﬂaxns a high snhnnl chemistry teacher is helping _

ntudents to lenfn and understand chemistry, not training them to L,

bg:nne ;?b technicians.

%

i

-pEEiphErnl? The methods discussed by Herron et al.(1977) seem - N

(1) Wﬁst‘is the lngicnl ucture of chemist y?- Handn wé know
Hhether somaeone knows and undérstandn the concepts and intellectual

processes of chamisﬁfy? Which idean afe central and whinh are

useful for initially addressing this problem. . .
(2) How do students psychologically construct the logical

structure of chemistry?- (Iﬁis is quite'a different problem beénnéé

if the logical structure were the same as the psychological struntnre

to begin w#fh, all we'd neeéﬂinr perfect chemistry teaching would be

a gnnd;set of notes and means of delivering the message to students.)

Which ideas may be learned initialij and which require prior learning/

understanding of other ideas? If human learning is viewed as
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: 1nfafmatian pro Ssi&g as descfibed by Newell and Siman (1972), we gah

:xhﬁ ‘use - :ampute: ana 1 ogies for this EECDnd (and most impgrtant?) préblem.

L

Elucidation of tHE data bage fa:maﬁ can probably be aﬁcomplished using

= methads“fEViewéd by*Preétémflg?Sg. Dacumentatinn of the pfbgram FIT-YY. S
L to magsage the data can probably be accomplished using methods similar

Pi'get?i.sECSee'Gtéeﬁ, 1978, for a, recent review and a comprehensive
bihliagtaphy.) . . .k . g -
_ ‘ _ ’

in&estigsti@n of prgbieEQ-(i) and (2) shculd lead d, rectly to some -
v productive ﬁypctheses related ‘to students eng@uﬁta ring ,abstype -
, experienées as a route’ far chemistry 1earning. ‘Only at this point V‘V{
would a canaideratian of discrege laboratory psychomotor skills_
‘ " required for chemistry learning become broadly useful,

e . .
]

In effect, I am criti iging the investigatnrs‘ 1ack of a theoretical
base for. Ehe research they did., Even despite the methadalagical pfgb—
i |"her associates

have develnped a cu::iculum that dges not radically diminish the atti~
tude towards science of those who vote ?ith their feet tg ﬁct enter
i! sclence cauréesvagain- The factor analyses fepcf%gd surely mean
something. The problem is that without a wellaaftiEhlated theéreti:
cal base, no one can be sure fgall§ what the éaca‘mean; not even the
:4;ii*£é:~iﬂvestigatarsmthemse1vesf’iReSéaréh‘Ehafﬂtakés‘tﬁéisténcé*af*difééﬁil;’i'
atheoretical ebs rvation (a correlational fishing trip, so to speak)
is useful in the absence pof organizing theories. But science educa-
tion has advanced to the point where enough such theoties abound to

enable us‘ta.begin using them. Let us all do so.
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anyer, Jane; Benjamin Chen; and Herbert D, Thier.;i"A Free-Choice N ,
" Environment: Learning Hithaut Inatfuttian.": SgiEﬂee Education, —
62(1): 95-107, 1978.. :
e »Desatiptcrs—-*Edugationalkgggggtth ElgmgﬁﬁﬂziﬁEdugatinn= S—
*Elementary School Science:; *Instruction; *Learning; Learning’
A:tivities, Open Eduecation: Scienﬁe Educgtiﬂn *Self Directed
Gtaups = . P, '

I

. Expanded abstract and aﬂslysis prepsrgd ESPacially far i,s, by
Dansid E. Riechard, Emory Univeraity. y

i

.
+ . [ IR

EfIhE purpases af this stud were:

e .
N : gfil.” To find out how children ﬁgefate in’ g"free-chnize envirgnment.
:Eaax;g Jni? To discover what children iearn ébaut cantrnlling variagags in
. f/f:, Coe the abEEﬁCE of diregﬁ teacher instfuctian.
N T : : . - S
i A— — s - :

Ihe authafs stated that it was aisa af iiferestitaAéstablish baseline ' -

ﬂata for future studies. ' é;“

Rationale | - | R : 4

LA S Y N R P T [T N ST <Nt S I P M

The research was :aneerﬁed generally with student learning whéﬁ'student
“autanamy is maximized and teacher-controlled instfu;ticﬁ 15 minimized.

M re .specifically, the focus was on the ability of students to control
yariables. The authors feel that learning to cantral variables is-

important not only for science but because such kngwledge is also
fundamental to everyday decision making,

The part of the study related to cantéolling variables is referenced

to the elassic work of Inhelgsr and Piaget (1958). Free=choice environ- _—

ments are linked to studies by Linn et al. (lS?Sa, 1976b).

£
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» ., Research Design and Procedure #’ Coe Lo , .

: O = ‘1' | s; . = ) :
/ .

rpHinety middle—:lasg 5ixthkg:adgtskmademupmthempapulatignhia:mthiskatudyfA%*mumbu

o+ F

.- Futty—five zhild:en were randomly aelezted to form the experimental

' i group which wauldf%artigipate in the Sﬁience Enrichment Center, -The

‘ remaining 45 childre% gerved-as the cantfal graup snd had no EEiEﬂEE
program dufing the course of the investigacion. The children in Ehe v
experiEEﬁtal graﬁgﬁftténded the Center in groups nf eight for twp 45~ ‘;, -
minute aassinns per week ‘for 12 weeéks,  There were mo aigﬂificant:

."differences in IQ or age between experimental and comtrol gtaups.r

£y : - . : = 7 ) . B . _
. 7 4 * s i
E *  The Science Edrichment Cente: was situated in a baak—starage room,
. The éénter permitted students a great deal ‘'of free-choice’ in activi-
;:;Eies selected as well as mode of aperatigﬁ. Fifteen diffeEEﬁE ' R

activities were available at any one time. A total Qf 50 activities

"netivity sheet which 1) suggested an interesting activity, 2) descfibed
a solution, and 3) pravided the learner with a related challenge to’
.salve. Report forms were available for the students at the-tampletién'
of work with a pafcicular set of equipment, An adult paraprofessional
.staffed the Center. Iﬂ‘genEE§L, the paraprofessiongl Eunc;i@néd as a -
\_igcii.itatﬂfanﬂ wasg not _involved in initiating conversation with the . . ..

777777 children. : 7 D ‘

7
The Eéllawing kinds of data were gathered in order ta‘;;aluate ‘the I
effects of the Science Enrichment Center: 1) videotapes of gEe
7 Ceﬁteé in operation were mad% during the seventh week, 2) on-site
‘:abservatians of chQﬁparapbeessioﬁsl‘and the studegﬁs were made in
the fifth and EEﬁEhVWEEkE, 3) an attitude survey was caéducted in
thergixth week, and 4) pretests and posttests were given to determine
students’ abilities to control variables.
The .pretest consisted of -two papef—péﬂtil Egsts—ﬁthe Spheres test aqd
=§he Balloon Box test. The posttest was made up of the two paper-pencil
tests and an individual ihterview using, an adaptation of the Bending

Rods task. Two subgroups were formed if both experimental and control
" -
13
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groups, The paper-p Es i1 ptetests and pté?teats were then adminiatered L
or

. in a taunterbalanted derssp as ‘to permit evaluation of the effetts af:- ST

L ™

the testing EEquente both withinaand between groups, ffﬁ o

!

. .. y
The authors provide a rather lengthy narfative on “Resulta aﬂd Distus—

= sia"ﬁ Their nafrative ‘can be summarized’ as fallqﬁs
' ] £ ?1,:

= : [ = R PR * =
[ . E B

¥

£

1. Analysis of thé videatape and gite abst:vatians substantiated l;s

- . the fact that childten apetated in a ffee—thaiee, nan—téather— '
it e ameaeem [ . A - - f‘. ;:,v,._-, V,f.”. f e F
¥ directed eaviranment. . - {' T ..
= . ‘;,_ : )
L a, Paraprafessinnal' ‘Ebntributiaﬂ £} the tctal amount ﬂf talk

vas anly 5 pertent.
e

.. X Y ‘b, 'For the maat;gg:;*_;ht

rale vith ease.

= *> .
, c. ~The uge ai a rewafd s?emed to inttease the number’ of ff -
é; SO o atudents :ampietimg mate autonomous and more cggnitiVEly ) -
) T " deﬂanding thallenge o ; ; VY )
L ;éi About DEEéﬁhifﬂ ?i,the thildttﬂ electedQtéiwgrktintpgirgg;;i%t;;tt;
& ‘or triﬂs rather, :han alone, ' L S e
’ = Sy
. The attitude 7,‘fevealed that, in general, the stdﬁents Pl
. liked the Ehri:hment Center.’ : ' ' ; - 1
a. Twa—thitds ng the students indicated a.desire to atteni
’ the Center méte often than twice a week. . ’ ,
I b, Tﬁé most fféqueﬁtly mentioned negative aépect was the
nEtessity to camplete "Activity Report Fﬂfﬁs.
.‘the ‘most pcsitive aspect of the Entithment Center was .
” ) C/ "doing the experiments. _ L ¢ ? . ti
3. ﬁtetESt_gnd Epattest results were éﬁaiyzéﬁ with nanepafhmettit ' :
’ . statistics.. L i . - "
. 14 ’
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, 'i - a ‘Pre;eete reveeled no initial diffefeneee between the ¢
' experimentals and controls, 4 ' ‘ )
L ok - _ 7 ) o C ” : &
A = . .b. Posttests of the experimental group wexe.siguificanely . o

| different frem'the control group (alpha® 0,01) on’both
o ' Ehe Spheres ‘and the Bellnen Box ectivitiee. . The- Expefie‘-*

, . .f,iv: : ,gen:el‘&rnup students ‘increased in theif ebiliﬁies fo . // fér
;gt ‘ iftentrer variables. . On thegse two Eeets;(Spheree and S SR
, ?;C; : f'fEBellnen Box), eppreximetely nne—thifd of the experimentel S

gfnupfmnved f:am a state in which they were unebIe to- -

'reeeghize Ehe necessity for enntrnlling vegieblee ta ine

4n which. they- evideneed eame understanding fnr the nee&

to centfnl expe:imente. T

N ¢, On the "Bending Rods Inte}view“ the resplts. indieeted that \*
' well over CWG—thirde of the experimentel grnup*(?& percent)

-undefetena :he neceeeity for enntrnllingtexperimenteg ', s
~ Interpfec tions A
= ‘t o ® =t <" -, L. .=
. Iﬁpiieetinne are eummefieed as fellewe. f L --Q? s oy
'i‘ - = . . - : ; ;r . x1% E . ‘ % i " V

= . b B T v
) . N . Fs

;ieeegiee%,el;LeSiitE—greée~-miééleeélass*ehilﬂfeniegn*vd%éfeene£}ittfﬁ§§§?

efficiently, and with enthusiasm over @an eztended-pe:ind of

# time in an envirnnment which encourages séﬁdent eucenemy. —

2. In a free-choice envirnnment; children can 1E8fﬂ ebnut ean v f

trnlling variables--an eree*whieh requires an edveneed 1ev 31

5 ¥ -

s of logical thinking. . =L Co -
y : - .
3. The fnet that a paraprofessional egn be difeetly in%elved ‘in ) *2)e1f
children's e:tivities is extfemely important due te Eeachere ' h
/ @
inéreasingly eseuming the rele of eupervieing and directing.
l _nerenteeidee‘hnd parepfefeesienele in their classrooms, . -
.
? 4, Perhaps 1t is pneeible tn expeee mote children to eeien:e by
using- eupplementel programs end pefeprnfeeeinnals in a pe ra- .
LeRES .
digm eimile: to that used in Ehie etudy. v
i . ;,3" =
* = ; "T
. - , 7 = !gﬁ . -
U : 15 X o7 - ]
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'5; Iﬂe authors - Eancludg.ihat‘the more 1ﬁ;ereaci quesqinn con= "

" cerns the amaun; of growth chiidren might make if they vere

&

_;zpasgd ga‘meaningful tgatherﬁled rlaggrqgm;ii' ';4,

A ( ) _ .‘\i;'iﬁ 7: o
"+ -ABSTRACTOR'S- ANALYSIS ' s .

. o - ‘¢

I | s -r‘l - L

gi TS V‘K s‘r ’ i:
. Fritten ﬁ%psrt It is’ abvi@us tg a reader cf ﬁhis study 'that® a tyemen= °-

dous amauﬂt cf 1n£arﬂ§tiun was ggllected Among the, authors’ pgrpﬂags

. was an e:pressed iﬁtqres; to establish baséline dada for s hseguent _m“,i.wﬂ.if,
studi;a. Hee;ing that putpase cnﬁié well be the most impgrtantfautcame - .
of the ihrestigatian. . S - ‘ H o N O
- . N . . o L, e

: s i j} : ) . ’ == - i' .\*

The videa;apes, on-site absegvatians, and attitude sufveygm jﬂr example. =

JiLiﬁ vation eauli farm the basis for designing sn in—depzh study on group

iﬂtetgetinh in a EIEEﬁEhéitE enviraﬁmentifi_;;rwés . ;,Ail,www !

~provide data which éfe intefgsﬁing but in—and af themgelvéﬁ are nnt d te

alvays quantifiablé iﬁté defgndable cgnelus ng.i The aEservaticn that A
about ane—thifd -of “the chilggen écrked in pairs or Erics instead of. ' -
alone might not lend ‘much te this partigﬁlar a:udy. However, the: abse:— L

=

S S

0

/ ‘ n ]
- : s f e et : S -

is en;aunte?éd with the write-up. Huch infnfmatian is genefally

ccllected— Hsnuscripcs_submitted ta journdlds haweve’? typically have fs
fa:hgfgztxingent limits an length Thus, c:itical d cisinns must be _ 3
made an*what ta 1n¢1ude and what ngt to inaluﬁe.' Th authors. of this

article did a a good job of pfuviding appropriate and nteresting infor-: o
mation, Futthe:, it appeafs that the atudy' s purposes were met, Since -
.the purposes vere statéd in very, general terms, hawever, the investiga-
tinn lacks the'"tighsness of an empiriﬁal study designed araund

specifitally Stated resesrch quéstiens or hypatheses. ' H

The iagrams ﬂn tha s:udent ;activity sheet, fepﬂft form, and equipmgﬁt

f: used in the Britteﬂ tests he{g the reader understand the narrative on .

) QE_ * 16 oy ’ 4
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Focedure. ft is noted 7 hodéver, tﬁat the equipmenE ﬂeaignated by ? -

R § 5 18 g&fasar}r to

. 'gaptiaﬁ fa:‘FHe Spheres tegt was a:tuallg that fo; the Ballaﬁn_i SR
s ; a8t and vice veiﬁa. ?..,%iM. ’ ,{-ié, 7 ‘=‘A‘t,‘,’; . o
. ‘ .. 51; = = . ’ ':g'

Réséérﬂh Egsiqﬂ and Vﬁiédity.. In order to evaluate a research dasign, -

exan 1e the pﬂrpasgs af the study tggaetermine if -
tﬁﬁgg purpases can- b;': t bi the-degign emplayed * Given the EEHEEE;'
mature of the purpggésféf tﬁ}s invegtigation, One muse conclude t at

the deg;gn was sﬂequaté.Ji If there is a flaw, it is most éirectly

=

related ga Eh& atatement a; purposes. f-"’/ ( Lt

=

y-

!s"i. ’
. The usé ﬁf'a'cauﬁtEfbslan ced :d er in p t ests and pnsttests fa: bo;h

Q’ qpntfal,gnd expéfimenﬁ%l subgré&ps was ‘a saundrﬁracaduré. And given

; tthe natugg and organizatlon of the data the autﬁbrs use of néh- . °*

'y -

- pargmetric statistics (ghi—aqua:e gnd Hsnn—Whitney U Tést) vas very

;p o%fiace\ djfferent argshizatian af?dats 'might_have allowed, the

& 0f other statistics. The feaﬂer interesfed In nan—pa:angr;c R

;Eatistics is :eferrgd to the basic text by Siegel (1955).
. N

= . -— =

éffaftérwefe Jnade to establish some degree of validity for the ggde. N !‘!A:
Thig ‘was done primgrily Ehrdbgh dece:mining intef:ater feliebilitY S

=

in Bcnring atudent resﬁanses on. the written tests. HQ information . _

. Future Réaéarsh There is-ﬁ relatively good body of literature on

£

k 18 given on thé tésts validity and*felishilizy, hawéver. fince the
testa psed are referenced ta earlier studies, one. cauld consult thasg

referenaes for further infafmatiaﬁ.,

. \3 . ? L }‘ ‘ - -
B = . = i y

! Piagetian—type tasks related to cantfalliﬂg variabi" . There seems v
to be very lifrcle, hawever; on lesrning scienge in freeichaice R
.environments. ! - 2 ﬁﬁi?

' » - - "S . i; . ) ! N
- The feadEf éight find it difficul; ,to isolate specific ideas far future I

research from this article, It seems certain, hawevet, that nunedous
rgsearzh‘questiﬂns and hypatheses lie hidden in the data collected.
One q‘eszian is the one posed by the: authars concerning gfawth in

science among children who have been Exposed ta good teaghersled science L.

5




aﬂd gaad f%%éschaite expg:ignces. Intezéste_ readers might fequeat -
*addi;iangl infafmacian and auggestians fram the authnra. , "

TN R.Eézmvcgs -
< . i &
%

Inheldgr, B and J. Piaget. Grawth 5f Logical Thipking from Chilﬂhacd,
te Adalesten:z, NeW York: Basic Books, ETEB g

L

_.~Linn, M,; B, ChEﬁ‘ and H D, Thigf. '"E#faanaliz'tian in Science:

X . Preliminary ‘Investigation at the Middle S&hppl Level," ;gstrégi ST
e : tional Szience, 5 '1976a. . ' :

£ - - . : Vlr

) Linn, .3 B. Chen; and H, D. Thier. “Perganali; tior in Sciéncéf Can
Ty Wé Teach Children to Interpret Experiments,' Paper presented at
N )H ~_the Jean Piaget Society Heeting, ?hiladelph a, 1976b.
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Greeker Robert K.; Key@ly R. Bartlett;'and Hgn-;L c:. Elliot, YA
Camparisan of Structured and Unstructured Modés .0f Teaching Science
-‘Process Activities,'" Jaufnal af Research in Sciencé ~Teaching, 13(3):

&

N e 2&7—2’?‘!’—“‘19‘751 A e
: Descriptors--*Activity Learning, Educatianal Researgh;
# . *Instruction; *Physical Sciences' Science Education; Secondary .

. Education; *Secondary Schngl Seiencé*‘Teaching Hethads* *Teachs
ing Techniqués 7 . . . :

- =

Expgndéﬂ abstract and analysis ptépared Especially far I,S.E, by
?éﬂﬁx;qllmaﬁ, Kansas State Unidersity,

= 7 Ve
= * a

K
=t

- -

Purpose .~ e
o -7774’ ‘ [ = o

S H

" and pupil,tharactgriatics. Two teaching atrategies, stfuctufed and

unstfuctured were. used in an;aztempt tg answer two research questians-

o’ - 5

g

aThis study investigated posgible inte:actian5<£atween teaching Strategies -

"1, 1Is there a differenﬂe bécwaen the two teachiﬁg madés in terms "
of the fallnhing- T ‘

, '

L &= .
(i)\; Achievement. of sclence process objectives -

.- * (11) Preference for t;_eaéhing mode,

2, Do significan: intefggtinns occur between teaching mode and

each of the Egllawing variables, again with achievement and

preference as criterion variables?

(1) Sex E_ ] .

(11) 1Intelligence '
(111) Creativity (verbal and figural) o '

(iv) Personality Cextrgversian, neuroticism, dependency)

v) Socioeconomic status,"

Rationale , o o ,
,\\
Elementary scieﬂce curricula developed i%the 1960s and 1970s focus on -

pupil activities which are dsed to teaéh both the cﬂﬁtent and process

19
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of stience, The term "accivities" can be defined in a variety af ways,

B Pupils who fﬂllﬂH a list-.of ax@litlcly sﬂated steps are perfarming

L]

[l / -

S gctivities_“?gfkthﬁyﬂafE"pEffﬂfmiﬁg TquiteT difEErently from pupils wha?
.are given equipment and told to explore anything about a phencmenani,s
* . In between these extrémeg are many variations on_the thenme,

a Iﬁ‘teachiﬁg the pfa:ess of seience twé.viewa D£ instfuctiaa‘:an be
. . clearly defined The- prgpanenta of one view state' that the pfa ess
; i; a set “of 'skills and éperatiaﬂs which can be taught as many other

akills and nperatians afe. Cpnsistent with thig view are activigies

- which are carefukly cantzalled by the teacher aﬂﬂ uhigh lead to pfacess
skills by praetice.: On the other hand, one can view the pEDEESE of

‘e science as open-ended inquf?y, “Many instructors believe'thag Ehg ost
appropriate way to teach this approsah to the scientifﬁc praéess is to
 allow pupils the appartunity for apen-Ended inquiry into natural - ~
" _ phenomena. _While unde:;aking_theaE_inxgsgiggtigﬂs;gugils_yi111—withuu£

‘teacher cantral develop*théir own skills and le&rn first-=hand ahout

- the pracess of science,’

In invescigating the merits f these twé appfeach es one should also .

eangider general studies of tei;hing strategiés. Much of the research
~ﬂ+;4m—guggeats that-different-types-of ‘pupils- may prefer’ andfar ‘learn more
' effeccively frnm different types of instructional strategies. Varia bles
such aa those listed iﬁ the researgh questions stated earlier may
*interact with the teaching stfategies. These interactions can he';
present in any investigation of teaching strategies,
) X
Crocker, Bartlett and Ell}Dt zombiﬁed the above ideas and investigated
"the effects of different teaching strategies in the context of process-

ﬁossibie interactions

\W

orlented elementary scilence activities' and "the

"between teaching strategies and the [pupil characteristics) mentioned.”

%

Research DESign,aﬁ%%PfDiéﬁgfg
‘Four ciasseé of grade-six pupils were the subjects for this study,

Each elass was givgn two treatments--one structured(S) unit and one

- 20




a,

unattutﬁured(u) unit, The unics were "*edifie! ffam a prgtess—b

elémentafy science curriculum developed by one af the sutharg" aﬁd -

amhgavered‘thEMEQEQEptsndf?Ealgncfhg“fBI and ¢ density Y "The table

belcw aummarizes the tfeatggnts,.

¥ o5 L] B F

= ) = - £
. " - L] ;5 ' 1 . -*
- _ L3 ¥ .
Class | Week 1 . Week 2 : Teacher .
; ) J - = ) Lr; '7. . .
A 5B u,D 1
3 U,D S,B 1 ,
= R . r.
3 u,B ‘ s,D - 2
A S,D" U,B T2 ©

.

A 15-item teat which determined achievement on undérstaﬁding thekpragess
of science was constructed by the authcra and was used as a pre~-test and
post-test for each unit. The reliability gnd validaticn of the tests

were determined priox to the study, Tndepeﬁdéﬁt variables Wefé mESSufed ’

ringtnventortes for socicecononic status, persanality, crea~

Eive thinking- and depandenze proneness,

. 2

lpgltiple linear rggressinn was "used in a mode essemtially equivalent to

a seﬁies ‘of two-way aﬂalyses of covariance with posttest as the criterion,

preﬁggt and IQ...as chariates, and treatment af eaah ﬂﬁ»the ﬂEth -

“independent variables, in turn, 35 PrEdiztﬂfs‘"

To measure preference a forced-c liéé scale was administered to all
groups following the treatment.

'\‘" . = .

Frequencies of preferernce scores were cross-tabulated with each inde- .

pendent variable. and‘éhiésquare tests "Sppliedata‘ﬁhé resulting
cantingea:y tables." -
Findings ; , ' - S v

-

The raw scores showed higher a@hievem&nt in the atructufed mode. How- ?

Efeatment and the class, Dng class atcained a highe: overall mean on
. . - . 21 _ |

) 0L

As

L

\.,.‘T




aq =

the gchievement teats and pe:farmed much.bétter in the unstructured.

miode, The guthars conclude that this EIESSFEfEEEmEﬁE intefacéicn B

‘camplieatgg Ehe ‘answers to the first r segrch ques;ian.‘; © ' ”
< e ) B
$o ) , ﬁ

The resul ts faf preference toward the 5tru¢tufeﬂ moda were complicated

by this same type of interaeciﬂﬁ.
P =

SN

e ) ' i == ' 4

! The examination of the intEracEicns segted1ntheresearghquegtiansresulted
in the identifigation of bafh main effezts and :Lnters::tionsi The. . main

- effects were IQ, gncioecanumig status and sexi The fifst two of these
variables were in the, usual direztian, while fgmulgs ‘scored higher than. !

males Néuracicism displayed aﬁfinteractian while ext:aversian, “

dEpEﬁdEﬁcy and creativity did not,

£ .

*

v . . : : .- -
. P - & %, = = :
% LY é: ﬂ . L B \‘\;
R | H =

L : §

————Interpretations — —i o — — — gs '

iDne'élasa was clearly different from the other thfegiiﬁ this study.’
Yet, the anly measured difference was IQ,- which was controlled in tha
analysis, The impli:aEiOﬁ is that some unmeasured variable. ‘was

respansible for the obaarved differenze. ‘The investigatars speculate

~“that Some :hafacte:istics ‘of the class. as ‘a gfaup may have an influenge

on the effgctiveness of certain teachiﬁg modes. These group characé=

Eeaching sgrategiesi"

#

=

ABSTRACTOR 'S ANALYSIS

The effeztiveness of différent teathing 5tfategies has been the subject ‘
of msny studies in science education. However, uncil recently most
'inveagigazians have “concentr rated on the effectiveness of teaching the
- content rather than the process of science, With curriculum movenment

‘of the 1960s investigato:s and teaghets'have.incfeaséd their interest.

in process and soning skills. The_re 2se arch by Crocker, Bartlett and
. _ .
: ~ .
* : 22 )
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Eiliat is ang af sever 1 fe;@t effarts to :cmt:ragt mgtheda nf t:e.schf

=

:lng seia:e prm:essea.

7 g 'rrae 88 ¢ éfkcien&‘e hmre facused amthe munt af tegcher :antral i-;,',
;ver the Ieatning e;@arien:e‘ The bagi: questinn is:. Can students ., ...

1g§rn Ehe process of g:iem:e betzte: by inveating ways ‘of experimntiﬂg » \J
s e O Ey fallmrlng and prgu:ticiﬁg steys pfﬁﬁi&é ’by \‘:Iie ;gac’her'? Hnst

7 in mdergtandiﬁg the gﬁiéﬁtifi; prneess. : In adﬂitian ta this research
Crocka ?“fﬁrt‘l’étﬁ,vanﬁlliathave~cmiﬂereddnte:aEtiqngietween

various student attributes and understanding the process af seieace. o

I‘hey have also 1naked at relations'between the : attributes and vip éfergm:e i‘;

““"‘“"“‘“ha;“‘ “thus; m::feased the bady of knauledge about how teaehing strategies

. for atm:tured or unstructured 1aamiﬁg experiences, ' This investigatiaﬂ

e ~are - relai;ed ta 1eaming the- pracess “of gciem:e. ST o

an InsErument to measufe understanding of the. sc:ientifir:

ﬁfaeéss ane muét be cancerned tiith a. built—in bias of the :Lnstrument.

af the

process of science wich an achievement test which was created by the ,
énvegtigaf;ars aﬁd baged on an :Lnstz‘umenz Eraduced by AA.A,S 'I’he :
fesearchers Indicated that ‘the feliability and valiciﬁy uf the te:st

were established Hmever, they -do nqt discuss any bias which theAAAS

ggraa;: ﬁ " ' | }, o 7 Q | ) ‘

P
il

Thia pﬂint cuuld be’ particular/fy impw:rtant bécause as dist:ugsed above
‘the authors divide views of the _process of science into "the S-APA

N !ense, Es 'a set of skills and gpera:i@ns" ‘and "féiatively unstructuréd"
:5}

inquity. _These Ewn views were :the basis fnr the differem: learning .
erpgtiEﬂee; develapgd eape:ially for this investigaticn. ‘One must .

- Q’i;thé-&&&ﬁ—&&ieﬂe&?rneess—}nstfumﬁ'” asu iy
af skillg "iﬂ the S-APA sense,"  Thus, how the authors adapted this

imﬁruggent fgr the present study is impuréaﬁl: to understanding fully

[ S
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,ﬁhich.were,uzeﬂ dugiﬁg ghis inuegtigatiaﬁ; iihé reader is ;eft uith

=t questian; cﬁﬂﬂerning ‘the" nature of the leaff;fg experience, Amgng e

Z', the:e questiana afe-'rif.r CLUE

A ;L L TP N o o v.“vgg-vﬁ.;:, -

’*TWEIE‘thE’ZtTﬂEtEfEﬁ and'ungtruegured’élaases giveg the same -
amount af tﬁmzég :amplete eaeh a:tivity?

- . -7

How did szuﬂen;s in the unstruczufed zlassea knaw the o N

o 'ahjegtives of a lesaan’ .

.

" How did tégchers in the uﬂgtruttured clasges respanﬂ to gtudent

24l ¥

“questions which would have added structure to the lessaﬁ?

‘ %ia—placedzaﬂ—t:,=aiaasgggen%¥arxexgmpie,
if students began inveatigatingéiphe omenon different from
wthe one intgnﬂed were thgy guidadghack?) .

s

Answets to. questiuna such as ‘these wauld pruvide more detail abaut the
t

='“““'"Zt,em.'r:x:mg experiences "and “enable readers to interpfét better the '

o

results and implicatiang of the inves;igatimﬁs.

Most iﬂ?estigatiaﬁs; iﬂzludiﬁg this one, show that students perform

better an pracess of seience inventafies after struttured rather than

unatrucz red 1earning experiEﬁces, Unfcftunately most researchers da '
not attempt to interpret theif re;ulta in terms of models of cognitive

develnpment. ”Ifﬁvieugd,in tefmg,af,these mﬁdels,ithis abstractor is -

‘-feundgritanding.@nghe-pra:ess~af'ggigggg; LTI ST
' ' 3T ) ) ;

e S B o ©ome ot oo aziees L am e == . - N Coae e e

e 2 25’- , e ®




= X - 5 - A

7' 1¢ ébtiin knauigdge gf the ggientifit pra;;ﬂsiffﬁm an;gnstfu:tﬂféd
- ‘sﬁlztivizy g%udencs nust: [ b

""_ta,understané Eheit_

! ’ ;17: tn buiid a mndel af their praeeduzes.,ﬁy,";‘;iﬁfir

Ad

=

. ?hilg ftbe fﬁmy— be- pﬁssiﬁlé *far ‘some stuciEﬁts, tﬁe hztef is fr
qugntly beyand their capabilities, - Iﬁ understand one' 's awn :easuﬁiﬂg'
patterna requirga ?ntglleﬁtual skills not- availahle to” mgst 'school -

At ,”7j—g 8 ra:tarig~e:pgrienEgs“>tn*many*cailege R
' students), Without this undgrstgnding the students are un;ble to :
T realige that they have participsted 1o~ “a process ‘and, thus, are nat © L

) likzly ta assign- theif s:tivities ta a general madel :alleﬂ ;he pracegs . ég
ﬁﬁ;——““uf“;giencg,." — ',' e 7 _: e _ =,; e

#,

- S SO0t DU U RSN . e e ivm s i e e

*’*Tf—ﬂﬁﬁtﬁg”utﬁéf*hf%ﬁf—sEuEEHtg*partiéiﬁatiﬁg’in stfﬁéfﬁ§§3¥§éﬁiﬁiﬁies hgﬁi{f )

posed on ;ngm. “They probably are not told that they gre
effarming pracegs skills, Haweve::gthese structured activitieg will
_bot include false starts and seemingly rand; shaerved in

an unstructured expezience, ‘The need;tn:invént a ptuceéé model to

. separate the useful pracedureg frﬁm the n@nipraductive ones is not

‘necessary. Students in a “structured activity need’ anly ‘review how the
process works because a model is implicit in everything :hey da.

‘ -~

= ,
Thesé last two paragraphs represent this abstfactor's view of the
research results into the abilities of structure and unstructured
activities to transfer knowledge of the process of science. Fhrther

studies are necessary to seg how well models of cggnitive develapment

fit Ehe “data on FEEEEEE skill azcgiﬁment and retentian. , _ ] I

Hhile Ehe ‘results reggrding a:hievement on praceag_ggills are not .
,A,ﬁb&Eﬁiﬂpliﬁiﬁiﬂﬂ—Di—ErQEEEPT—EEEE ett—and— }%iatlgff=~fff:**'f*f?
 results is. The resultsﬁiﬁplieﬁ ;hat some type of interaction among - : L -

membera aE one g:aup was far mare impartanz Ehan ;he interactiﬂn af -

25 ' - ' K
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ejeh imiividusl‘g attributa; with tﬁe treamgnt. I‘he authafg apeculatg i
A:hx: th: group dynmi:g of one :Iags resulteﬂ 4n much different achieveﬁ

- mentw. fa: this class.. ' :oneiﬁsim,# ?Eﬂfied ‘could have. iﬁPﬂI“ =K

l;mt i@li;utim fef both research- and tea\:hi.ng the p:t;egsg af sciem;e. -
- tainly be inveatigated further, ek S
Lk 2 5« - :T—-‘i; S i : i ot = ,—:
’ h ‘. i - ) . £
e - B N B . o B}
f\g
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"Enneibe:ggr, thn. “Develapiﬂg Bive:gent—?ruﬂugtive Ihinking i R
Elementary S:haal Children Using Attribute Cames and Problems.” - -
Journal of Research in SeLEﬁeg Ita:hiﬂ . 13(2): '185-191, 1976.
Co Dz;:fiptnrs%—*ﬂuffi:ulum, “*Divergent Thinking; *Educational
" Gamed; Educational Research; Elementary Eﬂugatian, #Elgmenz!:y .
—-Scho8l Science;- Eenergl ~Science;- *Prodag ngs '

The purpose of the study was ta ‘test the effects of Attribute Games_ aﬂd
=T Problems “on “the dévelapﬁent of ¢ divergentapraductive thinking skills gg %:;
; Elegentafy scheol child;‘en. . :

k3

S

One such unit is Attribuﬁe :_Games —and Pfablems (AG&P) ptadu:ed by the
Elementgry Science Study (ESS). This unit givgs ghildren—aﬁ oppor= ,
““tunity to work out different ﬁiass;ficazﬁry and” nrganizgtianal salu—qﬁf"'“;““&”

tions to a set of pfablema which use éhapes of different calars and _
“*ﬁ—;--liiﬁiﬂgl-l—ﬂgdium;-mThE—EiﬁfEiEES“in—AGGP sggess—prahlem-salving—skil15*“*‘““—*
.+ and aﬁticudes, one .aspect of which 1is divergent—praductive thinking.
It is this dirgrgentﬁpradu;:ive thiﬁkiﬂg, defined as the ability to-

produce diverse solutions when faced with a ptablem. “which 1s the .
major concern of the pfesent gﬁudy -
Researgh Design and Pro 7; re f}ﬂﬁ T .

" Two classragm; af fifch grade students were randamly selected from all

the fifth grade classes in one salegced 5chaal diastrice. Gﬁe class was

- )r;ndamly selected as the expgrimental thuP; ‘the other was degignated
\4 . ¥




gntxs, trgmﬁtfﬁfnsisteé uf 26- zstivities ?it’h E&P materiiis which

em;h ;I;udgnt ;&ﬁpleteﬂ during ‘the séss;{m, “‘The erperimenral activia;_

tigl;mfg dﬂi@gé to- ﬂevelap m@tﬂl st:rategies cailiﬂg upan divergenza

af::ivitigs vere Ehe actual prablem cards from the AGSP matgrialg or

- newly iﬁ‘i:ceﬁ g:t:ivitizs. . Nor “dtd he spe:ify whether szudentg wvorked
' individually or in small groups; whethef ‘the gtudenta interacted with

T

“““““zx:h‘m:hef‘ “E‘: solutions; or “Whether there was ‘2 ‘any meaniﬂgful .or
—important- orde

to-the training- aetiﬁties. “The experimenter's role

—vas to— guiﬂe—the—stude:’;;s without giving answers and to encaufage th

ogréas,

3

The Tﬂrfenl:g Tests of cfeacive Thiﬂkiﬂw 1

Form A, were given to bm:h the experimental g.nd Eﬂnttal groups imme-
‘ qii;tely fallﬂming treatment,  The authet states that be usgd a paattest

. e 2 et Ca L emRe s s

““only control group design,

R0

5 R A
Findings : . > =

The null hypothesis that no difference existed between the groups was

rejected for two of the seven subtests on the credtive t’:hinking test,

The Iigurgl Elgxibility (p <. 19) and figusal grisinality (p < DS) sub—ﬁi,,; o

4

‘ tese: pfaved statisticaliy si?nifieant in favor of the’ Experimental

gfaup uaing student's t-values, No differences on the other five

. X . o . i';‘

1]




't ﬁith a 1arger:;f“ 
- *‘i:nple ei:e and vith treatment e:tendeﬂ ever e~1eeger time peried -
Eig—fmunfe eignifieent feeeefeh fesulte might ‘have. eeeu:red- o

.
Foas
[

'The preeeet ehert—term t:einiﬂg deeign may. netsheve beee tbe eptimuﬁr o
7:Ereetgent, eepeeially for- determining latent emefgenee nf divergent- )
epreduetive thinking.= Pe:iedie ‘use of aetribute bieeke over a period
vef three years in enether eituetien known Ee the euther ptedueed "', -
—obvious, bﬁtunreeefdeisgg% of these thinking eEiIIe.'”‘{‘“*'”"' ““TM‘W;M7‘”7"*“7

L

ABSTRACTOR'S ANALYSIS L=

Students' ebilitiee to undereeend science facts or epply eeientifie
pfineiples is a most eemmen feeus of reeeereb en;eugfieuler materials, .
" This :tudy edde an imperteet dimeesieﬂ to the literetufe by leeking et :E“ A

cognitive outcomes from a ereecivity etendpeint. Divergent—preduetive
w——m~~thinktng_13“an‘impaftant “aspect of the sclence preeeee EEille. Dbeefv—

ing, deeetibing, generating hypetheeee, ident#fying variables and inter~
preting reeuita are preduetien—eriented skills which require creative -

and divergent theught processes if used preperly. JFew studies have I
) - atteﬁbﬁid tp meeeure the ability ef seienee eurtieulnm meceriale te

t:gin :hia dimensien as has this eﬁudy, : B - - 7

.. The euthﬁr eleime ce ‘have empleyed Aa. peetteet-enly eenLrel greup design . . .
vlol lies-heavily-upon-randomization . ot {
_;gfeupe. Heweveri true fandemize;ian and .thus. theegeeieal equivalence

" of groups was not ebteined or established. While rendﬁmieetien Eeek

;,wpleee at each. selee;ien.etep, eubjeete were..not. eheeen from the same- e
|
. 29 e
Q ‘ . ! X 1‘33 . \agﬁa"“ﬂ




ni;ht have” been used ee effee:ive eeve:ietes elee, tﬁue futehering o éi, _
B ela:l.neéef équivglem:e. A s L 7 o o s

= n 5 B P i P

";A'r:»':"" 7 Ty ‘_7’.' : = f T N - T T T T T T T T T T T e T T e Ty e v' -

Ihe etated aims of the outcome measure (Ierrenee Teete of Creetive }

Ihinking) appear to eeiﬂcide well with this eﬁudy 8 desired euteeme,

ﬂivergent-predn:eive ehinking ?ef reedefe not familier with this

- instrument, a brief summary eg eeeh of the eubteete is e-neeeeeity, )
“ liﬂee a basic underszanding ef them Hauld be prerequisite for inzer— ) 7? R
' p:e:ing the ewe reperted significant differeneee. The euther did eet o

=y

ptevide such a summefy. ““He also did not etteﬁpe to interpret these
differences beyond a general gtatement that AGSP might enhance
gsgs!gﬂi¥ﬂfgéﬂifpfﬁﬂu¢€i¥tgihiﬁk e tmport: ”t%tﬁzﬂ=thi§!§seefrien

night have been his thoughts fegerding the relationship begween the 2

i

_results and the kind of _process skill thinking aBilitfes that science . ..

P —

teaehere Hieh terpreeete., In edditieﬂ the IESf,tS'Hﬁﬁld heve proven
gere meeniegful had a retentioh test been administered After all, -, -

L]

tfeining whieh predGEee results . 1is only meeningful 1f those abilities<
can be maintained over time, Too, certain divergent—preduecive ‘think-

1ng skills mightieﬁ%iremefge eeme eime after initial training,
‘§=* KX

G

7> 7 Gﬁe paftiel (end pefhepe flewed) explenetien ef the reeulze fellewe,,

Aeeuming that students worked individually on the 26 ee:ivitiee and o
that there was little verbel 1ﬂtetee:1en regarding eeletieneg it is
- not eurprieing that the expefimentel group's figural and not verbal -

- f;;;e'Eheued 1mprevemeeti: The AG&P mate:iala ate figural T

.,  area. Perhaps fete:e'we:k can add a verbal dimeneien o ‘the materials,

~~-1f this outcome is desired. Expecting an increase in berbe;gdive:genc;. Lo
i ; )




?fgén;livg t_hinking ﬂhii: aat gi gﬂg students a d:ham:g ‘fm: pr;cti&ing
thil iﬁll ;gpears to be a lang gh@t at begt. 7- -

Rpp—_ L, = = ocn e i s =

’l
L

i & tﬁ; study adda a: =i@i.£i§$£ ﬂ;lg%nasinﬂ gn thé 1itera£u:é‘ e g
bf invgs;igatjng m mu;ggl am:I veﬁ mpo : ‘ottcome e

de:ip' prablgm vhiéh eauld have Been remg&ied _quite easily. In aﬂdi’tiﬁn, s

; " 'a serious lgek of iﬂfﬂmtian and/or desc:ip:iaﬂ is at times b@thersrme ; |
A»Ea :he mder. Hhat preciaely was the treatment? How dt:es Ehe authar
‘int;erptet the: results‘? ?‘haﬁ is the Eeaning behiﬂd each subtes: on the ] v

":;"aﬁt:m measure? - This reviewer realizes the spa:e cmszraints Plac:ed
N on authors by jgu:ngls, but full des:riptiuﬁs af the tregments gn,i _k,,v_l__; -

fﬂ:ults are absalutely necEssary to tlidgr understgndi:ng. - S \

i

hrggr pupulatian, Af this ‘has not alreadjé-'been aeeampiishgd. In
) ‘Eicm, a mndifir:al:.ian af the EI‘EEEEETII: so that stgdenﬁs can work
wi h the materials over A2 langer time pericui is BEEESSEE}[. This can

Lastly t_his reviewer wnuld utga ;he authc:t to repli;h;e the atudy with t

be accomplished by giving the treai;ment ﬁm: days per week, :Lntersperaed

;Eﬂﬁeh—:gggﬁﬁhsmmcﬁaﬁmfpfaEffﬁe“zf'ﬁfvﬁgen"ta
*productive thinking should also be included: as well as some pretest

w?m&neasgte,ﬁgﬂch,gagmf_he,gIazzgﬁ;.;gmlesgazgifgfgﬁya_;h;nk;gg ,.?gar-iﬁ S

Torrance, E. Torrance Tests of Creative Thinking. ‘Norms-Technical
' Manual, Princeton, New Jersey: Persannel Press, Inc,, 1974,

=
- .

!
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Ihe purpﬁsg af the Harkle and Capie gtuﬂy'was to gssEgs “the app;ieﬁ T
" abi]j.ty of inserted nath@agenie quest;ians to an attiviey.ggﬂg Ei‘e a

- nﬂdﬂlé_ﬁgffhfﬁﬁd by pfeserviag teachers manipulatiﬁg abjezts dufing
- - instruction,- ~This-study evaluated-the dirgc:*(gglevgn;)“gnd 1naigeetﬂ~f~*wwhr

” "fiﬂgiﬂEntﬂii"1ea:ning*e£fézzs_bf disttibuting ﬁathgmggeﬁlé pggqueggf” ———

[qiest Totis placed ‘betore "eéach activity) and pnstquestiens
(questiang placed. after each activity) among fouf meErig—measuremgnt
" activities deal log with_the "process,'
‘ -vall,i;" and "Eecurag? and precision,"

" n*r

e I U S I '
S -~ N

-Previﬁug mathemagenic behaviar st#dies have investigated 1nserted (or

#

lﬂjung:) questiana placed either before or after segments of prose "in 7-

terma of kunwleﬂgerre;all test items, Very few invegtiga;ars have

‘Teported E&EﬁemEgEﬁiCSQUEstiBﬂ studies uéing an instructianal medium

“other than Eypical prase and few have evaluated st:udents in terms of
:ﬂmpfehensign test itemg. - _
11y Ha—R&Ehkpr—,—l—Q&&)—,—pteqﬁmian —can—dir

legfner 8 attention to specific information. cancaingd in the text o - oo =

e —

 and needed to answver gubsequent test items. As a consequence, a

N




_ ﬁg . Hilo& o . Lo %g -
- ran a sﬁbsequent tgst ng;sufing diEEEE 133t§ing of (:elevant) ii!atﬁgtinn
previausly askgd*duriﬂg iﬁszru;tian., Qn the‘ﬂther hagd, pastquesgians

';nbsequEﬁt segments. YE;, 1if the gtudent faila _to answer these %4_;;" o
inlefted péstquestians, the inapprapria:g reading p:ﬂ:essea,used are |
., not f&infarced and _more apprapriatg Pfaqﬁéfés are iikely used dufing the
' regdigg of the nexg _Begment, Hgﬁhemafgﬂi;xsnj {es i hat .son =t
pas;questiﬁns agg pargiﬁulatlj effective iﬁ belping studEﬂts femgmberzi o
;ﬁm*megg;tull 1ﬂfnfﬂ§tiﬂnangt Eﬁ?eredAEy the inserted. questiona, As a-conse~-—-—=-

éuence, a quea:ian—after—activity treatment abnuld result in higher

scores on ;,subsequent tegt measyring_%ndireet 1gazningwﬂim(inzidenzallmmm_m_
infarmgtiqn not. asked for during ins:ruczisn. T e

b
-

=

Research Design and Procedure , '
s : ) e
’?ﬂfy—eigﬁz preservice female. teachers at the University of ¢ Geergia

* wgre randomly assigned to either a prequeatien or postquestion treat-
f_fhfwﬂnnzs‘gznupru Subjects - :eﬂdu!nﬂﬂﬂﬂffﬁfmgﬂ'E“EEESUfEmEﬂE“Eﬂduie 1nc1uding“*“::f
‘a rationale, a list of performgnte abjectives and fgur "enabl:
~activities, %5%? activity required abaut 15 minutes to complett ,—19 :

e v e el e e i i S

, m;nu:es of which -was used for such agtivitiea as "measufing the lgngth

of the rnam, the vglume of water in a jar, thé mass of a lead weight,

) e;tims&ing differenc dim4L§§:ﬁ5 of given gbje;ts, and estimating the
accuracy and ptecisien of me

suremengs, Subjects were infafmed abnut

7 » ’fEiE§EEiLfﬁﬂE=¢§Ed!=§E£EChed
to eiéh evaluated object. *The EHB’EIEEEEEHEE were identical except
for Ehe position of the inserted mathemagenic questions/related to

”_>elch !etivity. Ihg prequestion grnup ﬁas ptEégmtEd with thése multiple-' - )

'eﬁgice questians befaréieach azﬁivimy, whiie the - p@ﬂtquestian gfaup was

sti re =,sn amtlvlty. In ather wcffs,
Ehe iﬂgertgdﬁqueszian pasizinn was the imdah&nden: varigb}e. The g Lo
' dependent variable was a 40-item multiplé-ehoice test cangisﬁing of '

.ﬂ_*uuwm__J_MMHNMMAMmmwggA_MAMMMé?é?wuﬂnamﬁé;nw”;“"w_Anu__A,m_umwm,,m ;;_
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0 rel ﬁt test items (evalugting zhe same iafafmatiuﬂ as. the insertgd
'fpfe— or pascqﬂestians) and ZD

No signifieaﬂt‘differences ﬁef§~deteéted betwegen the tﬁﬂrtfegﬁﬁéﬁt' .
o groups in terms of :elevant or incidental aghievemegt as indicated by D
li;:aﬁ:izggt;gﬂglylasiﬁr—f,; ' 7

7mThe iﬂvestigatars did not demaﬁstfate that a prequegtian,treatmenz can . -2?;
_;;wﬁ_re:nlt dn Eighat;;ﬁhié?EﬂngrﬂEQ:&E_§3_221£?33t -tegt— iteas—ﬁkile—a—@@aﬁs_ﬂ*;—

test items, Ihis'latte: finding was elearlg incnnsistenﬁ :with Raﬁhkapf'
A na;hemagenic mgdel, Pethapa this model 1is of limited usefulnesg and 1s
L) *mate generalizable to prose and less applicable to manipulate lab-type
- ;ig;sfaam activities, as fauticned by Koran (1974) These negative L
“‘“IEEEItS“EBY’bE AZtributgbIe ‘Eo aidch extraneaua variables as student

,in;:fggt in the instructiansl material and to facilitary selfﬁgenergted
qustians abaut the instfuctianal activitieslmuw_u

-
e ore e R B e < e e i e et e
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AESTRACTER'S ANALYSIS

™%

i’—r . B ’ 7 ;7 Vi

$=m=m-Ihi§=ﬂallﬂﬂfittEﬂzgtud?=fEﬁrEEEﬂtEﬂ’aﬂE*ﬂf’thE?fEﬁ“Efféfts <) “eévaluate

#“éé\( "
LR

_the pogiticning effects of inserted questinns on science .achievement
. Eraﬁ non-prose instruttiaﬂ; In fact, other invegﬁigatafs Harking with

ﬁszhemsgeniz mate:igls ugually camparea ﬁrgatment vgfiatinng af prg—ﬂ .

gﬁd pgszquestiana with 1itgle expresged iﬁtéfést in :he applicability

of Eheir Experimental findings to learning zcﬂditicns found 1in the .
‘classroom. Instead, most, EESEafEths Evalua:ed verbatim (ward by ward) -

) inaerted questions adjunﬂt ta prose passages in terms of verbatim Lo

’;":' S ’i""ﬂ”;i "iig_"'i~*~“jgj‘““m:3§;“'““i‘_fj”““*“*“*”7*”*”“”*ff“fj‘;tj?“
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A e =l . = s

ita per ame..; of c:mfsé :he;e mgthmgznics *studies have lgid g

t,1--—ﬁ¥

1/ LANGIngs as 2 :iﬁg Ehgir generalizahility Eﬂ ;”t
lzg:ning materi.algf Hils&n and Roran C1976) des:ribe :he fesr .

= — ———

ueaptinns . e L - =

W

thiptegent study dealt with’ independam: and dependent variables that -
Bgré apera&iaﬂglly defined and 1ugically related ta one snother, Su:h

£ gl """ E-mxpe Bt ,;ﬁ 1éfffiﬁfﬁfifhege~inve=tiggEa:s~—V?§}-~
illaﬁed ‘readers ta campfeheni the ﬂatgfe of Ehe treatment manipulatians
;nﬂ'thi’me;surgd ari%eria and permit:ed fea ers Ee pis:e the study o
findings in perspective with ntgf*eited mathemggeni: wnrka (all a! . :

-I=

—=—m-w“ﬁhiﬁh’HEIE—IEpﬁrtEd“iﬂ“EEE 13;5“51§E:é51. . ) ””!' }*“7

"” = =

e

_L_'_;-—gevggg _(see-Anderson-and Biﬂﬂle, :1975;-Ho111day; -1979; ““HT:Can‘kie, 1977)

: te 'y sUggested that 1nse:ted questiaﬂs'w -
appeating befafe material had a facilitory effect on relevant aahieve—: .
ment but f;iled to* enhance incidental aghiévemeng_Lgég,RQIgihglﬁlﬁigghaegg,__
described an impnrtant EEEEfEEiEE;EEXEEpEiQﬂ to this gengfaiigatian)

" On :he ather hand, recent studies (more recent than thcse EiEEd in ;he

“present arﬁicle) suggested ‘that adjun;: questinna appear;ng aftet T

material aaﬂ have both a direct (relevant) and indifect (incidental)
I ia:ﬂ.iutiua Eﬂfpféﬂﬁ on- learning,Yet,- Harkle and- Capie s review of -
the earlier litarstufe revealed that pﬁstquestinﬂa ugﬁilly had little
direct learning effect but greater inditect effects relative to pre-:<

que;tian a;hievement. These researchers acéﬁrately predicted (from

their analysis af earliet theory §ﬁd research) that pfequestiaﬁs can -

Bl tgau;t in higher’g:ares aﬁ“:elevan: test iteas, while pastquestiang
‘can result in higher scares on inéiﬂental test items, Iadﬂy; a- mﬂEE ﬂ{
regggnsble predictian Hauld ‘anticipate both prEquegtian and pastquestianfi B
oy a_no nqu%lﬂ-ﬂﬂ—;ﬂﬂ&;lﬂl,—pta\iiding—:h R

~ lesson segments were "pfaperly"istruc;ured_and the inserted questions . ...
. less gments proj ! g

___treatment

were directly relaged tﬁ”quesciaﬁffelefant—infarﬁatieﬁ evaluated by LE:
T e s o 4. . Lo
the final achievement test, according to McConkie (1977). In additien, .. .
s DTRER DEOAETENENE REAR,y dctordin g. ek ddition, . :
- . . B N * &

e e 35 e = e




£ . !Bﬂ E? dese:iﬁing haw Ehi Vpetentially pawerful inatruetienel Eechniquel'
5:;..,” Elﬂ Be f“ff Br Eﬁﬂluﬂtéd iﬂ EEIE# Qf Eﬂd!? s theety end researeh; " The

. eenttei‘gfeupiﬁthe eame:defeet ideﬁzified in neny other ﬂethemggeﬁi§; ;
,ane*«‘ﬂltﬁaiEB“”“!E? gﬂﬂ“ﬂxilet ClQ?EJ iﬂ their eriéique Tof” EE““‘ ineegted— T

',Eiﬁing an experimen;al menipuletiun, ‘the iﬂte:pre-f;¥4“~

8-1s- EEfE'gﬁggsﬁﬁfk'“““?erﬁgp5___M___

zlitly meaningful when evelueting studies repafting "ﬂe—differeneee“

: . between expegimental*gfeetments. Therefere, an added control greup;, S
@éf _in:erpereéed into the present e:udy 8'désign would heve established 7 f
F{ " 4n fact. ﬁhethef eubjeets in eithef question :reetment.learned any new o
“*‘*““”infbfmefiﬁn as a result of 1nsertiﬂg queetiees into the ectivi;y— z“,:,; F
gi . cen:ered~seienee madule. : o . '

=

*

Inserted-queetieﬁ researeh repaz;éd duting the last dee;de euggests that
these agyﬂ?*aide can have a facilitative or inhibiting effect en learn~ -
*ing frem,ie;:;ee classroom materials. Speeifically to seienee education
o itqdy ﬁ;;ejrf;ng found at the .end of textbnek ehepcere sometimes - h31§§xﬁgﬂt'
ents ,a**=ij=fatﬁs*§::eﬁtidn en'impbfzent 1deas,; 2) eemprehend
{?ementieally eneede) infnrmetien. 3) practice in feviewiné\snd retrievk /.
ing mein idees, eﬂd 4) reduce the reedebility load of thgiedjunec leefn !
: 1ng materiel 7 Unfeetuneeely. :he ma1o:it¥ of ggudg_qgee:iene_a pearin
71n pbpuler acience beeke probably feils toeffect eny of these ieerﬁing

S B S U U S P - —F — RS- e i p— ;?; —
’ =%

pteeeeees, eeeerding to a recent descriptive study (Holliday, 1979),




: ’ o
Inﬂ;hisﬁteéEEdgAfuture feeee:ehpeffegte should take into account: 1)
Eﬂé inserted-question variables likeiy to influenee eehievemeht— and
2) two design flaws found in queetien studies., Firet, the twe varia-
. blee 11kely to feeilitete questioning effectiveneee are queetienA
. % timing and queegien ‘wefding,' aeeefding to Andere:m and lBiddlE (1975).

= s
=

- the “Eergeted“ infefmetien ena enewer the felevent ineerced question,
the greater zhe 1ike11heed of higher achievement eeeree on the finel )

o test, Furtﬁerﬁefe,vthe more eimiler ehe wefding (verhetim etyie) is .
between the relevant inserted.and test questions, the greater the
chance of highef eehievement. 'ht-thie point, a eeutiﬂﬂery note is

in order. THe greeter the etudent 8 reliehee on temporary mema:y and"

'atim—Eﬁegﬁing of. wegde, the greater the chance o# redueed lang—.”
. term memery effects, eeeefding to Threadgill (in pré e). Lo

Second, few studente pertieipeting in ineertedﬁqueetiane etudiee are

. able to maximize- their petfefmaﬁee because of the embiguity of the

aﬁudent task, ineluding InetfuetiOnel direetinne and 1eek of preetiee”:;Lre;t:l

P P

) in enewerin& such/ queetiensi In edditien explieit end theereticel .
reietienehipe emaLg learneq eptitudee, ineetted queetiane, edjunet
) 1eerning material, and eriterien meeeufee are seldom edequeté!% deEe
y er*bed and logicaliy.. releced to one another, Correction of these two
flawa in future inveetigetiene will help q5 better identify combina-
- tions of variables that will meximiee eleesreem leerning and reveal

hew learners diffefentielly implement and elter their cognitive pté—

eeseee under a veriety of classroom eanditiene; ¥

S ; &£
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Dgg:riptaf3n—*Achievemen;- *Bialagical Sciences? *Classifica-
tion; Educational Research; *Instruction; Inﬁelligence‘
<sLearﬁing, *Secondary Schaal Scienee

;Expaﬁigd abstract gnd analyais prepared especially for I,S, +E. by
David H, Qst, Caiiﬁarnia State Callgge Bake:sfield,

Burpose -

R

The auigaf a stsced pufﬁﬁsé vga to examine the relative effectivenessrﬁ

TR s "Nuffield" appramch and a "tradi;icnal“ appraach to the teaching
of classificatian, for cgmprehenaive school pupiig of above and below

# average iﬂ;ellig&ﬂce.

Glaasiﬁicatiaﬁ has EEEB the focug ﬁf several types of studies over the
years. Gagne (1970) suggests that children develap class concepts
paftly from experience and partly from verbal definitions, Inhelder
and Piaget (1964)_5uggesggthat concepts of class require more abstract_
thiﬂking;_ Eagaﬂ;.yass and Sigel (1963) have proposed that two major
cagnitive styles are invaived in classification, Hence, if students
do learn classification in different’ ways and if underst&nding of
’classifica:ian ranges Eram strict definitiqp to an ahstfgc: ‘appreciation, .
_ ‘then, any siﬂgle method of teaching 1s not likely to be successful with
‘individuals of different sbilicy.

dbmized‘blqgksxdesignklh_xandstha:_app:nptiatenanalygiana£nvarignee :
3 techniques can‘be applied, Using Campbel; and Stanley nomenclature it

~ o 43 _




would appear that one could classify. the design as either "The Paat J
teast-only Cantral Gfaup or "The Static-Group Comparison.” Neither
is a cqmplezgly.aeeurate label, ’

<The primafy criterion in selecting the 12 year old studenfs for the

- study was Ehat Ehey had atudied biology dufing their first year of
studies in mixed ability gfaups. The gelectiaﬁ was Eurther narrowed
in that the s;udents had to have experienced either a "traditional"

”Ypragrgm of sgudy or the "Huffield" pfﬁgéém. Four achools were identiﬁ
fied as using the Nuffield courgse of atudies and four wﬁiﬁh;ﬁged a
*g:;di;ianal';ppéaagh; two classes werg_geleétgd at random from each

vﬁf the four schools,

, - g

Eight classes pat;iéipa;ed in the study, All eight clasaes had been
taught classification by different teachers, The AH4 Group Tégﬁ of
General Intelld !
yéat. Students scoring above the mean were ‘asslgned to the upper group

ence was administered by Ryman late in the academic

ficgtian was eatgblished

)

. Students were givé; a elassifi;gticpréask which consisted of 38
numbered drawings of a vgtiet§ of organisms, (Ryman points out that
the drgﬂiﬁgs were similar to those found in the Nuffield Text,) An
;n;wer sheet ﬁgé pfavided whiech éensis;eé*af a series of rectangles
each labeled with a group name. Studeﬁé; fesﬁanded by writing the*
numbers of the pictures in thé appropriate fégtgngle.i Some™ were to.
be classified into more than ane categary; the spider would, Enr

&£

'examﬁle, be included in the apider rectangle, the arthropod rectangle
and the 1nvertebrgce:fectangleg Séareg were obtained by simply tally- '
ing tge number of correct responses, The maximum score was 89,

' ¥
Twenty-five students were randomly identified in each of the four cells
_ifesulting from the double classification of type of program -vs- i

intelligence. Thus, fifty students were sampled from the Nuffield

' and studen;sAbelnw the  mean to the lawer graup,r ghgglﬁg:ggggigf;lgggiﬁm o

iﬂdstrgdicianal prggfngerapg:tive1y==331milar1?““fifEy“aﬁuﬂénfg
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o ‘AM_M;;WM_f"_ 1»mjw ,H_ Nm4,;T_,_4Am,,ﬁmﬁMnu,mm}jii; e e h;h;>, .




' | . Table 1l
: ' Composition of the Sample

Method of Instruction

Traditional Nuffield N
Upper intelligent 25 28 50
y Lower intelligent 25 25 . - 50 )
. Normal _ 50 50 100

Ihe dete were feperEed 1n thfee ways: 1) Ehe raw scores of each eEudent;
-2) the mean scores of each of the four groups; and, 3) analysis of
variance. These summaries as vell as the analyeie of the data are

) gpprepriete fer thie type ef etudy. ,

Eied;ege

Ryman's data eeggest that the "Nuffield" approach was more effective .
for upper intelligent students and the_fttaditian31" _approach was._. ;he;éigizzz

. more effective for pupils of belew evefege ingelligenee. The feeder

is reminded that a maximum score of 89 was possible, The highest mean
" score of 33 was still less than 40 percent correct. ‘

¢ - L.
Table 2 - N /

Mean Scores

\l: Traditional gEé;eldf . N
Upper intelligent 28,72 ’ ,00 307861
Lower intelligent 27,44 C 1736 . ¢ 22,40
Querall - - 28,08 25.18 26,63
S~ - ‘ | : -

The analyais of variance yielded an F-= 4,40, with 99 degreee of free-
"dom,  Hence the ratio of the mean square for intereetien and that for.
vithin eelle is significant at the Q 05 level. The diffefence between
the eehievement of the upper and lower intelligence greupe was feund
ta’b!‘!igﬁifiEHﬁt“!t‘fﬁE‘Q?@I‘iE?EI‘ ' T .

2 . [




Anterpretations

Ryman emphasizes that any genetelizetiene from the study 'can anly
rbe applied to the 1imi§ed population from whieh the sample was drawn,'
" Ha lu%geita that although there are diifereﬁeee in the effectiveness
aignifieence of intereetien. Individuals may differ in how they leern
~to classify and therefore there 1s no single method of instruction
| . that will be generally effective, As evidenced by the reeulte of this

-

dieadvantege‘ thef"tfeditianel" eppreeeh does not do the higher ebility

student jus;ice. AT

'ABSTRACTOR'S ANALYSIS

&
k] .

‘The primary conclusion made by Ryman is there is "evidence of an inter-
_+  action be:ween teaching methods and. intelleetuel levels -in. .the. develop=-... ..

=

- ment of gn underetandipg ef the eleeeifieetien ef living efganieme by
fire: SAT eampreheneive eeheel pupilé."r ‘He wisely makes the point,
;J haﬁewe;j that. the reeulte eenna: be generelized beyond the populations

eampledi Althaugh an ettempt was made to randomize the eeieetieﬂ of
‘the schools and teachers for comparative purposes, it does not tske
into consideration ceeehetkesti;udee, ability and training., -Schools
which opted to use "Nuffield" may very well have a different type of
teacher. Hence, it may not be the method of 1netfuetien that is
responding dif{eren;ielly to upper and lower intelligenee levels but -
the type of teacher who selected the materials. Ryman does not char-
acterize the teachers in his study,” Similarly, data regarding the
schools and the ‘socio-economic areas they serve are lacking,

" The neéian of “elessifieetiﬁﬂ“ i3 not well defined in this iﬂvestige—
tion. It appears that children are Eeeted on thelr kgewledge of the

classification system, not on theif ebility to engage in the intellec-

- tﬁ!t“pfﬁféggiﬁf“flaggiflcatlaﬂ. This problem 15" dﬂﬁp@uﬂded by the
fact that iliuetretieﬂs used in :he classification task were similar .

\
to those in the Nuffield Text: Hence, it would seem probable that

,_T,.e.t_,e___,e__,e...e‘.,,.,.‘-, o 4246, e e




\
students in the sample had an awareness or familiarity which would
affect the results,

: | ) ! o
Kagan, Moss and Sigel (1968), cited by Ryman, suggest that individuals
perceive and label their environment by th:éermgdes a) the descriptive~
hgalygiz. b)%thé rela;ianal—;cntgx;ugl, and c¢) the categorical~
inferential, Pe;snﬁs Hﬁc employ the Heaéfiptiveﬁgnaly;ic mode utilize
overt physical attributes for classificatian. ;géividﬁgié_pg;;;zigg;l
the relafianal-caatextu&l made essentially employ a functional
approach to classification, while those with tategariéglpiﬁfer§3t131
approaches infer relationships, It would seem that ;haraetgrigiﬁg

students in this manner as ﬁpp@aed to I1:Q. scores would‘be more

~ valuable, While it is underszaud that gfouping students according to -

-

I.Q. is not uncommon in schools, and that this is frequently intef~
preted as abil%ty grouping, the weakly-developed relationship of
instructianal modes to intélligenégglevels‘ig insuffiéiént to Justify
- the use -of 1.Q. in-this study, :

Haweverj
nothing 15,said about the develnpmen; and testing prior to their use ’
in this study. It is unclear as to whether the tasks do indeed eval-
uate the cognitive process of classification or Knowledge of the
system of classification, The extremely low scores (a mean of 26,63
out of possible 89) could indi:ate,tﬁat the tasks are not valid A
measures of what students are learning. Or, it may be that the level
of cognition necessary to understand classification as being presented
1is | Eggd the capability of 12 §ear olds. Sigel and Hooper- (1968)

der: the desafiptive—analytic style of particular impgttance tafk_

co
cofnitive functioning., A strong case might be made for either 1nte§:

pretations of the low scores.

Many of the criticisms and concerns expressed above may be a function

————o0f~the-article! — 1 :
thorough than the reader is led to believe, Although 1t 1is doubtful

e e s Y (SN
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ehgz anyone wﬂuld question the general conclusion nf the guthgr,

"The nature af the whole teaching- approach has to be zhasen with
:ansiderable care, and matched to the particular needs of individuals

or small groups," the study does little to move science Educatiaﬂ -

towards Ehat end,

5 -
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Tamir, Pinchas. - "How Are the Laboratories Used?" Journal of Research
* 4Ain_Scilence Teaching, 14(4): 311-316, 1977.
Deacriptntsﬁﬁ*ﬂialagy, College Science; Higher Education;
*Instruction; *Interaction Process Analysis; *Laboratories;
Medical Schools; *Science Education; Secandary Educati@n,
LﬂffSEEandAEy School Science '

N

E:pnnded abstract and analysis prepared esPEEially for I.S.E. Ey

' David R, Stronck, University of Viccaria. _ N . -

Purpose ' . e T :

The purpose of this investigation was to find whether or not the iﬂquity

~Tevel of the iabaraza:y increases as students advance “from gfade nine to

college, Data were ‘gathered to answer the fallawing questions:

1. What kifid of experiences do high school biélg’ _laboratories

offer at different grade levels? SN

- g et e e el eemeesis e i

SO S, omross g

2, Iﬂ ﬁha; extent are these 1abnrataries inquiry-ariented?

3, What are ﬂharmcteris:i: behaviors of inquirys and noninquiry-

oriented teachers in Ehé labaratafy? ) .

k]

== _ 4, What are the characteristics of different :gllége laboratories?
* . *5, How are college laboratories different from high school ba:
atories?. o : - i
- 7 N 2
Rationale ’

Most !cience educatars encourage the use of the laboratory as a place
to do investigatians and inquiry,- not merely verifi:atians. Iﬁ a
"typical inquiry 1aboratcry“ ‘the studenta identify the prnblem and

procedures and perform the investigazian. In_a " "txg;;al_geziﬁigg;isn,

laboratory' the teacher identifies the problem' -and procedures while -

the. studEﬁts follow instfﬂEEiGﬂE EQ repeat previausly studied wark

45 . .



£,
Y ]

The researcher atated: '"As students pfégéeag in the study of science
from elementary through high school to college, their laboratory.exper-

iences may be expected to become increasingly more inqﬁirysafienégd;"

Regegrﬁh Desig and Pfacedure )

 7A single‘abiervatian iﬂstrument was used in both the high-achool biology.
‘laboratory lessuug and 1in Ehe laboratgories at the college undergraduate
xlevgl This iﬁstrument cﬂﬂsisted of three parts of the Claaarnam Obser-

vatiaﬁ Inatrument relevant to the Earth Scilence Curriculum, i, e., (1)

pre-lab, (2) actual lab work, and Q) pas;—lab- Smith'f instrument wvas

expanded by addiﬂg six eategﬁries to the 19 items of the pre— o
- - lab and four categories to the 19 items gf the lab-work phase.i The .29
items of the.past—lag remained unchanged, - In each of the three phaseé,’
QEgervs:ians of béth the teacher's and the students’ behaviars'WEEE ,’
recorded in Eﬂssecnnd intervals by two abservers.' The agreement level -
Wbetween the twn trained cbge:ve:g was_87 percent at.the high achool. . . .. .. ..

laboratories and 82 percen; at the college level,

In the Beer Sheba a;éa @f Istaé1 18 high-school biélagy teéchgfs,wgre
randomly selected for observations in a total of 31 laboratories: ilS

~ at the ninth-grade level, 12 at the tgﬂthegfadéxlgvel and four at the
~ eleventh-grade level. At the Hebrew University, Jerusalem, four j

different laboratories were observed four times each: two in the firg?i

®
ES

year of studies (chemistry and Eisiagy) and two in the second year (his-
;alﬁgfwéﬁd physiology). 1In each laboratory,”about 100 college students
wgfg:ﬁﬁfking; they were divided into four or five groups, each with a
different instructor, Eg:?abaewnian lasted 30 minutes at the
University while the high-

~ the period.

chool situation was observed thfaughsut

%
All of the data from the observations were callected under the fcllaw&

ing categories:

Pre-lab: (a) Identifying the pfablem to be invescigated

(b) Inscructians for cafrying out the investigatian. ~

- "v * = i . /'%‘5

® 1 .




¥ | , }*

Lab work: (a) Identifying the majar components of the iﬁvEEtigazian.
% e oL .
. - -2 (b) Teacher reacting to students’ questions,

o ) ©" (e) Teacher evalusting studenta' ﬁaffn:mancei

B . v[jhf* Jir;
“Post-1ad: (a) .Analyzing the data,. -
(b)i,Integgpgtiﬁg'the results,

A aingle Eable fepﬂttﬁdmfha data as percentages. for- the average- time — -,
" devoted to each phgse ‘and egﬁggdgfﬂbnent in the different laboratories,
i.e., for (1) high-achool bialagy, grade nine, (2) high-school bialagy.
grade ten, .(3) high-schacl bialagy, grade eleven, '(4) college ehemistry.
(5) zallege bfology, (6) college histalagy, and (7) calg‘gg_p}’ r

The reaearcher does not define the regearch desigﬁ of- this study} But e
he does abservg "Only gross Ecmparisans could be made and no attémpt
vaa mgde to employ statistical teﬁts of signifigance of diffetencea. N
If we eaﬁsidgr the treatment af this study to be the pla:ement in a
s A THOER ndfan;gﬂ,g;;de -level, - thgn -the- s:udy -uged- thE'pfz-expefiméﬂfgl‘;k‘*‘;:2;;
deaign of the S;atic=chup Comparison, There were no formal means of
'Egtgifyiﬁg that the groups would have been equivalent wichaué the treat-
. ﬁent. On the :nﬂtrgfy because the groups differed widely, the researcher .,
correctly assumed that his analysis of the dgta shauLésbe limited to-
aﬂly gross combarisons, "

=
|
- In
[«®
e
f=
[

The .data demgnszfgcesthag in the-ninth and. tﬁevﬁen:h grades, the pre-

lab phase “takes a quarter of the time; the aetual laboratory wafk about

Eﬂﬁ!thifds, anll the past-lab discussion, about 9 pﬁrcent of the E -

In the eleventh grade, the PfEilEb was reduced .to 5 percent of Ehe Eime

while the. paat-lab dis:ussian expanded te 29 percent. The teacher is
iivche dominant figure in the p:e-lab phase uith‘litt;ﬁ’fn?u: from the

gtudents in grades 9 and 10, : . . o -
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AE Ehe college level, there were no poest~lab discussiana and no student

input du:ing the’ pre—iab dis:ua $

phgse was pasitively related to the camﬁlexicy af the task and nega-

'a; The time devoted to the pre-lab

tivgly related to the availgﬁility of previously prepared guideiines-
Ebemigtry and physialagy fequired appfaxiﬁgtely twice as much time in-

Ehe pIEalab as_did Bialegy and higtalngy. While\the high—schaal bialagy‘.“
1aba:ataries had- patterng similar ta those_ in college biology and his—

- tology, ;allege :hemis:ry—aﬁd physiélagy placed almost’ twnﬁthirds of g
! the timg in the pre-lab diseuasians. o T '

, . o i
In the high school 1abnfatafies an avergge of 11 percent af the time was

devated to vg;iii:"',, i ’rceng—uas—gi¥ea—£§—in

" tive 1:ems én "investigaﬁive iﬁdex“ was calculated by dividing the
‘sum of the 1nquiry items by that of the verificazian items. The invessr
tigative indgz for the high-school sample was 1.2 " Nevertheless the 18
high=a:hqa1 teacherﬂ pravided the fﬂllgwing range: 7 were "inquiry-

inenged“‘ 8 were equaily using inqui:y and verifitatian", three were .

——-'traditional:" - The- iﬁ?éﬁfi§ﬂ§£&& t6idides aE" the University - were feir;':yuyxvﬂ

tively1law biology, 0.7; physialngy, 0. 5, chemistfy, 0.4; aud

higtclagy, 0.3. : - -

EY
e -

Interpretations:

, s o
In 1974 high—schnal biology studgnts in Israel who studigd the local
BSCS adaptatian program were involved in inves;igative 1abﬂratar§
experien:es Ihe-leyel of inquiry gradually iﬂ:reased from the nfhthijl
‘o the eleventh—grade level. On the other hand, ccllege labaratary
' expetiences were traditional and confirmatorny,

\

.~Moat éf the college laboratories. have a pre-lab phase which is cansiﬁEEé

V‘abiy 19nger than 1in the high schools. The college hisfalagy course had
a relatiVely short pre-lab phase because of the detailed guldelines

wvhich HE:E written and videa—taped All af the cnllege laboratories

pravided detailed directions designed to eliminate any ﬂiffizulties or
unexpected results. - L. Lo - . 7 igg,sf

ol




" The college 1aba£aﬁaries ézaced strong rélignce on Ehe required
written reports and had no" paatilgb digcussiaﬂn. The researcher

» eandemned this practice. by wfitigg.~

The ‘post~1lab - is’essential for prablgmpanlving inveatigative
“ lpboratories, 1Its absence may serve.as a strong‘indication
"of the traditional verification nature of the college labor-
‘atories., ,..College 1abargtﬁries “should lead rather than .
lag behind high sehﬁal. -

ABSTRACTOR'S ANALYSIS ¥ .~ "

l Tﬁa;gééeiiﬂhéf'ﬁféﬁe;w-“A literatufg sufvey ‘has failed to identify

studies desgfibing what 15 at;ually happening "in the 1abufaturieg in.
“terms Qf atudgntg engggemEﬁt in inquiry prabably be:ause the atudy
of Ehe nature af the Efgnsazticna (activities ;ﬁd’inﬂgractian of
zggehgrg and atudents) is not an easy one to carry. aut in the. léba:ssi i}
atory set:ing.f: The abstractor can identify several studies of thg r

soame oo i

type not found by the researcher, The absfractor suspects that the
fEEEEICheE did not search the literature of the late 1960% when Ehe
topic ef inquiry was in;ensely discussed, For exanple, Inguitg
Dbje;;ives in the Teazhiﬁg of Bialagz, published in Sepcember, 1969

has dn annotated bibliography of 161 items. One exgmple from this
list is the article by E. J. Hantggue and R. M. Ward: "The Develop-
meagzng Problem Salving_Abilizies-%n Secondary School Chemistry."

The éﬁmmeatary on this article absertéésr'"Ihe unexpected results of
this study suggest that students with iﬁﬁeszigative experience in the
ehemigzty laboratory do not 1eatﬁ'éa t:ansfef abilities®in cfiticzi '
thinking any better than Ehése with‘tfaditianal expertences or that

teachers may not use these approaches with equal effectiveness,”
Another example of research studies on inquiry are the 16 articles LN
contained within the University of Texas Publica;ién Number 6720, o

‘ Qctﬂber 15 1967, Research and ﬂuffiaulum Develqpmanz in Science

Educatiﬂnf - TBE“NEE*FrqgfamsﬂiﬁzﬂighzﬁEhcﬂi‘ﬂiﬁiungkpﬁﬁxaffiCIEII::‘III“=

Hizhin Ehis baak iE of specigl infe:est Lehman W Barnes, Jr. wrote ,:f ¢

LS




Practices 1n High Scheol Bialagy." The abstractor tugge;ts that this
checklist of 65 items i1s a more appropriate instrument than the )

T researcher's selection of Classroom Dbserva:ian Instfument relevant

to the Earth Science Cuttitulum. o 5;1 ,

The reutarther attempted to make a new conceptual contribution by

contrasting the, laboratory activities of highFachool biology classes .

- with those 9f four different college science courses. He argues that

. the ideal situation is appreathed by the, elevtnthﬁgrgde bialagy

“or 10 but that “stjudents in grtdt }1 are enralled in a tetand course .

. 'necesssry paft of daing gdvanted science,

lsbdtattties vhich incluﬂe a nelatively large" amount of student input

n—the—re;ati?EiygiEﬂgthy—past-iab—dtstﬁztiant———He‘zitEE—EEVEt
guthatg whu advocate the investigative 1ab§tatary_ -

L =
= . : =
R .

Uﬂfﬁttuﬁgtely he does not distinguith the level of course between

ninth-grade or tenthﬁgrgde biology: and QlE?Enthﬁstng;biﬂlﬂg?. The °

. qﬁst;gctat sus?ttts that intraduttury blology 1is taught in gradg 9

ISR

;n bitlegy "'This second course prabably attracts those advanced
: atud%sts who are able to do investigative ltbargtafy work with an U
enthusiasm that generates lively discussions,’ Ihe relatively lengthy
_ post~lab discussions of the eLeventhsgrade bialggy cdurse are 5ubsti—
tutes for the written reports fequiféd by tallege teathars. Many
teachers at bath the high-school and the college level believe that
" the Hfiting bf these detailed, carefully feascned tEprtS is a A
.~

=
4

Wﬁile the teseafchet advocates the group dynamics of the post- 1aE -
distussitn Jﬁstph D. Navak was recommending a different ideal in the

baék Fatilities Eat SettndargﬁSthtal Science Teathing Evalv%gg

Patterns in Facilities. and Prtgfams He abserved -"The study team

established two priﬁsfy criteria for facilities ta qualify as exemL

T platy' (1) the fatility nust. pravide for. easy madifitatian 0F

flexibility. and (2) the fatility must allow fat increasinz indi-

'-;aﬁt§g fesif¥ts an; emphasig tn;uriting :epatts and elimina'i

vidualizgtiﬁﬁ of iﬂSCEUEEiEﬂ.QH The r2tent trend toward iﬂdividuali§

pgst-lab dis;ussiﬂns. ; ngf éﬁ " ?ﬂ ‘ o
e e b o T L e z 4 59 ;. -l 5‘* O, . ‘._ ,- e

f‘, .



' , _Ehe gndrag the periad i@ ‘;sgignaa

e T ,‘? L o T
: u{zi;inea that in a tgpi:gl :anuify hbafaza:-y the *

- itudenta :Ldgntify Ehe ptn'bl— gnd the precedurg. II th.ig gxpimatian R

A Thé réﬁegféhgf

‘"“%“““fgl‘itﬁh 1359?3292125;“§Bt*rar21?—in high‘E:haais*arpgallggggrf Tﬁg‘?““’*“*k‘
gfnje:t tln:l,ﬂed Scienee and Ha:;hemgt;cs far Elmntary Sr.-hanla (UQ:ES)

;_1___.,_,,_ imltgs_zhj_ldtgn in_ideﬂtifying mintéraaging -prob: 1mﬂ%§—in—dmlupa B e

S i%gztheir own plans for _solving’ these prgbigmg, - On ‘tHe ‘bther mi’,_i;

— alﬂﬁﬁf ill high—achasl andgugdgrgrgdﬂa;e_gallggeéteaeheisfusg the- f;;%

éﬂggptsg An e;:cEpti:m ma.y be the Chémical Bnnd Approagh (CBA), an )
elgventh—gzade prajec;, whi:h gradu;lly :equires the studenes to. take
- Ehg

i ':1‘!, i . e o -

i : _ -
The aﬁktfg::ar suspects tha; the relatively hiah "iﬂVEStigstive 4ndex" :;

L fer tﬁi high—gchgnl labaratpgieg_ig Pfimaiilxaa_fungtian of - ~the._ falg-g__l.u__‘.w

§?l;i givglywh;gh level of- exchgnge in discussian, raﬁher than a measure of -

= ddentifying profjengand prncedures for the labaramry. ‘The fnquiry - .

' method used by many BSCS Eeschers gncgufages discussion by’ paging S
: A qugatinns which teng?:a lead the students toward conclusions previausly

mggeaminedmbﬁﬁe’feg:he%hﬁthaugh*thirﬁthaaﬂiﬁvﬂ‘fes thé student
&

in definiﬂg :he prablem and :he pfaegdufég, the atudEﬁ:g are led to - -
predg;ermined eanclusiﬁns with-little" flexibility in the wafk whféh 'fifi,i;
Hill Ee dane in the labnfa;g:) ' Sﬁth "igguirv" lessaﬁswwa,* o

- to Eulfill the reses::hgr s définitiﬁn of the “;ypical iﬁquiry labaraﬁ

tufy.“A Thetefare this study may Eaﬁzain a canfused ugse of the word . Vo
"iﬂqui'ry-" p ; . s y L ) . . Hi:}

R S S
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;‘Linn, Hi::i:vc. and David I. Lgving “Bg;egr:h ﬁﬁ;LQSIQELJEQESQBJnS-TVr3_:
= Iune- iﬂiwgr;hggﬂ . :

o "Uﬁivergigy éfigalifarﬁia o L
L E s - o :
inigg?s ;bsﬁrs:t and analysig of our article (Linn and Lgvine, 1573)
Eﬁﬁtjin; an nﬂeguhtg ;gmﬁar? of the wﬂrk that was canﬂgcted, but 18> ¢

‘—“~m—‘]illgading ina number‘éf fespgetg. e

The :umm;fyréf our study is adequa®e but Lawson's analysis éfrthe
‘fi’fitiaﬂgle‘is incamplefé.h ngaen notes the relevance of our :esegreh

. _-d‘,_l .

" to Piamgetian and qeasPiageEian theory but ;ammgnts,:"ﬂa,,ﬁrther rgtianale -

} fa: the study was given exaept far a. bfief statemeut :hat a elearer

j?““_“’understsnding “of how™ :hild:en ‘#61ve contrel of varlables is needed"
(Lawson, 1978), Lausaﬂ failed to note that the aeﬂtence immediately
xftgr our "bfief statement” refers the readér to our®published reviews
af :B:Ent‘ﬁﬁ:k in the field (Levine and Linn, 1977) which plates our
empifical work aiangsiﬂe the work of other researchers and Eheareticians. N

40, ‘

‘Our intraductian was purposely telegraphit. -Qur ingent was simply to
‘place pu:(wurk_ﬂith;ﬂ_the nassive fleld of adolescent reasoning without .

. ‘ gre :hase nf :herauthar aﬂd da”nat necesaarilyrfeflect the views afi %_ .
g :he Natian@l Science Faundatinn.r;; ] )
« 08,



hery é' gupizicgirarti:ie. “ﬁéjﬂﬁ tgke A
our ﬁurk,is not graunﬂed in the 13:3; S

as :1;;:@3 the h‘y‘pgﬂ:esis thgt familiarigy with the varighles in a 1951;31
reasoning :agk cnn:tihuteg to. ‘task sucﬂgss. Lawzaﬂ makes three paints T
‘in eriticizing :be findings: a) there was probably no real familiarity - .

‘*““*ﬂifEGfgﬂﬁg’fIﬁEfpfﬁblEm to p¥oblem; b) not all prablepg Anvolved cﬁne';?’k'"i
crete materigls, and :) “as the aughars chemselvgg gtknawledge. ...thg
method used for pfeaenting the task gave more infa:mgtion about the -
xariables fgr cne taak than anathe:“ (Lawzan, 1973) '

i
EuN

Llﬂsen's Eirat paint that prahably no :egl fan;liagity differea:e -

- R

existed ‘was, we agree, not stringently tasted in our study. Hﬁwever,

~we did select tasks nn the basig of our abservaéi?hs in elementary
school elagstaams 1n the United States and England Lawsan tries to

: . : her ﬁasue:igggin!thé—ngg&tive!the

qu;stiéﬂ, 'are seeds and fertilizer any more familiar than marbles

‘and wires?" However, this 1a rgglly not the proper questian, Asve .

digcuss (Linﬂ*gnd Leviue, 1973, p. 38&), the qﬁea:iau :anserns famil— . S

iaricty of ;he Easks as a whalei " The seeds problem concerned plantiﬂg’*i
———and" caring for seeds, inmr:r.ziah schools, by the time children have -
fea;;ed Ehe age of our subjects (12-16 years of age), they have had

¥ experien;e graﬂing plants. In contrast, the ramp task vas desigﬂed
to use familiar abje:ta (marbles) in a new but not tatally foreign
- ,se:ting. As Figure lAin nur afticle illust:ates, the marblea ‘were

L4

laased Eﬂd allawed to hit a targez at the bottom of a short ramp.

Thiu task invelves some vsriablea that the students were familiar with'

(heigh: of fglgase paint) §§¥ was.not identical&te any- previﬂus exper—

difEiéult task=§£ all, wh;leAwei:gftainly eipe::gd children of 12-16

e g s = ;,E,,,,},,:, T e ,,!} o ‘,' R ; e e = LEV e e e », P



“amﬂﬁwulﬁliﬁnmg Eaﬁﬂg§t~ﬂﬁﬂld sugges ;,‘q;z s s . s
Lausan'g‘gézand griti:ism-ig tha;pthg_sEeds_p;ahlgm,sas_preaantedmaiiily,
Liﬂiﬁn'g comment would bavg ‘much more force if our results had been Ehe I

~_opposite than wve cbtained- For our gubjg:t;,”;hg_eaaigst_prnbles,ﬁzs______-—_

~ the seeds_ task, This {is nt ey .£o_the hyporhegis that s 'ijkiuags—~————
gen:ed arally, and therefore abstractly, would be more diffi:ul; tagﬁ

, ané presented concretely with materials for the child to abserve dife:tlg.

—It anything, we made obtaining resul;a supporting the hypnthesis even
R more difti:ult Ehan vﬂuld have been the case had we used concrete mater-
xm%wm%Liﬂls'j“Dg“ﬁﬁurﬂﬁi aﬂmgthﬁdﬂiﬁgieally—perfect study” would Have™ systemati~

cally tested the abstract/concrete diﬁensi&n—azhig must be lgfﬁ §o )
fq;ure studies‘

=

a--

Finally, iawggg‘qua;ed us as sdmit;ing that ",..the method used for .
" presenting the task éévé more information about the variables for one_
:ask than for EﬁDEth" (Lawsan; 1979). This, he suspects, was the
I,E_,,Zp:iuizga:;usaaaﬁsgha=4asgexdi%iesengesminxthg=§uecessxfates===ﬂn:e
- :gain we must point out vhs; Lawann chose not to:quote, The entire

context af thé pasaage that Lawsnnﬂselectively quotes demonstrates

T Ehst ve vere aﬂly affering a pass{ble explaﬁstinn and that we. attempted”?;!,;

Ea maka the’ task instructinns identical As wve HenE on to disauss, we

—“—“—“ﬂﬁ‘ﬁﬁt‘ﬁéiiéﬁéj‘ﬁﬁ Lawscn

5 ehasen quatatian wauld indicate, that we




qnent tesgxrch has ve;ified ;nﬂ glgbafgtgd the hypo:hgsis investigated
»i iﬁ the,zeparted atuﬂy CLinn, Hbtesil and 2);w,

. eri:i:i;ed aﬂr libgrai u#e,nf abbrgviacinus, snmetimea avgrly zun:isi}?
: Srr,;;;gylev;nﬂ thg mixing af _the’ :esulgg, dis:ussiag, gnﬁ znnglusinn sec= -
Eiﬁa: Iﬁggg may.-be- valid’ :fiﬁiéiszs Eaaevzr, &s ﬂt hgve ?ainte&

uut, Lawson himself was guilzy of gnglagaus fgilings. -Although writing

which nguld elimiﬁgte snme of hia ghaftcumings, such as the failure- to e

, bmplétely,— iﬂuldiﬁgv A
slightly iﬂ;teased the IEﬁgEh af the mgnuscriptl Ehey uauld assist ‘f

i

i

) hggd,;g Aé@legggnca.
Basic Books, -1958,

ricd - soning: fﬁfiﬂEnEE’ﬂf‘QBEEL
“ °  tions Format and Tﬂie af Variables on Ability to Control Variablési
_ invgati’atiﬁna in Science Education, 4(4), 1978, :

' | e e
“Levine, B 1. “and M. C. Linm. "Sclentific Beaganing Ability in Adoles=

cence: Theoretical Viewpoints and Educationdl Implications.," cw
Journal of Research in Science Teaching, 14(4): 371—334 lST? !
e e e EL P S

Linn. H C. and D I Leviﬁe. "Adolescent Reasoning: Iﬂflugnce of :

Question Format and Type of Variables on Ability EQ‘CQﬂEfBlg' S
- Variables.”" Science Education, 62(3):- 377-388, 1978, Lo

L) 'L

o

y

Hatea .

1. Linmn, M, C, "Hhen da Adalescent and Callege Scudéntg Reasan?" e
Paper presented at Sibyl Walcott Terman Conference on Symbol Pro- . "
. cessing and Elgmentary Eduea;iaﬁa Stanford Unive;aity. Detaber. ’{7

---1978, ARP-13, . .- N e

| [

7 i;'whinﬁng; é; "Iheﬂfetical snd Practical Sigﬁificance af Farmal
- Thought.!" Paper presented : acis 'ar_Research-1n-Child-
‘Develepment Hee:ing, San Ffancisca. Harch. 1979 ARPali.
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"EﬂH'Agg Ihg L!hﬁritafigg ﬂied?“ h? ﬂﬂ?id R- S::ﬁn;k-;’.’i
: oc ;

Stzaﬁ:k.— )
I hape ghat thia :hannel af :emmun

e ’eiiibg ﬁiII"EElp to :larify 1ssues related to research aﬂéfpra=tice iﬂki

’i;ggg gdueatiqn,: It appea:s th;t the role of the labaratégy“:gnging
k While I find the review inEeresting.’I Hish to
I sh;ll begin with the. litgrazure autvey._;;

Ek suggests thgt the
b? ngnes "is a more gpprapriate

fCurziculum " oIt appegrs

in:eracticn.
:en;-K iny

It is

such observation




: lons of theAeigv!gth.grsﬂg Biﬂlﬁgy‘caursg lzg auhseitg e:
”*MWMMMW zbgi:amg&x: eschers; "

L ,,!i“ =

k€‘i1!¢ =

Iugg:::- ;h;t fccllgga libarltaries are nnfg iﬂdividuali;zd" and that
“:hn recgne ‘tread tesgzd 1ndividﬁ;11;;tisn fg;targ; an Enphasis on

I ;gree ﬂith the gbatraeturgsfab;ervagian that “many teach:fs at bath
high ithﬁﬁl and eallggg lgvgl beiiE?e tha: the w:it;ggzggzghese :are— .
7‘53111 :glsaned reports ia a neceasary par: of dﬁing‘aﬂvancgd seien:ei :
. kresver. 1 believz that lab;:tat:arg _:epg:;a are essential even in less .. . .
aévnntgd s:ieaae élaggga.. In fgct,siﬁég are impa:tant in any instruc-

M i
e

tian;l 1abofa:a§y. Ngver:h=1335‘ I :gnnaéhagfee with the EﬂntEﬂtiEﬂ
that 1lbafatary fepatt; are substitutes fn: gast—l;b discugsiaﬂs.A;;m¢_ .
" Post-lab diséussions méfAiﬁgAie easeatial far fé;ifieatiég<i;haratarieg 7 i
- pruvided Ehat :he teacher makes sure, dufing the pre-lab discussion*and
Lo :hg actual wgrk ‘that the students understand what they are doing.

' ) Hnw!ver, in inquifyanfiented 1abarata:i=§ where nften uﬂezpeated thiﬂgs

rgiults—thgy will gat, natutaliy the mganing of the regults and their "_’
R mm ﬂn benefit. mh;tinciallyabykcigsg dimeusston; i

Hbzeavef, in an inquiry-oriented labaratary ﬂifferEﬂE teama may be e

(R S S et e e e e b S omnm it e s ety e e R ekt i e

gngagad in the study of diff:fgnt gspects of Ehe prablem unde: inves~
tigation whi:h they g:e axpgcted to report to the whnle class before

- the ;aught—fet‘52n3tgliza:ian£ emerge., Even when the different teams
work on & common tgak, pnaling the tesults mg%glead to a more: valid 7: 1

_analysis tgkingﬂ;g;g*;gggiggzggiggjd; A Lenc; o1 lari les of .

¥ =¥
. replications as well: as emplaying atatisticgl analysis in pgr;inEﬂt

events, PﬁEE—l&b discussion also ptavides appnrtuniﬁies to both

=
teacher and students to raise questians, ‘to examine :nﬂflicts, to

“relate pzeviaus knawledge to the new findiﬁga, eta.v We ﬁgy ﬂﬁEE, in




ear -xm g "rhighly smz’;"j’”‘
:ﬂr&é zudiastutarill !qigﬂce p:ﬁgrsn, we Ebth ::alised ‘that a class or’
1:all srﬁup dis:ns;iaa,'whi:hiwaulé aecam?any ;he individnal audiaa

Th: lh;t:xetaf ;uggestsgzbat perhgpa aaﬁg high azhgnl tegehers use’ the
) pp:grlzb dis:ugsian;;pfinarily to occupy the. ‘time at the end of the o
_ pgfiadi“ Perhars some dﬁ. Haﬂever, this- a:gumen; gannnt be aeriausiy

such as the BSCS o ;PSSG, do not require the students to p:gz;iee '
EBe:grsEills (see, Euz e:gmplg. Tamir amd Lunetta, l978) Ye:, it id

o

itieg to- dévelﬂpfthei:;inquigg, prob=

: lzn identifi:atien and problem solwing gkillg.: Such opportunities need

naE Eeault in less undefstaﬂding of iﬁpa:tant ‘basic” concepts as_evi-

OO N

denged repeatedly in the evaluation of the Israeli BSCS’ Adaptation
Project (e gi, Tamir and Jungwirth, 1975- Tamir, 1976).

Althaugh I agree that there exists :ertain depen&en;e on the nature of
x__snlmihﬂ_llhﬂilEﬂ£¥!§ﬂ=£hgmﬂpg;ifiﬁsdiiﬂigliﬁg!1xnévgfthcle§ElEhE=dQCEE?EE-====E=*I

sented in the nriginal a:ticle, as well as informal discussion with

students and iﬁszructars in the uniuergity; clearly substantiate the

basic conclusion that ‘many college 1abarataries are highly Ersdi— m::zﬁ;;rﬂwﬁ;

'Eiengl, emphgsizing verifigatian gnd aften prgmate a faEth routine

I tancep?s"ef inquify
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mlsm Victar L-su&hmipe M. Gatiba.lii. %gsaﬂaﬂmrktﬁm IEE:IIE‘E
B Fifﬁcipa:i, inHSTE Institﬁes gnd S:ué[a: Achiem -
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’ﬁxe abs:ra:: md comments ‘are genekall
P

tter of ‘gmliﬁg ia;;héals i:he comment :haﬁ the sml{é

parmtzie 15 quite obscure, ~The smple way be’ bissed e
Y%espect to urban systm, but it certainly has paraméters .
.- define*it"‘gnd”wﬁ“ sbaﬁ’ty Eullfcksﬁﬂmﬁﬁﬂwgﬁh ('19727"“—'“@
i =" be.comparable to othef samples for- the fegim :ansidered ~which

- ﬂefe—ﬂgiﬁégﬂabﬁr small- tcﬁﬁi

N - S e

2. The use of randém eliminatian af subjec;s tﬁ praduce prapﬁftiaﬁ—
t:y is vell—da:umg:ted by statisticiaﬂs as a desirable action.
—r fﬁf?“gzﬂﬂﬁaﬁdgsﬁﬂ%&?rlg‘? t 3¢ ‘he-principie—is—that the——
| . effect will be confounded in the interaﬂtiaﬂs but that main ’
e efﬁtts ts will be exact. In_the one CE&EJ-TthE - dummy E;azeg
: ;isf Juniar High S;hﬂml,S:ien:e, the result was not changed

wgre ad
‘as. the E‘—teat for institute attendance was nanaignifieant. The

"effect of adding “the dummy scores (a}l means) was to reduce Mean

Eqﬂigre Error, 8o that it should have been-even easier to detect
significance if it were there. There are better estimators for

" dummy scores using.the whole design matrix, but nathing of . .
‘ .

. 1ﬁpartan:e would® be chaﬂged in any case.

‘ﬂnat degress af ffeedﬁm wvere lost by’ farldémly disca rding observa-
- ..~ tions is irrelevanc sim:e the ertar term had well oyer IDD degrees
f’ o of Eregdg '




€.

, t:g::hgrs hnuledgg is not increased, _

Bglliaan hss misiﬂterprgted the stEEY”EﬁEn hg suggeats'
Hg_ﬁid_ng‘}!* '

that isgue, althaugh ;heze.ig rgsea:eh*tn indi:at: tea:hgf kngw—"‘

HE a:e 1ﬂ~8§§&€ﬁ§ﬁﬁ;

”7; ledge daes in::esse with institute atteadgnci.

_however, that the 1ikelj:effec,,i'

5,

‘ as was stated in the nriginal article.

Finally, the comment zhat the diﬁferenees are iﬂsigmificant wag

2 e

;ddresaed in detail in an earlier respaﬂse (t6 Edﬁard ‘Davis'

reviev, 1;5.5._5(2) 1979). The esgential pnints gre-

T a T The 1 sgares represent :1ass'ﬁeaﬂs, not" student- means,‘

b. Iﬁe differences are comparable to large atsndsrized Eest

gliga;mgan~di££eranzai, -

€. In absolute percentage a gain of five to ten perﬁent:in ; .
achievement might well be worth the expenditure of one to
fhfee‘inéserviceginstitutes for a tea:her when amnrtiféd

over. the teacher's career and over thausgnds af students.
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