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Discussion Strategies and Student Cognitive Skills

Eugene C. Abraham
by Miles A. Nelson 7
William W. Reynolds dJr,

Theoretical Framework

One of the major distinctions between many traditi§na1
science programs and teaching science by an inquiry method
is that the latter puts a much greater emphasis on the processes
of science (Van Deventer: 1966), These processes include such
skills as observation, cléssification, inferenée; and verif-
ication, Teaching science through inquiry allows the child to
manipulate and control phenomena directly in a way that re-
quires explanations for observed inconsistencies. As Gagne (1963%)
has said, "what it is (inquiry) is a set of activities charact-
erized by a grcblsﬂ—snlv1ng approach, in which newly encountered
phenomena beccme a challenge for thinking.” Eeferring to Suchman,
Butts and Jones (1967) have said, "Suchman has analyzed in depth
how inquiry is conducted by the Elementary School child. He has
stated that in irguiry into a problem situation, a chilad
'(1)'sea:ches, (2) processes data, (3) disccversg (&) verifies."”
Butts and Jones ( 1967) themselves say, "These five activities
(searehing;Jpraceséing1datg,idiscaveriﬁg, verifying, assimilating-
v.aéccmmadating3léfé the spé‘ifgés'fdr a model of inquiry," There
' are a great many dlfferent wavs of class;fylng these processes,

ranglng from the classical scientlflc method to descrlptlcns of

7vﬁcr1t1cal thlnk¢ng and prcblem solv1nga HﬂV1ﬂE ch;ldren 1nqu1re

o and fllSi ﬁVéI‘ki'élé_'L‘ I‘lSh:L |

'"1n sc;ence 15 predlcated upcn the idea

" jgthat they_are acquir'ngrv rtaln skills as well as content.'_
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Most of the current elementary school science projects
emphasize inquiry, and stress the importance of the acquisition
of skills by the children which will enable them to collect and
process information leading to the evaluation of hypotheses. The
child should be able to attempt explanations for phenomena, and
then proceed to evaluate his explanations. The child should be
able to perform such skills as observation, inference, classif-
ication, prediction, hypothesis formation, verification, and
evaluation of hypotheses. To a considerable degree, the success
with which a child can solve problems or process informati on
erends upon his level of proficiency with these and other skills.
The child must not simply create an explanation, but should be
able to evaluate its feasibility or suitability as well,

The develcpmental psychology of Piaget (1964) alsc emphasizes
the active interactians of students in the learning prccess; Piaget

|

entire learning process, as well as maximizing the direct ex-
periences of students with phenomena. Bruner (1967) also believes
that studentsfshould be active in the learning process interacting
both with the phenomena and with other students. Experience $h®uld
be direct and concrete at flrst graduallJ becoming more abstract

and symballc as the;r ab1l1t19g develor.

guchman (1964) has 1ncerporateﬂ maﬁy of the ‘ideas of Piaget

:EjfandﬂBruner 1ntc hls Inqulry Develgpment PTDFram for science. The

'”ffstudent 15 encauraﬁed to experiment and worL w1th materials in

'“ffan effort to sglve prcblems or 1ﬁcons;stcnc;es that occur. Theue

;observea 1ncun5+sueﬁcics:wnlch qc nct ilt 1nte'bhe ex1sb1ng Con-—.

-‘f”ceptual framework Gf the student 1ead the child towards accommcdatiom
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in his attempts to resolve the inconsistency or solve the problen.
The teacher can encourage the processes of assimilation and acc-—-
_émmoﬁation, as well as the development of many of the inquiry
skillé by employing specific types of discussion and questioning
strategies.

A strategy which encourages students bto process data and
evaluate their explanations would place more of the responsibility
for generalization and concept formation upon the students. Asking
students to ciarify, explain, and wverify their explanations should
be more effective in promoting active stuient involvement than
- would immediately accepting or rejecting an explanation when it is
offered, A discussion strategy based on the ideas of Piaget and
Bruner would emphasize the interaction of students with each other
as they evaluate and analyze their explanations, The majority of
the majority of the analyzing, evaluating, and verifying shoul& be
done by the students themselves, and not by the teacher in the form
of organized lecbtures.

- Method

The primary purpose of the investigation was tio determine
the effects of two sgpecifie pcStﬁlabcratory discussion strategies
in science with sixth grade children on four seleéted cognitive
skllls, ‘The twc dlscugSlOn sfrategles were deglgnated as probing
or dlverﬁeﬂt and ncnnprab;ng or ccnvergent The four cognltlve
‘skills that were ‘being 1nvestlﬁated were the skllls of observatlon,

~1nference, verlflcat;on, and c13521£19at19n.

 :,The Samnle

The s;xth grade children selected t@ take part in this study

' ,were frcm twc dlfferént gchool d;strlc s in and arcund Philadelphla,

\‘1
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Pennsylvania. The inner city school was in a2 district comprised
of children of mixed racial background. The pupils were predom—
inantly black and of lower middle class economic status. The
other school was in the Philadelphia suburban township of Lower
Merion. The pupils were predominantly white and of middle class
economic status (United States Census Report: 1960),

The children in the subﬁrban school could not be assigned
at random to the treatment groups because of administrative
conditions, so intact classes had to be used. Intact classes
also had to be used at the inner ¢ity school, but some equal—
ization of class size was ﬁecessary. The sixth grade population
at this school consisted of three classes of thirty-five children
and one class with fifteen sbudents. In order to equalize the
four sixth grade treatment groups, five children were selected
from each of the first three classes and were assigned to this
smaller class. This formed four treatment groups of approximately
equal size. The type of treatment and the teacher were assigned
at random to each of the eight treatment groups, four in each

school,

Instructional Program

All eight‘ Eroups, four in the inner clty schcal and four in
the suburban achocl, recelved 51mllar pragrams of instruction for
a perlod Qf eleven weeks. The amcunt of 1nstructlcn and the type
_of materlal preseuted w1th respect to antentvand labératory -

iﬂegperlence, Was_carefully contralled s0 that a11 elght groups

i,rece1ved 31mllar nre—laboratory“and laboratcry experlences. Only

,tthe pcst—labgratcry discu351on strategy differed., The eleven

m"i’h prgwramfwas des;gned to’ averitcplcu‘frcm the areas of biolcgy,i'




chemistry, and physics as well as to give the students practice
with the skills of observation, inference, verification, and class-—
ification. Such topics as the behavior of mealworms, sounds, prop-
erties of powders, pendulums, air pressure, and germination and

growth of seeds and plants were included,

Post-laboratory Discussion Strategies

The eight classes were subjected to two different types of
post~laboratory discussion strategies. One was designated as &
probing discussion and the other was designated as the non-~probing
discussion. In terms of J. P, Guilford (1957) the strategies might
be called divergent and convergent discussions respectively. He
says that in convergent thinking, " there is almost always one
conchisjon or answer that is regarded as unique, and thinking is to
be channeled or controlled in the direction of that answer.” Guilford
contrasts this with divergent thinking where

++e there is much more searching about or going
off in various directions,.. divergent thinking
.++(is)e,. characterized,.,. as being less goal
bound. There is freedom to go off in different
directions... Rejecting the old solution and
striking out in some new direction is necessary,

and the resourceful organism will more probably
succeed,

In accordance w1th these twocﬁflnltlcns, the two discussion
strat egles ‘were de51gnated to emph%glze e;ther a 51ngle ccrrect
v,answer to a prcblemr31tuai;an, or: tc emphaslze a: dlver ity of
':pOQSLb;e solublcns or pgss;ble ways Qf seeklng solutlcns. anh of

fthe teachers 1nvolved 1n the 1nvestlgatlcn conducted bcth dls—‘
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of the data and the interpretation were doue by the t§acher;
The children were not given the QPpDrﬁﬁnity to devise alternate
explanations for phenomena, but rather were told the "correct™
answers by the teacher in the form of orsenized lectures. The
chiidren performed ezﬁgrlncnt% in which the data were coll ected
through obsevrvaticns and measurement, but all of the data precessing
involving tThe formation and explanatlon of hypotheses was done
by the teacher. Data which did not agree with the so-called ccrrect
answer was rejected as wrong and was not left open foi the students
to investigate.

On the other hand, the probing discussion strategy specifically
focused on inconsistencies that arose out cf the observations of
the children and encouraged them to explore ways of resolving
these discrepant occurrences., If two childfen reported opposite
bits of information as a result of an experiment, these differences
were not explained away by the teacher, but rather bacame the focus
for further discussion and experimentatién by the children themselves.
The teacher using thls secand élaCuSSlQn ‘strategy would accept all -
observations, requlre eVJdence and/or clarification of aii inferences
made, and ask the students tc evaluate verbally any tests suggested
f@r the 1nferéﬁces. _ 7 ER |

The two dlSGuSalcn strategies that were being 1nvest1gated

'}prcbln@ and nonaprcbinb, evolveﬂ as a result of usin g the Claqsrccm,

inbéervatlonal Record déVlSEd by Reynolds, Abraham, ﬁnd.Nelson (L??l)

f;to analyze theLty es:bf dlSGuSSanS that were belng used by

,elementiry SChDantéuGhGIS in thElT sclence 1essong. It was faund

”‘the teacher did most cf
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the analyzing, concluding, and testing; the other, a student-
dominated discussion, where the students did most of the analyzing,
concluding, and testing. As a result of these observations, the
probing and non-probing discussion strategies were evolved and
formulated.

In terms of the categories of the COR the non-probing discussion
strategy would generally be characterized by a large amount of
teacher Lecturing (1). Sollciting moves would ccnsisﬁ mainly of
Recall questions (3) and Data Collecting questions (4).There would
be few, if any, Data Processing questions (5) or Data Evaluation (6)
questions, The Responding moves would be either Accepting (7) or
Rejecting (8), and there would be little or no Clarifying (9),
Calling for evidence (10), or Calling on another studeﬂt‘Cil) Mmoves.

The probing aiscussién strategy would be characterized by
Soliciting moves in categories (5) and (6), and Reacting moves in
categories (9), (10), and (11). There would be much less teacher .
Lecturing (1) cr Rejecting (8) of student responses. The two
discussion strategies would not differ greatly in the number of
moves in cavegories (2), (3), (4), (3'), (4'), or (7).

Figure:l illusﬁratésmthe’discussion strategiesvin'terms of the

- paradigms developed by Nelson, Reynolds, and Abraham (1971).

-~ Figure 1

- The Discussion Strategies

 nomrmommie
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Bxverimental Desimgn and Statistical Analysis

The basic desisgn of the investigabtion is outlined in TABLE 1.
TABLE 1

Experimental Desisn

Pretest Instructor Discussion Strategy Post-test

SCHOOL A —~— PHILADELPHIA INNER CITY

Teacher 1 Non-probing discussion
TaM* Teacher 2 | Probing discussion TS *
> Teacher 2 Non—-probing discussion
Teacher 1 Probing discussion
SCHOOL, B =- PHITADELPHIA SUBURBAN
Teacher 1 Non-—-probing discussion
TSM* Teacher 2 Probing discussion T M+ *
- Teacher 2 Hon~probing discussion .
Teacher 1 Probing discussion

* Form A of the Inguiry Skill HMeasures

+% Form B of the Inquiry Skill Measures

Thirteen post-laboratory discussicns far eéch'clasg were audio-
tégéd. Us;ng & Table Gf nandcm Eumoers (deards- 1966), four of
each class—vaualostaped dlScuSSanS were selected for analysls

Each dlSGUSalcn waa enccded anﬁ analyzea u51n§ the COR to detect

;Jfahcw clcgely the abuv? dlscu551on stratégles were fallowed. The'

ﬁ?f‘propamtlcn Qr:statemenws madevfor eachﬁcate cry of the CDR were
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To determine whether the'discussion,sﬁrategies were effective
in producing élrnlficant galnsgfcr the class' ﬁse of selected cog-

nitive skills, fifteen childreun frem each class weré selected at

random from an alphabetized list. These children were given as a

pre—-and post test the Inquity_akillrEeasuzas(ISM), an instrument
designed to detect changes in students' use of the four cognitive
skills of abservaticn, inference, ver;flcatlon, and class;flcathne

(Nelson and Abfaham: 1971) The four c@gnlf;ve gkills were defined
as follows:

Cbservation~ the ability to gather data through the use
of the five senses
Inference - fhe ability to project into an unexplored

area from observations in an explored field
on the assumption of continuity

Verification - the ability to test the validity of an
1nference

Cla%SLflcatlcn - the ability to form groups having some

common Sp831;¢ﬁd observed p cherty

Te%u—Ret%at rellablllty and valldlty of the Tnaulry Skill
Measures was determ;neé on a separate and egulvalent student
pojulatién. The ppesand post test scores for the fifteen indiv-
iduals testeé'within'a cléss were averaged and used to compute

_cl SS mean ga;n sccres. The results were used as the dependenﬁ

'",'varlable in d 2 P 2 X 2 factorlal des 1gn haV1ng as lactora

“fLSchccl Teacher, and Dlscu551on atratGEY-;

EE’EE.S_

_zinaly.:ls ci‘ the GOR data shcwed ‘t‘.hat the teachz.ng strategles

ﬁ77were fcllcwed cl@s y o as theyiwére ﬂeflned but ln the caae cf Lhe'
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planned. In terms of COR categories, this meant that the frequency
of (6) and (6') moves was less Lhan had been anticipated., These

data are summarized in TARLE 2, -

TABLE 2

Summary of Category Frequency Using The
__Classroom Observational Record

ol e Percent in hgn prablng Percéﬂt iﬁ Probing
VCaiegor; Discussion Discussion

Teacher Moves

Reviewing (O 3,8 7.9
Informing El 62,7 15.3
Directing (2 2,2 . 0.2
Recall Quesilcns (3) 9.4 12.5"
Data Collecting Questions(4) 3.0 4,0
Data Processing Questjons(E; 0.1 15.7
Data Bvaluation Questions(6) 0.0 3.0
Accepting Responses (73 ~ 77 6,4
Rejecting Responses (8 548 O.1
Clarification Responses (9) 23 8.5
Calling for Evidence (10). 0.0 8,9
Calling on Anothsr Pe:scn(ll) 0.0 O.1l
Calling Someone by MName (IN) 2.9 6.0
Repeating a néspense (R) 3.0 7.6
Student HQV%S
Recall 353ponses (3¢ ) 62,7 54,8
Data Collssting Responses(4') 23,0 6.1
Data Procemgsing ReSpOHEECE' -10,0 51.3
7-9

; Data Evaluatlon Respanﬁs(é' ). 0.0
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the occurrence 1in one of the strategiés was significantlf greater
than in the other discussion strategy. The chi-square statistic
was tested for significance at the 05 percent level. The criteria

for the tactics and the results are summarized in TABLE 3,

TABLE

Summary of Tactic Frequency Using
the Classroom @bservatlcnal Record

} —— . - — . — e _ - e - e

i Tactic Criteria in Non-probing Probing Chi-square
i\ Description COR Categories Discussion Discussion level

Teacher Lecturing At least 5

Consecutive (1) 146 17 .001
Recall Questioning At least & :7' . not
C@nsecutlﬁe (3) 55 33 significant
Data. Collecting At least 4
Questioning Consecutive (4) 6 : 2 not
o significant
. Data Processing At least &4 ) -
Questioning ~ Consecutive (5) B ' 55 .001
Data Evaluation At least 4 | |
Questioning Consecutive (6) . 0] 1 not
- . ' : significant

This table 1ndlc¢teq that for the tacflcs of Teacher Lecturing
}and Data Prccegs n Questlons the tno dlscu531gn strategles were %
“'°anplledras the were deflned The same is also true far the tactics i

of Reca&l Questloning and Data Collectlng Questloning 51nce the

'Qtwa dlscusslon atrategles do not dlffer with respect tc the freguency

 iof theue tactlas,> '




In spite of a 29 point difference in class mean Intelligence
Quotient between the two schools (82 Urhan and 111 Suburban)
there was no significant difference in the class mcan gain score
on any of the inquiry skills for the factors of school and
teacher,

The COR data were analyzed to ascertainrwhether the +Hwo
discussion stravegies were actually applied as they were defined.,
The results of the analysis of variaznce of the COR data indicated

that :

l. For a one-tailed test at the .05 level there were
significantly more Informing and Rejecting moves in
the non-probing discussion, “The F test, however,
indicated that there was a hetergégﬁgi%y of varlance,
so the significance is in doubt.

2. For a one-tailed test at the ,05 level there were
significantly more Data Processing Questions (5),
Clarifying Responses (9), Calling for Evidence (I0),
and Calling on Another Person (11) in the probing
discussion strategy.

5. For a two=taliled test at the .05 level there was no
significant difference between the two discussion !
strategies with respect to the number of moves in i
Reviewing (0), Directing (2) Recall Questions (3), :
Data Collecting Questions ( 3 Accepting Responses (7),
and Repeating Reaponses (R).

4, For a two-tailed test at the .05 level there was.no ;
significant. dlffﬂrense for the following moves for :
elther Teacher or School Reviewing ©), Informing (1), , ]
Directing (2), Recall Duestlcns (5), Data Collecting
QUEStlQDS,E4 - Data. Processing Questions (5), Accepting (7),
Rejecting (8 Clarifying -(9), . Calling for Evidence (lO)

© . Calling on- Another Student Cll), and Repeat;gm a
CResponse (R), o0 |

'wihéfresults of the, ySld of varlance Df the dlfference scores

on the Innulry uhlll Qeasures cﬂnihe uummarlzed a% follcws=ﬁf
y ';iest at the,.05 1eve1 tbgre was a

: ‘gai .on'lnferences made by ﬁhe
' - ~§Lhe non—prcblng




2s For a two--tailed test at the .05 level there was
a significantly greater gain in the accuracy of
he inferences
than by the non-probing discussion group.
2. Tor a two-tailed test at the .05 level there was
significant interaction between

made by the probing discussion group

school and discussion

strategy on the number of observations made, Analysis

of the significant main effects indicated that t

he

probing strategy was more effective in the suburban

achool, 7
-in the urbdn school.

Based on these results the following
drawn :
1. When one is teaching SGLPnCP in an 1nqulr" fashi

to sixth graders and one's objective is to incre
the quantity and qualltg of inferences, then the

probing strategy is to be preferred over the nor

probing strategy.

2. If.one's objective is to increase the quantity o
observations made, then the probing strategy is

be preferred in a suburban school, w..ile the non

probing strategy is to be preferred in an urban

Due to certain problems in methodology, no SPEulfic cone
cculé be érawn about the effect ef +hu pgst 1aberatory a
etrategles on children's learning

and classification.

Limitatiqns

of the skills of veriﬂ

and the non-probing stratepgy was more effective

coneclusions were

on
ase

f
to
;chaol.
lusions
Lscgssicn

Lcation

|
1

The 11m1 atlong Of Lhe lnve591g,Gion caﬁﬁjaéically b
1ntc several d;stlngt Wroups.-They are ccncerned w1th ei

' fon’lnstruments, the experlmental prcc

‘fid élsc'

= divided
%her the

edLre, or

.
S e T G R STL NI
Slnce the'overil -nStructlonal unlt wasrtbe 1ntact #1355, the .

s e R
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have been mare generalizable, Also, becaﬁsg the major criterion
instrument— the Inguiry Skill Meusureg, isrrelatively new, it
lacks reliability data obtained from other samples with d;iferenf
investigators, The ISM also may have been lngUifJGlentjy reliable
for detecting differences for all of the variables studied, The
lack of appropriate equivalent instruments bDrevented the obtaining
P of any *true neasure of concurrent validity, Hagd this investigation

i been conducted over a longer period of time, or hag the instruments

been used Previously 4in other studdies, there might have been some
data related +to predlctvve validity, 7

; In terms of the exierimental brocedure, it would have been

. } advantageous to have continued tHe beriod of instrﬁction beyond

§ the eleven week perioed, The additional time nigh% have further

: increased the amount of experimental effect,

The 1nsﬁruct1@nal program could have been eéxpanded to furtherp

-emphasgize the deveTGPment of the h;gher order, ~di.e., more complex,

v g e,

cogn1t1Ve skills, sucn as verlfyln and claSSﬁfying; Analysis of

the COR data showed that in The ‘probing strategy appreximately

31ght percenu of the student resPQn%eg vere related to datg verif-
 lcat1cn, whlle very&%w of th31r responSﬂs were dlrectlv concernead

- with- the skill of clasg1¢1catlon, Far further study of the dlSs

 'cuss1on strategy effect

Observhtlonal Record was one of the

fﬂt;on because 1t prgvided some

*actually applled

@s;'probing and

similarly.

|
|
i
]
i.
f.
i
A
.




each of the two schools. The data also revcaled that there was
a significant difference with respect to the questioning tech-
nigques as actually applied with the pwbing and non-probing

discussion groups.Thus, the experimental trcatment was applied

as'defineﬂ, in similar manner, by both teachers in both schools,

Implications

This investigation indicates that classroom verbal inter-
aCtlan between teachers and students can have definite effects
on the development of selected :skills which are congidered to
be important factas in the newer, more process oriented, science
curricula, While it is difficult to draw generalizéble conclusions,
in this study at least, the teacher questioning strategy was
significant with respect to the development of children's ability
to draw inferences from observed data. Both auburban and inner
city children 1ncreased their abll;ty tc sug est 1nferenceﬂ when
»they were exposed to a probing, rather than a non—problna dis-
cussion strategy. |

The GOR provides the teacher with an oﬁportunlty to assess
the types of verbal 1nﬁeractlons Qccurlng in the classraom. Un-

fllke many otaer forms of Interactlon Analygls the CCR ccncerns

4
[
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uﬁppartunity to evaluabte his questioning strategies with respect
to the specific cognitive skills they scck to develop within the
students,

The results off this investigation indicate the importance
that discussion strategies can have on the development of
selected cognitive skills in science, It must be remembered, ;
however, that this investigation has explored one nareow aspect
of the entire inquiry process, namely, post-laboratory discussion
strategies. Though it has provided some useful information with
regard to student cognitive skill development, there is a great
need for more experimental research into other aspects of class=-
room interactions. A more thcfcugh research foundation is neecded

before the objectives and promises of many of the newer elemen~

tary school sclence curricula can be substantiated.
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