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Kindergarten through third grade children's responses to concrete and

verhal class-inclusion problems were compared under several presentation

formate. 'Ch11dren initially had wmore d°fficulty with the verbal task

which was highly 'specific in format than with the concrete tasks. These

differences, however, were easily ciiminated by an extensive probing

proceuure and children were able to make the same level- OF responses

*

under both media of presentation. Verbal problems which were non-specific

in format were significantly more difficuit than highly specific verbal

or concrete problems. The findings support the competence-performance

formats.

Yivesented at the Annual 1Y cting F oo Awericar Edec

Assaciation, New York, April, 1977.

distinction for class-inclusion reasoning under different presentation
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lesponses to vorbally and concretely prosented class-inclusion pfob]wma

have been compared in a numbor uf‘studius, bul nn chuisLont resul bs have
beeﬂ obtained. The standaed, conerebe c]ass~inc1usidn prob1emIGQVuﬁopod

- by Piagét (1950) as a test of logical classification, involves presenting
“the child with two sots of OhJ“ClS, unequal in nmnbor, which bo]onﬂ Lo one
suporordlnnto class (e.g., 7 blue and 3 yellow wooden beads). The child
is asked to compare the extensions of the superordinate anc the Targer
subq]ass ("Are there more wooden beads or more blue beads?“). PriPr to

| logicai c¢lassification, the child compargs the two subclasses rather than
the subclass and tha whole. Piaget has proposed that the development of
logical responses to verbally presented probiems may -lag as much as two
years behind 1ogicq1»responses to concretely presented ones. Althcugh
some research evidence supports this judgment (Jennings, 1970; Schwartza
1970), other evidence suggests that the two media of presentation are of
equal difficulty (Brainerd & Kaszor, 1974) or that for young children the
verbal medium is easier than the concrete one (Mohlwill, 1968).
| Procedura]_differences and a variety of problem formats both within
and across studies may be sources of the conflicting reéu]ts. One critical

| difference is that Jennings (1970), Piaget (1950), and Schwartz (1970) used
the children's justifications in -scoring the results whereas Wohlwill (1968)
and Brainerd & Kaszor (1974) did not. Jennings (1970) noted that in re-
sponse to the verbal problems, a number of subjects made inadequate justi-
ficat® " hv i 'iag additional - | . fn the super: ‘:uuté. Foi
example, for the problem, "Suppose I have 7 dogs and 3 horses, do'I have
more animals or more dogs?" some ch1‘dren justified a "More animals" re-
sponse by szating, ”Cuz there's covis,, pigs, sheep. '.“ Since this extén~ _

sion of the superordinate class would be unlikcly under concrete presentation,

- failure to take into consideration the child's justification might inflate

, -




scores on the verbal problems cowpared Lo Lhe concrets ones.
Another critical dif ference Ties in the presectation format of the
concrete and verbal brob]ems. Piaget's verbally presented probl:m VIS,
of the tpr, "In all the woods are there more flowers or more primulas?"
This Tormat differed from his standard, concrete one in that (a) an
? .

iddefinite nuniber of subclasses was involved, (b) ﬁhe complementary sub-
clavses were not identified. by name and (c) thee;fwas no ind%gation of the
numerosity of the subclasses. The general ]ackfof specif%city makes this
format potentially more d1FF|cu]t than the concrete one. In the othor
studies Clted above, the format for the ven a1 problems was more °p~(1f1ck
with two subclasses named andvenumerated?/'HOWQVer, the formats for the
concrete problems in some studies (Schw&rtz, 19705 Yohlwill, 1968)vdiffered
from the verbal oﬁes in that the Subc}és$es were not enumeratéd and the

-;h label for the}cogg]emehfeny subc]assgwas not given within the context of
the'c1ass—inc1usibn problem (pr1or ]abe]1ng may have ocrurrod) For ex-
ample, a p1cturc contu1n1ng SiX néses and two violets wou]d be presented
and the c]assrinc1usicn questiod/asked, "Are there more f1owers or more
roses in this picture?” (W on]w/ , 1968). "The domieant incorrect response.

/

to the problem is to identify/the complementary subclass with the superor-

dinate class. Failure to pr’vide the complementary subclass label might
facilitate this proeess. %ome support for this hypothe<i is given in a

‘ StUdy by 4iner (1973, ci?édeby Brainerd & Kaszor, 1974). Performance on
concrete c1a§s—inc1usion/érob1ems was better when the subc]asses'ﬁere
enumerated (and by dmplitation labeled) than when they were not both labeled
anu enumerated Siﬁce he cardinality of the two subclasses is given in-

dwrect]y (i.e., /1sua]/y in the presentation Of ‘the concrete problem, it

is n/pot“es1zed that éhe cr1t1ca] difference 1ies in the labeling of the
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Aruitoxt provided by Eic:




complomentary subclacy.

The poesibility that the re]atﬁvc difficulty.of the concretoe anm‘verba]
problems can be aTCéreﬂ by changes ih the presentation format, suagests the
need ro draw a distinction hetween competence and.performance. Piaget's
theory {1950, Inhelder & Piaget, 1964) dmplies that the same operational

vstructures (competence) would be reduired for solution.of the verbal and
roncrete c]ass—tnc]u sion prob1cm%, i.e., the Togical, reversible addition
nf c]as%eﬂ, Yet, Piaget (1950) states that the performance on the verbal
task lags behind perforﬁance on the concrete one. According to the competence-
performance model of Flavell & Wohlwill (1969), performanceidiffereneeé of
a given child on tasks regdiring':the“same coghitive competence May be
aceounted for by different 1nforﬂation processing deménds . the tasks and
the skills of the child re]ativé to those demands. The information
process ing demands;ofba pafticu1ar‘type of cognitive task (e.g., the class-"
inclusion prob]em).mfght Qarj as a function of a number of factors:
- the sfimh]us materials and their familiarity, the manner of

presentation of the relevant information to be abstraqted, the

sheer magnitude of the information load placed on the child in

dealing with the problem, the role_p]ayed by memory ar ‘| sequential

processing of i-fapmation, and so on (p. o

Differences across and within the etudies cited above in the labeling

and/or enumeration of both subclasses in the concrete tasks and in the

spec1f1c1ty of the subc]asses in terms of number,,type and numeros1ty in

v .. the verbal tasks m1ght have created or altered differences in thé 1nfprma—

" tion processing demands of the tasks. Thie could have disguised éetua]
differences or suggested d1fTewences not there These hypotheses were

) tested by the se]ect1on of part1cu]ar verbal and’ c0ncrete presentat1on for~

\ ‘. . o 't) ’ e
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4
méts for dnvestigation. Even under didentical presentation formats, the
cdhcreLe é;d verbal c]uas—iuéiusiou problems might require difforent compet-
ence and/or information processing skills relating to média of presentation,
To test the hypothesis that the tasks requiré the same campetence (overational
c]assificatjog)} an extcnsivg probing procedure (described be]ow)_was used
to minimize;any Qotentia1<di%fé}ences in 1hforma£10n processing demands as
a function of media of pfésentation. Any differences which remained between
verbal and concrete tasks of iaentica] forma*® would, theoretically, more
Likely be attributable to different competence rather than information proces-
Qing demands.  No direct test was mede of the. hypothesis that assessmentAo%
performance on the verbal tasks would véry ac:ord%ng to whether the child's.
exp]anatibn was used 1in scofing the results. Rather, it was decidéd to use
the explanations in scoring the results under all conditions.. ’
Subjects | o

A topa] of seventy children, in kindergarten through third grade of
an e]ementaryvschoo] in a sma]] midwestern city, served as subjects in the
study. ApprdxiMate]y seventy nercent of thelqh11dren were from middle- A
c{ass SES backgfqunds, the rest from lower-class SES hackgrouLd Any

4

imatsT teonty-five o oaccent of L g1 hurcen were non-white, predominately
black. The SES and.ethnic compositionlﬁas consistent acruss g}ade levels.
The number of supjects and mean age at each grade level were as follows: /-

kipdergarten, M =17, age = 6:1; grade I, N = 16, age = 7:2; grade 7,

N = 19, age = 8:1; grade III, il = 18, 2qe = 9:3.

2
&

Four types of class-inclusion tasks involving species of farm animals

(horses, ‘cows, pigs, and sheep) were‘desighed for use in the study. The

Y

species combinations used in the descriptions below are presented as

fad
a
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pexamples of cach task.

. Concrete-cnunieration (CE):  The expoerimenter presented the
child with a 28" x 11" card containing ona row of 7 animals
of onc type and another row of 3 animals of another type
and stated: "Here are 7 (or 3) sheep and 3 (ov 7) pigs.

Are there more animals or more sheep (or, more sheep or more

animals) in this picture?" ,

2. Concrete-no enumeration {Cil): ~This task was identical to
CE above with the exception that thc experimenter. stated:
"Here are some horses and some cows" before asking the class
inclusion questdion. "

3. Verbal-enumeration (VEY: The experimenter stated: YOn a
certain farm theve are 7 (or 3) cows and 3 (or 7) pigs. Are
there wore -animals or more cows (or, more cows or more®
arimals) on that farm?" '

4. Verbal-no enumeration (VH): The experimenter asked: "In all
the world are there more animals or more pigs (or, more pigs

, or more animals)?" o o S e

Procedure .

'

Twelve prcblems were designad for various animal combinations.” A
systematized, randomization procedure was used to assign tpree problems
to each task for each subject, balancing species combinations and format ¢

features (the relative order of the larger and smaller subclasses and

whether the world "animals" or-the subclass »n =7 7 th
question) across the v: Lo g . Jech e indivi-
3 L we.. by a femaie yraduate student on all twelve problems in one

of two orders: (a) VE, Cit, VM, CE; (b) CH, VE, CE, VN. A1l three prob-

lems for cach task were administered consecutively. Half of the child-

ren at each grade level were randomly assigned to each order. Since there

were insufficient numbérs of children at each grade level to .test for all

- posswb]e order effects, the two orders above were des1gned to pPOV1dc,

theoret1ca]]y, ‘the 1east fac1]1tat|on or 1nterference from one type of
task to another By using two orders, task and order wou]d not be confounded
and a genera] test of order effects would be poss1b]e.

- The individua] sessions, which lasted approximat¢1y twenty minutes,

7 »



6
were tape-recorded and transcriboed for analysis.  During the preliminary
phase of the procedure the child was shown a pictyre containing a horse,

a cow, a piy, and a sheep.  Tho experimenter pointed to each animal and

C)

. N, -
asked the chitd to identify it. All thechildren could do this easily.

The experimenter then asked the child, "Uhat ave all of these?" If the

\

child did not respond, "animals," the experimenter asked, "I have a picture

here of four. . .what?" Every child responded “anima]s”Ato either the first
or the second question. fhe twe]vovprbb]ems assigned to the child were
then administered under Order A or B, described above.

| After thé chi]d responded to a problem, éhe experimenter asked, "Why
is tHaL?” If the child did not give the correct response accompanied by
an appropriate justification (e.g., "Horses are animals, too," "There's 10
animals and onlv 7 horeos. "), the folle "ng probing procedure was instigated:
(1) the quosi. : ﬁdnaer oo awina *1 didn't ask
vhether ¢ ware e Jh 28 OF MG CGau, but whether there were more
horses or more animals."; (2) questions were askeg focusing on whether both
suBc]asse§ were animals (e.g., "Are horses animals tob?ﬁ) and the class-
inclusiong que;tion was repeated; (3) the chi]d's response was challerged
by'sdch‘questions as, "If horses are animq?: too, why do you say _there are
only three anima]é?“- The c]ass—inc]usioh questioﬁ was then repéated. If

o the child gave a correct response and adequately justified it during any of

the above stages, the probing stopped for that problen.

o

The above procedufe was not appropriate for the Verbal-no enumeratioﬁ
problem ("In &1l the world. . ."). The pre—operationaf response of com-
paring subclasses resulted in the judgmeht.that there wére more animals
‘since there were more.gghgg_anima1s; When the chiﬁd made this response; the

" experimenter asked if there would be more animals than horses, for example,

24
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7
even if tnere was only one other kind of animal, e¢.q., pigs. Incorrect
responses Lo this were then followed by the s tandard probing procvduro
A number of ch ldren had difficulty making ary responsce to this task. - In
general, the prohing on this task was Tess systematic than on the other
three tasks. |

Resul ts and Discussion'

Only tne child's initial response to each question was used in scoring

the results. Responses were scored 2 if they were correct and appropriately
Justified (see above) and 1 if they were not. Ohe exception to the scoring
of ‘the initial response was when the child responded to the Verbal-enumera-
tion problem by extending tne superordinate, e.g.,\"Becausertherefs lots of
animals on farms." Tg this case the experimenter gaid "Bu-. en this farm

are only 3 sheep and 7 cows, nothing e]se " and then repeated the

c]ass—*nc]us1on question. The ch1]d S response at this point was used in

the analysis. A random sample of 10 transcripts were used to establish
1nterrater relfability. Two raters agreed on 93% of the 120 problems 1n~u'
volved. ‘

The scores of the three problems for each task were summed to give the
child a tota] score for each task. A 4 (Grade) by 2 (Order) by 4 (Task,

repeated measure) analysis of variance was conducted. Significant main

effects were found for Grade and Task and aléignificant interaction effect

was found for Taék'by Order. The signjffcant results of the analysis of’

variance are summnarized in Table 1.

, Insert Table 1 about here

Planned compar1sons between means for adjacent grades reVealed no

s1qn1f1cant d1fferences The means for each grade, K to 3rd respect1ve1y,

,(3 95, 4. 46 4.97, 5.36) show a steady, gradua] 1ncrease from one grade level

9
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to the next. Possible mean scoves ranged from 3 to 6. No comparisons were

conducted for the Task main e¢ffect since the Task by Ordei interaction was

significant. That interaction is plotted in Figure 1 below.

 Inscrt Figure 1 about here

An analysis of the Task by Order interaction reveals that differences
wifhih Order between the Verbal-enumeration and the Concrete-no enumeration
tasks were a function of relative order. Tests of difforentes between :means
revealed tpat when both tasks were either first in ordér ur both viere second,
thefe wére no significant differences between them. For the order in whiéﬁ
each task came second, neither differed signifiantlv from the Concrete-
enumeration task for that order. Since there weve no differ-nces under ﬂ
order A between the two coﬁcrete tasks, the hypothesis that labeling of the
comp]ementary subclass rather than enumeration was a critica} factor in ﬁre—

«

vious studies was given some support. However, specific testing of label-

+

"ing versus no-labeling is required as well as testing of the enumeration

hypothesis without the potential confounding from the probing procedure-
used in this study.
Responses to the Verbal-no enumeration task ("In all the world. . .")

under both orders combined were significantly lower than those to any of

the other three taéks (p< .001). This finding supports the hypothesis

that*the_]ack of specificity. of this format requires a higher level of

cognitive funcfionihg.u An alternative hypothesis is that the lower scores
ref]egt the weakness of the probing procedure:for'this task. o
Although no signifiéant differéncés were found betweén the concrete
tasks and the¥Verba1—enumerat{on task when the effects of OrderIWere
contro]]éd, f%ére is evidence of initial differences which were eliiminated

by the effects of the extensiVé probing procedure. An examinatiﬁn of subjects'

10



9 .
responses Lo the first prob]em‘presented Lo thom reveals that those who
received Lhe‘VE problem Tirst had much more difficulty than those who
received the CN problem First.v However, by the sccond or third prqb]em n
= the set, the differences disappeaied. The percentages of subjects in each
order responding corrvectly to eaéh of the twelve prablems are given in

S,

Table 2.

Insert Table 2 about here

He f&ci]itdtihg effects of the probing procedure are evident for bgch
types of problems, bﬁt they were strogéer-for the verbal than for the con-
crete, Responses to thelVE task were significantly higher under Order B
when it came second than under Order A when it came first (p< .0¥). There
were no significant differences between responses to. the CN taskiuhdey'
Orders A and B (p > .10). For Order A, responses increased significan%]y _
from the-firsf (VE) to the second (CM) task (b < .01). This effect was |

_ weaker under Order B when the.concrete task came ffrst and the verbal
'Second (p;i .10). Theée findings are attributed to the greater. initial
difficﬁi%y of the verbal prob}em, anq/;bs/gffeét of tﬁe prqbing procedure
in bringing the respOnseS to- the two tvpes of tasks to the same level.
This provides support for the hypothesis thaf verbal and concrete class-

v inclusion probleins vith the same format require the same cognitive struc-
tures fof solution but different, 1nformation,proces§1ng skills. The '

1nformatio;wpnocessing demands, howeVer, appear to be easily modifiable,
eséec{a]]y for the verba]"task.',

The effectiveness of the probing procedure 1in this sfudy makes direct
comparisons with the previous studies difficult. 'Thg fai]ure to find any

. differences between the concrete enumeration and no-enumeration tasks may

be atfributed to the hypothesis that Tabeling of the complementary subclass

G .1
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need to know in wn. ways differences in presentation format, including

&
10

) . . . . .
rather than cnumeoration is the critical faclor. or Lo the effactivencss of

the probing procedure in eliminating potzntial differences. lihile questions
relating to the differential difficuity of 2resentation formats still @ ~ain,

the effectiveness of the probing procedure illusirates the suscepltibility

v

of performar  on the class-inctusion task to environmental manipulation:
"t s hypoti [ that media ¢ presentatlion determines, in party the infori-
ation proces emand s of the task but not the competence.demands. On the

other hand, di ferences in levels of responding between the specific and non-
specific formats, differences which were not eliminated by the probing

procedure, may be a function of differential competence demands.
. !

The results suggest the need for the child to be given spe%gfic
information either.verbally or.concretely when he is asked to make logical
Judgments. Hhen concrete supports are not,available, the child may reqdi%e
assistance in processing the information in an appropf?ate way. - Further
re§éarch ié needed to identify the nature ' of the }n1t1a1 difficﬁ]tfés féund

in this study. for verbally presented class-inclusion problems, and the

reasons for the effectiveness of the probing procedure. Specifically, we
_ {> ;

media of presentation, affect the information processing demands of the

. . i
class-inclusion tilask.

P ’ . -, [3
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Tahle 1

© Analysis of Variance--Summary of Significant Results

Source . SS df MS F p
grade 78.87 3 26.27 10. 36 .0001
error {h7 2.54
task o 13.99 25.79 .0001
task x order L .02 5,56 .001
error 100,37 Lo . b4
“Task | TVEF CN™ N CE
5.2 (o)** (2) _ (3).-
5.0 B . P
mean score 2 g \-t;;y{:j e ;‘/:/(*12)
3. e L
e (I; : ﬂ’\i /(;Ofder A: .
-4.0 a . ) S\ Order B:=o-is
3.8 (3)
Figure 1 .

‘osk x Order Inte action
HMean Scores fot ecach Task foy each Preqhntatlon Order

*VE: Verbal-enumeration; CN: Concrete-no enumeration;
VN: Verbal-no enumeration; CE: Concrete-enumeration

**(Relative sequence of task preseéntation in parentheses)

Table 2
Percentages of Subjects Giving Correct and Appropriately Justified Responses

7/ to.each Problem According to Order of Presentation

Order A VE1 VE2 VE3 CN1 CN2 CN3 VH1 VN2 VM3 CE1 CE2 CE3 .
9 57. 66 51 69 74 34 31 34 66 74 74 N'= 35
Order B CN1 CN2 CN3 VE1 VE2 VE3 CEl CE2 CE3 VN1 VN2 VN3 A
31 66 69 63 71 77 71 80 77 - 31 40 57 N = 35
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