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" RETENTION éEST AND STRATEGY ANALYSIS OF
A NONVISUAL SERIATION TASK PERFORMED BY ~ 3
' - BY FIRST GRADE CHILDREN I

-

Michael J. Padilla

/

Young children's seriation or serial ordering behavior has been -
studied by many.because of the intimate connection of the ordering
task with the development of the concept of-number. In addition the
logical thought operations.nypotnesized as underlying tne cornec;

seriator's actipns have been a source.of major,/theoretical concern. .

Piaget (1965) is most notable in this study and he has defined three

—-)//:'l’

e

stages in the development of a‘child's_!iaual seriation ability. _Stage 4

S

I children cannot order a set of ten sticks by length or insext sticks

into an ordered row. Stage II children_canporder;%He sticks correctly,

-
. £

but cannot correctly insert an additional ten sticks into an already

ordered row. Stage IIT seriators can both order and insert correctly
- , - ( .

and are considered operational seriators.

. . .
! Several researchers (Elkind, 1964; Shantz, 1?67; Schafer, 1972)
have undertaken the replication and expansion of Piaget's'work. Most ~

’.

have dealt solely with Fesearch materials which have differed on vigually

~
a

discriminable parameters, ege. 1ength width, volume, colof. In one

digression from this pattern, Piaget himself along with Inhelder

’ . .

(1941) investigated children 8 weight seriation abilitiés and found
this task to be much'more difficult than ‘seriation with wisually

diacriminable materials. They quote an average age of 8 to 9 yeaqs'

. .
»- e -
.
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before operational seriation appears with .weight; this combares‘with

“

y 5 to 7 years for length. Of late other studies have emp}dSyed materials . '
. ‘ ¢

\ < - - .
differing on nonvisual parameters. Baylor apd G ’pog (1974) studied the

sim.lar to thosa described‘ o~

___strategies children used in seriating weig

’ LS

o studied children s strategies

’
L

in weight seriatian and compared phem to those found in length seriation,

by Piaget. Smith and Padilla (1975)

. ’

meter (p< .0001).

onm the lack of a simple strategy for dealing with &ych’,
’ ‘ . ’

-

relatively co iez,naterials, i.ge.,the nonvisual materials. It was found

- %ﬁ%i#§383%%*?4WH5P4L3—4~1&38&PJQAAfhilﬂr&QA'

‘t operational in visual seriation could also learn to order the nonvisual
objects .to a.ﬁﬁfy high degree of aceuracy if tne proper strategy.was enployed..

The purpose of this’paper,is to report further findings'relevant to
" the weight, texture and force ;;periment. The results of a retentidn:task !
accuracy test, an analysis of the strategies used on both post tests and
retention tests as well as some misceilaneous pest‘hoc analyses will be
repertea. The original post test task accuracy data had shown’that teaching
stage III .seifiators to order nonvisual materials by using the strategies
of interest to be to no particular advantage. A control group given only

. g

‘practise with the materials did almost as well on the post test task
accuracy scores. Howevﬁk, one strategy, the extreme value selection
(EVS), proved to be signiflcantly more effedtive in training the stage

RS
I seriators than the control method described above. In fact, the}eﬁsk
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accuracy scores of the EVS-trained stage .l children'approached that of -

. o
. . . .

the stage III children. . . g

This result raised some interesting.questions regarding advancement

- -

of children through seriation stages. Had the stage I EVS children been

= e

3 g - = - - 7

trained in a method that allowed them to more easily advance to the

operational level of nonvisual seriation? Would a retention task

.

dccuracy test show a regression to past behaviours and non-operational

seriation? v

In addition, some interesting ‘questions regazding retention of. . *
strategies can be asked. Will the strategies be retained? Wiil those
who retain tne use of their taught strategy;herfdrm~mbrémaequratelywthaﬁ S
those wno do not?, Do ¢hildren who use.a consistent strategy perform
more'aceurately? hhat strategies will the control grodp form on thEir

own?  Will the results of a st;ck Seriatidn task (the task used by

Piaget to define stages of visual serxation development) change in any

v 0
LN ']

way after training with nonvisual materials? ) y, .

? by

¢

Method . ~ ‘ . - . . ) .'

t . <

‘One hundred and twenty grade 1 children from two‘L ising, Michigan

£
[

4 ) - ,
elementary schools, all between 73 and 86 months of a%g‘(x = 82 mo.)

" were pretested using Piaget's stick task and separaqéd into groups of

stage I-seriators (non-performers) and stage I1I ?eriators (operaticnal
performers). Twelve children from each group were randomlv chqsen and
assigned to one of three treatments (N = 72). '&he children in the first
treatment, called the‘extreme value selectidf (EVS), were taught to order
the nonvisual obJects by choosing the eAtr?mé valued object (eg. the

heaviest) and placing that object to star/&the row. Then the next

extreme object would be gelected and/se /beside the first, and so on

o

¥
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untii:all objects were'placed and the row was ordered. This method
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feliowed the most commonly observed natural seriation behavior de%cribed
by Baylor and Gascon (1974) and Smith and Padilla (1975). The children "
in the second‘treatﬁent, called the insertion (INSj were taught to

choose an object randomly from the unordered—pile and to place it to.

-3

_start the row. SUccessive obJects were also randomly chosen and placed'

-

in the ordered row relative .to those already present by using a series

T «

R

x,
u

of successpve approxigations. This atrategy also closely followed ) ~

¥

, ' v
descriptions by Baylor and Gascon as well as Smith and Padilla, ®ut
was not so commonly observed by these researchers as wae the EVS. The .
"thiﬂdren in the-tnird tfeatment group, .called the‘control (CON),

were,not taught any specific seriation strategy, but were allowed to

-
Ly

. . %
fonm their own methods of ordering the objects during the training o

gsessions. cane

The children were trained to criterion (perfect seriation using

the.taught strategy, or just perfect seriation fqg the CON group) in

three separate training sessions Qith a different set of materials each

time. Each session was preceded with a aingle attempt to order the new

-«

materials in a pretest. A maximum of five non-criterion attempts ‘were

allowed before termination in a training session. The first of the three
' o : - ' :
sets of materials was a set of eight cups,each f;l%;d,with a different

mass of lead shot and called "weights". The second was a set of eight

~ B

cups,each lined with-differenb'textured materials and called "feelies." .

5

The last éas a set of eight pipes with handles which required a differeant

amount of force to pull, called'"puil toys". The, objects in each material

A]

" set were the same on all parameters, except the variable of interest. .The

o f
‘

- variables of training material and sequence of material presentation in

training seesion were controlled by a latin square design invofb;ng the three

", .
- <

( . ’ 6 ) B} .
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tréining sessions, the three sets of materials and three sequences of

i

I ‘

tation. The trainers were all given the same amount of intensive

Jm:. g"

ation and waere not considered to be a significant source of vatia-
LY - ! -~ - ‘ * -

5 -’.fé;‘ ;‘\”‘E‘\‘ Py

’
[t

or otherwise, regardlng either stvategy, was given to any subject*

-e
e

{ed to these scores to deeide which, if any, of the‘qesigpated

- >

v

ment strategies was used during a given.attempt.

) . .
L .
. -

Ll . .

Task accuracy scores were calculated for all children's retention .
sks. These means and sfandard deviations as well as the original post ) .
- . R . . X “

»

~ -3
i . .
‘;mihe post test mean scores and the retention mean scores are reported in . P
jj%able 1. All the groups dropped in task aceuracy f;om post test to ieteﬁtio;
Hiitest. But the CON I group and the EVS I gtoup regressed to a greater degree,:
. ’ .
SE—— ;fi; the CON I losing .058 and the EVS)I losing .183. - o S
. ) c )
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Table 1 -- Means and Stahdard Deviations for the.Post
Test and Retention Task:Accuracy Scores -

-

4

»

Post . Retention _ Difference
Test . Test S .
: - . .
EVS III X = .951 X = .929 $. -.022
\\\ . 'S.D.= .039 S.D.= .053
INS III° . X = 1955 X = .93 -.019
‘ s.D.=.061 %  S.D.= .055
CON III ° X =.938 X = .908 - - =030 -
: S.D.= .036 v S.D.= .054
. EVS I ) X = .929" R = .746 -.183
S.D.= .069 " S.D.=.238
INS I . ‘X = .830 % =..808 T o-.028 -
S.D.= .148 S.D.= .177
CON I % =*.802 . X =744 -.058
: S.Dy= .241 S.D.= , 296 ) .

An analysis of covariance‘(ANCOVA).was performed on the.retention

test task score means covarying on thé pretest 1 task score which was a

measure of each child's pretraining seriation ability. The independent

variable of stage was held conStant in this an&&ysis‘sq_that treatment’

effects within edch stage were available as well as an overall tegz of

stage. Tdble 2 reports the ANCOVA statistics.for the main effect-of

gtage which is significant (p<.07).

™y
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Table 2 — ANCOVA Statistics for tHe Main Effect S .
of Stage. Retention Task Accuracy Score . )

- Mean ig the Dependent Measure. - R ;

w ) , " ‘. ’ - . ©

Sour cs of Degrees of * . Mean ’ . : . v l .. N
Vargation F;eéddm Squares . F Ratlo | = P< ¢

Stage 1 3402 | .3.577 " .064
_Error . o . . 65 ‘ ’ - ‘ . 0951 . ‘- P . ’ _

L} ‘. “"— ) - ) R . , Y ,
Total : , 66

- . v , <

A . -/-

Table 3 -- ANCOVA Statistics for Treatment within Stage-III.
Retention Task Accuracy Sco:c Mean is the ,
Dependent Measure. '

- Sources of Degrees of Mean F Ratio P<
-~ Variation Freedom d Squares
Treatment I . 0000 L0246 1 .976
Error - 65 . - .0007 i ’ T
Total ‘ 67 ¢ ' |
; LY
.

Table 4°~— ANCOVA Statistics for Treatment within Stage I.
Retention Task Accuracy Score Mean is the

" Dependent Measarei—- . co ' < .

Sources of .Degrees of Mean o P< ’

Variation - | Freedom - Squares F éatio , ‘ -7
“ - . — - 4

kS ‘ 4 i * . - 4

Treatment 2 .0215 - .900 412

SN B " .
Error | - 65 - .0239 T '

. i

Total' ’ 67 ) *
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Thus the Stage III children performed significantly hiéher than the
\> Stage I children on thé retention test. This result was diséppointing T

- since no significant differences were found between the two stages on the

.

post test, J—— \ .

p Tables 3 and. 4 report the ANCOVA statisties for treatment within

As with the post test;;ééults, no éighificant differences were
A

o~

elch stage.
] apparent for any treatment with the Stage III children on the retention
\ ' .
test. No significant differences were found for any treatment with Stage I

children as well, even though a significant difference has been reported

for the'posf test rqsults. Thus the observed advantage of the EVS treatment

with Stage I .children disappeared over the four months from post test to,
e \ )

[y

’

.

v

.2

’

H

retention test. ‘

Table 5 represents the percentage of the EVS and INS groups which

N -
performed the post test tasks and retention test tasks using either the

EVS ‘or INS strategy. The résults show an overwhelming percentage of

’ children’iﬁ‘each treatment group using the taught strafegy on the post

‘tests (90% of all EVS-used EVS; 84% ofaall INS used INS). This indicates

=

that immediate learning ahd use of the taught strategy was accomplished

to a high dégree by children in both stages. l . SR
. _ . { .

. v
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Table 5 -—'Perigztage of EVS and INS Groups Using Either EVS N
‘ -, or INS Strategies on the Post Test and Retention- Test o . ,‘
Treatment/ - §trateé§ %Z Using a ‘% Using a % Change
+ Stage Used Specific - Spaeific from
Group Strategy Strategy Post Test ///
. on Post Test on Retention to Retention '
’ Taqi: mot. / -
- - 3T 1e8T &
EVS 89 80 . =9
EVS III il T R R I
INS 8 17 “49
R Evs 3 - T4 +11
INS TIT R e P el eI 4= - = an
L s 89 ? 69 -20
VS . 92 . 58 -3 -
EVS I T B 1 Y U
\ INS "0 s +5 .
EVS' 0 25 +25
INS I e T B I Sl
i £ Y
INS 82 39 =43
‘ L]
Table 6 - Percentage of CON Group Using Either EVS or INS !
Strategies on the PostaTest and -Retention Test .
Treatment/ Strategy % Using a % Using a & Change
Stage Used Specific Specific from
Group Strategy | . Strategy Post Test
on Post’ Test on Retention to Retention
. l Test Test
~ .
CON' III [ R R A - o SENPRRN B
INS 22 30° +8 . )
EVS .69 50 -19 .
CON I e R e r i T - T
L INS ’ 0 6 +6
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The retention tests®also show an advantage fot the taught strategy,
although a diminished one. The slight loss of 9% by the EVS III group
shows a high degree of retention of the learned, strategy. This coupled

with a minimal loss in task ‘accuracy (Table 1) indicates a strategy well |

‘suited for these certain children. The 20% loss shown by the INS IIT _

p ) e —

¢+

-,

group seems reasonaéle, given’ the apparént'difficulty of the strategy as

\

«

evidenced during the training period. The Stage I results are not so

enc0uraging. The EVS I and INS I were found to have lost considerable

»

. « -

- ground in fhe four month period {BVS I lost 34/ INS I lost 41%), Per-

»

haps one should be qatisfied that the Stage I chi éren learhed much less

A ¢

4 . . s

retained, any strategy at all . . 4

. . \ b -
ﬁ%e CON groups post test and retention strategy results (Table 6)

— 4

shed light on both Stage III and Stage I chilq;en.s ability to self

[ od .

develop strategies. When allowed to form their own strategieg, the Stage

III children used the 'EVS fully two and one half times more frequently than

the INS on the post test and almost twice as ftequentlyfon the retention

’

test (Post Test 55% EVS vs. 22/ INS Retention Test 58% EVS vs. 30% INS).

The Stage I children used only the EVS strategy on the post test ahd

*

overwhelmingly favored the EVS on the retention test (Post Test 697 ﬁVS
vs. OZ'lN8; Retentioanest“502 EVS vs. 6% INS). These results concur with
those of SM and Padilla (192(5) and nBaylor and Gasson (1974) ‘tha't. an
EVS-1ike strategy is most readily deyelopeolang7ésed by young children.
An interesting note in CON strategy devefbpment is that only.the'Stage III
cirildren were able to develop a fairly accurafe INS strategy. This makes'

. M » .

sense when one considérs the Piagetian reasoning that the insertion task

is not fully understood by the Stage I children, while it is a prerequisite ’

- -
13
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absITEy for Stage III behavior as defined by Piaget. This task is the

basis of the INS strategy. Piaget does not consider this understanding,

that an element can eimultaneously be lesser in value than a second element

and greater in  value than a third element, to be teachaple. Rather, a broad
- ' ) ‘ - ' g |
set of undefined experiences is the necessary prerequisite knowledge. The )
/\ )
‘evidfnce from this study cannot dispute this argument and in fact concurs

-
v

with It. ) - : .
When strategy scores were initially conceived by Smith. & Padilla,

LY .
it was thought that a conservative estimate of strategy would be most

h Y

benéficial. Thus two distinct scores which,reflect the placement of the

seriation ijects were dsed in conjunction with the task accuracy Score to
construct the strateg‘ SCcre. It was thought that each placement gcore
tadded a sfightly different’perspective and .that a child could not be éyﬂ .
correctly us1ng strategy unless he came up to a certe}n level of_task }

accuracy. "While this conseryative method helped in defining strategies,

it hindered post hoc analysisfbecause it assigqu_strategies-to only - .

. reasonably correct seriators. Thus A new score;lfhe Attempted Strategy

' .

Score, was calculated which psed onl¥%y the scores relating to the placement

” ¢ . -

~of ObJeCtS. This aéw score allowed the assignment of an attempted strategy

to each subject for each try at seriating and’ this score reflects the .

~attempt%d seriation strategy without regard for correctnes.ﬁ

~.
-
X . . " N s

-y

lThe attempted Strategy Score employs the Sequence Score (SS) and the . .
Sequence Score (TSS) in the following way (for a full, description of

the SS and TSS}: see Padilla, 19 Smith and Padilla, 1975) e T
a%iif §S <..55, then the AtffJfted Strategy is INS ‘ L
b

if SS > .70, then the Attempted Strategy is Evs -~ G
¢) if 85 > .55, 4nd < .70, then the TSS is used to decide .

.y 1) if TSS < .70, -then the Attempted §trategy is INS ~ L
\~h///, 2) if TSS > ,70, then the Attempted,Strategy is EVS '
: 3 .

13
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Using the Attempted Strategy Score consistent sffategy users were defined
Vet .

as those who attempted to use the same strategy across all three post tests
and all three retention tests. An inconsistent strategy user made one*or

more changes during these tests. When the mean task score across the post

and retention- tests was calculated for these two groups (Table 7), an

o

interesting pattern came to light. Both of the EVS groups showed a ' -

slightly higher mean task score for consistent strategy users than for

'
.,

Table 7 -- The Number of Consistent and Inconsistent Strategy
Users and their Mean Score Across Post and Retention

Tests. The Strategy -Used Was the Strategy Taught.
* » N\
. Treatment/ Consistent Inconsistent«
Stage Group Task Score/# of Task Score/{# of
o T\ﬁ/%ubjects Subjects
\ N
EVS III .95\31; .914/4
INS III .933/7 .963/5
‘ EVS I .867/8 .778/4
L 3 .
INS T .767/5 .856/7
o~ . CON III .921/7 7 .925/5
CON I - +753/6 .794/6

-

e

14

L
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_ Table 8 -—- Pretest, Post test and Retention Tést Stick Tasgk
Results Showing the‘Number. of Subjects with Perfect
Task Accuracy Scéres (TS) and the Mean Number of .
Correct Insertions Out of Five.

-

- Pretest ‘Post Test Retention Test
# with mean # of | # with ° mean # of # with mean # of
. correct - 1 gporrect - correct
18 = 1.000 i sertions | 5 = 1-00 fﬁser&ions 15 = 1.00 1 4 gertions
) Max.= 5.00 Max.= 5.00 Max. = 5.00
Evs III 12 4,58 11 2% | 11, '5.00"
- , x
INS III 12 4.58 11 4.50 11 5.00
coN III | 12 . 4.50 Y12 o 4.33 12 “| 492 .
4 - ’ '
EVS 1 0 - 7 3,43 7 414
INI | 0 - 2 ©2.00.% 4 3.00
CON I o - - 7 471 7 5.00
'

l

- . “
inconsistent wugers (+ .039 for EVS III and + .089 for EVS I). On the other
. ba;d both the INS groups showed a slight.a&vantage for the inconsistent

strategy-users (-.030 for INS III and’ -,089 for INS I). This pattern could
. 4
- E
indicate again the greater difficulty the subjects experiencgg with the
INS st%ategy and the relative ease and facility-inherent in t

—— ‘
™

sistent users of a strategy that works easily could be expected to scofe

-y * .
_hWigher than those whe change strategies often. Contrariwise, usérs of a

he EVS. Con-

difficult strategy who attempt to stick to that strategy even in confusing
a . ‘ *

situations may be expected to perform poorer than thosé who may pegiodically \
» - ’ ‘

change to an_.easier strategy at these times.

-
*

1 |
4 ¢ )
- " ’




definition all Stage III children and no Stage 1 children pérformgd the

‘The stick ordering task, used by Piafet to deffne developmental

’

_stages of visual seriation,-was given to each shbjgct as _a pretest and

the results were used to group children into stages. This same task was

RONENN - - °

_ readministered 8uring the.post test and ‘the retention test. Table 8

reviews the results of all three tests by treatment stage group. By -
A :

pretest task correctly. Quite surprisingly 16 of the Stage I children

performed the ordering of the sticks perfeetly on the post test with all

»

of these able to insert some of the sticks correctly. In three weeks of

~

_working with nonvisual materials many had jumped éq Stage II and some to

"Stage IIT capabilities. Could it be that these materials had forced the

subjects to view the logic of ordéring~in a manner which was more easily

digestible to their way of thinking? .
. ' » . -
At first the treatment does not seem to be of prime importance here,

¢ A%

but it becomes important when it is noted that all of the CON I group who
correctli ordered the sticks on either test used the EVS as the predomiﬁaqg_

seriation method during the post and retention tests. And all but one used
the EVS in ordering their sticks correctly:' Thus it is possible that

training with nonvisual materials when coupled with a strategy that easily

L3

Highlights the logic of seriation may help to induce Stage III seriation

13

hehavior.

The retention test stick task results show similar figures with a

sliéhé gain in number of correct insertions by eéch group. A.gain of

b -

two corréct stick seriators in the INS I.still left this group with less

operational seriators of sticks. Thig strategy, which the Stage\I children

- "

had great difficulty mastering, proved to be less beneficial to them in

understanding the logic of ordering, than the EVS was to the CON and' EVS

»
, r

al

!»




. L4 . . . ‘ . ,
groups. Perhaps this points a way toward operational seriation which !

.

uses as a teaching basis the nnderstanding of the logic of order and no

-

‘
the tedching of the insertion task. ’ - oot

. v L]

Summary ‘ . /

~
-

First grade children identified as either Stage f or III seriatobrs
* 0 ‘ . P d ]

Ly L

-~ 1 1
were trained to order sets of nonvisual materials using either the EVS -

v
.

or,INﬁ strategies or were allowed to self develop a strategy. While post =~

test task accuracy results showed a signifiq%nt difference favoring the

EVS treatmenf witn the Stage I seriators,’this.difference disappeared on

s A

a retention test'given four months later, No differences were apparent
N N & .‘ . ' - - .
for Stage III seriators on either post or regg;lieﬁ\test. . "

Strategy analysis of the post and retention tests showed that the
T . I3

taught strategy was both learned and retained by the Stage III children.
- -r"-’? -
-4

The Stage I children pecformed the post test tasks using the ta??ht strategy,
but some (especially those taught the INS) failed to retain the.;a ght'@trategy

on the retention test. , Analysis of the CON self developed stratzzi

- 1

an overwhelming advantage for the EVS, especial]ly among the Stage I children.

These results serve to'underiine the difficulty of learning the INS st

N

especially for Stage I children. When the task aceuracy scores of consigtent

< . .
vs. inconsistentjsqrategy users were compared, an interesting interaction

-

bécame evident. For both stages the consistent EVS users outper formed tne

inconsistent users, while the oppositenwas tzue for the INS users. This .

leads to more speculation regarding the nature and the difficuity of "the

-two strategies. , ‘{' . ‘ - . ‘ -a:\\ ’

. Results of a stick seriation task, performed at three ‘different times

/ L *

17 : .' . ¢ o
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during the experiment, show an EVS stfategy to be quite advantageous in
moving Stége I children to Stage II or III. This result concurs with the

natural development of seriation as described by Piaget -(1985).
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