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' mean age was 90.64 months. N

ABSTRACT

< dhis ngdy,'wua uhdertaken becaise of the perceiv-
ed need for information regarding how young children
process patterns. The purpose of tr?e s.tmiy was to 1ok "
into the pattern recognition abilities of young childrén,
Specifically, the abilities of children at different levels

of development, within a Piagetian framework, were examin-

_ed. A review of the literature revealed the variables

which had been ah’own o' be relevent to pattern }recognition
as well as the various explapations for how patterns are
processed. " :
A case study research dexign was decided upnn and
a purposive sample was chosgnrof 97 children £ron rades
oné’ and two.in a rural Achool ln Newfoundlund The qroup 8
f

The sample ;las first administered several stan—
dard Piagetian-type tasks which differentiated conservers

from non—conservers. Several observations were made

regarding the‘role played by age as a variable in level. of |

develapment, and the role played by school experience as a

varisble in level of development. Specific sub-groups of
the original sample were defined as Pre—operatlnn;l and
Concrete operat:i'c:nnl based” on the findings from the
Piagetian instrument. : .

- Pinally, these two uukf;groups were given several
patterning tasks in which they w‘e'ra required to extend a

i
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given pattern, The results from thia Instrupent wefe . s
examined to compare the two groups _on rnte of success, the
tendency to .impose a pattern in an erroneous response and
:the type of errors cémmit}ed.

The data was analyzed uaing non-parametric’
statistics, and resu}ts were not qegeralized beyond this
sample . Y .

> The findings seeméd to showthit.while age did .

level, qude Jével. d did seem to show: mpnrcance as a vari-
‘able. Aleo, ﬂavelopmental level did m’m to differentiate
the more successful pattern uolver_u from (j.lle less success-
ful. Error types seemed to vary for the two levels, ~
ho(yevelé both groups seemed predisposed 'to imposing a J :

pattern, even in an erroneous response.

The thesis concluded .with a set of recommenda-

: 5
tions for researchers and educators. -
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————intense- that—we-often carninot deal Wit

CHAPTER I .
B ® ‘THE PROBLEM

Introdpction

Patterns are every’where. .

Our lives are syrrounded and often
governed by patterns. Daily outlines
lead us to anticipate about when the
" morning paper will 'arrive, when the
bus ‘will be at the corner, or when
“lunch will be served. In nature,
flowers and leaves form symmetrical
patterns; the sun, earth and mon
rotate in patterns; and the seasons®
follow patterns (Barnett,.1982, p. 9).

w
Our ability to. function in the environmeit is

largely due to the fact that there are so maffy naturally
; S

occurring patterns. These give one a sense—df .constancy;

they provide a basis for predicting future events and

thereby allow us the structuring of lives into routines.

Klahr and Wallace (1970) state that:

the .ability to detect environmental

regularities is a cognitive skill essen
tial for survival. Man has a propensit.

to seek and a capacity to find serial

patterns in such diverse areas as music,

econonics and the weather (p. 243).
Our desire for regularity and pattern

o e
events

are so

[ich are

chaotic. It seems tobe an innate inclination'to attempt

to organize even the ,mst@hazard of events.'
f

"Even when

no true pattern exists, humans attempt ‘to construct ong

that will enable themto predict the sequenck of future

E)




events” (Klahr & Wallace, 1970, p. 243). . "There is_no
 doubk that ve feel some deep meed Eor order and pittern”
(Marjoram, . 1974, p. 16). o .
Nowhere'is pattern more evident than in mathemat-—
its. The structure of mathematics- is based upon the-regu-
larities and intricate patterns of relationships between
the ‘various elements. Seyeral anthors have taken the
libetty to defins. mathematics in terms of patterns. “Math-"
ematics is the classification and study of .all possible ) G ;
. patterns,” according to Sawyer (1955; p. 12). Marjoram,
(1974) sees mathematics as “an activity concerned primarilyd |
yith argument, with spotting patterns and posing premises”
‘(‘p. 3). One of the best definitiéns of mathematics, for
pawes (1977) "is' that it is the recognition and the study.
of phtterns. ThesePpattirns refer to any regularity that
our minds can recognize" (p. 1). Similarly, Sueltz (1976) *
defines mathematics as “the study of structure apd rela-
tonships ‘and the' discoviry: of principles and-patterns®
“(p. 3). Therel seenms to be agreement in.the literature on
‘the fact that mathematics is a discipline governed by
patterns. Indeed, to have a grasp of the structure of My

2 _mathematics is to see the patterns which are crystalized -

within,

In the field of mathematics education, it is the ]

. job of teachers to provide their students with experiences )
i which will- lead them in aevelobmegt toward an understanding = o

of the subject area. It is not enough to ‘provide disjoint

f’ B & : .‘j



N it exceedingly difficult for the student

exberiences that aim for shallow learning. Rather the long
term aim should pe to’ gdide children to a vision of the
structure of mathematics. "Researchers and curriculum .
developers oriented toward conceptual approaches seem to
agree on the importance of fostering in children a ‘strong
inguitive understanding df the nderlying structures of
mathematics.” (Resnick and Ford, 1981, p. 101). At the:
famous Woods Hole conferénce in 1959, which brouaht toget-

her prominent mathematicians and-educators, it was a major-

agreement that the teaching of mathematics must be influen+

ced by this goal. Py 3

The currjeplim of a subject shquld be »
determjfied by the most fundamen®al under-
,standthg that &an be achieved of the
. underlying principles that aive struc-
© ture to that subject. Teaching specific

' , topics or skills without making clear
their context in the broader fundamental
structure of a field of knowledge is
uneconomical in several senses.
In the first place, such teaching makes , -

to_generalize from what he has learned to
what he will encounter later. In the
second place, learning that has fallen
short of a grasp of general principles
' has little reward in terms of intellectual
excitement ...Third, knowlédge one has
_acquired.without sufficient structure to
‘tie it together is knowledqe that is
likely to be forgotten (Bruner, 1960,
p. 31). .

If then the aoal is to teach muthemntics for
atructure we’ cannot be justified {f we do not help our
children to see the patterns whick, by definition are the

basis of the mathematics. Thus, in,this qlobal sense,

there is a sound rationale for experiences. in pattern to be

' o



part of the mathematical curriculum in our schools. At a
* more immediate level, the inc‘lusion of .pattern experiences
in the curriculum can be rationalized in terms of their
" basie: insproblem molving. y
‘Problem solving has been sben as the underlying
goal of all education. Heathers in Mendoza (1977) suaqests
that "problem solving thinking or inquiry is generally
considered to be the core of.the educational process and
the chief mark of the,educated person” (p. 135).
'Problem solving is one the .most basic aspects of

any mathematics program. The Priorities in School Mathe-

-matics (P.R.I.S.M.) réport of 1981, cited as one ‘of its
| recommendations that problem solving be a major [organizing
element in the mathematics curriculum (Worth, Cathart,
Kieren, Worth and Forth, 1981). An Agenda for Action (The
National Council of Teachers of Mathematics, 1980) also
suggested that problem solving be the focus of school
mathematics in the 1980"s. ’
When solving problems, often clues to the soli-
" tion are present in the form of patterns.in the data or
information. Seeking out these patterns enables -one to
organize the given information into a more understandable,,
useable picture (Whimbey and Lochhead, 1981). Among, the
skills which -were deemed crucial to problem solving by
elementary and secondary teachers surveyed for the

P,

. report, the ability to seek out patterns in data

ranked highly (Worth et al., 1981). -i'ne literature seems

L4



to concur that pattern detection is one of the more Eunda-‘v
mental problem solving skills. :
Discovering patterns is a very i‘mport-
ant strategy in problem solving. In
mathematics, we refer to examining a
variety of cases, discovering patterns,
and forming conclusions based on these
patterns as inductive reasoning

° (Billstein, Libeskind and Lott, 1981, p.2).

It is unfortunately quite common in.mathematics
in schoolk that problem solving activity is not emphasized
in primary and elementary grades. And equally unfortunate
is the belief that many high school students do not solve
problems very well. Especially difficult are novel
problems which stray from the well-worn path of simple
computation. Such problems as detectinqg patterns inherent

in a series of numbers for example 1, 3, 6, 10..., or

detecting patterns in geometric designs, for example the

.number of squares on a checkerboard pose roadblocks to many

high- school students. The heroic efforts put forth b'y high

- school mathematics teachers to teach strategies for solving

- problems do not seem to be enough. Perhaps this is far too

late to begin preparing students to solve problems.

Jerome Bruner once said that "any subject can’be

.tauqh't eEEectively in some intellectually honest form to

any chud at any staqe of develonment“ (Bruner, 1960,

© b 31). As ‘ontroversial :as this:statement has been, it -

can be applied quite readily to the area of problem 80lv~

ing. Problem solving has been defined as seeking "to

answer a question for which that 1ndiv£du;1 has no readily



' .
available strategy for determining the answer” (Devault, ~
1981, p. 40). There are many such questions which can be

posed at an early childhood level. . The National Council of .
Teachers of Mathematics saw fit to dedicate an entire

chapter of their 1975 yearbook, Mathematics Learning in

Barly Childhood to the subject of problem solving in early

childhood. It is,not difficult to find evidence of agree- e
ment that "mathematics programs of the 1980's should :
involve ‘students in wroblem solving by presenting appilcs",  (.w
tions at all grade levels" (Payne, 1975, p. 4). -Bruner's
idea ot¥the spiral curriculum (1960) is additional evidence
_that problem solving, like other skills and concepts,
should begin at a basic level in early childhood, and
should develop and expand ‘through the child's schooling.
1f, as it was stated earlier, pattern recognition is
thought to be a major problem solving skill, then it seems
apparent that it should be included as part of :hé primary

school mathematics.
The Need

In tﬂe province of Newfoundland at the time of ol
writing, the /mathematics textbook series used in primary

and elementary ucheols is nveutigat}ng School Mathematics
(Bicholz, O'Daffer And Pleenor, 1973). Because the I.S.M.

series is supposedly modelled on Bruner's spiral curri?
e a

lum, one would assume that pattern recognition nkxllu/ r

part of the primary textbooks. In fact, this seriesj



examined by the writer to see what, if any exposufe to

patterns the children would have obtained, from kindergar-
.ten to E’he end of grade three. If the t_eachers did not use
resources outside of the. textbooks, the ohitdcen would bave
completed one page of completion of patterns iﬁ?kindergar—
ten (Eicholz et al., 1973, p. 16) and one page of*coloring
of patterns in grade two (Eicholz et ail, 1973, p. 10 £

yellow).

Even .primary teachers in eastern Newfoundland whq

recognize a need for more work on patterns will face diffi-
culty in finding appropriate supplementary material. At
the time of writing, the Curriculum Materials Centre of the
Faculty of Education (Memorial University of Newfoundland)
had no material suitable for the tesching of patterns in
primary grades. Likewise, the Resources Clearninghouse
(Memorial University of Newfoundland) and tHe Instructional
Materials Division of the Department of Education (Govern-
ment of Newfoundland and Labrador) were found to be void of
any such material. Typical primary schools, especially
kindergarten classrooms, in Newfoundland are usually equip-
_ped with at least one set of colored beads for stringing,
however any suggestions for games or activities to.use this
material to teach patterns is virtually non-existant. In
summary, teachers are largely left to their own ingenuity °
_uhen attempting to teach patterns in the primary grades.

Sternberg (1975) has noted the generality of this deficit.



e Q@

. Not only is there a notable absence of instruc-
tional material available for the teaching of patterns, but
there is a real 1uck. of knowledge about children's abllliy
to process patterns. The literature has little to offer in
explanation of what kinds of patterns children can process,
how they develop the ability to process patterns and what
the prerequisite behiaviours for this ability are. The
problem lies in the fact that activities suitable to help
children develop these patterning abilities cannot be
designed unless more knowledge is gleaned regarding the
above questions. This type of need is a basic purpose for
much educational research. :

. «

“The basic problem is to provide “instruc-

tion that is appropriate for individual

students' level of coanitive develop-

ment ...The problem for research is to -
v identify the specific limits for each

stage of development and to describe
.- how instruction that is consistent with

these limits can be designed (Carpenter,
1980, p. 187). :

The Purpose

X It was the purpose of this study to look into the

pattern recognition abilities of young children. Specifi-

cally, the abilities of children at different levels of £

development were to be looked at. To accomplish this, ~
children were examined on a variety of conuerv‘ntlon-ty‘pe
tasks to determine their Piagetian stage of develo‘pment.
Within this framework, the variables of age and-grade level

were examined to determine whether or not they played an




' .-
important factor in distinguishing between the development- .
al levels. X

The .rates of success on several pattern items of
two developmentally different groups were examined in an

effort to decide whether or not- development was a key

factor in pattern processing. To gleen further insight :

into how the young mind processes a pattern, the errors in
the pattern tasks of children at the two diu‘tinct levels of
development were examined.. This examimstiv.m‘J of errors was

performed in an utéempt to see how the child processed the

stimulus information even when he or she could not compre- ' -

hend the given pattern. The childrens' errors were coded

on the existence of some structure or repetitive pattern, §

albeit not the stimulus pattern, as well as on the exhibi- .,

tion of gertaln tendencies with respect to .identifiable

error types. a o o
The information sought was luter formalized into

a set of upecific questions.

Definition of Terrs

Pattern ¢ = any linear sequence of objects in oy )
which repetition of a defined period .  —
. is vlsually obvious.
Period - any linear sequence of cb1acts 1n
defined order which is capable, of ¥

being repeated. 4 3

i
4
¥
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. -1 .
Perseveration* - the tendency to continue a string of one
‘ color. For ‘example, in the pattern BLUE
i b YELLOW YELLOW BLUE YELLOW, YELLOW, a s
subject would show perseveration if he or
. she continued the pattern with YELLOW

. YELLOW YBLLOW ..., while ignoring the

BLUE.
Alternation* - the tendency to continue a string of
- alternation of two colors. For example,

in the pattern BLUE YELLOW YELLOW BLUE
YELLOW YELLOW, a subject would show
alternation if he or she continued the
pattern -with BLUE YELLOW BLUE ¥ELLOH cee o
Pre-Operational - for the purpose of this study, children
will be classified as Pre-Operational if
they give seven or more *incorrect®
. responges on the Piagetian instrument.
Transitichal = - fqr the purpose of this study, children
will be classified as Transitional if
— they give four, five or six 'inccrrect'»’
responses on the Piagetian lnstx_—ument.
Concrete Opera- s ’
tional =, - for the purpose of this study, children
' will be classified as Concrete Operation-
al if they give usv%n or mofe "correct
unn‘gsuced"’ responses on the Piagetian

. /iﬁtrumrnt.



*

1"

It is noted that these terms have a broader}, definition in
psychology, however;, for the purposes of thi;‘ study, they
will be limited /to their n[‘.‘lplicution to the éituatiord‘ of
patterns. O ) ‘

. Questions

" #1. 1s there any differerice between the distribution of

children at' the Pre-Operational, the Transitional and
the Concrete Operational stages at the grade one level

and this distribution at the grade two level?

2. 1s there any difference between the mean agés of the

‘Pre-Operational, the Transitional and the Concrete

Operational groups?

#3. Is there any difference in the rfate of success on jthe

patterns tasks between the Pre-Operational. grouf and

the Concrete Operational group?

4. Does the Pre-Operational group differ from the..
o :
Concrete Operational group in the proportion of
subjects vho; in an erroneous response, imposed a

pattern?

#5. Is there any difference between the Pre-Operational °

group and the Concrete Opeiationul group in the



proportion of perseveration’type errors that they
make? L e ’ |
' i
6. 1Is there any difference between the Pre-Operational
group and the Concrete OperationaE group“in the
proportion of alternation - type et;ora that they

make?

#7.  Does the Pre-Operational group differ from the
Concrete Operational group in the item on the.patterns
sinstrument on which the largest number of errors were

made? | i

| o

Scope and Limitations

This study will be candticted as a case study of a
small group of children in a rural Newfoundland community.
case: shales: nave recentlyicens i;:go focus as a credible
form of educational resestch methodology especially in
light of the fact that it is a frequently used format in
the noted Soviet Studies in the Psychology of Learning and -
Teaching Hathemu_t:ics (Kilpatrick and Wirzup, 1970).

N Nevertheless, there are admittedly some serious
limitations in this type of study. The greatest limitation
of any case study is its generalizability. When no
population has been identi:‘.ied and the sample is not
random, one cannot state with certainty that what holds 4
true for the subjects under consideration in a particular

study is true for any larger group. However, it is fair to

ot



say that while Ehlldren who have had 'specific kinds of
background experience will be unique,in some aspects, the
basic developmental process according to Piaget has been
proven to be generally consistent in Qqauer}ce and in it's
characteristics in children throughout the world.
Therefore any trend found prevelent in this group of
children might lead to speculation that this or similar.
trends -exist in general. .

. 1In this studys ‘two qroups.of children which will
be identified as Pre-()pent_ional a;:d Concret“e Operational
by the specified criteria, will be compared on patterning
tasks. To ensure that reasonable size groups were Eouné it
was decided to test all of .thg grade one and grade two
children. Grade two children will h‘ave had more experien- .
ces with mathematics which may or may not -influence rate of-

¥ success on the ‘pattern tasks.. As stated in "The Problem",
the current mathem;t;cs program for Newfoundland coqta}ns
very minimal work on patterns. Thus the expected influen-
"ces of instruction on patterns i very slight, if.at all.
However, other experiences in mathematics may be influen-
tial and lvt is acknowledged that this too will affect any
generalizability of this study. . ’ . \

* ' 'Having defined the problem to be resolved, a
review of the relevent literature in the area of mathema-
tics education, and more specificaily pattern processing
was undertakenl. The information qnther‘ed was organized

into four sections and is Tontained in the following
: : N




©

CHAPTER II

REVIEW OF RELATED LITERATU

The review of the literature on the pattern
. =
abillties of young children whicf follows will be divided
into four’sections. The first section will include the

literature Zoncerning the kinds of patterning behaviours

found in young children. The second section looks at dhat»,'

’ resenrch offers by.way ‘of- explanutxnn of how chudren

proces: patterns: A third section will xnvolve what are

-seen as the prerequisite behaviours for. successful pattern

processing. Finally, a discussion of the major variables
which have been iﬂgnzit‘igd as relevent to pattern process-
5 ge

ing| research, will comprise the fourth section. ¥

Abilities Related to Pattern Processing

Young children show evidence of a qreat many
mathemutical behaviours. Thu is.evident frcm studies’ .
which have been done on children from Lx{fancy.to adoles-
cence. Indeed, in terms of pattern related abilities, %hi&

assertion seems hard to dispute. .

M a very basic level of patterning skill,. seyer-

al a:udie; have tested young children's ability to match a

given sequence by direct copying of it. One such utudy,

' conducted by Pufall and Purth (1966), tested subjects of

"ages four, five and six on various copying tasks. The

subjects involyed in this study, at all three age levels, _




could copy tI articular linear sequence given \dth a hiqh

d}mé

and Murphy (1975) in a replication of. Piaget's clothesline

of suc\cess. This result was substantiated by Brown:

task. Subjects were presented with a minature clothesline -
£ron which hung a particular arrangement ‘of paper cut-out
clo'thinq. The subjects were then given an empty clothes-
" iine of their .owr, with a pue of the cut-out clothes, and
Verd instiucted to-produce. an {dentieal arrangement. | The
subjects, ranging in age from three years, one month to .
five years, nine morlchs (mean age, four years, eight monthis) .- -

" exhibited a high degree of success, contrary to Piaget’ s

vown findings that subjects younger than five years ‘of age
_vere quite unsuccessful (Brown and Murphy, 1975, p. '311). -
However, when dealing with non-linear or matrix stimuli, =
Chap and Ross (1979) found that their five and six-year old
aubjects made 3 "substantial riunber of percéptual copying
errors® (p. 203). B
- ,’ Research by Frith (1970) concentrated on ergors

«+, made in pattern completion tasks by normal children of ages

. " ranging from five years, two months to i years, three
months and aunstic children in the chronological age r| éqe
of seven years, three months to fifteen years, one montH;
bt with a mean mental age of three years,‘ two months. ~One’
very prominent discovery made was that even when the normal
children did not complete the given pattern correctly, most
of thé time some pattern was imposed. . B
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Furthermore even the autistic children seemed to have a
real propensity to impose a pattern, even whén it was not
the stimuius pattern. In a second study, Frith's subjects

¥ e were required to predict the next colc in a two color

arrangement when the only clugs given were acknowledgement
of the correctness of their guesses. Even though the

stimulus arrangement was random! the chxldren S guesses
showed "highly predictabl;e pattern"” (p. _ui). ‘a third
experiment in this study by Frith.concerned a group of '

normal, sub-normal and autistic subjects in alsituation (|

. ,vhere they were encouraged to make their own patterns. The |

1 |
L
|
i

L success rate for imposing patterns was high in general, but. .
perhaps a very surprising finding was that while 85% of the - .

. normal children produced irregular patterns, .75% of the

" sub-normal and autistic children produced strictly regular H
_patterns. These normal children were of chronological-ages ‘.

three years and five years as compared with the sub-normal

and autistic children whose mental-ages were three to four

years. ‘ .

-~ e Inva pattern recognition test conducted on
) B} 'pre-kind;rgartep, kindergarten and grade one children of
-+ low soclo-économic. status, Sternbery and Larson (1976) - *
found that the{s/u—c?'ce'ss fate of thé young children ‘(pre-kin-"
dergarten) was.close to chance.. This—ﬁsult B aubstnn~

tiated by Scandura_and HCGEE (1972) who set out to del;er— ’
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to discover the effects of selected learning experiences on
these abilities. With an original success rate of slightly
.'Tas% ‘than 508, e treatisnt, cauasd a positlve change dn +
" success. At a more advanced level, Blackall (1975) studied
the success of grade three children to solve.an extensive
array of patterns both linear and matrix, involving geome-
. tric shape and number. She foypd that in general, grade
three children can solve a wide variety of patterns.
Cromie (197]) also tested p;ttern processing abilities in
pre-kindergarten, kindergarten and grade oné children and
found that they were on the whole successful, with mean

. grade level scores ranging from 59% to 92%.
’ o

The Processing of Patterns

The literature on pattern processing abilities in
children in general 'is meagre, however it is particularly
S0 in the area of analysis of how children process
patterns. Scandura (1971) identified "the ability to
detect mathematical regularities" (p. 6) as one of Six
basic intellectual processing skills. :However, he noted
the near absence of research regarding the techniques for
detecting patterns:

| Although such techniques are notoriously
/ hard to pindown in detail, they are :

clearly important to lgarn and use. L]

They have been shown to be helpful in a

wide variety of situations, and more

attention should be given to them in
~-‘mathematics education (‘p. 16) .
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Bartlett- (1958) agrees that "on one has adequate—
1y explained how humans extract rules” (p. 43).

The processes involved in patterning have been ~
explained via an information processing model by Simon and
Ka‘tovsky (1963) who attempted to simulate human patterning
processes with a computer program. THey discovered that to
récegnize a pattern, the con{puter had to translaté the
pattern sequence into a general rule or pattérn descrip-

tion. To do this the computer first had to discover the

periodicity in the sequence, or the length of the original

set to be repeated.| It adcomplished this by "looking for a -

relation that repeats at regular intervals...Once the basic
periodicity has been discovered, the details of, the pattern
are supplied in almost the same way - by detecting and
recording the relations - of equal and next - that hold _
between successive symbols within a period or between
symbols in corresponding positions of successive periods”
(p. 540). These processes, then, are assumed to generalize
to human subjects (p. 541).

" Another pair of researchers who have attempted to
explain pattern processing via information processing are
Klahr and'Wallace (1970). Like their predecessors, Klahr
and Wallace also: want to generalize hunan. processes in
patterning from the processes used by a computer. From
their research, they have attempted- to explain strategies

which are likely used by humans.



'l'he. first 'ofitf:ese is template construction. .
"The evidence suggests’ that some subjects solve these
problems by constructing templates of incressing size until
they £ind a recurring pattern™-(Klahr and Wallace, 1970, p-

245). “Mis procedure involves the subject trying each

- segment as the period beginning with the single first item,

then moving 'to the first plus second items, on to the first
plus second plus third items, etc., until the recurrancy is
found. Each trih1 period is tested along the serles, and
when a mismatch is discovered, this period is abandoned and
the next one tried. Lo )

Another strategy which may explain the patterning
process is "backward scanning in which a template of the.
last few objects in the series is matched against the
problem” .(Klahr and Wallace, ¢1970, p. 247). This differs
from template construction in that it works from cheLignt
side of the sequegce backeards as opposed - to working £ron
left- to right. . - (

The informstion processing models described above
may be thought of as presenting a behaviorist oriented
model for pattern solving. While they may offer some plau-
sible explanations of how children process patterns, Restle
(1970) contends that "none of the five conventionkl stim-
lus-response theories of serial learni'nq -éan handle even
the simple data of serial pattern learning.:auch_' theories
take no proﬁer account of the intrinsjc organizing

|-



{

possibilities in the sequence™ (p. 482). A cognitive model
of processing ability would likely assert that children
have some innate predisposition; that they bring some -
natural mathematical or logical reasoning skills to the
pattern task. Such abilities are difficult to study, how-
ever researchers have found thatmuch insight can be
obtained from an analysis of the errors committed by child-
ren in’a pattern task. ’
¢ Bartlett (1958) studied the pattern task of
extrapolation and found that the most common mistakes
involve "discovering some single rule and then negl;actinq
others for which there is evidence” and "missing out steps
of application® (p. 47). ’\ o

Frith (1970) analyzed the errors made by .hi§
nornal and autistic subjects in terms of their relationship
with the pattern given. He identified two types of domin-
ant features in his patterns. One of these he called
perseveration. These are the type which seen to encuur;ge
_repetition of one particular part of the period while not
the period as a wholg. For example, in a color pu;i:ern in
which the period is BLUE YELLOW YELLOW, thie tendency might
be to continue vith all YELLOW. The other dominant Eeature
identifled by Frith was alternation. Alternation pattern
are those which seem to encourage continuation in the form
of alternation of -the elements. For example ln‘ a color

pattern in qﬁlch_thg period is BLUE YELLOW BLUE, the




Frith's study.
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tendency might be to.continue with a string of YELLOW BLUE
YELLOW BLUE...instead of BLUE YELLOW BLUE BLUE YELLOW BLUE.

Findings in Frith's research can be summarized as

follows:

Most errors made by normal children were
in accordance with the dominant feature
of the patterns, Most errors made by
autistic children were due to the impos-
ition of simple perseveration or alter—
nation strings independent of the given
pattern...It is concluded that autistic
children are insensitive to differences

» in the structures present and tend to 0
impose their own simple stereotyped
patterns, while normal children impose
such patterns in absence of structured
input only (p. 120).

Whether or not] the responses of the autistic

" children, whose mean mental age was three years, two
: .

months, can be compared in any way to normal children of
the same mental age is unclear, so generalizations regard-
ing devéldpmental differences in terms of processing

tendencies cannot be made here. However, Gerjuoy and

" Winters (1968) have given credit to the notion-that’young

children, generally under five years of age show persever-
ation tendencl‘es which differ fron children.of older than
five years who seem to show alternation tendencies. Thef
Claim that simple response preferences in young children
take into"account only one previous stimulus, which may

shed some light on the errors made by normal children in
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VLrinhles Associated with Pattern Processing
Studies on pattern recognition which were -
reviewed seem to point to the fa;:: that there exist several
major variables which seem to. have some impact on child- «
ren;s success 'on pattern recoanition tasks. The first of
v‘-‘these variables is agé. In a study which tested 'subjects'
ability to ‘match ordered sequences, Bass (1975) found that
age was an important factor. The subjects' age range was
approximately five years to approximately eight years, and
‘Bass Fownd that older children were fgpre successful than
younger one;. In a mathematical unit on patterning,
Hc’l(u‘liﬁ (1970) found.that for copying patterns, success
varied according to Aqe. Sternberg (1973) concurred "that
there is an improvement with age in the ability to
recognize specific pattern uejuences" (p. 67). ‘Buckall'n
study (1975) of a variety of-Patterning tasks was confined
to children at the third grade level. Within this limited
" age range, age was found not to be a factor:in patterning
’success. For Bragman and Hardy's deaf subjects, "the age
of the "iaubjecc; affected only the.performance on the same .
pattern recognition but not on the total pattern on reverse
p;ttern‘ (1979, p. 180). - .
The variable of developv;lental stage in Piagetian
terns, which might be linked to ‘age, has\also been identi-
fied i®h the study of Blackall (|97;) . She tested her“grude

three subjects on Piagetian type tasks for conservation of:
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number , conservation of area and classification. The
Pearson Product-Homent Correlation Coefficient for area
conservation and patterning success was judged significant
ﬁor most of. the pattern tasks, but not significant for a
geometric: linear: completion task. Conservation of

. number was not significant when correlated with success on
any of the pattern tasks. Blackall suggested that this
result might imply that conservation was a prerequisite for
all of the pattern tasks (p. 241). A signific?ntly”\ 2

positive correlation was found between one of the

Glassification tasks and success on one of the pattern
tasks.
: Previois ;axperience has been measured by school
background in terms of grade levels. Sternberg and Larson
(1976) found that variability in pattern recognition corre-
lated significantly with grade level and ability in combin-
ation. “MeKillip (1970) also noted that success varied
according to .age and previous experience. To support this,
Cromie (1971) found that grade one subjects were more
successful on pattern tasks than were kindergarteners, who
! were in turn more‘successful than pre-kindergarteners.
Sternberg (1973) found that both of his pre-kindergarten
GrGis coiea oW on ptbeEh procsising taaks 38 Canpired
)‘ with kindergarteners and first graders. Considering that
‘the ability levels of the pre-kindergarteners seemed not to
show any significant difference in score, Sternberg

hypothesized that "this may indicate that youngsters at
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this grade level cannot handle pattern tasks of this nature
hithout/jinstru,ctlon'. (1973, p. 66). ) ,
Another interesting variable which has been
studied is mathematical achievement. Blackall (1975) found
that all cgrrelat'ions between mathematical achievement and
each task on her pattern test were significant: She noted
in. particular that on the task called geometric: linear: .
continue the correlation was stronger with problem solving
achievement than with achievement on mathematical concepts:.
Sternberg (1973) also found that achievement as a variable

did show gignificant differences between groups on various

* pattern tasks. Bragman and Hardy (1982) feund that there

was no significant relationship between arithmetic
achievement and identical pattern recognition in ;ubjects
of mean age six years, eleven months, but that there was a
significant relationship between-arithmetic achievement and
reverse pattern recognition. i

Related to mathematical achievement is 1h‘t.elii-
gence and/or mathematical abPlity which have also been
studied by Blackall (1975) ana Sternberg and Larson (1976).°

Blackall studied intelligence and decided that, in general,

" intelligence correlated highly with success on each of her

pattern tasks. She also noted that success on the
geometric: linear: continue task showed a stronger
positive correlation with verbal intelligence than with
non-verbal intelligence. Sternberg and Larson found that
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pattern recognition ability only correlated strongly with
nhulty level in combination with grade 1evel.

Varisbles related to the actual pattern given
have been examined. Pufall and Furth (1966) found that
conc.;reté sequences seemed easier for t;:eir four to six year
o0ld subjects than did pictoral sequences. This substant-
iates Piaget's and Bruner's claim for the ne‘ces-ity of
concrete experiences at mis.level (Copeland, 1974; B‘runet,
1960). This contrasts Cromie's (1971) findings that his
subjects performed better on iconic (pictoral) tasks than
enactive (concrete) ones.

Blackall (1975) created a hierarchy of-pattern
tasks which involved a combination ‘of extending the length
of the period, varying the amount of information given and
varying the number of uttribm‘:es to be considered. Several
of thesevupecu varied simultaneously, and it is therefore
difficult to make any assumptions about which aspect in
particular made the difference in difficulty.

Prith (1970) maintained that patterns whose _
dominant feature is perseveration were less qucuu for
norpal children than patterns whoge dominant feature is
alternation. Within the peuever[ti_on dominant patterns,
those with the repeated element at the right end of the
period, for example, GREEN YELLOW YELLOW YELLOW were found
to be more difficult than those with the repeated element
at the left, for example, GREEN GREEN GREEN YELLOW. Within

alternation dominant patterns, those with the alternating
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eleﬂents. as opposed to any repeating elements, at the
right end of the period‘, for example, GREEN GREEN YELLOW
GREEN werd more difficult than those with the alternating
elements at the left, fo! example,\GREEN YELLOW GREEN

GREEN. Cromie (1971) also found that an alternation type

‘ of pattern (ABAABA) was most difficult for the grade one

subjects but surprisingly enough was least difficult for
the kindergarteners. ’ .

Simon and Kotovsky's information nrocessinq mode].
(1963) was used o make inferences sbout pattern aisficulty
450 16 wias) decldsa enst iie: FacEarE whis Relhsd :acl

patterns as more or less difficult were the length of the

’ pattern description or rule, and the number of positions .—

the pattern filled in immediate memory.. .It was found that
"the program was incapable of organizing theL:arts of the,
pattern into an overall structure when two immediate memory

positions were involved" (p. 544). Again Cromie supports

“thig, claim in that his youngest subjects found most diffi-

cult those patterns with four elements as.opposed to two or
three (1971).

Several different tasks have bsen used to test

patterning ability and these tasks have, in themselves been

found to be a variable in determining success. Brown and
Murphy (1975) studied young children in a copying task and
they found that ‘there was a difference In children's

ability to copy a linear mede‘l which was directly opposite,

or parallel to their own as opposed to the model being
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displaced or of £ to one side, the latter being more diffi-—
cult. This ﬂlstin_ction has also been found by Copeland
(1974).. Blackall (1975) identified several tasks which
related to patterning and ranked these as follows. The
ta;&- of interpolation, which involved the subject filling
in missing elements of n given pattern of colored shapes,
was found to be relatively easy. More difficult than
interpola\:e was the task of continue, which involved the

subject viewing a given segment of a pattern and then

’placmq the appropriate colored shapes so as to extend the.

pattern according “to the given rule. Even more difficult

than continue was the task of reverse, where the subject

was shown a segment. of a—pattern and told to givé a segment. '

_which-reversed the pattern. Bragman and Hardy (1972) too,

noted that reverse pattern recognition was more difficult
for their subjects of mean age six years and eleven months,
than idemtical pattern recognition.. Cromie (1971) conclud-
ed ‘that the ontogeny for pattern processing was réproduce,

then identify followed by exténd. Related to task diffi-"

culty, Blackall (1975) also found that linear patterns were

generally less difficult than matrix patterns. Sternberg
(1973) found that his pattern tasks differed in difficulty,

increasing in the following order: original learning,

.reverse shift, intradimensional shift, extradimensional

shift (color and category), extradimensional shift (name),

_partial intradimensional shift and extradimensional shift

(label). An intudlmenslo{ml shift uses the same pattern
A

\ .,



but varyifg the elements within the same stimulus dimen-
sion. For example, a response to GREEN YELLOW GREEN YELLOW
might be RED BLUE RED BLUE. An extadimensional shift uses

the same pattern but varies elements outside the stimulus

dimension. For &xample, a response to RED RED -BLUE RBD"'RED

BLUE might be a sequence of pictures of Turtle Turtle Bike
Turtle Turtle Bike. . i
Other variables which have been studied are
socioreconomic status as found hy Bass (1975) to be =
uvlm;ntul and sex as’ found by Blackall (1975) to be only

oé minor impact. .
The Prerequisites to Pattern Processing

The related literature attempts to of fer Several
skills or aspects of behaviour which have been deemed as
prerequisite for the ability to solve patterns. Since a
large portion of these refer to Piagetian classifications,
a brief overview of Piaget's RlEvAREEILLL B given,"

|

The basis of Plaget's theory is the identifica-

here.

tion of four major phases of intellectual growth through
which children pass in a necessarily sequential order. It
has been stressed, however that while all children follow
the same genel:al pattern of transition from one stage to .
the next, they do so at an individual rate in terms of

chronological age. i
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" From the time a child is born until he is roughly
two years.old, the child's thinking is dependent upon the -
actions he performs on his environment. At Eirst many of
his actions are reflexive and uncoordinated, but diring
this period they beain to become coordinated. This period
fs 'known as the Sensori-Notor stage. From thisg :
Sensori-Motor stage, the child begins transition into a
Pre-Operécional stage. This period, lasting from approxi-
mately age two until age seven, includes the acquisition of ~
language. With this siediin £h8 Shild Ix. able te represent
his world symbolically with words. As well, he is often
given to representation through action, as can be seen when
children play house, or pretend to be somebody else. The
child's logic is, at this point, unidirectional. The child
can realize cause and effect relati;nships, but cannot -
reverse this process to see the converse re_lationships.

: Transition for the child begins at approximately
seven, into the phase of intelléctual growth known as
Concrete Operations. This phase, which typically lasts
four to five years, is characterized by the beginnings of
logico-mathematical thought. The child can now reverse his
t}:inking in terms of relationships. The classic mark of
having arrived at the Concrete Operational stage of
development is facility with the concept of conservation.

The Pre—Operationalv child will watch water poured
from a stout-glass into a tall, thin cylinder and will

think the amount has changed, even though he saw none
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added, simply becaise it looks 'bigger'. However, the
Concrete Operational child is aware that, even though it
appears to be.more, the process can be reversed to return
to it's original state, the:refore, the water must not-have

changed in quantity.

The Concrete Operational child manipulates what
he pefceives, through direct action upon it. Thus his
thinking at.the beginning of this stage depends on experi-
ence with physical objects and material. However, as he
develops through this stage, he begifs to generalize and
thus becomes less dependent on the physical material. )
Finally, at approximately age twelve, the chila
will acquire the ability to reason loqxcally and abstract-
ly. He can use his thought prpcesses. without physical
objects or concrete examples. Thinking can operate
hypothetically and deductively, and will develop in this
mode through adilthood. This final stage of development is
known as Formal Operations (Copeland, 1974). '
' * A major structure of Piaget's by which thinking
at the various sthges is defined is that of € operation.
Flavell clarigiesipiagec"s terninology: "any representa-
tional act which is an integral part of an organized
network of related acts is an operation" (1963, p. 166).
Piaget's operation of cognitive functioning is very much
like the mathematical structure of a group. The mathemat-—
ical group is a set of elements ;lhich possess the n

properties of closire, commutativity, assoclativity, rever—
‘




sibility and. an.identity element. Similarly the Piagetian

- operé}tion must contain reversibility ’and an identity
(Copeland, 1974).. An operation "is thus the essence of
knowledge; it is an interiorised action which:modifies the
objec£ of knowledge" (Piaget, 19@4., p. 8). For Piaget, the
operation is central to thinking:

Operational structures are what seem to

P me to constn‘.ute the basis of knowledae,

. the natural psychological reality, in
terms of which we must understand the .
development of knowledge. And the central

J problem of development is to understand .
the formation, elaboration, organization

! and functioning of these structures
(Piaget, 1964, p. 9).

Operational thinking is a major distinguishing
far:\tut in determining the child‘.sv transition from
Pre-Operational thought to Concrete Operational thought.

During all this second period of
Pre-Operational representations, there
are as yet no operations...In the ‘
absence of operational reversibility,
there is no conservation of quantity...
In a third stage the first operations
appear, but I call these concrete
operations because they operate on
objects, and not yet on verbally
expn;ssed hypothesis (anqet, 1964,

pP. 9).

Among the operations which Piaget identifies are

conservation and classification.
: Several of these operations have been hypothe-
.sized as being prerequisite for the ability to process .7

8

— ¢
patterns. Blackall (1975) hypothesized that conservation
of number might be prerequisite for all pattern tasks,

bagsed on a significant correlation coefficient for conser-
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vation and pattern success. Bragman dna ‘Haray (1982) cited.
that "one prérequisite seen for true pattern recognition is
the ability to perform one-to-one correspondence” (p. 45).
One-to-one correspondence is largely based on conservation

of number.  Sternberg (1975) saw that higher order classi-

fication skills were necessary to solve patterns which

" involved the sequencing of classes of obfjects. One-to-one

correspondence, described by McKillip (1970) as
block-to-block comparisons, seemed essential to perform
single .copying. of patterns. '

In addition to the above mentioned prerequisites,
several other behaviours necessary for pattern processing
have been found. Silvia (1977) saw that the ability:to
dolve patterns which varied one attribute was prerequisite
to the ability to solve patterns which varied two or three
attributes. ‘Simon and Kot_ovsky,(l963) decided that a |
concept of same or equal was necessary to solve pattern
problems. Klahr and Wallace '(1970) -substantiated this
‘element and added another: "the ability to recognize
'sames' when they occur and the ability to keep track of,
pgs_ition within two lists: the pattern and the problem”
(p. 245). Visual discrimination has been seen by, Sternberg
(1975) as prerequisite to.most patterning behaviours, and,
for higher order classification patterns, knowledge of
language labels is nevceas&ry‘ Again the ability to se® .
sameness or differences was said to be necessas‘y for

pattern copying by McKillip (1970), and he noted that the



fibility to copy. patterns is prerequisite to the ability to
extend patterns. Scandura (1971) decided that "detecting
most. regularities depends, at least in part, on the prior
acquisition of other information that relates specifically
to_the regularity...in question” (p. 16), and he gives
primitive perceptual .abilities as the prerequisite to most
simple patterns. ;

This chapter has.been devoted to a review of the
Vlite'racure regarding pattern processing. It has surveyed
the information available on the ‘abilities which are
thought to be related to pattern processinq,‘ for example,
copying of a sequence, pattern completion tasks, pattern
recognition tasks and the imposition of a pattern upon
unfamiliar stimuli. It has also surveyed the information
available regarding the actual processing of patterns, and
the existing attempts to explain how the human mind proées—
ses patterns. This review of tk;s; literature has also

% ayanipeiithe many, yariaBles;villch;fave blen seente be
influential .in determining success at processing patterns.
Specifically, the variables of age, developmental level,
previous learning, mathematical achievement and intelli-
gence of the subject, as. well as-various aspects of the.
actual pattefn task have been identified. Finally, the
literature review has attempted to sort the information
into some of the prerequisites for pattern processing.

This study was designed in an attempt to answer

some of the queries posed in the first chapter. A more




detailed description of the sample of children, the design
.of the study, the instruments used and the ensuing analysis

follows\ in chapter three.



CHAPTER III

DESIGN OF THE STUDY

It had been established earlier that there e)gis;:- 4
ed a need for research into the area of pavr.tern processing
at the early childhood level. Bgsed on this need it was
decided r.o%aesign a study in order to examine the pattern
processin‘g abilities of several chiléren at differe;xc
developmental levels to see if success in p‘atterniqg was
vgriable :i‘epending‘on stage of.intellectual development.

As well, a‘n examination of the errors committeéd by children

at diffe}ent stages of development was proposed in order to

. identify the ekistence of inherent pattern processing
tendencies. As well, this examination would allc;w grot:éing
.of errors into identifiable error-types and perhaps shed
light on additional‘ chatacteristié Fendencies at the given
levels of development. With this framework in mind,
instruments were constructed whicw would be useful in
distinguishing children at vatiou#'leivels of development,

_ and which would give some measure of the subjects' pattern
prdcessing abilities. To help refine these instruments, as
well as to help ide‘ntify the most suitable sample of

subjects, it became necessary to conduct a pilot study.



The Pilot Stuay
The pilot study was undertaken in an attempt to
refine the materials and methodology used in the adminis-
tration of the'various test items. As well, it was condué-
ted to shed lighs on the performance at the.various
age/grade levels and hopefully point toward a target sample
for the study. Test items were given to several children
at the. kindergarten, grade one, grade two and grade three
levels. B;:sed on this experience, some adjustments were
made to’the matgrials to be used, a protocal of instruction
vas d%ciaea upon and a target group was defined for the
sample.
4 3 The Sample

The sample chosen for this study consisted of all
of the children who are students of grade one and Yrade two
at St. Columba's Primary School in Harbour Grace, Newfound-
land. This group was not selected randomly, but rather was
a purposive sample, chosen on the basis of it's suitability
and accessibility. The children reside in communities from
Spaniard's Bay, north to Harbour Grace.
Table 1 gives a description of the,group with

respect to age, sex and grade level.
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Table 1 v e

Distribution of Sagple by Sex, Age and Grade Level

Total "Male - Pemale Mean

Number Age

G

Grade One 46 27 19 83.5
s =5.35

| erade Two 51 25 26 97.08
s = 4.04

Total 97 52 45 90.64
s = .8.27

"The 97 children in the sample ranged in age from
77 months to 107 months, which coincided with the average
transitional point between Pre-Operational and Concrete
Operational thinking as defined by Piaget (Copeland, 1974)
and as described earlier in this study. Of the 97
subjects, 46 were at the grade one level and“51 were at the
grade two level. The mean age for the whole group. was

90.64 months.
The Instruments

Two instruments were used in this study. The
first consisted of a set of Piagetian type tasks nr;d the
second consisted of a set of pattern tasks.

The Piagetian Instrument :
The Plagetian Instrunent consisted of tasks in

three c‘af_egories: conservation of number, conservation of
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area and classification. In all there were ten tasks for
each subject to complete. The materials ysed and the
procedure is given in Appendix A, and the response sheet in
Appendix B. :

There were Ehue tasks which were designed to
méasure conservation of number. In other words, they
determined whether or not a child could comprehend that, if
given equal numbers of some items, the numbers remained
equal over any transformation provided" nbne was added or
taken away. The first of these tasks involved two sets of
colnred shells which provided an unprovoked situation
‘H. e., the shells did not naturally match one to another).
The second task involved provoked correspondence by using
cups and saucers which did seem to naturally match one to
another. The third task demanded that the child realize
that, while the same number of beads ip a tall, thin
cylinder looked like more than in a short, stout cylinder,
the number remained the same.

There was one task on this instrument which
measured conservation of area. This item was similar to
the preceeding items, except that it was designed to check
whether or not a child could understand that equal amounts
of two-dimensional space do not change over a .
transformation which does not add to or take away from the
area. .

. The next section was divided into three tasks
which measured class inclusion and_one_which-measured )

w Clasgification. Pormanek and Gurian (1981) describe the

1
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question which class inclusion activities seek to answer
as, "Is the child able' to constrict classes and subclasses
(class hierarchy) using representational objects?" The
class inclusion items on this instrument used real objects
(beads) as well as pictures of animals and pictures of
children.

The final task on this instrument was classifica-
tion. For this task the child was asked to sort a set of
attribute blocks into groups of things which belonged
together. On this task, the children were measured on
their ability to identify and classify the blocks by &ach
of the three attributes they exhibited: shape, color and
size. -

‘The Pattern Instrument
The pattern instrument consisted of six tasks.
In each of these, the child was shown a linear arrangement
. of blocks which were identical in every respect except
color. The blocks were arranged so that they contained a
definite pattern, with two periods given. The child vas
required to study the series and choose blocks from a given
pile of the colored blocks so as to continue the given
pattern. The items are described in Appendix C and the

response- sheet i8 given in Appendix D.

Administering the Tests

Both of the instruments.in this study were
administered during the months of May and June of 1984.
The Piagetian tasks were administered on an individual



basis, bL the investigator, to distinguish between
Pre-Operational, Tran:sit}onal and Concrete Operational
children. The material was- presented on a low table with
the subject seated directly opposite and across. the table
from the examiner. Subjects were given oral directions and
their responses, both ora}and manual were coded according
to, the given crite;jon/and recorded on the appropriate
Response Record Sheet‘. A total score was then assigned to
each subject.on the basis of these codes.
;: The pattern Egsks were administered to subjects

. who qual}.ﬁe’d as Pre-Operational or Concrete Operational
based on the results of the Piagetian instrument. These

" tasks were administered in the same environment. as the
Piagetian tasks and in much the same manner. The exact
student response to edeh pattern was recorded to a maximum
of ‘two more of the defined period. The responses were .
later cfd“’ according to set criteria and results tabulated

for analysis. -

| Analysis of the Data

\

is the subjects were selected on their attributes rather .

Because the sample used was a purposive one; that

than randomly, the analysis of fhe data will follow a

descriptive mofe. Nonparametric statistics:only will be

uséd and-statements of existing differences will not be-in

tetus of statistically significant differences. As

described in the "Limitations of the Study", this is a case
q
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study of & small groGp of children. No inference will be
made to a larger population, however existing trends will
be noted and the possibility of broader applications of
hese will be ‘hypothesized.

The basis for this study was outlined in a set of
seven questions. In an attempt to answer these questions,
“the data was analyzed as follows.

Question #1.  Is there any difference betwéen 'the
’ distribution of ch:I dren at the

Pre-Operational, tHd| fransitional and the
Concrete Operational stages at the grade one
level and this distribution at the grade two
level?

To answer this question, the children were Sorted
into their respective grade levels. When this had been
done, each child within each grade level vas assigned to
one of the three-defined Piagetian groups based on the
following criteriyon: seven or more “correct unassisted"
responses denoted Concrete Operational, seven or more

. "incorrect" responses denoted Pre-Operational and those Who
did not.qualify in either of these were classified as
Transitional. The percentage of subjects at each Piagetian
level was compared across the two grade levels to determine
whether or nét they differed and if so, by how much.
Question #2. Is there any difference between the mean ages

of the Pre-Operational, the Transitional and
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the Concrete Operational groups?

To answer this question, all of the subjects were
sorted into the three Piagetian groups, irrespective of
grade level. For each group, the mean age was then calcu-
lated. These medn ages were then compared to see if and by
how much they differed. BAs well, the standard deviations
were calculated for-comparison.

Question #3. 1Is there any difference in !;,he rate of
success on the patterns tasks. betw;en the
Pre-Operational qroup and the Concrete
Operational aroup?

For this question, the patterns test, which was
agninistered to the Pre-Gperational and Concrete Operation-.
al groups only, was checked against the key (in Appendix- E).
and the total number correct tabulated for each student. |
.Then the mean score, range and standard deviation was cal-
culated for each of the two a}ouys and these were compared
to see what differences existed. .

Question #4. Does the Pre-Operational aroup differ from

° the Concrete Operational group in th;
proportion o{ subjects who, in an erroneous
L response, imposed a pattern?
To begin this analysis, it was necessary to_ set
- up some criterion by which to decide whether or not a
pattern had been imposed. A period had been defined



earlier as'a linear arrangement of obiects in a defined
order, capable of being reproduced. Thus it was decided to
use two repetitions of a period as the criterion for
pattern imposition. If, in the child's erroneous response,
it was possible to identify an uninterrupted set of-two
repetitions of any period, then it was decided that the
subject had imposed a pattern. 9
Once this had'been established, the answers of
all of the children on thé patterns tasks)which had been
_judged as incorrect.from the analysis for question 3, were
measured against this criterion. The percentage of child-
ren in each qroup who fit this criterion 50% or more of the
time were compared to see if one group showed more pattern
tuposition than the other. "
Question #5. Is there any difference between the
. Pre-Operational group and the Concrete
Operational grotp in the proportion of
perseveration-type errors that they make?
Perseveration was»defined earlier as continuation®
of a string of one color. Based on this, a child was
perseverating if he or she repeated a color more often than
was required by the stimulus pattern. For example in the
given p‘attern BLUE YELLOW YELLOW BLUE YELLOW YELLOW, the
child would be perseverating if he or she continued the
string of YELLOW instead of staring with a BLUE. With this

in mind, all of the children's responses which had been



judaed incorrect for question #3 Wire examined again to
determine whether or not tendencies to perserverate were
evident. The percentage of childre® in each group who
perseveiated on 50% or more of their errors were compared
to detex;mine whether one group d;splayed this tendency
more than the other group.

Question-#6. Is there any difference between the

* Pre-Operational group and the*Coﬁcrete
Operat_ional qrour} in the proportion of

alternation-type errors that they make?

“Farlier in this study, alternation had been

‘defined as alternation of two elements of the period. Thus

a child was alternating if, in response to‘the pat;:ern BLUE
YELLOW YELLOW BLUE YELLOW YELLOW he or she responded BLUE
YELLOW BLUE YELLOW. If a subj;ét alternated two colo‘rs
inappropriately then this was labelled an alternation-tyoe
error. All of the children's erroneous responses,
determined for question #3, were examined to 'detégmine
WhEtheLt >or> not élternation-tvpe errors were present. "l‘her
peirce'ntage’ °§ children in each group who alternated on 508% .
or more of their errors were compared to determine which, ‘

if either group tended more often to.alterfate in error.

Question #7, Does the Pre-Operational group differ Erom.“‘ .

0,

.. the Concrete Operational group in the item ..
on the. patterns instrument on which the

v v . largest numbet of errors were made‘iu‘

o : s
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For this question it was necessary to determine,
for each of the tw .gréups, the igm ‘which had elicited an
incorrect response most often. To find this item, within
each gruui: o‘ne point was a;siqned to any item to which a
subjéct had responded incorrectly. ‘Hhen a total for each
Stanivas: £auid Eor. each of thetwo gmups, the item with
the 1nygest tatal number of errors’ for the Pre-aperutxcnal
group was compared to the item with the largest total for
-, the Concrete Operational group to determine whether or not V
it Was'the same item. :
: The details of this analysis are mntained in
chapter four, in an attempt to provide anlweﬂl to the

4(orego,ing questions, '
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CHAPTER IV

ANALYSIS OF THE DATA

_‘l‘he previous section discussed how the data were
to be collect_ed and analyzed. This was accomplished
ucc,o‘zding to these guidel.ines and the information is now
presented within the cont;xt of the original seven ques-
tions. k i
Question #1. Is there' any»difference between the distribu-

tion of children at the Pre-Operatitgal, the
Transitional and the Concrete Operational
" = ‘» stages at the grade one level and this
! _ distribution.at the grade two level?
The children were first sorted into their respec-
tive grade levels... This sorting showed 46 children at the:
‘grade one level and 51 children‘ at the grade two level.
The children were assigned to one of three defined .
Piagetian-type groups based on the given criterion: - seven
or more "incorrect”™ responses denoted Pre-Operational,
seven or more "correct unassisted” responses denoted Con-
crete Operationa.l anr.l any child who did not qualify in
either of these was classified as Transitional. The total
‘numbers for €ach of these three groups were 27 Pre-Opera-

tlona"l, 43 Transitional and 27 Concrete Operational. The

i -‘per_centage‘ of subjects at each grad_e level for each of the
”chre‘e levels was calcu‘l}ted. The results are displayed in

‘Table 2. Comparing across grade levels, 15 of the



"Table 2 . :

> . . %
Di-stribution of Grade Levels by Piagetian Stage

i
Grade One Grade Two Total
Pre-Operational 15 <12 27
. (55.56%) (84.44%)
Trangtional 21 ) a3
(48.84%) |- (51.16%) :
Concrete 10 12 27
Operational . (37.04%) (62.96%) 3
. ] &

Pre-Operational children were qr‘ade one's and 12.of the
Pre-Operational children were arade two's. On a percentage
basis this shows that 55.56% of the Pre-Operational child—
ren were arade one's and 44‘.44! of the Pre-Operational
children|were arade two's. For .the Transitional level it
vas found that 21 of the 43 were arade one's. This was
48.84% of the Transitional aroup. Twenty-two of these 43 o

wereaq.rade two's which accounted £or 51.16% of the aroup.

The remaining 27 at the Concrete Operational level were

divided with 10 at the drade one level and 17 at the qrade

. two level. This represented 37.04% at arade one and 62.96%

at grade two. . .
Another way of looking at these data is presented
in Table 3. ! .
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Table 3 i

= Distribution of Piaqetian Stage by Grade Level

Grade One Grade Two
Pre—Operat ional 15 12

(32.61%) (23.53%) |
Transitional 21 22

(45. 65%) (43.14%)
Concrete 10 17
Operational (21. 74%) (33.33%)
Total 46 - 51,

Here, the data are presented as prooortions of
children at each arade level. At the grade one level, 15
of the 4‘6 were Pre—Operational, 21 of .the 46 were Transi-
tional and 10 of the 46 were Concre!‘:e Operational. In
other words 3?.61% of the grade one su.h-iects were Pre-Oper-
ational, 45.65% of the grade one's were Transitional and
21:74'% of the arade one's vere Concrete Operational. At -
the grade two level, 12 of the children were 'Pre—Operation-
al, 22 of the children were Transitional .and 17 of the
children were Concrete Operational. These numbers
represent 23.53% of tl:e qrade two subjects.at the Pre-Oper-
atlonalzst‘age, 43.14% of the grade two subjects at the
Transitional stage and,33.33% at the Concrete Operational
stage. R

The original question that this analysis sought

to satisfy asked whether or not the Piagetian distribution

r



1 § 49

was dif ferent for each grade level., The information in

Table 3 indicated that indeed the percéntaqes at ea::h
- Piagetian stage were different for the two grades. The ¢
grade one's showed 32.61% at the Pre-Operational stage '
while the grade two's showed orily 23.53% at that stage. At
the Concrete Operational stage the q}ade two's had- the
* largest percentage at 33.53\ over 21.74% for the grade
one's. At the transicfonal stage the percentages were
+closer with 45.658 of the grade one's &nd 43.14% of the

_grade two's. .
The most prominent difflerencgs between the ) .
Piagetian distributions were seen at the extremitiegv‘of the h
Piagetian scale as opposed to the central Transitional
stage which held the lange‘si percentage for both groups.
The grade one's showed the second largest sub-group at the
Pr'e-Ope‘rational stage while the grade two's showed the

,second largest sub-group at the Concrete‘ Operational stage.
\(.:nnsequently, the stage with the smallest proportion for \

' grade one was the Concrete Operational stage.and the stage \
with the smallest l;roportion for q’rade two was the !
Pre-Operational stage. * ® ;

i These findings seemed to imply t.;‘hu\: the child-
reﬁ'a thinking at grade one and two 1evela“ was very differ-
ent. Thé ’bulk of the grade one children were either
non-c‘énservers or were just beginning to conserve, while

the bulk of the grade two children conserved either

partially or totally.



This aroused many questions regarding the role of:
instruction in the child's intellectual ,development.\n the
past it had generally been thought that development was'

llargely a proce_gé of maturation, however t‘his point has come
under some deba’te in recent years. l‘he‘ results in this

study seemed to indicate that the grade -two children conser-

ved more an the grade’ one chudren. The grade two child-

ren will have had’ learnlnq experiences that the grade one i

children will not, however the grade two ‘children wére also

older on the average than the grade one's. Therefore‘,

. whe:her.}:)le developmental difference might be due to school-',

ing or maturation only becomes evident when one examines the’

Plagetian distribution in terms of mean ages, as is done for

the next question. C

Thus, ‘in conclusion, the data seemed to imply that

Plagetian distribution does differ 'between grade one and

grade’ two.

Question #2. - Is there any difference between the mean ages
of the Pre-Operational, the Transitional and
the ‘Concrete Operational groups?

.As outlined earlier, the pr;:cedure here involved

. sorting the subjects into the three Piagetian stages

irrespgctive of grade level. Once this had been done, the

mean age was calculated for each of the three groups. As
well, the standard deviation for each group was tabulated.

This information is presented in Table 4.
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Table 4

* Mean Ages for Piagetian Stages

Mean Age Standard Deviation|

Pre-Operational 89.85 months| 8.38
(or 7 yrs.,
6 months)

Transitional 90.86 ‘months 9.15
. (or 7 yrs., 7|

months)

. 97,52 months| z

Concrete Operational (or 7 yrs., .65 B

8 months)

" It vas found that the age,difference between the
Pre-Operational and Transitionai groups was 1.01 months and
the age difference between the Transitional and Concrete’
Qperationul groupé was .66 months. The difference in ages
from the Pre-Operational group to the Concrete Operational
group was 1.67 months.

This datg aeemed'tu lend support to the idea that
age may not play a large part in determining level of intel-
lectual development. In the framework of Piagetian
research, tHe approximate age of 7 or 8 years was usually
cited as the point at which a child becomes fuliy operation-
al in his thinking (Copeland, 1974; Inhelder and Piaget, "
1964; Piaget, 1952). However, the da}:a gathered in. this
experiment showed that 'upproximatelfﬁ 1/2 years was the

" mean age of all three stages of development. Couple this

with the implications from the first question and it seems

|
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reasonable to assume that, for this sample, learning experi-
ences were of more importance than age in determiging
developmental level. .

Thus, it was concluded tha(‘: there was a difference
in the three mean ages but it was noted that the difference
may be small enough to be called in;iqnlficant in this
study. "

Question #3. 1s there any difference in the fate of success
' on the putterns tasks between the Pre—onera— ‘
tional qroup and the Concrete Operational
qroup? ,

This portion of the study dealt with only the
Pre-Operational and the Concrete Operational groups. The
patterns instrument was administered and was checke% against
the key. Each of the children was then given a score
naicating the number correct out of six items, Within each
group the mean number correct was tabulated as well as the
staddard deviation. The mean number correct was also
translated into a percentage. This informatign 15» presented

in Table 5.
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Table 5

.
Mean Scores on Patterns Test for Two Piagetian Groups

standard
Mean Score . Deviation
A
T
Pre-operational 4.04 1,698
n = 27 (67.33%)
Concrete Operational 5.33 . .B77
n = 27 (88.83%) -

The 27 Pre-Operational children made a tofal of 53

errors while the 27.Concréte Operational children made a
total of only 18 errors., From the data it was detérmined
that the mean score for the Pre-Operational group was 4.04
while the mean score for the Concrete Operational group was
5.33. This Amounts to a difference of 1.29.1 <
Y il Gcors was: Daged on oy el Atens, eiirerate v
it may o may not be misleading to transform the “meding ito:
pérce\nthges, however these figures were report.ed as an
a].ter‘{utive way to examine these data. Using this method it
was found that the mean percentage for the Pre-Operational
group was 67.33% correct while the mean percentage for tﬁe.
Concrete Operational group was 88.83% correct,.a difference
of 21.50%.

! The groups differed also on the range of number '
correct. The Concrete Operational 'group's scores ranged .

from a low of three correct to a high of six correct. -The
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Pre-Operational group's scores, on the other hand,: rariged
from a low of 0 correct to a-high of six correct.. A
distribution of the number of. students at each of the seven

possible total scores is illustrated in figure 1.

" [:’ Pre-Operational

- Concrete, Operational

) Number of Items Correct

Figure 1. Frequency Distribution of Total Number Correct
_on Pattern Tasks for Pre-Operational and.
Concrete Operational Children
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Figure one seemed to inditate that the two
developnental levels differed in terms of their ability|to
process patterns. The Concrete Operational aroup seemed: to
process patterns in a way more closely resembling how adults
process them. For some reason, the Pre—Operational children
either could not identify the pattern, which was presented,
or could identify it but could not continue it, to the same
deqree as the Concrete Operational children could. The
implications.of this situation are many, and will-be

discussed in the fifth chapter. Fowever it can be said here

that the information seems to lend itself to the notiod that’

operational thinking skills, as tested in the Pladetian
inscrument,"mav be orer;quislte to the ah““:y— to process
patterns. .

s it would apoear, in\ans_wer to the question
posed, that the qroups did differ in the rate of success on
the patterns tasks with the ancre‘:e Operational aroup
“having-a hililer mean. mcore hat Ehe Pra-Opérativisl §rouaps
Question #4. Does the Pre-Operational aroup differ from the

Concrete Operational group in the item on the
patterns instrument on which the laraest
number of errors were made?

Earlier in this study, criterion had been estab—
lished to determine whether or not p subdect's incorrect
response shoved evidence that he or she had attempted to

impose some pattern. All of the subjects' incorrect



responses were examined in this light to distinquiﬁ between, <
those who did and did not impose a pattern. The numbet of
children who had displayed this pattern imposition tendency
on 50% or more of their erroneous responses was sought for
each group. These numbers and the corresponding percentaqeé

are given in Table 6.

Table 6

Pattern Imposition Tendencies in Frroneous |
Responses for Two Piagetian Groups

Nurber who did Number who | Total
.| not show showed number
.pattern pattern with
imposition imposition | erroneous|
" w responses|
Pre-Operational 4 18 22
(18.18%) (81.82%)
Concrete Opera-— 3 10 13
| tional (23.088) -- (76.92%) 8

The first sianificant piece of information which
was shown in this tablé was that more Pre-Operational child—
ten hadgincorrect responses (22) than did Concrete Opera-
tional childr‘en (13). Of the 22 Pre-Operational children
who had erroneous responses, 18 of them imposed a pattern
50% or more of the time. This represented 81.82% of that

" sub-group. Ten of the 13 Concrete Operatjonal children who
had incorrect responses showed pattern imposition and this,
represented 76.92% :f that sub-qroup. i ‘\




57

This data shows that both groups showed the

tendency to impose a pattern to a fairly high degree. This

was an interesting Eindlnj,,« for it indicated that,  when the
children did not see the pattern given, they tended to make
| uo one of their own, and that if “Ehey mav the:existing
pattern but had difficulty in extending it, their extensions '
Showed the tendency to impose some form of a pattern. In .
other words, even the studen;zﬁ at the loglest level of ’
development could organize stimulus infogmation in a L
reqular, logical fashion.
The fact that the Pre-Operational sdhjecté fadar .
mofe errors might have given more reliability to their '
percentage. In any case, while both aroups imposed a
pattern often, the actual percentages favored the Pre-Opera-
tional aroup as those k‘iho imposed a pattern most often.
Qaestion #5. Is there any difference between the Pre-Opera-
tional group and the Concrete Operational
arouwp in the proportion of perseveration-type
errors that they make? )
It was decided earlier that a child would have
been perseverating if he or she had repeated one color in a
SCEtiiGTa o E e thi Ve, FaqivEed by the given pattern.
ALl of the childrens' incorrect responses were examined o ~
deternine the proportion of children in each qroup who had | .

perseverated-on 50% or more of their incorrect responses.

The numbers of children found in each group as well as the

corresponding percentages are given in Table 7. R
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. Table 7- L ]

Perseverat:l.oﬁ Tendencies'in Erroneous rResuonses

for Two Piagetian Groups L
- 5 §
] Nunber who 3id Number who . | Total
riot show -showed .. number
. perseveratlon perseveration with -
7 errone€ous|
responses|
Pre-‘Operational -+~ 18 4 id 22, .
(81.828) ~ (18.18%) .
Concrete Oper- 12 ' /o . 137
. lational - (92.31%) P (7.89%) " "

Aqaln, the Fact that the Pre-nperatxonal chll\iren
made more errors may have had some l.nfluence over the
-percentaqges presented in ’l‘able i [ Also, the Concrete Oper—

. atiohal children who made errors tended to make Eewer of
them and so it mav or may not have been valxd to, Dt’ate with
certainty that a’ subject did not show perseveratinn temien—
cies uhen such'an assumption ‘was based on only oné errors.

The. Pre Qperational chxlﬂren who made errors tended to make

more of them,_thus one wauld have been able to state with B

/mure certa&nty‘ for example, thac a sub1ect aid not p!rsev—

etate wheﬁ he did not on four of fxve errors.

From the ﬂata, 1:-15 qbvxcus that’'the q;eats;

ation tendencieb. It is of some interest thnt neither qroup

persevernted to any qreaE extent. ’l‘his may indicate that

perseveration is a tendency more chatacteristlc of a
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learning disability or of mental retardation than of a lower .
level of intellectual development.

: In any case, at four of 22 or 18.188 persevera-
ting, the Pre-Operational group did seem more inclined
toward the tendency to. perseverate than did the Concrete
Operational group, who had one of 13 representing 7.69%.
Question #6. Is there any difference between the Pre-Opera-

tional grc;up and the Concrete Operational ™
group in the proportion of alternatio\l\-type '
errors that they make?

Alternation-type errors had been eaxuer aLfmed
as an error which involved alternating two colors inappro‘-
‘priately or more than was required by the stimulus pattern.
Or;ce again it was necessary to examine the subjects' erron-
eous responses to £ind the number of subjects in each group
who had committed this alternating kind of mistake on 50% or
more of fheir incorrect responses. The total numbers who
made érrors were the same as for the previous guestions; 22
Pre-Operational and 13 Concrete Operational\. The proportion
of these who alternated and who did not alternate, as well

as the related percentages are given in Table 8.



60

Table 8

Alternation Tendencies in Erroneous Responses
r two Piagetian Groups

. ow " Number who did | Number who Total
not show showed numbers
alternation alternation | with

* erroneous
A r
Pre-Operationall 12 10 % @3
(54.55%) (45.45%)
Concrete Opera-| 12 1 <13
ational (92.31%) (7.69%)

Adain, more of the Pre-Operational children made
errors and those who did make errors tended to make more
of them than the Concrete Operational children, who typical-
1y made only one error. Therefore, as iy the previous ©
analvsis, one can question the validity of these percent-
ages.

These data seeme‘d to show more substantial differ-
ences in the pergentage of each group who showed alternation
tendencies than did the data on verseveration. In this
instance 10 of the 22 Pre-Operational children showed alter-"
natina tendencies in 50% or more of their errors. This
accounted for 45.45% of that sub-aroup as opposed to 54.55%
who Slid not. This was compared with one of the 13 Concrete
Operaltional_subjects who alternated and 12 of the 13 who did

not. This represented 7.69% alternatinq as ooposed to

,°92.31% not alternating.

¥
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While the Pre-Operational group was near the
halfway point in terms of those alternating and those not
alternating, the Concrete Operational group showed a strong

tendency toward not alternating. This indicates'that

alternation may be a stronger tendency in general than
perseveration. It also seems to indicate that thinking at
the two levels of development differed. with respect to this
tendenfy. This tendency to alternate might even be a
characteristic of many children at the Pre-Operational stage

of development and the shift away from that inclination TN

might be characteristic of the move to Concrete Operational

‘thinking. .

In ‘summary, it was concluded that there was a
difference in the proportion of subjects who displayed
alternation-type errors, with the Pre-Operational group
committing these errors much more frequently.

Question #7. Does the Pre-Operational group differ from
the Concrete Operational group in the item on
the patterns instrument on which the largest
number of errors were made?

The data for this question were collected from the
22 Pre-Operational subjects and the 13 Concrete Operational
subjects who had made incorrect responses. The information
sought involved the particular item bn which errors had
occurred most frequently for each group. To determine this,

the frequency of errors for each group on each of the six
. 3

. N
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patterning items was tabulated and\jre presented in Figure

]

2.

D» Pre-Operational’

Concrete Operational

-
=]
e .

- Item on the Patterns Instrument

Figure 2. Praquancy of Errors on Each Pattern Item
r Two Magetlan Groups
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. ©
Pigure 2 illustrated that the Pre-Operational

group made errors on all six items, while the Concrete
Operational group made no errors on Item #1 and Item #4.
Also it was obvious that the Pre-Operational children made .
more errors than the Concrete Operational children on all
items. :

The question here dealt with the item which caused
the most errors for each gfoup. Again Pigure 2 showed that
the Pre-Operational group made most of thelr errors on Item
#6. The Concrete Operational group also made most of their
errors on Item #6. Thus the question is answered by stating
that there was no difference between the two groups on the
item which caused the most errors.

As additional information the percentage of errors
on each item for each group was calculated. These percen-
tages were tabulated in an effort to establish the relative
difficulty of each item for the two groups. These results

are presented in Table 9.



Table 9

Percentage of Brrors on Pattern Items
for Two Piagetian Groups s

Pre-Operational

Conc!

rete Operational

Item #1 2 (4%) 0 _(0%)
Item §2 10_(19%); 2 (11%)
Item #3 12 (23%) 2 (11%)
Item #4-| 5 (9%) 0 (0%)
Item 5 8 (15%) 5 (28%)
Item #6 16_(308) . 9 (508)
Total 53 18

This information enabled a hierarchy of’ difficulty

to be organized for each group. The rank order of

difficulty from most difficult to least, based on these

percentages, is presented in Table 10.

Table 10

Order of Difficulty of Pattern Items for
Pre-Operational and Concrete Operational Groups

Pre-Operational

Concrete Operational

Most Diff

icult

Item #6 (30%)

2
Item #6 (50%)

Item #3 (23%)

Item #5 (28%)

Item #2 (19%)

Ttem #2 (11%)

Item #5 (15%)

Item #3 (11%)

Item #4 (9%)

item #1 (0%) .

Least Difficult

Item #1 (4%)

Item #4 (08)
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In addition-to the fact that Item #6 was most
difficalt for both groups, it was apparent that Items #1 and
44 were least difficult for both g‘roups. ‘The largest
difference in difficulty involved Item #5 which was the
second most difficult for the Concrete Operational group,
‘accounting for 28% of their errors, while it was less diffi-
cult for the Pre-Operational group, (ccountinq for 15% of
their errogs. Again, interpretation kf these percentages
must be dong in light of the fact that there was a small

number of er.

rs from the Concrete op_erutiopal group ‘as
compared with the Pre-Operational érogp.

Als&] while Item #6 was most difficult for both .
groups, it represented the largest discrepency between
groups in the percentage of errors it represented. Item #6
represented 50% of all errors for the-Cencrete Operational
group while it represented only 30% of all errors for the
Pre-Operational group. This maybe explained by the fact
that; in general, the Pre-Operational children's mistakes
were spread more evenly among the six items than were:the
Concrete operational chudren s errors, which were clustered

aronnd Items #5 and #6.

T Summary X -

The findings from thé analysis of the data were
not thought to be definitive, however some interesting

‘observations were made. These are summarized as follows:
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. (1) The arade two children were generally higher
" on the Piagetian developmental scale. than were grade one
children. , o

(2) Aqge did not 'seem to play a part in determining
the childrens' level of intellectual development. )

., (3) Concrete Operational .children tended to
process patterns more successfully than Pre-Operational
children. %

(4) Nearly all subjects tended to impose their own
pattern in an incorrect response.

(5) Perseveration was not a strong tendency in the
errors of either group, however it was slighly more frequent
in the Pre-Operational ‘qroun.

(6) Alternation seemed to be a stronger error
tendency than perseveration, and was a fairly common error
type Of the:Pre-Operational qroup, but not of -the Concrete
operational aroup. -

(7) Both groups seemed to £ind the same item the
most difficult, but differed on the second most difficult.
They also agreed on the least difficult item.

The remainder of this study will be devoted to a
summary of the results and a discussion of the findings and
their implications for mathematics education in early child-

hood.



CHAPTER V

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

Summary

The purpose of the foreaoing study was to investi-
gate the pattern processing -abilities of youna children. It
was the intent of the investigation to shed some light on
how well younq children could detect and ‘extend linear
patterns, to try and detérmine whether or not operational
thinking as-defined by Piaget was prerequisite to the
ability to’ solve patterns and to see how operational think-
ing affected trends toward certain error-types. The nutu.re
of a case study logically precludes the ability to gener-
alize any findings, thus this study has Rot ‘made any
attempts at inferring to a larger qroup and any results
found were not thought to be definitive: Instead, it was
thought that this kind of study would produce valuable
information on how children think asd would illustrate
trends which existe;‘l in the. area of pattern.recognition.
Then, from these data, quéstions, ideas and hypotheses
concerning young children 'in general which Veie calaed courd
be explored in future resear¢h. . . w

The study sought to answer a set of seven specific
questions concerning young childrens' 'kinq and specifi-
cally about pattern processing. A sample of 98 children was

pukposively selected. The subjects were all at the grade
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one and two level and of mean age 90.64 months. These

children were tested Flrst to determine their level of oper-

ational thought, and then again to determine their pattern

processing abilities. A summary of the findings is given

below: ’

Question #1. Is theré any difference between the distribu-
tion of children at the Pre-Operational, the
Transitional and the Concrete Operational
stages at the grade one level 'and this distri-
,bution at the grade two level?

It was found that the grade two children were
generally higher on the Piagetian developmental scale: than
were the grade one children.' In other words, there vere
mostly grade two children among the Concrete Operational
thinkers and mostly grade ones among the Pre-Operational
“thinkers. The Transitional group was a fairly even mixture

of both grade levels. )

Question #2. 1Is there any difference between the mean ages

. of the Pre-Operational, the Transitional and

the Concrete Operational groups? i
The meari ages of the three developmental’levels

were separated each by only one month. Therefore it was

concluded that age did not seem to play a part in determin-

ing the child's level of intellectual development.

Question Ii. Is there any difference in the rate of success
on the patterns: tasks between the Pre-Opera-
tlonal'group and the TConcrete Operational

group?
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\ " More Pre-Operational children made errors and

‘those who did, tended to make more of them than did Concrete

Operational children. On the\ whole, Concrete Operational

children ‘f_:ended_ to process patterns more successfully than

Pze—Operation‘a.l children. ’ ’

Question #4. Does the Pre-Operational qroup differ from the
Concrete Operational group 'in the~“proportion
cf‘ subjects who, in an erroneous response,
imposed a pattern?

The result of this analysis showed th;t in
general, both groups showed pattern imposition tendencies.

% The difference between the groups was slight (a 4.9%
difference), although the Pre-o::er.ational aroup ‘imposed .a.
pattern more often. . :

Ques:.ion [5.. Is there any Aifference between the ™
Pre-Operational group and the Concréte '
Operational group in the proportion of
perseveration-type errors that they make?

K Perseveration seemed not to be a stro:q tendency

= for either group in the study, however it was slightly more

fr‘equent_amonq errors made by Pre—operationai childrjen.

/ Question #6. Is there any difference between the

Pre-Operational group and the Concrete
Operational group in the proportion of -
alternation-type errors that they make?
Alternation seemed to be a stronger error tendency
than'perseveration. * It was more prevalent among the
i
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Pre-Operational aroup than the Concrete Operational arouo.
Qyestion #7. Does the Pre-Operational group differ from the
Concrete Operational group in the item on the
patterns instrument on which the largest
number of errors were made? e
Both groups seemed to aqree that Item #6 caused
the most errors. Both arm‘ms also seemed to agree that
"Items #1°and #4 were least difficult. The laraest
difference between qroups occurred on Item 45 which was
second most difficult for the Concrete Operational aroup but
Eourth most difficult for the Pre—Operation.Al qroun.
N ’ "
Discussion
The m:_ig&nnl samole of 98 children was measured on
their level of operational thinking,|and were each classi-
’ fied as Pre-Operational, Transitionall or Concrete Opera-
tional. When thls had been accomplished, two variables were
inserted: grade level and age. Questions were posed
regarding whether -of not grade level influenced the
Piagetian distribution and, whether or not the mean age
varied for the three levels of operational thinking. It was
concluded that, while the mean ages for the three aroups was
varied by only one month each, the Piagetian distribution
was very different when compared across arade levels. In
other words, a youn:er child did not have. any qreater chance

than an older child, to be classified as Pre-Operational.



However, a child at a lower grade level did seem to be
pre-disposed to being Pre-Operational or Transitional.’.

This finding raised guestions .which have been
debated since Piaget's research first surfaced. .The debate
centers around the issue of what causes intellectual
development to occur, maturation or experience. There are
those, like Piaget himself, who believe th’at intellectual
maturation is largely not a product of instraction rathee,
"the notion-of conservation is gradually constructed by
means of ‘an intellectual mechanism" (Piaget, 1952, p. 4).
On the other hand, many experiments have been conducted
which try to dispel this potion. Typically, these attempt
to train the child in the various conservation experiences
necessary for operational thought, and then apply the
Piagetian tasks to.show that the child who was a
non-conserver prior to the experiment, has now been taught
to conserve. "Although |;lany individual studies failed to
demonstrate significant training effects, almost every type
of training procedure has been able to'accelerat; the ~
acquisition of logical operations® (Carpenter, 1980, p.
159). .

‘his is amoot poidy, however: results of Questichs
*#1 and l? in this study seemed to say that for these
children more important than age, was experience, as
measured by schooling, in determining the child's level of
operational thinking. | e

When the children had been sorted into their



respéctive Piagetian groups, ‘and the variables of age and -
grade leyel examined, the éattems instrument was adminis—
tered éo‘the Pre-Operational and the Concrete Operational
groups. This instrument consisted of six yinens u‘ntterrps'
which the child was asked to extend. Of course, to+extend
_ the pattern successfully, the child had to be able to detect
the rule -in the given information. This investigation
sought-first to agter.mine whether or not there existed any
diffe;encé’ in rate of success between 'the two groups. It
was hoped that, by such an investigation, some Lnsigh't might
be obtained as to whether or not operational thinking was a
nécessary prerequisite to pattern processing abilities. The
" number correct for each child was determined and a mean
score for each of the two groups was calculated. These -

means allowed comparison in order to determine which group

was_generally more successful.
The analysis of the data showed that ‘the Concrete
operacionax qroup showed a slightly higher deqree of success
than did the Pre-Operational group. The fact that ‘there
were only $ix items on which to base scores made
interpretation of the means somewhat difficult. In terms of
mean number correct, the Concrete Operational garoup obtained
5.33 as compared with a mean of 4.04 for thé Pre-Operational
group. In terms of mean’ percentage correct, the Concrete
Operational group obtained 88.83% and the Pre-Operational-

group 67.33%. A
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In any case, it did Seem evident that the Codcrete
Operational children solved patterns differently, perhaps
more :sugeessfully than Pre-Operational children. This lead
. to speculation about the prerequisites for patfern process-
ind. It might be that conservation of number, conmservation
of area, clas inclusjon or classification, or the total of
all of these are prerequisite to the ability to solve
patterns. This lends support to Blackall's (1975) finding
that there was a positive correlation between conservation
of area and patterning success on most of her patterns.
Interestingly, enough, she found also that conservation of
number did not significantly correlate with success on any
of the pattern tasks. Again these results are comparable to
this or any other study only to the extent that the pattern
tasks are comparable. In this study, no at®mpt was made to
correlate the patterning success with individual items on
the Piagetian instruments. Therefore conclusions can only
be drawn from the Piagetian instrument as a whole.

Also it was not clear, what part of the process
the Pre-Operational children had difficulty with. It might
have been that they could in fact have seen and identificd
the pattern but experienced difficulty in the act of exten-
sion. Or it is possible that those children may not have
been successful at detecting the pattern which existed.

& If the former sitvation were the case, one might
attribute this to scveral possible causes. One cause might

have been the child's possible tendency toward impulsivity.
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Inpulsivity is exhibited by children who "are very quick to
answer qudstions but often given irrelevant responses® (Bley
and Thornton, 1981, p. 17). Indeed it was noticed several
times through the course of the investigation, that some
subjects were responding rather quickly and apparantly with-
out a great deal of thought. ! .

on the other hand, if it'was true that the.child-
ren were not successful at detecting the given pane}n, this
situation lends itself to an explanation in terms of Piage-
tian structures. It_seems very doubtful that the children
made any number of absolutely random responses. Indeed the
analysis in chapter four showed that, in an erronecous
response, the children imposed some type of pattern most of

the time. Quite often during the course of ,t)'!e investiga-

tion, it was noticed that the chijl would repeat most of the
given period but would consistently omit one or two items.
For example, if asked to extend RED BLUE YELLOW RED BLUE
YELLUW, they might resppnd with RED BLUE RED BLUE RED BLUE.
In such an instance the child was focusing on part of the
sequence or on one aspect of it and this focus may have
blocked out the other elements in the pattern. .
Such a behaviour seems very much like the
Plagetian idea of centration. Centration is described as
the "inability to hold in mind more than one relationship at
3 Elie, W5 ‘EHaT EERATREY 6 GGREGEY o oRe)ALAERAIER"
(Lovell, 1971, p. 7). Centration hhs becn shown to be char-

acteristic of the Pre-Operational child, thus this would
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seem to be a.possible explanation for the lesser degree of
success in processing patterns experienced by the Pre-Opera-
tional children. Further research could perhaps pinpoint
the Cype of difficulty more accurately.

Question #4 in the study looked at how the
subjects responded when they were unable to solve the
pattern correctly, to see whether or not: they tended to
inpose a pattern or not. The results clearly showed that
both groups did impose a pattern fairly often. This Einding
substantiates the conclusions drawn by Frith (1970) that’
young normal and autistic children did seem to have a
propensity to impose a pattern, even when it was not the
appropriate one. ’

This seems to be saying something very important
about the intellectual workings of young children; that
Pre-Operational children and Concrete Operational children
seem to exhibit some degree of logical, organized reasoning.
Although they did not see or impose the same structure that
an adult might, they did impose order. The fact that
patterning skills had, for all intents and purposes not been
taught to these subjects scems to suggest that this type of
logical, inductive reasoning might be inherent in the child.
They seem innately capable of structuring thelr surroundings
regardless of age, level of devclopment or instruction. The
difference made by developnent seems only to "fine-tune"
these already existing capacities.

It is an Interesting thought that pattern
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processing might be an innate ability. Indeed, the ability
to extract rules, and apply them to new situations seems to
be at the very heart of the learning process. If we,could
.not apply those skills which we have acquired, re-learning
would have to take place in each new sitvation that we find.
Klahr and Wallace agree that "the ability to detect environ-
mental reqularities is a cognitive skill essential for
survival" (1970, p. 243). F\;rther research might indicate
whether this ability exists at lower age levels as well.

A further analysis of the errors in this study was
undertaken, to distinguish two specific error types, and to
determine the relative frequency of each. The first error
type was called perseveration. "Students af flicted with
perseveration get into patterns of hell-.‘aviour and persistent-
ly repeat the pattern on every activity they face over a
short period of time" (Thornton, Tucker, Dossey and Bazik,
1983, p. 48). A perseveration-type error would typically be
extension of one color in the pattern rather than the whole

' period.

Perseveration has beem shown to be a characteris-
tic associated with learning disabilities (Thornton, et al.,
1983; Bley and Thornton, 1981). Frith (1970) also showed
perseveration to be a characteristic tendency of his autis-
tic subjects. Interestingly, though, this trait has al'so
been attributed to young children., Gerjuoy and Wintcr§
(1968) described the tendency to perscverate as typical of

the young child. At approximately age 4 or S years, this

' Al
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'tendency diminishes and is replaced by the tendenc‘y to
alternate. It- is unknown whether or not another study has
been done whiéh compares the tendency to alternate in groups .
of differing intellectual developmental levels.

This study may lend support to all of these
notions of perseveration, simply by the fact that it was
such a rare response. Indeed, the percentage of subjects
which might have been,lenrning' disabled would have been very
low if this was a representative sample. Also, the subjects
were all older than the age suggested by Gerjuoy and Winters
(1968) as the age at which perseveration tendencies
diminish. Therefore, because a very small number of ‘these
students,‘perseverated, it is possible that perseveration h‘a
related to learning disabilities and to the under five age
group. ’ =

Whether or not the findings show a preference for
one of the two develop;\ental stéges is not clear. It was
found that the Pre-Operational group showed evidence of
perseveration on four respones, while the Concrete Opera—
tional group showed -this on only one. Bearing in mind the
small number of erroneous responses in the Concrete Opera-
tional group, this translates to 18.18% of the Pre-Opera-—
tional group's erroneous responsés and 7.69% qf the Concrete
Operational group's erroneous responses. These results do
seem to show the Prd—Operational group as perseverating more
often, however more rescarch with larger samples of items

might shed more light on this area. . ]



The second error type examined was alternation.
This, as the name implies, involved simple alternation of
two colors where it was inappropriate to do so. This error
type was more prominent in general than was perseveration. %
N, /LS SHEEGE £y ASeNEd “toibe mch mordianecesmtutilny
differentiating the two developmental stages than did the
previous error type. The Pre-Operational group showed 10
alternating errors while the Concrete Operational group
showed only one. The percentages\~while interpreted
cautiously, show that 45.458 of all errors of the Pre-Opera-
tinal group were alternating while only 7.69% of the errors
of the Concrete Operational group were alternating.,

This finding does not support Gerjuoy and Winters'
(1968) claim that the tendency to alternate begins at about
5 years of age. These results show that the tendency to
alternate seems to be not so much age related as it is
lifked to operational thought. It was shown earlier that
the two groups have very similar mean ages, but yet one
group alternated in error more than the other. Again,
further research with children who were of different age
levels within different developnental levels might give more
information regarding these indications.

The final point brought out by this study was the
attempt to compare a hierarchy of difficulty of these
pattern tasks for each growp. The results showed that Item

46 was the most difficult for both groups. Recall that Item
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#6 was as follows: GREEN RED GREEN GREEN GREEN RED GREEN
GREEN. The most common mistake in this item for both gr?upsA
seemed to be to begin the response with RED. instead of -———
GREEN. It was as if the subjects were trying to shorten the

period to RED GREEN GREEN. Perhaps the difficulty with this

* item was brought about by the fact that the first and last

element in this period are the same color: GREEN. In fact
this explanation seems very plausible considering that this
was the. only item on the i_nstrument with first and last
elements identical. g AN 4

If this theory was correcti ien Ehe strategy
suggested by Klahr and Wallace (1970) of backward scanning
might apply. If ‘the child scanned from right to left, the
red block might have caught his’or her attention, then
;ontinuing left over several more green blocks, he might be
again attracted by the other red. Thus the red might become
the focal point and hence, the Eifst element in his
extension. Also, or possibly in conjunction with this

model, the cognitive function of centration might also

. apply, in that the child centers on the red block and cannot

keep in mind the number of green hlocks before and after the
red block. Morg pattern items and ones of varlous sequences
might enable future research to offer a more definitive
explanation for the difficulty in Item 6. |

The least dlfficult item overall appeared to be
Item‘M, which accounted for only 4% of the éie—Opeuclonu‘l

groups' errors and 0% of the Concrete Operational groups®
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errors. Item #1 was as follows: GREEN YELLOW GREEN YELLOW.
The tendéncy to alternate on behalf of both groups regard-
less of the stimuius pattern might account for the relative
ease with which thi's item was solved.
A look at the most difficult and least difficult
items provides an interesting finding with regard to the
| variables associated with pattern processing. Since both
items used only two colors, it might be concluded that the
number of coldrs is not a factor in determining pattern
difficulty. However, since the more difficult item had a
1c;qer period, it might be assumed that period length is of
‘some importance in determining pattern difficulty. “This
idea supports Simon and Kotovsky's (1963) inference that
length of pattern rule influenced difficulty and Cromie's _
(1971) finding that patterns with four elements were more
difficult than those with two or three.
One curious finding in this study concerned Item
#5: GREEN BLUE BLUE BLUE GREEN BLUE BLUE BLUE. This item
was found to be fourth most difficult for the Pre-Operation-
al children but second most difficult for the Concrgte Oper-
ational group. One can only hypothesize about the reason
for this., Perhaps the aistinction between the colors GREEN
AND BLUE posed a problem for the Concrete Operational group.
-Muyhe they felt th&‘n: these tasks were easy and were
therefore hasty in their responses. Or perhaps this task
"demanded some sort of cognitive function which differed for

+ the two groups. Again future research shpuld be done to
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determine whether this finding happened by chance and if
not, what the explanation might be.

. In concluéion, the item analysis does, for -the
most‘: part, seem to support the notion that a longer period
makes for a harde-r pattern. Except for Item #5, it seems to
indicate that the task items were of relativel} equal diffi-

culty for both groups.

Implications for Education

Hhile_ _this study examined a small sample of
primary school children, thoughts reghrding recommended
practices will be given in general tefms, for they are
thought to be desirable for all primary children.

Piaget's research and findings are widespread in
terms. of literature and have been a fairly prominent feature
of the teacher preparatory courses in mathematics education
vin Newfoundland in recent years. However, there are teach-
ers who, for a variety of reasons have not had the opportun-
ity to delve into the work of Piaget and his colleagues.
This writer feels that, while Piaget's research is constant-
ly being tested and challenged, and rightfully so, 11': has
for the most part offered educators some of the most‘
valuable 'information we have about young children. Thus,

" there should be no teacher who has not had the opportunity

to review Piaget's theory of ocognitive development. The
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teacher preparatory courses would probably be wise to

include in the pre-service teachers' repetoire of experi-

ences, situations where they could work with young children,

administering some of ‘the classic ‘Plagetian tasks and there-
by gaining a wealth of valuable insight into the child. In
the case of more experienced teachers, inservice, both from
the school boards, and the p’rovincial Department of Educa-
tion should be available which deal with these topics.

. Incorporated into this, should be some thoughts on
how to apply Piagét to the classroom. The newly nu;aduated
teacher has often got his or her head full of Piagetian
theory, but once put in the classroom and given a mathema-
tics textbook, the theory is abandoned. Teachgr education
courses, especially should provide more insight into the
application of this theory to the situations which present
themselves in school. Par.e;ample, the primary teacher
should have at his or her disposal the knowledge of standard
Piagetian tasks and how to interpret the responses to these
so that he or she can properly identify a developmentally,
delayed child as opposed to a 'lower intelligence' or even a
'lazy' child. He or she should use these tests‘as a measure
of his or her childrens' 1eve1‘of cognitive maturity. The
primary school teacher must be "constantly on the watch to
assist the passage from one stage to the next, ;:e encourage

the dawn of understanding, to detect it when it happeps and
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to open the way ahead" (Blackie, 1969, p. 87).

The use of Piagetian ideas in the classroom would
also hopefully encourage the use of the interview technigue
Gped so much by Piaget. "Clinical interviewing techniques
ave begun to reflect S diminished coIcern with standardiza-

a more complel

tion in order to obtai e picture of child-
“

ren's developing understandings of mathematical ideas and
the processes that are used to produce answers.” (Lesh and
Landau, 1983, p. 2). "In fact, demonstrating the usefulness
of clinical interview technigues and the wealth of informa-
tion that is contained in incorrect responses may be one of
the most significant contributions of Piaget to research in
the learning of mathematics"™ (Carpenter,- 1980, p. 153).

The interview can be used to aid the teacher in
diagnosing a child's problem with a particular concept. As
well, it can be an effective evaluation tool. The impor-
tance of encouraging dialogue in mathematics, is recently
coming into focus as an often forgotten, yet valuable learn-
.ing experience (Biggs and Sutton, '1983; Reys, Suydam and
Lindquist, 1984).

With régard to curricula, the research on Piaget
has a great deal to offer. The idea of developmental levels
puts inherent limitations on what can be learned by children
at’ the certain stages of ‘development. This would seem to
imply that teachers should not try to teach subtraction, for
exagple, until the child has attained conservation of
number . i
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Regarding this point, the writer feels_that

Piaget's theory has to be seen in light of other theories
which have been surfacing in the research. In particular,
Soviet research has largely concurred with Piaget on the
existence of levels or stages of development, however it
has differed on the role .of instruction. "For Piaget,
development is a prerequisite for learning: learning trails
behind development. For Vygotsky, [Soviet researcher] the
developmental process lags behind the learning process
creating a 'zone of proximal development'® (Hunting, 1983,
p. 58). In other words, the Soviets are of the opinion that
instruction should lead ‘development, and thus should always
be aimed at a point slightly more advanced than where the
'child is operating. They propose "orienting instruction not
toward the aspects of mental development which have already
belen formed, but toward those which are still forming; not
‘adapting' the material being taught to existing character-
istics of the child's thinking process, but introducing -
material which would demand of him new and higher forms of
thought” (El'konin, 1975, p. 52). .
i It is the writers view that perhaps teachers would
do well to begin instruction where the child ls operating
and gradually extend this insgruction into newer and more
Challenging areas. In.other words learning exper iences
should entice the child into more sophisticated levels of
" thinking, but should not frustrate a child who is not ready.

What is really being said is that Instruction should’be = '
1
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individualized to the greatest degree possible. :
Regarding the conten; of the curriculum at the
pEinary level, it seems obvious by now that experiences in
patterning sfould be provided at all levels. The Pre-Opera-
tional child has shown in this study.that he or she can
process patterns. 1In keeping with the conclusions regarding
the role of instruction in development, it is thought that
children at this level of development should have experien-
ces in solving patterns which can be done easily and this
should lead:on to more challenging patterns. As well as
linear patterns, geometric patterns should be a part of
these experiences. The child should be encouraged to £ind

patterns in his or her environment: in a piece of colored

clothing, in a flower or plant, in rhyming words, in music,
.
etc., as well as in numbers. The child should be encouraged

to talk about the patterns he or she finds, to try and

describe the rule, as well as to translate this to paper by

drawing, labelling or doing numerical calculations. -
As well as finding existing patterns, the child ~
should be encouraged to design his or her own patterns.
This activity would, not only deepen the child's mathemati-
cal experience, but would provide the teacher with a wealth
of information regarding the child's. thinking processes.
*** These implications will be sumnmarized in a set of
reconmendations for researchers and recommendations for

educators,



Recommendations for Researchers

1.

- Recommendations

. e

More research is.needed into.the specific aspects of
Operational thinking which might be prerequisite to
pattern processing. L

An extension of the interview technique with those
Pre-Op®rational children who were unsuccessful at
patterning is needed to try and determine where
specifically they experience the difficulty,

Fiture research in patterning should be done in the
Pre-0Pe(at£onal .domain at a lower ‘age level to determine
whether or not the tendency to impose a oattern even.in
an erroneous response exists for ‘verv youna children.
Further research usina a laraer selection of items
should be done to try and determine whether the tendency
to perseverate is related to the absence of operagional
thought.* >
More research needs to be conducted in patterning with
operational thinking held constant and ade used as a
variable to determine if the tendency-to alternate is

age related of stage related. : ;

Future studies should be conducted to decide whether or '

not the hierarchy of difficulty which seemed apoarent in

this study holds true in other situations.




7. Further résearch of this nature should also try and
determine if the difficulty wl:ic.ll the Cofcrete Opera-
tional group experienced with Item #5 was due to r.:hance

»_ or due to some other cause. X

8. It is recommended that the clinical interview/case study
continue to be used in future as a valusble research

% methodology.

% ions for s
1. It is recommended that teacher pre-service education
include situations in which the prospective teacher

can work with young children, adminiStering some classic °

Plagetian tasks in an interview setting.

2. Pre-service mathematics. education courses as well as
mathematics in—;ervice education should provide

— . information on Plaget's findings regarding how young

childr

think with -emphasis on it's application in the

classroom. N
- " 3. Teachers should apply the Piagetian interview technique
in their classroom as a diagnostic and evaluative tool.
N Hatl"xemtlca,l learning experiences in- pripary school

e shold e individualized as much as possiblel ___.____. .

5. Experience with patterns should be incorporated into the
curriculum at all levels in the primary school, with a

variety of activities to enrich the experiences.



W Conclysion # .
K %
|
i In conclusion, this study has made an attempt to
1nveutiqnte how the youna child processes patterns. It has,

in some ways, ased pattern processing as a means to find out

‘more about how the child thinks. Curriculum and -instruction

cannot be designed ﬁy'udulta for }c’ung children unless son‘\e
ve‘ry serious consideration ls aiyen to how the child's mind
operates., Dnlv when we can begin.to understand how the

child thinks canp we desiqn learning experiences which wul
be meaningful for them and|which will take them where we' )
want them to be. ‘

| . A ~
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‘ Plagetian Ins’tr(ment .

' Conservation of Number

s e T

A)

Materials: [~ 7 red 4 cm shell macaroni.
. 7 blue 4 cn shell macaroni.

Procedure : Place the blue shells in a horizontal
row directly in front of the, subject.
Place the red shells in- a parrallel row
directly opposite the blue shells, so
the two rows are approximately 15 cm

i apart.

Question: Are there more blue shells, more red
B shells or.are they the same? ,
t (If the child answers that one is more
! than the other, ask him or her :a fix lt
so that they are the same
| proceed until equality is estabushed )

| - Agk the child to watch.garefully. Put
the red macaroni into a small pile.
.« Spread the blue macaroni into an .
“elongated straight line.

Question: Are there more blue shells, more red
shells or are they the same?
Correct Answer = the same, ' ¢
P ¢
& N . . 8 i
& s L

R, S—
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‘B)

Materials:

Procedure:

Question:

Question:

97-

& . . ) 2
4 toy plastic cups. . . N

4 toy plastic saucers.

Place the cups in a horizontal row
directly in front bf the subject. Place
the sancers in a p.rnl el rov directly
site the rows are
lpproxhlltely 15 ES apm:.

Are there more cups, more saucers or are
they the same?

(If the child answers that one is more
than the: other, ask him or her to fix it
8o that. they are the same.’

Do not
" proceed until equality is’estailished.)

Ask.the child to watch carefully.
Arrange the cups Into a samll pile.
Spread the saucers into an elongated
straight line

Are there more cups, more saucers or are
they the same?. . A

‘Correct Answer = the same.
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Materials:

Procedure:

i

. Question:

Correct Answer

. i : : 98

1 container of small round wooden beads
) o

assorted colors.
1-clear plastic cylinder, approximately
26 1/2 cm tall, 8 cn in diame

1 clear plastic cylinder, lpprolimntely
26 1/2 cm tall, 4 cm in‘diameter.

1 large rectangular-partition approxina-
tely 35 cm wide, 25 cm tall.

Show the subject the two cylinders,
turning them upside down to confirm that
they are empty. Place the cylinders
side by side in front of the subject.
Give the subject the container of beads
and instruct him or her to placeibeads
in the cylinders in the following

manner: demonstrate taking one bead in

each hand and placing one bead in each®’
container at the same time. Piace the

-partition between the subject and the

cylinders so that he or she can only see
the tops’ of -the cylinders, Instruct the
subject to begin. When the thin| -
cylinder is approximately half filled,
have the subject stop. Remove fhe
partition so the subject can 'sebBoth
cylinders,

(Pointing to each respective cylinder)
Does this one have more beads, does this
one have moxe beads or are they the
same .

= the same

L
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2. Sonservation of
A) Materials:
—

Procedure:

Area o

1 yellow plastic two-dimensional.cow
1 yellow plastic two-dimensional horse
12 green 8 1/2 cn cardboard squares.

Place’ the horse and the cow on-the table
in front of the subject, labelling each
animal. Explain that the green squares
are grass for the animals to eat.

Arrange six squares in. two rows of three &
beneath the horse, expl#&ining that this
- is grass for “the horse to eat. Do like-

~wise for the cow. L

Question:

Question:

Correct Answer

Does the horse have more grass, does the
cow have more grass or do they have the
ame ?

(If ‘the child answers that one has m
. than the other, ask him .or her co fi

S0 that they are the sam

proceed until equality is establhhed )

Ask the'subject to watch carefully vhile T
ydu re-arrange the squares beneath the . ° !
horse fron 2" rows of 3, into 1 row of cooe
six. : g v By A B
Does the horse have more grass, does -the N
cow have more grass or'do they have the

sane? Yy

= the same
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3.

A

Class Inclusion

®

Materials:
-

Procedure:

Question:
3

» Question:

Question:

100
‘6 green-cylindrical wooden beads,
approximately 1 cm long.
2 yellow cylindrical wooden beads,
approximately 1 cm long. .

Show the beads and ask the subject to
tell what these are. If he or she
doesn't know, explain that they are
beads which can be string to make
chains, etc.

Are the” green ones beads?

(If the child answers nnthng but yel,
‘gtart this interview again. - Do not
proceed until the answer qlven is.
affirmative.)

Are the yellow ones beads?

(If the child answers anything but yet,
start this interview again.

proceed until the answer given ia
afﬂmatxve )

Are there more green ones or more beads?

Correct Answer = more beads




*

B)

-Materials:

s
Procedure:

Question:

Question:

Question:

Correct Answer = more animals . .

101

2 pictures of dogs ’ . B
5 pictures:of cats :

Show each "picture, one at a time and
have the subject identify (as a cat or a
dog). Continue until all seven animals
have been shown and laid out on the table
before the subject.

nte cats animals?

(If the answer is no, question the
subject to determine how he or she is
classifying. If the subject's label is
appropriate, for example "pets", then
use this label in place of animals, and
bégin this interview again. Do not

‘proceed until -an lppropriate label is

agreed upon.)
Are dogs animals?

(Do not proceed until an affirmative
answer is given.)

Are there more cats or more animals?




c) Materials: 5 pictures of boys
3 pictures of girls JE e

Procedure: Show each picture, one at a time and
.have the subject identify it (as a boy
or-a girl). Continue until all eight
pictures have been shown and laid out on
the table before the subject.

Question: Are‘qgirls children?

(If the answer is no, questionh the
subject to determine how he or she
is classifying. If the subject's
label is appropriate, for example
- "people”, then use this label in place
of children, and begin this interview
again. Do not proceed until an
V. : appropriate label is agreed -upon.)’

Question: Are boys children? |

P
b (Do not proceed until an affjirmative

3 answer is given.) |
Question: Are there more boys or more children?

Correct Answer = more children

i
“ B s . N
: 1
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4. Classification .

A)  Materials: 1 Set of attribute blocks &na(sung of
the following:

large red triangle

small red triangle

large blue triange

small blue triangle

large yellow triangle

small yellow triangle =

small red circles

small blue circle

large yellow circle

small yellow circles .

large blue square

small blue square

large yellow square

small yellow square

Procedure: Present the set of attribute blocks in

an| unorganized pile. Instruct. the

subject to put together the things whlch

belong together. When the child has

completed his first attempt, the blocks

are again mixed up randomly into a pile

and the child asked to put together

things which belong together, but to

do it in a different way..

e m AN NS S

Correct Answer: The attribute blocks can be sorted by
shape, by color, by size or by any two
of these in combination. The above
procedure is repeated until the child
has sorted the blocks under any three of

3 these categories without any *

o inconsistency. If the child repeats
the same system of classification over
and over, or cannot find another

| way to classify them, assistance is
given, and a correct response is duly

recorded as being with assistance’.
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§
RESPONSE RECORD SHEET
(PIAGETIAN TASKS) !
SUBJECT : ) DATE _
GRADE TIME BEGAN
ace g ' . TIME PINISHED

KEY: 1 - incorrec; or no response "
2 - correct re‘uponse with nusistnnce
. 3 - correct .response unassisted
#1. Conservation of humber - ’ 3
N !
B)
c)

#2. Conservation of Area

A)

#3. Class Inclusion
A) C B
& s
B)

c)

-#4. Classification

A) One attribute
B) Two attributes

C) Three attributes y . = aad

Fogssons -
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Patterns Instrument

Materials: = approximafely 100 plastic 2 1/2 cm cpbes.
. These were an assortment of red; blue, green .3
and yellow.
1 large rectangular partltion, approximately
. 35 cm wide, 25 cm tall. %

Procedure: Place the cubes randomly in a pile on the
B / table to the subject's right. Explain that
J these blocks are for making 'trains'. Place

- the partition between the subject and the
¥ examiner. Explain that a train will be made
ehind the partition. When the partition is

. removed he or she must look very carefully at
' he how the colors in the-train are arranged % o
and choose blocks from the pile to make the ¥ :
| % train longer.
. T o I For each item given below, arrange in
the pattérn behind the partition from the -
subject's left to right. Record each response
before proceeding to the next item.

. Item #1. GREEN YELLOW GREEN YELLOW ! 3y
Item #2. : RED BLUE YELLOW RED BLUE YELLOW & wed
Item #3. GREEN BLUE RED YELLOW GREEN. BLUE RED YELLOW
‘Ttem #4. BLUE YBL‘.’@» LBI:LW BLUE YELLOW YELLOW
I_tem #5. GREEN ‘BLUE BLUE BLUE. GREEN BLUE BLUE BLUE

‘Item #6. GREEN RED GREEN GREEN GREEN RED GREEN GREEN




—
t
{ -
.
s

Appendix O°

Patterns Instrument
Response Record Sheet




This response record sheet for the

‘instriment which follows is modelled aftef a
: . /

sheet used by Cromie (1971). i

patterns

8imilar record

b
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Record Sheet for
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Patterns Instrument

SUBJECT

GRADE

DATE

TIME BEGAN

TIME FINISHED

MODEL

o [e]v[e]r]

RESPONSE

el er]

S

» [ ]

Lefefv[efe]r]

-
&

Jnnnnononjanononnoy
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=
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