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ABSTRACT

The Role of the Teacher in the Acquisition of Counting Skills

by Peter Colin Patilla ~

The study is an action research project to improve the teaching of
counting by focusing on three components, The first is the designing
of materials and activities which may help children develop a greater
understanding and confidence in their counting skills. The second is
designing activities which will enable children to work as a class, as
co-operative group members and as individuals within differing
organisational frameworks. The third is finding ways of helping
teachers effect the management of change within their classroonm.

The collaborative study is based upon non-participant, non-judgemental
observation of five teachers in different schools. It is a
naturalistic investigation. The results of the ohservations were used
to effect change within the classrooms through adaptation rather than
through imposition of solutions. The foci of the observations were
the role of the teacher and the range of counting experiences offered
to six randomly chasen target children within each class. After nine
observations over two school terms the target children undertook seven
tests to assess their performance an various aspects of counting. The
results showed that although there were significant differences
between the teachers there was no significant difference between the
test items. This is consistent with the view that counting skills are
not independent entities,

Counting activities were designed by the researcher which would extend
the counting experiences offered by each teacher. These formed part
of a co-operative, school-based, teacher-researcher INSET programme.
They involved the development of POSITIONAL concepts in counting,
using numerals to represent number words, using ACTIVE and STATIC
number lines and tracks, improving subitizing skills, using counting
techniques in the solution of ACTIVE WORD PROBLEMS, using numbers as
discrete labels and as points on a continuum. The design ensured
children actively participated as co-operative class or group members
and provided the opportunity for discussion between and with children.

It also addressed the problem of matching activities to the teacher’s
organisational framework.
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*S0 young children are faced with two important probleas with
respect to the counting words: there are a lot to learn; and
they aust be said in certain ways and not others.”

Page 3; H.Ginsburg (1977)
"Children’s Aritheetic, the Learning Process®
D.Van Nostrand:New York

"By ensuring the adequacy of children’s counting as a
foundation for arithaetic learning when children begin their
schooling, educators may be able to forestall learning
problens that would otherwise have a cumulative impact on
children’s progress through elementary school curriculua”

Page 12; C.Sophian (1986}

"Early Developments in Children’s Use of Counting to Solve
Buantitative Praobless®

Paper Presented to the Annual Meeting of the American
Educational Research Association in San Francisco

{April 16-20) ERIC Document ED 269 276
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INTRODUCTION

This study is concerned with the teaching of counting skills to young
children. It has three points of foci. The first is in the design of
materials and activities which may help children develop a greater
understanding and confidence in their counting skills. The second is
planning activities which will enable children to work as a class, as
co-operative group members and as individuals within differing
organisational frameworks. The third is helping teachers effect the

management of change within their classroon.

Counting activities

A flexible use of counting provides an impaortant foundation for much

of the number work undertaken in Infant and First Schools. GSophian

(1986) identified three aspects of elementary sﬁhonl arithmetic that

depended upon flexible counting abilities:

a) Counting helps children learn the basic arithmetic facts.

b) Counting helps children discover fundamental properties of
arithmetic operations, such as the commutativity of addition.

c) Counting helps children develop skills for solving arithmetic word

problems.

The present study addresses the following areas related to the
teaching of counting to children during their first year in school:
a) The limitations on young children’s use of counting to solve

quantitative problems.
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b) Developing the restricted use of counting experiences in young
children.
c) Developing children’s informally learnt pre-school counting

skills.

Organisational framework

The organisational frameworks which teachers employ need to ensure
that children develop a positive attitude to their mathematics.
Approaches to the teaching of a particular piece of mathematics need
to be related to the topic itself and to the abilities and euperience
of both tgacher and pupils (HMI 1982). Children need the opportunity
to work both independently and co-operatively (HMI 1983). The
organisational framework needs to allow for discussion and interactian
between pupils themselves and between pupils and their teachers
{Cockroft 1982; HMI 198%5). There is no such thing as a definitive

style for the teaching of mathematics (Cockroft 1982),.

The design of the counting activities in the present study has three
underlying principles. Firstly to ensure that children beconme
actively involved in class and group lessons. Secondly to develop
activities which will avoid the total individualisation of children’s
work. Thirdly to desigﬁ the activities in such a way that they allaow
opportunity for discussion within the teaching sitpation, among the

children themselves and between children and their teacher:

Management of change

It is the purpose of the study to effect change within the classroom

thruugh adaption rather than solution. It is to help teachers examine
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their teaching in relation to their own constructions of their actions
and their own aspirations (cf MclIntyre 1980). It is a "study of
singularities" (cf Bassey 1986) which recognises the centrality of the
practitioner (cf Street 1986). The researcher’'s relationship with the
teachers taking part in the research is as interested, non-judgemental
observer (cf King 1984; Hartley 19835). The researcher acts as a
collaborative colleague rather more than as an observer (cf Cummings

and Hustler 1984).

Reason_ for the study

The researcher has been actively involved in INSET activities at both
national and local levels over a period of seventeen years. This
involvement has been primarily teacher centre based rather than
school, or teacher, focused. He has found little evidence to suggest
that non-school based INSET activity has a great success rate in
effecting curriculum and management change within the classroom. He
wished to be involved in an action-research study rather than a
process-product study which treats teachers as subjects of research
rather than participants in it (cf Elliott 1980, 1985). The study is
npt a comparative one., It ;s based on the belief that development of
teachers (and children) is in allowing them to take one step on from
where they consider themselves to be at any particular time. It is
not the impositioh of bench marks of achievement or imposition of
"oputsider” solutions to particular problems. A consequence of this is
that the researcher needs to spend time with the teacher, to act as a
mirror, in order to reflect her actions back to her so that she is in

a position to decide which "further step" she wishes to take.
Hany discussions with teachers by the researcher suggest that they
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place emphasis upon sorting, matching and comparison activitles 1n tne
early days of schooling for assessment purposes and to "develop
language". Very rarely do they place emphasis upon assessing a
child's counting ability and to develop the lanquage of counting.
Children’s counting experiences tend to centre upon counting groups of
real objects to develop ideas of cardinality. Cardinality is a vital
concept in counting but there are others which also need developing.
Ideas of ordinality and POSITION also have a role to play in the
acquisition of counting skills. Most of the counting experiences
offered to children witnessed by the researcher tend to promote the
idea that numbers are "discrete entities". Little work seems to be

undertaken to promote the idea of numbhers as part of a continuum.

Much of the work seen by the researcher in classrooms implies that
children are expectéd to work as individuals rather more than as group
or class members, Even when working within a group the children
operate as individuals (cf Galton et al 1980; HMI 1983).

Participation in class or group oral activities, emphasises individual
effort (Mehan 1986}). There is a need for activities which encourage

children to work co-operatively without emphasis on individualism.
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LITERATURE REVIEW: Counting

*The nost important single factor influencing learning is what the
learner already knows. Ascertain this and teach hie accordingly®.
(preface: Ausubel, Novak and Hanesian 1978}.

Piaget stated that counting was a skill in which young children could
be trained, but would have little understanding of the process (Piaget
1952). Recent research seems to indicate that pre-school children can
and do use counting strategies, with understanding, in order to so]vé
simple problems and to develop ideas of conservation, order and

cardinality.

Michie (1984) investigated the significance children attached to their
counting and found children aged 4-6 used counting to compare number
before performing on number conservation tasks. She found that
children were significantly more accurate when they were putting
counters into boxes than when placing them in rows on cards. They
relied on information from counting when alternative perceptual cues
were not present but when perceptual cues were present they were
preferred. The probable reason for the preference being that the cues
were visible and did not have to be remembered before they could be
compared. She.considered that either eliminating perceptuai cues or
aiding memory for number counted would reduce errors significantly.
When both were combined performance was -virtually error-free. Her
ppinion was that number counted could form the basis for 4-year-old’'s
number judgments. She stated that the belief arising from Piaget’'s
conclusions that counting by young children is a rote and meaningless
task appeared to be wrong. Children could understand the significance

of the numbers they recited even though they may, on some occasions,
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counting might be played down in preference to oiher sources of
information relevent to number (e.g. length of row). Children have
been shown to count more frequently when feedback confirms that it is
more reliable than length of row. Hitchie stated that if this was the
explanation then teachers should be more concerned with training
children how to assess situations to find those stategies (including
counting) which were likely to be the more reliable. §&he thought that

teaching the conceptual nature of numbers recited may be redundant.

Gelman and Gallistel (1978) stated that counting principles seem to
have great significance in the development of conservation and order.
Their research lead them to the view that initially children cannot
reason about numbers without reference to representations of specific
numerosities. These representations were obtained by counting. The
judgement of equivalence or order, the application of the Dperétions
of addition, subtraction, and identity, and the process of solving all

depended on counting.

Counting underwent a significant intellectual construction prior to
the development of number conservation. Children used counting to
discover the phenomenon of conservation but counting accuracy was not
;ritical for the development of number-conservation concepts (S5axe
1979). Counting, and reading and writing number symbols, could
enhance the understanding of conservation and order, provided children
could reflect and recognise these aspects of number (Bell, Costello

and Kuchemann 1983).
It had been observed that counting strategies would be used rather
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solving simple problems by children aged 4-6 years (Hudson 1983;

Fuson, Secada, Hall 1983; Resnick 1983).

There was evidence that children entered school with a representation
of number that could be characterised as a mental number line with
numbers having a positional relationship along a string (Resnick
1983). Resnick considered that the individual positions of the
numbers were linked by a "successor" or "next" relationship and that a
directional marker on the string showed that later positions on the
string were larger. She showed that this mental number line could be
used to establish the quantity of a set and to directly compare the

quantities of two sets.

Pre-school children were aware of numbers around them and the uses to
which some of them were put (Sinclair and Sinclair 1984). The
Sinclair's study on pre-school children in Geneva demanstrated that
young children were able to differentiate between differing use of
numerals in an environmental setting. They recognised for example: a
sequencing context; a cardinal context; a convenience context (e.g.
the number on the front of a bus). Pre-school children could also use
counting strategies to solve simple problems (Groen and Resnick 1977;
Starkey and Gelman 1982; Carpenter and Moser 1982; Hughes ;986).
Pre-school children could and did use sophisticated counting

principles (Baroody and Price 1983).
Some young children used fingers to represent objects, others counted
aloud, apparently either imagining the objects or working directly off

the sequence of number names. Other children could count forwards and
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reliable, were meaningful for young children and used to answer
various types of mathematical problems (Gelman and Gallistel 1978;
Saxe 1979; Hughes 1984). Some children counted without using the
conventional count words or conventional count sequence. They made up
their own lists, self corrected and spontaneously practiced (Gelman

and Gallistel 1978).

Hughes’'s (1984) research showed that children entered school with a
disparate understanding of number concepts and counting skills. He
suggested that teachers should devise tasks which made sense to young
children, so that it was possible to look at their strengths rather
than their weaknesses, at what they could do rather than at what they
could not. If teachers could get a clearer picture of what children
actually knew about number when they first came to school then they
would be one step nearer to understanding what was subsequently going
wrong. His research also showed that there was a substantial
difference between middle-class and working class pre-school children
in carrying out simple additions and subtractions with small numbers.
This difference being equivalent to about one year’'s age. He stated
that the explanation usually given was that working-class parents
offered less linguistic stimulation to their children, although his
research suggested that this was not necessarily the case. He found
for example, that important skills such as the ability to use
"counting-on strategy" were used by children from both groups. His
research showed that children’s.counting stategies were frequently
untaught and were meaningful attempts by the children to solve the
problems confronting them. These strategies, which made frequent use

of fingers and counting up or down the number sequence may not have
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should be the basis from which mathematics education started.

Blatchfard et al (1983) found evidence that girls entered schaool with
higher numeracy skills than boys and that children’'s skills on entry

to school had nothing to do with the ethnaic origin of their parents.

Children invented original solutions and although mathematics may
have been presented in a routine way this was not how they learnt it
(Davis 1984). Children commonly ignored taught procedures and adopted
others which fitted more easily into their conceptual systems (Bell
1983). Children often realised that counting would assist in the
splution of problems but were let down by their limited ability to
count (Hughes 1986).v

"50 young children are faced with two iaportant probleas with respect
to the counting words: there are a lot to learn; and they must be said

in certain ways and not others.”
{pp 3 Ginsburg 1977)

The appeal of counting may be found in many stories and nufsery rhymes
{Cockroft 1982). Young children’s counting should be extended and
they should be encouraged to go on counting as far as they can (HMI
1979). Counting aloud was a measure of the difficulty children found
in counting so considerable practice was required to make the process
routine and so lessen the need for meticulous detail (Gelman and

Gallistel 1978).

Von Glasersfeld, Steffe and Richards (1983) considered that counting
was three intersecting, overlapping tomponent activities. The first

component was the ability to vocally {or sub-vocally) produce the
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counting on from any point. They stated that flexible use of SNUWS
facilitated a wider range of problem solving technigues. The second
component was the ability to produce (perceptually or otherwise) a
plurality of units that could be counted. Numerosity could only be
attributed to pluralities if they were in a countable collection which
placed them within spatial or temporal boundaries such as "beads in
this jar". The third component was the co-ordination of number word
and item to be counted. Although this was usually observed as same
form of synchronisation of action or word with the item being counted
this was not necessarily so because "correspaondence" was the subjects

focus of attention and could only be a matter of inference for the

ohserver.

For accurate counting of items to establish cardinality children must
use the number words in a stable order (Gelman and Gallistel 1978; Von
Glasersfeld et al 1983). Children need to commit to memory the
standard number word sequence, the sequence from "one" through
"twenty". Von Glasersfeld et al (1983) considered that children must
have the ability to use vocal and subvocal segments of SHNWS and that
the words for "one" through "twelve" must be fixed in a child’s
memory. After thirteen a preliminary composition procedure set in,
after twenty-one a general one. The general composition procedure
made it possible to extend SNWS indefinitély. Gelman and Gallistel
(1978) considered that a five to fifteen item word sequence needed to
be learned because after the word "sixteen" a generative rule emerged.
They said that the count sequence needed a little rote learning but
then could be continued indefinitely because of children’'s ability to

develop generative rules. The acquisition of the sequence of count
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beyond the base series. For some young children the SNWS seems to be
an unstructured list until twenty {(or twenty-nine) when the decade
structure became evident (Fuson and Hall 1983). Fuson, Richards and
Briars (1982) found evidence that children between 4.5 years and 6
years knew the repeating nines pattern in the decades but did not know
the order of the decades. They also found little evidence to suggest
that children understood the "teen" structure of the words. Ginsburg
{1977) and Baroody and Ginsburg (1984) observed children verbalising
rules and trying to generalise through words such as "tenny". These
“rules” were not taught; the children generated them themselves. They
also stated that children’s mistakes frequently had a rational basis.
Ginsburg (1977) and HMI (1979) considered that smaller numbers, to 13,

are learned by rote, thereafter an underlining pattern emerged.

Whether children should learn the sequence words and the counting
words as separate entities which eventually merged or whether both
should be developed together (the words being given meaning) has been
the cause of much debate. Ginsburg (1977) was of the view that number
words did not necessarily convey correct number ideas. Von
Glasersféld et al (1983) suggested that recitation of SNWS had a
.rythmic activity and éhat this underlied the ability to use number
ward utterances as countables. When a segment of SNWS had been
memorized, the child was able to use positional relationships without
necessarily understanding numeric relationships. Fuson and Hall

(1983) thought that reciting the number sequence would contribute to
the acquisition of the sequence and to its eventual fluent production
but probably did naot contribute substantially to any further knowledge

regarding the number words. Von Glasersfeld, Steffe and Richards

PAGE 14



Vi/ui? 2@ LTU Lial a Ly 3 oalyuioliliuil UT Ltie 1hHitlicl WUINU sSsceygueiile
did not depend upon an awareness of countable items, although this
awareness provided the opportunity to practice the sequence. They
went on to say that as concepts, cardinality and ordinality had no
part in a child’'s ability to recite a standard number word sequence;
they were logically independent. As the child’'s extension of the
standard number word sequence occured there was usually a progression
to more abstract units, In their model the "conception of
cardinal/ordinal number" implied awareness of the possiblity of
substituting for the given number word a collection of countable
items, each of which could be made to coincide, in a counting action,
with the number words preceding the given one.. They thought that
children could count by the coordination of number words and unitary
items long before they had any conceptual structure that could be
called a "set". They also asserted that children could correctly
provide answers to the guestion "How many?" without understanding
cardinality or ordinality. GSaxe (1983) stated that number words, just
as units, must be understood to have cardinal and ordinal values. He
went on to say that construction of the number string and the
construction of the unit was such that both could serve to represent
one another. This argued against memorising a number string which was
co~ordinated with the gradual conceptual construction of ﬁhe unit.
Sinclair (1983) expressed doubt that words and co-ordination with
countables developed separately then fused at a certain point. She
also doubted the value of backward recitation.” She agreed with Skemp
(1983) over the importance of number words not being names of separate

items but of what they summed.
Using the sequence of number words in order to answer problems could
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operations, This would contribute to children being able to select
more efficient or convenient solution strategies to solving problems
{Fuson, Richards and Briars 1982; Steffe, Cobb and Richards 1983).
The sequence of number words could become a representational tool
enabling children to solve number problems in cardinal contexts.
Children used solution procedures of counting on in addition, and
counting back x, or counting back to x in subtractions (Fuson,
Richards and Briars 1982; Carpenter and Moser 1982; Fuson 1982;
Steffe, Thompson and Richards 1982; Resnick 1983; Fuson and Hall
1983). The Davydov and Andronov (1981) research showed that sonme
children indulged in "imaginary"” counting on. They found that
children used their mastery of counting to immediately count ‘onward’
from a given number word. Whilst this looked like counting on, when
the children were asked to correlate the number word with the set of
objects they reverted back to counting all or related the number word
to only one element of the addend, not the whole group of items. They
also reported on the contradiction between the cardinal and ordinal
aspects.of counting causing counting errors in young children’'s early
addition techniques. The contradiction arose because the children
related a certain number word both to the entire group and to one of
its elements. They demonstrated that close observation of children’s
strategies for solving simple addition problems gave an insight into
children’s conceptual understanding of cardinality. They suggested
that a sweeping mo;ement ot the hand over a group representing the
first addend in an addition problem and stating a number name without
counting, demonstrated an understanding of the cardinality of that

group.
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faced with the problem of adding (and removing) bricks from a gquantity
in a box (Hughes 1986). Hughes suggested that if the strategy on
these problems was to count up and down the number scale starting from
the initial contents of the box then, because children had more

experience of counting up than of counting down, the results were to

be expected.

Experiences should always precede the formalization so that later the
words, the formalizations, would enable the mind to re-collect the
experiences and the meanings (Dawson 1982; Leibeck 1986). Pimm (1986)
referred to the two ways the verb "to count" was used; transitively
and intransitively. He stated that intransitive counting (saying the
number words in arder) as well as transitive counting (learning ways
to apply this system to the material world) both contributed to a
child’s experience of number. Intransitive counting was a solely
linguistic experience, He believed that "rehearsal of a systenm
independent of its application” was a familiar activity for children
and that intransitive counting prdvided but one instance of exploring
and getting a system right in production before approaching the harder
task of figquring out what it had to do with the outside world. He
emphasised the need for SNWS to be known for transitive counting to be

successful.

Burton (1980) wrote that mathematics could embrace linguistic
experiences as well as concrete experiences with manipulatives. Cobb
(i986) observed during Melissa’'s Case Study that undue reliance on
manipulatives could have unfortunate consequences. He did not

advocate the banishment of manipulatives from the classroom, but
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and efficient solution strategies. Davydov and Andronov (1981) found
that a ‘count all’ procedure could be imposed upon children by the
choice of manipulatives and the strategy of combining sets. When two
sets were joined they lost their individual numerical identity and
children had to obtain the result of the addition by counting one by

one all the elements of the sum.

Siegel (1982) found that in early number development, perceptual non
quantitative factors appeared to precede the use of language. As the
child developed, the movement was away from a perceptual matching
strategy to a conceptual numerically based one. Counting, audible or
silent, was tied to language and a child’'s estimation errors were

perhaps a-failure to employ language skillfully, or not at all.

"Counting is the production of a number word sequence, such that each
nusber word is accampanied by the production of a unit ites”,
{pp 83, Steffe, Thospson and Richards 1982)

Different types of counting could be based upon counting "unit items”
{Steffe, Thompson and Richards 1982; Von Glasersfeld and Richards
1983). Von Glasersfeld and Richards (1983) considered that counting
experiences required moments (or foci) of attention. They stated

that, for example, "fourness" was the abstraction of this particular
attentional pattern and that countable items which were obviously
upitary and discrete had to be "isolated” and perceived as units or. as
pluralities. Their analysis showed that the attentional operations
that created unitary items were in essence the same as number being
units of units and there was no contradiction between the unity of the

object and the plurality of the elements that constituted and
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individuals taken together, that was to say, in both cases, there was
a unitary item composed of a plurality of parts. "Number" was the
abstraction of operations on units so that they were considered
composite wholes. Gelman and Gallistel’'s (1978) understanding of how
children counted contradicted the belief that an investigation into a
child’s counting skills could be done apgrt from guestions as to what
the countable items were and where they came from. Steffe, Thompson
and Richards (1982) outlined five types of unit item: perceptualy

figurals motory verbal; abstract.

Von Glasersfeld, Steffe and Richards (1983) thought that the
indispensability of perceptual signals for a child warranted the
classification ‘"counter of perceptual items". When dependence upon
perceptual items lessened there had to be an internal
re-representation of the perceptual signals. That was to say, the
child had a figural representation of the perceptual item and became a
"counter of figural items. Counting perceptual or figural items
always involved a motor act such as pointing or tapping and when a
child became aware that these motor acts could be substituted for the
countables then the child became a "counter of motor items". Like
motor acts the utterances of number words could become subtitutes of
countable items of the perceptual or motor kind and this lead the way
to the eventual abstraction of units and the concept of number.
Hughes (1986} recorded children counting "hidden" items during his

research (cf figural unit items).

Herscovies (1983) considered counting units to be comprised of four

concepts: a physical one, such as a bag of candy; a component; an
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Yon Glasersfeld and Richards (1983) stated that children found
difficulty in counting a succession of i?ems, such as in two's,
three’s or ten’s. When counting in two's the children could place two
fingers on two items and remove the items from the original lat
{sensory-motor "joining"). This technique obviously only worked with
small numbers so the "taking together"” became a "purely conceptual
operation” i.e. several items which were visually separate and
discrete were considered as if they were "aone ". This mental act
created the unitary composite to which a single number could be
assigned in counting. This "taking together", a plurality of sensory
signals {visual, tactual, auditory, kinesthetic) must not be confused
with "summation" or forming a ‘“set". It was logically and
developmentally prior to any operation with objects. Von Glasersfeld,
Steffe and Richards (1983), held the constructivist view of
hierarchically developed experiences, and considered counting to be
the result of a progressive abstraction in which, necessarily, the
less abstract preceeded the more abstract. The final steps in the
progression, the creation of wholly abstract units, acquired its
operational power precisely because having been abstracted from
sensory-motor material, it came to imply its potential application to
any sensory-motor material. They accepted that there could be some
children who would skip over some of these stéps, especially on the
sensory-motor level, but they believed in the absolute necessity that
all types of sensory material should be cut from the children’s
experiences by the attentional pattern that created discrete items or
"things". Progress in counting was marked by decreasing dependence on

perceptual material, that was to say, the ability to count figural
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necessarily infer a motor counter.
Children were able to subitize very small sets by being able to
produce the number name without any counting. They had the ability to
recognise the number pattern (Schaeffer, Eggleston and Scott 1974;
Binsburg 1977; Saxe 1979; Resnick 1983; Fuson and Hall 1983; Von
Glasersfeld, Steffe and Richards 1983; Cooper, Campbell and Blevins
1983; Baroody and Ginsburg 1984; Hughes 19864). Gelman and Gallistel
(1978) argued that counting preceded subitizing and rejected the
notion that subititizing was a numerical abstraction method that acted
independently of the counting procedure. They considered the
development of rapid counting strategies for small sets began when
counting of small sets had become largely subvocal. A contrary stance
was taken by Cooper, Campbell and Blevins (1983) who suggested that
the counting estimator (cf numerosity) developed subsequent to
subitizing.

*Deternining a set’s number is a formidable task for young children.

Perhaps the aost frequent difficulty is the tendency to get different

results on repeated countings of the same set. First children get 10;

then they carefully count again and get 11. Not only is their

counting unreliable; they also see nothing wrong in it! There is no

contradiction in counting ten fingers one time, and eleven the next”.
(pp12, Binsburg 1977}

This contradiction was alsoc reported by Siegel (1983). Children
obtaining different totals as a result of counting a set of objects
may be the result of counting accuracy, counting strategy or the
choice of objects to be counted. Counting accuracy and counting
strategy although correlated were partially independent from each

other; counting accuracy could break down as a result of sensori-motor
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impairments (Saxe 1977,1979).

Children relied heavily on counting techniques in order to solve
problems (Hughes 1986). He reported on Juliette seeming to place more
reliance on her faulty counting procedure than on her initial, and
correct representation of bricks with fingers. In the same study he
found that Andrew knew his number word sequence tharoughly from one to
ten and could state correctly the total of two gquantities of bricks
placed in a box. When he checked by actually counting the bricks he

miscounted through incorrect matching of word and touch.

Procedural strategies in counting have been much researched
(Schaeffer, Eggleston and Scott 1974; Ginsburg 1977; Gelman and
Gallistel 1978; Wagner and Walters 1982; Steffe, et al 1983; Fuson and
Hall 1983; Baroody and Price 1983; McConkey and McEvoy 19864; Hughes
1986). McConkey and McEvoy (1986) studied how children with severe
learning difficulties learned to count; They considered the basic
number skills to be:

a) The ability tu‘rnte count from 1 to 20 without omissions.

b} fhe ability to recognise the numerals 0-9.

c) The ability to count out a quantity of objects from 1 to 20.

They considereé these three skill; as being independent with
competence in one not meaning ability in another. They identified the
following steps to be involved in counting a pre-determined set of
objects:

a) Identify the items making up the set.

b) Recall the number names in the proper order.
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d) Remember the objects which had been counted and those which
remained.

e) PRealise that the last number named was the total for the set.

They outlined four different mental checks that had to be made for
gach object as a child counted: "What number am I at now?"; "What is
the next number in the sequence?"; "Have I counted this object or
not?"; "Are there any more objects to be counted?". They discussed
some of the difficulties a child and teacher might have in deciding
where a procedural counting error had occurtred, quoting two examples of
a child making an error of execution in counting an array of four

objects:

X X X Xoua1,2,3,5

Wrong even though the rule of only touching each object once was kept.

XX X Xx...1,2,3,4,5
Wrong, even though the rule of number words was correct, one object
was touched twice; one-to-one correspondence word and touch were

correct.

They observed that the child was unlikely to realise that an error had
been made for different reasons and may as a consequence have resorted
to guessing. Here lay the problem for teachers because there was no
easy way of explaining the errors. Correct counting demanded perfect
rule keeping on all points. If a student could not process

information simultaneously, he or she would not be able to count.

PAGE 23



In counting tor cardinality procedural accuracy was 0t vital
importance, the larger the set to be counted the more likely errors
were to arise (Schaeffer, Eggleston and Scott 1974; Gelman and
Gallistel 1978). Accurate counting with smaller sets was, in part,
due to subitizing (Ginsburg 1977; Fuson and Hall,1983). Counting
could involve "sequence" (moving from item to item when direction was
important) and "coordination" (moving from item to item when direction
was not important) (Von Glasersfeld, S5teffe and Richards 1983}). In
co-ordinating countable units to number words it did not matter
whether the word or the unit came first, what did matter was if they

became out of step (Von Glasersfeld, Steffe and Righards 1983).

Hughes (1986) conducting his "bricks in the box task" observed
children relying on a direct visual image of bricks "hidden” in a box.
They would tap at different places on the closed lid of the box
whilst counting. Gelman and Gallistel (1978) noted that variation in
colour or item type had little, if any, effect on counting accuracy.
Fuson and Hall (1983) described the euternal behaviour of children
whilst they were counting by matching successive sequence words to
items in a well defined set. Objects not fixed were physically moved
from the uncounted to the counted and pairing of countable to the

sequence word was often observed with a pointing action,

Steffe et al (1983) were concerned with the internal representations
that were involved in counting. They considered counting to be the
production of a counting word and of a “counting unit item" (a mental
construction). In perceptual counting the counter produced unit items

from the concrete materials present.
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accurate counting: one-one principle; stable order principle; cardinal
principle; abstraction principle; order irrelevance principle. They
found little evidence of children attempting to give the same
"numberlog" to a particular item during re-counts.- -Contrary to this
view Wagner and wglters (1982) found pre-schoolers tended to use a
list exhaustion scheme. When a set was less than a child’'s knawn
count sequence then double tagging would occur to use all the count
sequence. MWhen the set was greater than the count seguence then terms
would be made up in order to exhaust all the set items. They also
arqued that their study suggested that Gelman and Gallistel’'s (1978)
evidence for a stable-order principle was weak. Baroody and Price
(1983) and Baroody and GBinsburg (1984)-found little evidence of the
list exhaustion scheme in their research. They found children tended
to use stable nonconventional sequences across the counting tasks.
Fuson, Richards and Briars (1982) and Baroody and Ginsburg (1984)
found children counted in three portions: an initial conventional
stable portion; a stable nonconventioﬁal portion; a final nonstable
"spew” portion. Some children moved straight from the initial
conventional stable portion to the nonstable "spew" portion (Baroody
and Ginburg 1984). Repetition of terms during the stable
nanconventional portion seemed to be inconsistent with the
stable-order principle and with a "uniqueness scheme"” which
demonstrated the understanding for the need to generate a seguence of
-distinct terms (Baroody and Price 1983; Baroody and Ginsburg 1984).
However, when counting, children who appreciated the stable-order
principle would avoid repeating standard or non-standard terms that
they remembered using previously. Consequently a spew or repeated

term per se was not inconsistent with a stable-order principle
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HMI (1979) reported that restriction to one type of apparatus could

restrict the child’'s understanding of number. Bologna (1982) stated
the difficulty of teachers being able to recognise the strengths and
weaknesses of the various types of apparatus in developing a child's

understanding ef number.

Children were able to use several basic counting stategies in solving
addition and subtraction problems before they received formal
instruction (Carpenter and Moser 1982). 1In selving addition problenms
they identified three types of solution strategies: direct modelling
with fingers, or physical objectsy using the counting segquence; using
recalled number facts. 1In the counting strategies three distinct
methods were observed:

a) "Counting all without models" - beginning the counting sequence
with one and continuing until the answer was reached, without used
physical representations.

b) "Counting on from first" - counting on from the first addend.

c) *"Counting-on-from-larger"” - counting on from the larger addend.

In solving subtractipn problems using counting strategies Carpenter
and Moser {(1982) obserVed‘"Counting down from" which was a backwards
counting sequence from the larger number and "Counting up from given"”,
which was counting on from the smaller number to reach the larger.
They found children were able to solve certain types of story problems
using counting strategies although the solutions usually used only

manipulatives and forward counting.
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(Resnick 1983). For problems involving larger numbers most children
who succeeded used the "counting-on” from initial quantity (Hughes
1984).- Children could move from the "count-all" strategy to the
"count-on fram initial quantity"” to the "count-on from larger
quantity"” without any teaching of these strategies. This inferred
that children "invented" them for themselves (Fuson 1982; Groen and
Resnick 1977; Hughes 1984). Analysis of counting-on procedure showed
that children would revert to a count all stategy after using a count
on strategy under certain circumstances, such as when both addends
were visible and capable of being counted (Davydov and Andronov 1981;
Fuson 1982). The counting on strategy involved a cardinal-count
transition. It involved the child in the transition from the cardinal
value of of the first addend in an addition problem, to the counting
meaning of that word and then counting on from this count word the
second addend (Fuson 1982). An ability to count-on represented a use
of abstract units because counting had become "reflective" {cf
Piagetian) and as such, operative rather than figurative {Von
Glasersfeld, Steffe and Richards 1983). Davydav and Andronov {1981)
considered that the transition from counting all to counting on, based
on the child's smooth movement of hand over an object group, took
place when the child grasped the relationship between a group of
objects and a number which was characteristic of mental adding.

Mental adding occurred when the child became aware of the action of
addition as distinct to the action of counting as demonstrated by the
smooth hand movement over a set of objects. Unly in this movement did

the object group begin to appear to the child as a unit.
Research has shown that young children can count efficiently and
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Richards 1982).

The last number word said in counting a set of items gave the cardinal

word for that set; Cardinality Rule (Scaeffer Eggleston and Scott

1974); the Cardinality Principle (Gelman and Gallistel 1978);

Count-Cardinal Transition (Fuson and Hall 1983). Gelman and Gallistel

(1978) inferred that the Cardinality Principle had been understood:

a) when children correctly responded to the question "How many?"
atter a set had been counted.

b} emphasised, or stated more slowly, the last word when counting a
set. -

c) repeated the number word after counting a set.

d) remembered the correct cardinal word from a previously counted
set.

They found that children’s respanse to the guestion "How maﬁy?“ with a

recount of the items did not necessarily reflect a lack of

understanding of the Cardinality Principle. For same children it was

a "trigger" which had been interpreted as the command "Count them

again". For other'children, who were at the early stages of counting

experiences, it might have been construed as a gentle way of telling

them that they had miscounted and should recount a little more

carefully, It was also gquite possible that they could simply have

forgotten the last number word they had used.

In arriving at the cardinal value of a set the order in which the

individual items were counted was irrelevant (Ginsburg 1977). Gelman

and Gallistel (1978) referred to this as the order-irrelevance

principle.
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The cardinal context described the numerousness of a well defined and
discrete set and there were special cardinal words such as: duet;

trio; quartet; pair (Fuson and Hall 1983).

Markman (1979) stated that cardinal number applied to aggregates, not
to individual items, and the labelling of an array of objects as a
collection rather than a class, facilitated a child’'s numerical
reasoning about discrete objects. Children were better able to
conserve and appreciate cardinality when collection terms, such as
army, were used in preference to class terms, such as soldier, because
they focused an the whole set rather than on the individual components

of the set.

There may be several paths to a child appreciating the concept of
"two". There are: kinaesthetics (one in each hand); visual patterns
{that one and that one); sensorimotor (one and then another) {(Fuson

and Hall 1983),

McConkey and McEvay (19864) outlined the difficulty of grasping

different number meanings:

a) Four cars and four matchboxes were "the same". This ignored the
characteristics of the items but focused on group size.

b} A cake, when cut into four pieces, turned one item into four.

c) 1,2,3,4; where the last object counted was four, even though it
was only one object. On a re-count the same object might be
“two". Children needed to be able to see the group and not focus

on individual items.
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thildren had grasped the “"une-ane rrinciplie” Once tney realiseg tnat
gach item counted must only have one number word (Gelman and Gallistel

1978).

Von-Glasersfeld, Steffe and Richards (1983) asserted that the semantic
link between a number word and the concept of a summation of units
could only be made on the level of abstract units. They also added
that this semantic link need not be made in every context, since
number words stood for di?ferent things in different contexts,
especially for those children who were counters of abstract units.
Each number word implied the sequence of number words which preceded
»it. Uttering a number word implied the counting activity which had
used the standard number word sequence in one-to-one correspondence
with countables items. When that implication was understood, (when
the~use of a number word brought with it the awareness of a potential
count that lead to and ended with the given number word, implying a
count of a collection), then, and only then, could the child be said

to have an abstract conception of units and nunmber.

Fuson and Hall (1983) distinguished between "ordinal" and "eordering”.
Entities could be ordered according to some criterion but only took on
an ordinal word context when the relative magnitude, or relative
position, of one of the entities was considered in relation to the
other entities. They stated the importance of distiguishing in future
research the difference between "order relations" (cardinal, measure,

sequence and grdinal contexts) and "ordinal word contexts”.

The order-irrelevance principle did not apply in an ordinal context

because children order first, then count. 1In developing cardinality
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them which did not necessarily lend themselves to consideration of
ordinality. When considering ordering, leading to ordinality, each
countable was intrinsically "different" to allow for an ordering
criterion, an unusual counting experience for children (Gelmah and

Gallistel 1978).

Children's recognition and interpretation of the number symbols played
an important part in their development of counting skills. The
interpretation of number symbol meaning had not a uniform level of
difficulty for children (Hughes 1982). Children were used to seeing
the number symbols around them and showed an aptitude for
understanding the different purposes to which they related (Sinclair
and Sinclair 1984)., Numeration was a process cansisting of maoving
from the number (associated with a given collection) to the
representation of that number (Bednarz and Janvier 1982). HNumerals
should be introduced as symbols denoting "absolute manynesses”
(Brainerd 1979). Children should not use symbals until they could
convey orally and pictorally what they meant (HMI 1979). Associating
a numeral with its concrete meaning was easier when the meaning was
ordinal rather than cardinal (Brainerd 1979). Even preschool children
found representing cardinal numbers with written symbols rémarkably
easy when the numbers were small (Hughes 1982,19864; Sinclair, Siegrist
and Sinclair 1983)., Hughes (1984) distinguished between children’s
Idiosyncratic, Pictographic, Iconic and Symbolic representations of
quantities. How children represented quantities, whether by number
symbol, word, drawing or a combination of these dépended upon the
verbal instruction given to them. "How many?" lead most children to

represent the quantity by numerals, whilst "What?" lead children to
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represent fhe guantity by writing or drawing (ﬂavis, Bridges and
Brosgall 19853). There was a serious mismatch between symbols children
had to learn and their own "spontaneous conceptualisations". When
representing quantity, it seemed that children themselves tended to
use methods based on one-to-one correspondence, but were required to

use a symbolic system instead (Hughes 1986).

Instead of symbols only being introduced and used to represent a
cardinal value the system of numerals could be worked upon,
independent of their meaning, as part of mathematics being accessed
directly as a linguistic phenomenon (Tahta 1985; Pimm 1986). Pimm
(1986) suggested that experience with symbols.was a necessary part of
learning mathemétics, even with the very youngest children. He wrote
that mathematical signifiers formed part of a system whose properties
could be explored, as signifiers per se, rather than signifiers of
something. He tried to refine the notion of "experience" so as to
move away from the automatic presumption that manipulation of physical
objects formed both a necessary and sufficient route into aritﬁmetic,

or any other branch of mathematics.

This argument that symbols can be used and understood in a liguistic
sense was in conflict with the view that symbols should represent the
.furmalisation of some manipulative experiences (Liebeck 198é4).

Liebeck expressed the view that mathematics learning must be based on
experience (activity with familiar objects) and that it could not take
place as a result of linguistic experience. &5he used the mnemonic
ELPS:

E - Experience where the teacher provided objects and did
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L - Language where the teacher was asked to talk with the children
P - Picture where a picture was made of the activity
§ - Symbols where the experience was translated into symbolic
form.
Whatever the argument as to how symbolism was used, teachers were
anxious to reach a symbolic stage so as to have tangible evidence of

mathematical learning (Bologna 1982).

Davydov and Andronov (1981) considered that the transition of physical
acts to ideas was closely connected with the use of symbols, in that
only by transforming the object set into a symbol for any number was
it possible for a child to reconcile the contradiction between the
ordinal and cardinal aspects of number. The acceptance of symbols
opened to the child the immense possibilities of using numbers in the
logic of mental actions. They considered the smooth hand movenment
over a group of objects, without counting, matched to the utterance of

a number word was equivalent to using a symbol for that group.
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LITERATURE REVIEW: Role of the teacher

The didactic class-teaching style prevalent in the 1960°s was changed
mainly as a result of the Plowden Report (1967) leading the vanguard
action towards individualised learning in our schools and the
enquiry-based discovery learning approach to teaching. Plowden (1967)
envisaged the primary teacher as enjoying a guiding, questioﬁing role,
who tactfully intervened whilst children were engaged in discovery
learning. The discovery method of learning was more appropriate in
the pre-school and early elementary years because concept formation
rather than concept assimilation was occurting (Ausubel et al 1978).
Ausubel (1978) considered that expository teaching was "authoritarian”
and that training in the "heuristics of discovery" was more important
than training in subject matter because problem-solving ability must
be the primary goal of education. Cockroft (19825 agreed that problen
solving and practical activities were fundamental to the teaching of
mathematics but considered ‘exposition by the teacher’ as a necessary
ingredient of teaching style in the now famous paragraph 243. The
paragraph also included reference to the necessity for: discussion
between teacher and pupils and between pupils themselves; appropriate
practical work; consolidation and practice of fundamental skills and
routines; problem solving, including the application of mathematics to

everyday situations; investigational work.

Ausubel et al (1978) stated that the individual student rather than
the class as a whole must become the "working unit" in teaching and
individualised teaching must constitute one of the primary goals of

instruction because individual differences were too diverse to be
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considered otherwise. These individual differences included: a
child‘s mode of rognitive functioning; approach to problem solving;
subject-matter sophistication; general level of intel{igence; specific
academic aptitude; motivation for learning; intellectual curiosity;
self-critical ability; need for precise meanings and integrated

knowledge; ability to think independently, critically and creatively.

Plowden (1967) did not differentiate between children working
individually and teachers giving attention to individual children.
Studies have shown that even when children were sat in groups they
still tended to work as individuals (Galton et al 1980G; HMI 1985).
Effective learning in groups or as individuals depended partly on
whether the child was working with rather than in the presence of
other children (Ausubel et al 1978). ‘Grouping’ }eferred to an
organisational feature whereby an average of four or five children
were seated together working as individuals and ‘Group Work' was a
pedagogical feature whereby a small group of children worked
collectively on a task (Tann 1981). Teachers concentrated on
individualisation baoth as work and as attention on children and that
in spatial and notational grouping, children worked as individuals and
no convincing group work was encountered in the ORACLE study (Galton

et al 1980).

For grouping to make any pedagogical sense it must be differential in
nature, in accordance with subject-matter, aptitude or achievement.
Obviously some form of group teaching was inevitable because total
;ndividualisation was not feasable econgmically, h;nce the need to
find compromise between grouping and individualisation (Ausubel et al

1978).
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Galton et al (1980) found that individualization, class teaching and
didactic group work allowed the problems associated with co-operative
group activities to be evaded. Children did not have theopportunity
to develop pedagogic (explaining) skills, even though they worked as
the member of a group, because individualisation was overwheimingly
factual and managerial. The wider pedagogical considerations were
ignored in order to keep the whole class busy. Teacher-pupil
interaction was asymetrical, in that the teacher was interacting for a
large part of her time with the children whilst each individual child

only received a small part of the teachers time.

Because teachers seemed determined to be instantly available to any
child at any time, they found it difficult to create a few minutes
with an individual child in order to conduct diagnostic work
(Desforges 1985). When teachers engaged in frequent, short
interchanges with the children in their class, these interchanges were
usually managerial and when the teacher became involved with a child
for a longer period there would be interuptions from other children
for reassurance and feedback. These interuptions were tolerated as

necessary by the teachers (Resnick 1972).

The ORACLE study (Galton et al 1980) showed that the amount of
attention individual pupils received was related to the distinctive
type of pupil and that there was a link between teaching style and
pupil behaviour. They broadly categorised teaching styles under four
labels:

"INDIVIDUAL MONITORS' were teachers who moved rapidly from table to

table. When they sat at their desks a queue formed of children asking
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tor instructions and reassurance. TIOSt 1nteractions were oriet. Iney
tended to be silent markers.

‘CLASS ENQGUIRERS' were teachersvwho placed emphasis on questions
related to the task in hand and much of the learning was teacher
managed. They tended to introduce a topic to a whole class,
guestioned and answered then moved among the children questioning and
giving feedback.

‘GROUP INSTRUCTORS® were teachers who made a high level of factual
statements and received verbal feedback. They demonstrated by showing
or gesture and structured the work of the group carefully before
allowing them on task. Emphasis was on giving information i.e. a
didactic approach. They expected children to work as individuals,
even in group situations.

'S8TYLE CHANGERS' were teachers who used a mixture of the other styles.

The ORACLE study found that distinctive types of pupils could be
categorised under the labels:
"ATTENTION SEEKERS' were those who were more likely to wait for the
teacher, be out of their base area, move around the classroom and seek
out the teacher. |
"INTERMITTENT WORKERS' were those who initiated and responded to
conversation in their own base area. They watched what other children
were doing and engaged in brief conversations between the task
activities.
"SOLITARY WORKERS® were those reluctant to interact with other
children. They took a passive role and remained static in their base.
They were listeners rather than conversationalists.
‘QUIET COLLABORATORS' were those who waited for the teacher, were

fairly static, relied heavily on teacher's support and rarely tried to
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overcome problems themselves.

There was clear evidence that teachers adapted their organisation to
provide satisfactorily for children of different attainments and
abilities, to accommodate various types of work, inEluding practical
work, and to take advantage of resources and teaching strengths
available within a particu;ar school (HMI 1978; HMI 1982). When
children were arranged into attainment groupings for mathematics there
was still considerable differences between the children and this
difference needed to be recognised by teachers (Cockroft 1982). HMI
(1978) highlighted the serious problem of match and mismatch and
stated that mismatching was a serious problem in primary classroonms.
Concern about matching being seen as an isolated cognitive issue to be
optimised by improving the character of the teacher as a transmitter
was expressed by Desforges (1985). He wrote that assessments of the
match between the demands of a task and a child’'s attainment must be
inextricably linked to models of learning and attainment. Harlen
(1982) proposed that the keynote of matching was finding the right

challenge for a child.

Bennett et al (1984) and Desforges (1985) referred to matching
children to four task demands:

"INCREMENTAL® - when the task introduced new ideas, procedures ar
skills and demanded recognition and discrimination.

"RESTRUCTURING® - when the task demanded the invention or discovery
of an idea, process or pattern.

‘ENRICHMENT’ - when the task demanded application of familiar skills

to new problems

"PRACTICE' - when the task demanded the tuning of new skills an
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familiar problems.

Doyle (1983) illustrated general task demand on children under four
headings:

'EEHDRY TASKS' in which pupils were expected to reproduce information
previously encountered.

‘PROCEDURAL or ROUTINE TASKS® in which pupils were expected to apply
standardized and predictable formula or algorithm to generate answers.
‘COMPREHENSION or UNDERSTANDING TASKS® in which pupils were expected
to apply procedures to new problems or decide from among several
procedures those which were applicable to a particular problen.

"OPINION TASKS’ in which pupils were expected to state a preference.

Bennett (1983) posited that an incentive system would seem more
appropriate than group discussions when developing and practising

basic skills with children.

Children’'s observed on-task error rates did not provide sufficient
evidence on which to base a judgement of match or mismatch (Desforges
1985). Desforges went on to say that in sum, mismatching appeared to
be initiated and sustained by:

al demanding concrete rewards of procedures rather than evidence of

thought.

b) rewarding effort to produce rather than effort to conceptualise.
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) adopting manageﬁent technigques which permitted rapid response to
each child's immediate problems but left the teacher ignorant of
the child's confusions or potential.

d) teachers’' inexperience with and lack of skill in diagnestic work
and a taste for direct instruction, however informally put, rather

than analysis.

Marriott (19835) was of the view that teachers operated on the basis of
intuition rather than on careful intellectual analysis.

The most satisfactory indicator of a child's progress was the "active
learning time" and had little to do with teaching behaviour
{Harnischfeger and Wiley 1975). Formal teachers allowed children to
have longer active learning time because of class teaching and working
in silence (Bennett 1978). More teachers used higher order
questioning with a class than with individuals because they did not
have to focus on lots of different activities, only the one being

undertaken with the whole class (Galton et al 1980; Doyle 1983).

Teachers often had to work without feedback as to how successful their
efforts were. As a consequence, because of the difficulty of any
individual working without knowing whether they were achieving very
much, teachers replaced ultimate educational goals with ones that weré
more "proximate, immediate and attainable", andvmore easily related to
the techniques that they were using (Marriott 1985). Marriott
continued by stating that because long term goals were cloudy and

difficult they were replaced with measurable short term successes.
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Llassroom activitiles were typlcally "Epl1s0Ooi1Cc”™ ang tne guration,
constituent activities, character and interrelationship of discernable
episodes were greatly diversified. The stages could be broadly
classified as "entry", "settling in", "down to business", "finishing
up", "leaving". It was noticable in classroom activity that the
parties to it were engaged not in discriminating episodes, as a

cognitive or perceptual matter, but in segregating them, as an

organisational or managerial matter (Sharrock and Anderson 1982).

Maost infant teachers reserved the first part of the day for
child-initiated talk. The pre-registration periasd was generally
regarded as more informal and personal time than post-registration
{Cummings 1982; Rawers 1984). The teacher maintained a tight control
in informal child-initiated discussions with a group of children
during pre-registration periods. These sessions were structured and
tightly aorganised (Cummings 1982). Control was an important indicator
of success and teachers believed learning could not occur in the
absence of order and well behaved pupils were an indicator to
colleagues that a teacher was competent (Marriott 1983). Studies of
ip%ormal classroom layouts and children being taught through the
integrated day showed that teachers maintained a tight control over
pupil activities (Moran 1971). Teachers who established both a task,
or work-oriented, atmosphere in the classroom and a warm, supportive
environment provided children with a successful learning environment.
These teachers established routines and procedures to guide and
‘regulate pupil behavour while still maintaining a desirable degree of
Vflexibility in the classroom (Griffin [983). A quiet working
atmosphere was established in nine out of ten of the classes whenever

it was needed (HMI 1978). Activities at the experiential level in
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infant schools were mostly controlled by the teacher and were
therefore mainly the outcome of her actions (King 1979). King
(1978,1979,1984) referred to obligue control through extraverbal
meaning and voice tone:

‘Now we are going to do something exciting’ voice;l

‘Slightly aggrieved, sad’' voice,

'I'm being very patient with you' voice,

‘Oh, never mind don’'t let’'s have a fuss’ voice,

‘Listen to me I'm saying something important’ voice.

Although infant teachers’ ‘styles’ varied widely there was a certain
amount of commonality in their control commands. They tended to
mitigate their contol instructions by using: "please"; endearments;
‘prosodic sofening; positive evaluations; proposed deferments; proposed
redesigns or 'accounts’ to justify the command (French and Peskett
1984). In giving cantrol instructions inductive teachers used praise
more freqently than sensitizing teachers and provided pupils with more

extended praise, including the reasons for the praise (Smith 1983).

A central feature of teachers’ talk was that they asked qﬁestions to
which they already knew the answer (Maclure and French 1980; Marriott
1985; Mehan 1986) and that they used a common format of ‘Initiation’,
‘Respanse’ and 'Feedback’ (IRF for short). Closed guestioning was the
norm; it was harder to find examples of open questioning, or those
requiring exploratory or tentative responses from children (Marriott
1985). Closed questions were often factual whilst open questions
usually involved reasoning and judgement. Closed guestions were
usually expected to have yes or no answers although occasionally

questions which had yes, no answers could, and were elaborated on by
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pupils. These could be considered ‘'half-open’ questions (Hargreaves
1984). The IRF pattern was explained by the fact that teachers
regarded their job as purveyers of knowledge to children and that such
approaches made it easier for teachers to maintain control in terms of
knowledge and discipline. The transmission model was basic to the
whole educational system from nursery schaal to university. Pupils
may do what the teacher asked for a variety of reasons among which "to

learn" may not figure (Woods 1983).

During class or group oral activities, teachers sanctioned or elicited
pupil responses by calling on specific pupils to respond, accepting
‘volunteers’ or ‘call outs’ (Griffin 1983; Mehan 1986). Participation
in these activities emphasised individual rather than group effort.
Answering was mandatory rather than voluntary and it was campetitive
rather than co-operative (Mehan 1986). How teachers effected the
‘turn-allocation procedures’ imposed constraints on interaction and
had organisational implications in that children had to learn the
important communicative skill of answering questions correctly within

classroom discourse (Doyle 1983; Mehan 1986).

Teachers had the temptation to go far superficially quick progress in
written work'before the pupils conceptual understanding was
sufficiently well eétaﬁlished (HMI 1985). Most prescriptive models of
teaching have been derived from the theories of learning and ignored

the constraints upon a teacher (Desforges 1983).

Galton et al (1980) discussed how teaching tactics had mare than one
function: dealing with class control; development of social and

personal skills; concerned with a pupil’'s cognitive development. MWhen
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4 st Ot tactics DbDecame coOnslstent 1t was consldered tne teaching
style. HMI (1978) and HMI (1982) thought it misleading to categorise
teaching methods, they noted that teachers varied their approaches
according to the circumstances and would vary their approach during
the course of a lesson; although in the reports they postulated two
broad approaches to teaching, the "mainly didactic” and the "mainly
exploratory.” Cockroft (1982) stated the impossibility of indicating

a definitive teaching style for the teaching of mathematics.
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LITERATURE REVIEW: Research methodology

Case studies

Case studies were styles of inquiry particulary suited to fhe
individual researcher (Nishet and Watt 1978). Case studies raised the
issue of the constraints which shaped the thinking and decision making
of teachers, and of how these constraints operated kCalderhead 19835).
In case studies the implicit was made explicit, the intuitive made
self evident and the abstract made concrete. Once written the case
study was "fixed" whilst the subjects of the case study moved on,
consequently it could only capture an instant in time and space
{Walker 1983). Typically case studies were single cases which served
to identify and describe basic phenomena, as well as provide the basis
for subsequent theory-development (Kenny and Grotelueschen 1984).

Case studies were concerned essentially with the interaction of
factors and eQents where the evidence was gathered systematically in
such a way as to illuminate some general principle (Stenhouse 1978;
Nisbet and Watt 1978). A case was an instance not like a sample, a
representative of a class. Case study was a basis for generalisatiaon

{Stenhouse 1978, Atkinson and Delamont 1983).

Stake (1985) considered that a case study was the study of a single
case, or bounded system, observed n§turalistically where the results
were generalizable and where the given information allowed the reader
to decide whether the case was similar to his or her own. He ‘stated
that whereas experimental design had checks built into its methods,
with case study the responsibilty lay more with the researcher. While

other styles of research aimed to elicit general relationships, case
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study explored the context of individual instances. The case study
researcher anticipated and appreciated that critical understanding
depended upon the interactions between the subject and his or her

environment., It was important to contextualise the case study.

Researchers must operate within a clearly defined framework which
makes case studies open to public validation (Bennett and Desforges
1985). Systematic case study data was considered as either timeless,
hence replicabhle, or embedded in timej it was analytical rathek than a
narrative histaory (Stenhouse 1978). 1In case studies there were two
evaluative concerns; that of description and interpretation, and that
of judgement (Parlett 1980). These two concerns were paralleled by
phenomenology, and hermeneutics. There was a third concern of tacit
knowledge which dealt with that which could not be directly
empirically verified in fact or principle; that was to say those
issues of traditional quantitative and positivistic educational

research (Kenny and Grotelueschen 1984).

Stake (1985) wrote that most evaluation designers relied on an
inference model whereby samples, even of size one, could be studied in
order to refine general rules in the hope of guiding the management of
cases belonging to the same population. He considered that an
alternative inference model was implicit in case literature whereby
the researcher optimized reader opportunity to relate the case
described directly to their own case, to infer particularistic
understanding not necessarily mediated by general rules. He stated
that the pursuit of contextuality in naturalistic generalizations was
important not only for consideration of interactions but for

clarification of possible use by "readers” in deciding the extent to
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which the case was similar to their own.

The case study researcher attempted to produce information to

fa cilitate a subject’'s own analysis more than to deliver statements
on generalizations (Walker 1980). Research which attempted to
generate "grand generalizations” increased the authority of and
dependence upon the specialist (Stake 1985). Stake (1985) was aof the
opinion that case research aimed at enabling users to increase their
understanding through naturalistic generalization offered a greater
possibility of facilitating the autonomy and sense of responsibility

of the practitioner,

Data in case studies

There is considerable debate over the advantages and disadvantages of
qualitative and gquantitative data gathered during case studies.
Critics of empirical research in education pointed to the difficulties
of implicit assumptions, uncontrollable variables and the problems of
replicability in researching human behaviour whether for explanation
or description (Jonathan 1981). There appeared to be an unbridgeable
gap between empiricists and those researchers who gave equal weighting
to emic and etic accoﬁnts. In principle empiricists placed reliance
on high statistical reliability which confirmed or refuted existing
hypotheses whilst interpretive research claimed validity throﬁgh
careful description and analysis (Adelman and Young 1983; Stake 1985).
The uniqdeness and contextuality of case data was lost when
converting qualitative data into quantitative data during content

analysis (Stake 1983).
The term "qualitative methods" refermed to: fieldwork; field research;
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ethnography; case study; and interpretive procedures. Fieldwork
usually signified the collection of observational material (although
it might include results of surveys). Field research tended to
signify participant observation and unstructured interviews.
Ethnography referréd to investigations that principally used
observational methods., Case studies were carried out within a
particular theoretical framework the most common of which used
interpretive procedures and was known as symbolic interactionism

(Burgess 1985; Tranter 1986).

Qualitative research involved an ecological study of individuals in

their natural setting (Parsons et al 19833 Burgess 1983). It was very
flexible in that it did not operate within a rigid framework but could
be modified as the collection and anaysis of data progressed {(Burgess

1985).

Ethnomethodological research was concerned with other people’'s methods
and considered that which routinely went unnoticed (King 1978;
McIntyre 19805 Payne and Cuff 19823 Street 1984). The successful
unravelling and explication of mundane beliefs and actions demanded
that common sense was suspended and not uncritically endorsed
{(Atkinson and Delamont 1985). Whilst statistical generalizations
required the study of many situations which had to be simplified to
make them numerically manipulative ethnomethodological analysis could
provide generalizations from single instances because any individuai
member had, through his or 'her membership, a repertoire of methods for
making that membership observable to others. How these methods were
displayed and put together in any one particular occasion would of

course be contingent to that occasion. It was assumed that the
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appropriateness of activities so produced would be recognised by
others through similarly organised methodic practices and procedures.
It was the methodic procedures which were generalizable (Payne and

Cuff 1982).

Bennett (1976) used questionnaires to decide a teacher’'s style. He
was critical of the technique of systematic analysis to obtain the raw
data for analysing teaching methods, critisising the small sample of
teachers used and the narrow range of behaviours observed. He was
concerned that categorisation was not afforded sufficient theoretical
perspective. Galton et al (1980) questioned the quality or usefulness
of the questionnaire approach in which teachers had to select one
response from a limited number of mutually euclusive categories. In
their ORACLE study they relied upon observational techniques on
fifty-eight teachers over a three year period to research teaching

style.

Classroom observation

Observational case studies could involve guantitative as well as
qualitative data (Hargreaves 1984; Hammersley 1983). Classroom events
were very complex and both systematic researchers and participant
observers tried to }ook at too much at once (Dunkerton 1981; Good and
Brophy 1984). Observation within a case study was a task which
required a category system and needed to develop a hypothesis
otherwise it became a formless, uninformative collection of
nbservations (Nisbet and Watt 1978). Observation of a complicated
situation like a classroom required a 1ot more than the simple
categorisation of events (Dunkerton 1981) otherwise observational

science served the observer rather than the "actor" (Stenhouse 1978).
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Observational research often under estimated the significance of what
people said and made too much of what the researcher claimed to have
observed (McNamara 1980; Walker 1983). There was nothing to stop an
informal observer offering unambiguous observational categories either
befaore or after the observation since systematic observations could
lack objectivity owing to the classifications being decided
beforehand. There was the problem of unambiguously coding these
classifications (Barrow 1984). GSystematic observation did not
necessarily produce ‘atomistic’ data through ‘de-contextualizing’ the
phenomena being observed. The context of the individual observations
could be incorporated into the observation schedules to avoid
rendering the recording of individual isolated bits of behaviour
meaningless (Croll 1986). A study of classrooms which was to be
useful in formulating research questions could not, in the first
instance, be through systematic observation (McIntyre 1980).
Technigques of systematic observation were of little help in helping a
teacher monitor which types of questions (cognitive tatics) and which
topics f(curriculum strategies) enabled pupils to think in "productive
ways" (Galton et al 1980). Unstructured observation was unlikely to
yield gquantitative data on classroom behaviour whilst time sampled
systematic observation would distort the collected data so severely
that it could not accurately reflect what happened in the classroom
(Dunkerton 1981). There was a problém of ambiguity in the
classification of coding categories during systematic observation
distorting the interpretation of the data (Scarth and Hammersley

1986a, 198é4b).
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Observer bias

Systematic observation through time-sampling attempted to overcome
subjectivity in initial judgements and let the facts speak for
themselves. Low-inference observation directed what the observer
should focus his attention on at any given time, to the exclusion of
all else. Time sampling did not permit the observer to make his own
discriminations but entailed faithful coding on predecided categories
{Flanders 1970; Jonathan 1981; Boydell and Jarman 1983; Croll 1984).
One of the problems associated with timed point sampling was that
every instance of a specified behaviour within a timed interval was
not recorded, instead the occurrence of activities were recorded at
regular points in time. This conflated freguency and duration of
types of activity (Scarth and Hammersley 1986). Classroom observation
through point sampling was preferable to instantaneous time sampling
whenever the observations needed were too complex for a true
continuous recording system. Point sampling gave an estimate of the
total time devoted to particular categories of activities (Croll and
Galton 1986). Coding on predecided cateqories assisted in overcoming
observer bias (McIntyre 1980; Good and Brophy 1984; Powell 1984; Croll
1986).. Reducing the multitude of variables to more manageable numbers
by combining catggories which appeared similar could place different
interpretations upon the observed events (Griffin 1983; Scarth and
Hammersley 1986b). Powell (1984) argued that inference could be
controlled within acceptable limits and that aobjectivity and
subjectivity were very complex. He suggested that observer bias could
be reduced by concentrat&ng on 43 separate variables believed to part
pf teaching style or teaching strategy. Using his SCOTS schedule the
observer had to place the teacher under observation on a defined

caontinuum for each variable. Each continuum consisted of five points,
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thus making each variable a multiple.-choice item for the observer.

In non-randomised ohservational studies, many sources of potential
bias were present (McIntyre 1980; Aitkin, Bennett and Hesketh 1981!;
McNamara 1980). "~ Observers past experiences, biaseé and prejudices
could lead to misinterpretation rather than an objective account of
collected data (McIntyre 1980; Good and Brophy 1984; Tranter 1986;
Hammersley 1986}. A problem associated with participant unstructured
observation was observer bias (Dunkerton 1981). A difficulty in
compiling a case record was to attenuate and expose to criticisn
possible bias of the researcher (Stenhouse 1978). The researcher
should attempt tﬁ be impartial in the selection of data and in the
writing up of the research document (Elliott and Whitehead 1980;
McNamara 1980). The case report was a ‘constructed’ reality rather
than a veridical representation of reality; a meaningful, useful and
rich interaction between observer and observed (Stake 1983).
Phenomenology was interpretation by "telling it as it felt to be in
it" rather than "telling it as it was" (Stenhouse 1978). Used in the
scientific sense phenomenology contributed a strong and concerted
effort to avoid, or minimise, interpretation bias by the observer

(Kenny and Grotelueschen 1984).

Non-participant observation

Research could be based upon non-participant observation rather than
participant observation (King 1978, 1979, 1984; McIntyre 1980). King
(1984) considered that it would not be ethnographic because the
interest would be in the teachers as teachers and not their whole way
of life which ethnographic research tended to imply (King 1984).

Non-participant observation reduced the effect the researcher had oan
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the events he was trying to observe (King 1978; Good and Brophy 1984;
Merrett and wheldali 19B6; Croll 1984). The relationship with the
teacher could be as interested, non-judgemental observer {King 1984;
Hartley 1983) although the researcher could be as much a collaborative

colleague as observer (Cummings and Hustler 19864),

Action research

Action research did not assume that its findings were generalizable
because teaching acts which constituted particular forms of constraint
varied from classroom to classroom. However, through the comparatative
study of cases it was possible to identify similar cases, and

therefore teaching problems shared by teachers (Elliott 1980).

Action research was "The study of a social situation with a view to
improving the gquality of action within it" (pp 1; Elliott 1982).
Elliott and Whitehead (1980) considered that the action researcher
should:

a) be concerned with the deepeniné of understanding of the classroonm
and school situation through adopting a critical, guestioning
stance.

b) present the research in ordinary everyday language possibly the
form of a case study.

t) be reflective.

d) place emphasis on description and diagnosis, although
recommendations may emerge.

e) ensure that those involved have free access to all the data, in an
atmosphere of mutual trust and loyalty, with regard to its
release.

f) make clear his intended audience and his relationship to the
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group, as this may later affect the value of his work.

Action research involved a spiral of activities namely: identiinng a
gene?al ideaj; reconnaissancé; general planning; developing the first
action step; implementing the.first action step; evaluation; revising
the general plan. This basic cycle should spiral into the development
of the second action steps. Ideally case studies were written at the
end of a particular spiral of action and research. After collection
of the information it was crucial that time was takén to reflect and

consider the implications of the research (Elliott 1982).

A key methodological problem in Action Research was the achievement of
contradictory aims; that of how to research a situation and that of
how to act upon it. That there should be some form of dialogue
between the teacher and an "outsider" was not only desirable for
action research but was almost one of its defining characteristics

(Hustler et al 1986).

There was a distinction between educational policy and educational
action. "Educational policy" was the deliberative planning which
occurred outside the action situation on the basis of judgements of
likelihood and predictions about the passible effects of alternative
courses of action. "Educational action" was the carrying out of the

consequences of that decision in practice (Stenhouse 1978).

The process-product paradigm involved a radically different view of
the nature of teaching and learning from the action research paradignm.
Process-product methodology treated the teacher as a subject of

research and assumed her professional development to be an independent
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activity. Action research entailed dialogue with the teacher hence
invalved her as a participant in the research précess {Elliott 1980;
Elliott 1985). The advantages of collaborative research would seem to
be dependent on the extent of teacher participation and the extent to
which the research questions posed reflect teachers’ concerns and
priorities (Bennett and Desforges 1985). Action research started with
attempts to uncover "matters of concern" as perceived by the teachers
not by those not involved in the day to day runmning of a classroonm
(Cummings and Hustler 1986). There were two kinds of pedagogic
research. One type produced general statements about teaching and
learning based on large scale research into teachers and pupils. This
produced little of practical help to the individual teacher in her
classroom. The other was a "study of singularities" which was based
on studies of single classrooms and no attempt was made to generalise
beyond the particular classroom (Bassey 1984). The emphasis of action
research should be on the centrality of the practitioner (Street
1986). Action research related to any teacher concerned with her own
teaching; to improve her understanding of a particular problem rather
than trying to impose an immediate solution upon the problem. There
should be an end product or practical effect to the research and it
must be based on an increased awareness of what happened in the
classroom (Elliott 1978; Elliott and Whitehead 1980; Elliott 1980,

19835).

The interrelation between observational research and a teacher wishing
to effect change within her classroom by adaption rather than solutian
was discussed by McIntyre (1980). He stated that in the past it had
been assumed that this help could best be given by establishing

general laws and by enabling teachers to examine their own teaching in
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relation to these laws. He thought a more productive approach would
be to help teachers to examine their teaching in relation to their own
constructions of their activities and their own aspirations. It was
from teachers who wanted to try new approaches that co-operation in
new ventures would be most likely. It was in collaborating with
teachers in their efforts to change what happened in classrooms, that
such research could be most valuable. ©Systematic observation was a
technique which was relevant and important for this type of research.
Attempts to bring about change implied that hypotheses were being
formulated and tested about what would be possible and about how it
could be achieved. Knowledge of what changes proved possible, by what
means, and in what circumstances, was likely to be valued by teachers.
But of even greater value to teachers and othérs would be increased
understanding of what changes did not prove possible and of why they
proved impossible, It was perhaps by contributing to our
understanding of the constaints which existing patterns of schooling
imposed an teacher’'s efforts to facilitate their pupils’ education

that research involving systematic observation could be most useful.

Classroom studies

Hammersley (1986) outlined several types of evidence found in

classroom studies on teaching style:

a) Information about the teachers and classes presumably derived fronm
documents, interviews or observation.

b) Time-generalized ohserver description.

c) Frequency-specified time generalised observer description.

d) Time-specific observer description.

e) QBuotations from participants’ accounts either to document

perspectives or as a source of description of events.
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He considered three distinct things in evaluating any such study:

a) Whether the
b) Whether the
best checks
descriptive
c) Whether the

information

descriptions and explanations provided were correct,
researcher had taken the best precautions and made the
so as to maximise the chances of the validity of

and expanatory claims, given available methodology.
researcher provided the reader with the necessary

about the precautions taken and the checks made for an

assessment to be made of their effectiveness.

The case researcher should indicate the validity of the report by

giving an elaborate account of haw he or she carried out the study

(Stake 1985).

Stake (1985) highlighted the danger of vignettes

threatening the validy of the study. He considered that they were

powerful explanatory devices, essential to reports, but that they

overstated and as a consequence could constitute a threat to validity

unless carefully used.
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METHODGLOGY: Present study

The present study is a report of action research with five reception
infant teachers in Derbyshire primary and infant schools over four
terms. It is a naturalistic enquiry studying the teachers in their
own environment with a design relatively free from intervention or
control (cf Stake 1985). The research is a "study of singularities”

rather than a comparative investigation (cf Bassey 198é4).

The information is produced to fa cilitate each teacher’'s own analysis
rather than to deliver statements on generalisations (cf Walker 1980).
It is not the intention to generate hypotheses out of the cases. The
researcher’'s role is to ac£ as a ‘focusing agent’ for the observed
teachers on issues of concern to them. The centralify of the
teacher's role in wishing to effect change by adaption rather than

solution is fully recognised (cf McIntyre 1980).

The time-table was:

Term |

Informal visits to several schools to talk to headteachers and
teachers of the oppropriate age group.

The five.teachers around whom the research would be based were decided
and further discussions and informal visits to their classroanms
undertaken when the method of data gathering, style of observation,
format of information-feedback and broad parametef§ of the research

were discussed and agreed.

Term 2

Non-participant observation within each classroom involving both
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Each teacher was observed along with six of their pupils who attained
their fifth birthday during the course of the term (Appendix 4).

The main focus of the research emerged during this period.

Term 3

Non-participant observation within each classroom involving both
systematic timed sampling and continuous case note recording of each
teacher and continuous case note recording focusing upon children's
counting activities.

At the end of the term each child was given a series of counting tests

based on ordinal, cardinal, and numeral recognition (Appendix 35).

Term 4

fualitative analysis of the case records.

Quantitative.analysis of test results and observation schedules.

The 'Microtab’ statistical package for a BBC microcomputer was used in
the analysis of test and observation results (Appendix 7).

Preparation of materials and activities to widen and develop the
teaching of counting for each teacher (Appendix 8 and Appendix 9).

School based INSET activities with the teachers.

The téachers and schools used for ihe research were not a random
choice. Every school and head visited during Term { was known to the
researcher, although he had not workéd alongside any of the teachers
previously., The reseacher was well known to all the schools because
of his INSET activities within the County. This allowed for an
atmosphere of mutual respect to develop between the researcher and the

researched. The five teachers were selected because they were
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They were experienced teachers of infants haQing taught that age range
for longer thaﬁ five years. They would also be involved with teaching
the appropriate age group for at least a two year period during the
research programme. All the teachers were anxious to be involved in
research which would enable them to reflect, analyse and improve their
teaching through interaction with a interested, non-judgemental,
collaborative colleaque acting as an observer (cf McIntyre 1980; King
1984; Hartley 1985; Cummings and Hustler 1986). The six target
cthildren to be closely observed were a random choice of three boys and
three girls, with the exception of one school where four boys and two
girls were chosen because of the nature of that school’'s intake for
the term, All the observed children were born between 1.1.80 and
30.4,80 (Appendix 4). After discussions with the teachers and the
informal visits into the classroom it was decided that the research
would be based upon non-participant observation within the classroon
in order to reduce the effect the researcher might have had upon the
events he was trying to observe (cf King 1978; Good and Brophy 1984
Merrett and Wheldall 1986; Croll 1986). One teacher wanted to monitor
the time spent with the children as part of the research so it was
decided to employ a 25 second timed sampling technique in that
instance (cf Boydell and Jasman 1983). Before starting the
observation period there was a semi-structured interview with each
teacher to ascertain her intentions with regard to organisation,
mathematical curriculum content and general objectives for the target

children over the subsequent two terms.

The early observations in each classroom formed the "open phase” (cf

Nisbet and Watt 1978). This allowed the teachers and researcher to
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importance to the teacher. It was less formal and qualitative so
allowing the researcher to get a feel for those aspects of the
ctlassroom he and the teacher wished to investigate (cf Croll 198é).
During the observation the effect of the observer on the children
seemed minimal, they seemed to ignore his presence very swiftly (cf
McIntyre 1980; Tizard and Hughes 1984). The researcher did make a
positive effort to avoid being treated as an "added resource” in the
classroom by avoiding direct eye contact with the observed children
{cf Cummings and Hustler 19B6). He sat quietly near the observed
children writing case notes about what the children were doing; the
interaction they had with each other and with the teacher; the
materials which were being used during the activity; the task demands
being placed on the children. A five minute interval record was kept
of what each teacher was doing at that particular time. There was
also a recaord of her interactions with the observed group. There were
occasions when the nature of the lesson was such that it was
impossible to monitor each of the target children because some may
have been working in other parts of the room or out of the room. 1In
these cases the focus was on those children who were to be the centre
of the teacher attention during the observational period. When the
timed systematic observations were being undertaken with Teacher M a
pre-recorded 23 second impulse was fed into the researcher’'s ear via a
small recorder and an entry made on the teacher recordlsheet according
to a specific category. Completed record sheets can be found in
Appendix 2. Alongside this sampling a record was kept of the obsefved
children’'s activities. The nature of the classroom organisation and
task demand on the children enabled this type of observation to be

viable. After each observation of a lesson the case notes were
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to and discussed with the teacher at the time of the next visit. A
particular concern here was in the condensing of the raw data into a
case record trying to ensure "metﬁodological violence" was not
committed on the data (cf Walker 1983). The observational recordings
were intended to reflect teacher activities rather than test any
particular thearetical position concerning appropriate or
inappropriate teacher behaviour (cf Resnick 1972). The teachers were
always regarded as autharitative professionals and not research
"subjects". The issues discussed were those which were of concern to
the teacher and it was fundamental to the research that the programme
would prove to be worthwhile to the teachers concerned (cf Stenhouse
1978; Elliott 1980; McNamara 1980; McIntyre 1980). During this first
phase of the programme several issues of concern were raised by the
teachers but there was one common factor which kept occurting, that of
children’'s ability or inability to count and how it could be monitored
and improved upon. Because of the commonality of this issue it became
the focus of attention for the researcher and the teachers during the
latter part of Term 2, Term 3 and for the INSET activities.
The observations were continued throughout Term 2, each teacher being
seen for nine occasions. At the end of the term the target children
were given a series of tests to assess their counting ability
(Appendix 5). Each child was given the tests over a three day period.
The tests were designed to assess ability to:
a) count items which could be touched and moved.
b) count items which cﬁuld_be touched but not moved.
c) count items which could not be touched or moved.
di count items which can only be heard.

e) recognise numerals,
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g) match numerals to quantities.

The results of the tests were reported back to the appropriate

teacher, discussed and analysed along with the results of the

observations in order to prepare for INSET activites which would

improve their guality of teaching counting to children.

The format and content of the INSET activities varied from teacher to

teacher. It was school based (cf Biggs 1983) and included:

a) a warkshop for parents with the teacher, her pupils and the
researcher taking part.

b} researcher working with pupils and the teacher observing.

c) researcher and teacher working in unison with some children.

d) teacher trying new materials and ideas with her pupils with and

without researcher being present,

At this point the case records were written up as case studies (cf
Stenhouse 1978). Information is provided in the case studies to
assist readers in deciding whether the cases are similar to their own.
This information includes reference to catchment area, physical
attributes of the classroom, resources and enrolment procedure for
reception aged children. The case study is contextualized (cf Stake

1983}
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CASE STUDY: Teacher M

Ms M was a Scale III teacher, aged between 30 and 40, with experience
of teaching at two previous schools. &5he had overall responsiblity
for the infant department of a Primary school with 325 children on
role. The school, built in 1981 to replace two separate Infant and
Junior Schools, was of open plan design and had as its catchment area
a village which served a predominantly mining community. Ms M had
regular meetinés with the headteacher to discuss both organisation and
curriculum matters. The school was committed to curriculum
development where the staff, under the guidance of a curriculum leader
and the headteacher, considered school policy and practice for a

particular curriculum area each year.

Ms M's teaching space was a large shared working area with a small
work bay which was used for creative activities and for reading and
listening skills. The working area was shared with one other teacher
and her class of thirty children. A closed classroom was strictly
time-tabled for the four teachers in the Infant Department. Although
the childrenlwere being taught in an Open Plan designed room, each
class was treated as if it were being taught in a closed box
classroom. There was no evidence of team teaching or different
working areas appropriate to an integrated day. The children had
fixed working bases and were not 'mobile’. The apparatus children
were allowed to use was stored in trolleys which had plastic trays.
It was well labelled and visually appealing. A high standard of

display was in evidence which was extremely imaginative, creative and
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stimulating. For the most part the displays were large collages of
children’'s work labelled with a rich use of text. The displays were
constantly being changed to provide an enriched visual stimulus for
the children. There was one co-operating adult working alongside the
teacher, a Nursery assistant, Qho came to help for two sessions per

week. A session was half the morning or afternoon period.

In the September there were 20 rising fives in the class. The
children who were to be five during the Spring Term.went to Teacher P
before transferring to Teacher.M in January. January saw the 20
September starters joined by 10 rising fives from Teacher P making a
class size of 30 children. No more children joined the class for that

academic year.

During an interview with the researcher about her classroom
organisation and expectations of the children over the next two terms
Ms M stated that the new intake would work as a group until she had
assessed them. The remaining children would be grouped loosely on
ability for organisational convenience, although in reality they would
be moved within groups to be taught as their needs dictated. The
children would have their own base at which they would work and have
their own pencils and materials. Shared resources were not the norm.
She considered that her integrated day was hampered by having to
withdraw to the closed classroom on a regular time-tabled basis and
would rather not have to avail herself of the facility. It was usual
for her to teach ﬁathematics as a sessional activity in the morning or
afternoon with integration, as and when applicable, in the other
curriculum areas. In effect her integrated day was similar to that

described by Moran (1971) as Type C, the "integrated half-day." GShe
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stated that she kept a very flexible approach to her organisation with
a careful eye on the balance of activities the children undertook
during the week. Various activities were usually set out on the
tables for the children to work at whilst she would move from child to
child assessing, monitoring and enabling. She kept a termly plan of
content and the general direction she had taken for each curriculum
area. A weekly plan was prepared in detail, outlining the groups,
organisation and activities. At the end of each day she made an
assessment of what had been satisfactorily covered in order to plan
for the following day’'s activities. Ghe considered that she kept very
careful and thorough predictions and records of each child’'s progress
and the content covered. The television was not used to supplement
her mathematics. A computer was used on a weekly time-tabled basis.
She informally assessed the mathematical level of the new intake
children whilst they were working on sorting activities and
anticipated that the areas of number understanding the children would

grasp during their first two terms to be:

Easter - Counting up to 10; "Knowing" numbers to 3; Wide language
development would occur through sorting, matching and comparison

activities.

Summer - Associating symbols with quantities to 10; Writing the number

symbols.

During the observed lessons the children would enter the classroom
from the playground and sit down in the small bay where Ms M would
spend about five minutes calming them down with a short song, usually

related to the topic they were studying. The tables had all the
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materials the children would require for their mathematics lesson
placed on them by the teacher during the breaktime. The children had
a specific place to sit, with their own pencil, ruler and working
materials. The tables were typically set for small groups of about
six children, as observed by Bennett et al (1984). After the short
session in the bay the children would move to their allotted place and
begin their tasks. It was usual for all the children to be doing
mathematics at the same time and those children who were working
together on a table were all doing the same sort of activity at the
same level. It was observed that they worked in the presence of the
other children rather than with them (cf Ausubel et al 1978).

The target pupils had a simple, clearly defined procedural task (cf
Bennett et al 1984) to complete during each leséon (Appendix 1). The
mean length of time they were expected to be on task during the nine
observed lessons was 47 minutes. The tasks involved: colouring;
drawing; cutting out; gluing. With the exception of logic blocks in
Lesson | no other materials were used other than in the supplementary
activities. Those tasks which required some form of recording were
either pre-drawn in each child’s book by the teacher (e.g. mapping

- gymbols to drawn gquantities) or were copied from published mathematics
cards. When the teacher-allotted task, was finished the children
were either given teacher directed supplementary activities or tbey
chose some activity to play with until the end of the lesson. Each
observed lesson was similar to those reported by Sharrock and Anderson
{1982) in that they were episodic both in an organisational and
managerial sense; the children entered, settled in, got down to

business, finished off and left .

Ms M would quickly circulate the various groups of children monitoring
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what was happening and spending a similar amount of time with each
-child (Appendix 2)., She was an Individual Monitor (cf Galton et al
1980), her style was rather like that of a butterfly, moving quickly
from table to table, hardly pausing at each place before swiftly
moving elsewhere. She would treat the children as individuals. No
group discussion was observed with the target pupils during the nine
lessons (Appendix 3). She visited the target table between four and
fifteen times each lesson (Table 1-M), the longest visit lasting five

minutes (Appendix 2).

Table 1-M {Record of teacher contacts - every 25 seconds )

LEGSON 1 2 3 4 b 7 9

Visits to bases 3l 26 49 34 23 24 40

Visits to observed 11 3 10 15 ) B 5
base

Observations of 14 28 27 29 14 13 28
all children

seen out of base

Total observations 104 94 108 123 126 108 127
Number of bases 7 7 7 7 6 b 8
The observations were at 23 second intervals

The bases were: 4 tables plus the bay (lessons {-4)

5 tables plus the bay (lessons 5-8)
7 tables plus the bay flesson 9)

Her statements and questions tended to Se instructional, routine or
" focused on subject matters (cf Elliott 1975), "Now do the next card".
"Write a little more neatly". "Is that all you've done?". "That's
good". The frequent short visits allowed her to see the products of

the children’s work but not the processes by which they were obtained
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(cf Bennett et al 1984). Children were allowed to leave their table
to see her if they had problems. Target pupils saw her between two
and eight occasions each observed lesson whilst they were out of base,

this usually represented several visits by Daniel, (Table 2-M).

Table 2-M (Number of target children’s teacher-contacts)

4 3 7 g

(2]

LESSON 1 2

Robert  712)  2{1) ! 4 3 ! 312)

Daniel  3(1)  5(3) 74 &(2) A T2} 5(3)

Leanne  3(1)  2{l)  Abs 3 20 2N
Claire  Abs 1S B T ) R A S D B | 21y 1
Clare Abs fbs 1 3 4 21 {
Neal Abs 0 212 i 2 {

Figure in brackets indicates teacher-contact which was out of
child’'s base and is included in the totals.

When she sat at one of the tables to hear children read there would
soon be a line of children queuing to see her (cf Resnick 1972). She
always responded to a child who came out to see her (cf Bennett et al
1984; Desforges 1985). If she was sitting at a table for any length
of time she would call different children out from their table to show
her what they had been doing. Children were encouraged to wark on
their own and talking or helping each other was actively discouraged
(cf Elliott and Adelman 1973a; Adelman 1975). During Lesson 5 Daniel

asked Leanne to help him write his number five properly which she did

until Ms M instucted her to stop.
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TEACHER : You get on with your work Leanne, [ will help Daniel if he needs it.

There was always a very quiet working atmosphere in the classroom as
frequently observed in primary classrooms by HMI (1978). She
maintained control by reference to the specific child who was

misbehaving.
TEACHER : Daniel, get on with your work.

There was usually a quiet working atmosphere within the room during
the observed lessons therefore these control instructions happened

infrequently.

The six target pupils usually worked together at the same table.
Leanne was typical of Galton et al’'s (1980) Solitary Worker in that
she very rarely spoke and was not observed initiating conversation.
She worked with a quiet confidence and did not appear to find any
difficulty with most of the tasks being undertaken, she gave only
occasional glances around. Leanne did not seem to be easily
distracted and would not move from her place to visit the teacher for
help or to have her work corrected unless she was called upon to do so

by the teacher.

Robert would work in short bursts of activity with very frequent
looking around the room at what was happening elsewhere. He was an
intermittent worker and an attention seeker. He would occasionally
visit the teacher for reassurance on, and correction of, his work. He

liked to visit the bay to look at the books and would occasionally
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chose to do this before he had completed his alotted task. This would
result in him having to remain behind at playtime to complete the
unfinished work. During the first few observation lessons he tended
to follow the lead set by Daniel but as the term developed he became

rather more dominant and acted single mindedly.

Daniel would spent his time looking around the room, visiting some of
the other tables and going into the bay, but would then undertake
bursts of activity in order to complete his task on time. He would
make frequent visits to the teacher to question her and to seek
reassurance. He would also ask the other children what to do when he
did not understand. He was an attention seeker. Daniel was normally
the most lively and spirited child on the table although on occasions
was prone to fits of moodiness. He did not appear to unduly distract

other children around him.

Clare rarely initiated conversation but would respond when given the
oportunity to do so. S8he would occasionally visit the teacher for
halp but tended to wgit for the teacher to come to the table before
raising her query or showing her work. She was friendly with Claire

and tried to offer her as much help as she could.

Claire was a lively, popular little girl who found some of the tasks
rather difficult. She received help and advice from Clare, Rnbert‘and
Daniel along with several other children from an adjoining table who
seemed to maintain an interest in her work. She tended to receive
praise from other children and adults when she had completed something
satisfactorily. GShe would chatter away cheerfully even though there

was often little response from the other children on the table and
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would often seek attention. The teacher would occasionally give her a

different task to her peer group.

Neal was a quiet boy who would sit for periods of time doing nathing
before slowly continuing his work. He would inevitably be one of the
last to finish and would often not have completed the task by the end
of the lesson. He was observed working very intermittently and rarely
initiated conversation although would respond when spoken to. Neal
was very friendly with Clare, he was observed quickly kissing her and

passing her little notes with 'kisses’' on them.

During the observed lessons involving the target pupils in counting

tasks all the activities were clearly defined (Table 3-M).

Each lesson was TASK focused rather than TIME focused. All the
children, with the exception of Claire during Lesson 3, undertook the
same activities. There was very little task related discussion
observed among the children and no materials were used in the counting
activities even though apparatus was clearly labelled and stored
around the room. Materials were seen to be used during the post-task
supplementary activities: The difficulties ogserved in completing

counting tasks during the observed lessons were :

Lesson_3S

Daniel needed help to form his numerals properly and to recognise
them. He asked Leanne "What number is that? Eight?" and she responded
by correctly stating it was a ten. His counting was insecure and often

incorrect. Leanne helped him on several occasions at his request.
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Table 3-M {(Counting tasks observed)

LESSON  RAMGE TYPE APPARATUS ACTIVITY

2 3 matching pictures Making five paper egqgs to stick
onto five drawn egg-cups,
by -1 correspondence.

3 2 satching pictures Cutting out two pictures
and matching them to the symbol 2.

4 3 one more none Three pictures were drawn,
one more had to be drawn.
4 cardinal none Drawing sets of four pictures.
§ grouping none Grouping sets of four together

within groups of eight and twelve.

3 6-10 matching none Mapping a drawn quantity
to the appropriate written sysbol.
3 cardinal none Claire had to draw and label sets of 5 iteas.
8 0-10 cardinal none fi syahol appeared on the computer screen

the space bar had to be touched
the appropriate nuaber of times.

1-10  cardinal none Drawing a stated nuasber of pictures.
1-10  partitioning none Drawing a stated number

of pictures and colouring two nominated subsets.
{-10  cardinal none Counting subsets of a group according to

sone attribute {eg. How many thick books?)

9 {-10  cardinal none Drawing a stated nuaber of pictures.
1-10  partitioning none Drawing a stated nuaber of pictures
and colouring two nosinated subsets.

{-10  cardinal -none Counting subsets of a group according to

some attribute (eg. How many thick books?)

Claire was observed to have difficulty in counting up to five.

Leanne miscounted one of her groups.

Counting problems appeared when the children had to count immovable
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counted and what needed to be counted.

Lesson 8
Robert had to draw ten birds, after he had drawn eight he had frequent

recounts to see how many he had drawn.

Lesson 9
Leanne seemed confused when counting photographs of long and short
pencils as to whether each group should be counted separately or

whether she should write the overall total.

Clare had drawn eight pigs on her page, she checked with the workcard
(ten were needed) and said, to no-one in particular, "The other two

won't fit on." She did not draw any more pigs.

The results of the test items for counting to ten (Table 4-M) show

that:

a) Neal made no errors on any of the test items.

b} Daniel had difficulty with counting a number of sounds.

c) In the matching of a numeral to a quantity no errors were
recorded. Claire seemed to guess because she immediately placed
the numeral on fhe quantity then checked by touching and counting.

d) For visual counting Daniel stated the number shown without

hesitation, there was no apparent counting.
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Table 4-M (Test itess analysed)

NAME

LEANNE

CLARE

CLAIRE

ROBERT

NEAL

DANIEL

—

NOVE
FIXED
VISUAL
AURAL
MATCHING

NOVE FIXED

4 37 2 10 4
I ExE 1 EE

N NN I EE

I 17T I T« Px
NHH I 771

NN I 17T

I 17T I T Ix

. The counting test included:

counting amoveable objects

counting immoveable objects which could be touched

VISUAL

337498

ETEETE

ETEEE

Px1 P P P

EE ExEE

ET PPP

I rri1ri

AURAL

9

- counting immoveable objects which could not be touched

counting sounds

83 10

satching a numeral card to a card showing plastic counters.

2, An error is signified by

3. I= Inmediate response

N= The itea was moved

T= The itea was touched P= The item was pointed at
E= Eye or head movement

4, MNumbers at the top of the columns show the appropriate response
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CASE STUDY: Teacher A

Ms A was a scale Il teacher, aged between 40 and 50, with experience
of teaching at one previous school. She had responsiblity for the
mathematics in an infant school with 130 children on roll.. The school
was church aided and housed in a 1900 building with several wooden
annexes. It served a catchment area of predominantly private housing

in a small rural town.

Ms A's classroom was a large wooden annex with attached cloakroom and
toilets. The room was divided by furniture into three parts: Wendy
House, shop, bed and dressing areaj carpet and audio areaj main
teaching area with tables. The classroom was well equipped with
commercially purchased apparatus as well as home-made apparatus and
teaching aids which had been made by the teacher. There was a long
wall for display which showed some examples of children’'s work anq an
information display of words and pictures. Each display was changed
at half-termly intervals. Large collages and extensive displays of

children’'s work was not encouraged by the head teacher,

A Welfare Assistant operated within the classroom for 10 hours per
week as part of the County Education Committee’'s rising, rising fives
policy and extra welfare hours were granted to support the education

of two children with severe medical problenms.

The September admissions procedure at the school was for the children
who were rising fives to have full time education with Reception

Teacher T. Twenty-nine children, who would reach their fifth birthday
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during the Spring Term, went to Ms A each day until 11.00am; after
which they went home. At 11 o'clock, for the rest of the day, Ms A
taught sixteen children who had reached their sixth birthdays (between
May and August), withdrawn fr;m two Middle Infant :lasses. During the
Spring Term ten of the twenty-nine children who had been receiving
part-time education with Ms A joined the September starters with
Reception Teacher T. The remaining nineteen children were taught full
time by Ms A. Fourteen children, who were to be five during the
Summer Term, joined these nineteen children until {1.00am eaéh day
after which they went home. During the Summer Term there were
thirty-four children in the class receiving full time education, one

extra child entered the class during the previous term.

Ms A organised her day so that during the early morning (until
10.00am), whilst the part-time children were present, creative
activities, such as clay modelling, water play and dressing up were
undertaken. At 10.00am children had a drink which they had brought
from home. At 10.15am the full-time children went to school assembly,
then to playtime, rejoining the class at 10.45am. The remaining
part-time children sat on the carpet with the teacher and were
involved in discussion activities to develop their language skills.
Their play time was at a different time to that of £he main school.

At 10.45am all the class joined together for singing or a story. For
the first two terms, at 11.00am, the part-time children went honme.
From 11.00am to 12 noon either number or language activities were done
and one day each week there was dance during this time. The afternoon
periods were a mixture of number, language, watching TV, music, PE,
creative activities and free choice. Children worked in friendship

groups, although they were grouped together by ability when deemed
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necessary by the teacher.

The children did not have a fixed base but would move to various
tables where activities would be set out for them. Each group were,
during the course of a few days, expected to experience each of the
activities. The teacher stated that some of the table activities
occasionally had graded difficulties within them to cater for the
Qrighter child. A computer was available for the whole of each
Wednesday. The "Lets Go Maths" ITV programme was watched live twice

weekly, the repeat also being watched.

During an interview with the researcher Ms A stated that she thought
there was a certain amount of parental pressure to see written
recording for mathematics from the early days of schooling and that
her method of teaching mathematics did not lead itself to formalised
recording at this early age. The children’'s mathematical education
would be started by giving them an overall assessment on language
development which she considered would be lacking in most children.
Assessment would be made from this boint on. She anticipated that the
children’s area of number understanding during their first two terms
would be: counting to 20; recognising the number symbols; attempting
some simple workcards in order to produce written recording. She
thought that by the end of the Summer Tern they should be combining

groups to obtain a total.

All the observations in Ms A’'s class took place in the period between
morning breaktime and lunchtime. The children would enter the
classroom and settle down on a large carpet in front of the teacher

for a range of oral activities. The mean length of time for these
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oral activities over the nine observations was $9.3 minutes. She was
a TIME focused teacher rather than a TASK focused one in that she
covered many mathematical ideas within a period of time (Appendix 1}.
From the carpet activities the children would move to table activities
either in friendship groups or as directed by the teacher who would
then do one of three things; monitor the activities; sit down with one
particular group to play a game with them; be involved in routine
matters around the classroom. HMs A did not appear to unde}take any
directed teaching during the group activities. The children worked in
pairs or small groups of three or four and co-operated in the
activities. No child was observed working as an individual. The mean

length of time for the group activities was 10.4 minutes.

During the oral sessions the language input by the teacher was via
quick questioning and instructions and the children either responded
‘in unison’ or were ‘nominated’ to reply by name. The responses
tended to be short, aone word replies. There would be the occasional
‘call out’' response, or contribution, from a child after a ‘unison’

.

response or a ‘nominated response.

TEACHER : What does ten mean? {Holding a numeral card showing 10).
UNISON : A set of ten with none left over.

TEACHER : What does eleven aean? (Holding the 11 card).

UNISON @ A set of ten with one left aver.

TEACHER : What about nine? (Holding the 9 card).
UNISON ¢ You need one more.
CHILD  : Then you will have ten. A set of ten with none left over, -
The 0-12 numeral cards were given out in a randos order and the children told to stand in line.
TEACHER : Emma, are they right?
ENMA ¢ Yes.
TEACHER : Say your nuaber.
The children halding cards said.their number in turn,
TEACHER ¢ Rachel, can you see anything wrong?
RACHEL : Yes. Three and six are upsidedown.
(LESSON 3)
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Although many of the oral activities resulted in closed questioning in
the sense that they had but one correct response, there were saome oral
activities which were more open involving a range of appropriate
responses. During Lesson 4 the children were engaged in 'Behind the
Wall’® activities whereby one of the children faced his classmates with
a cardboard wall between him and the children. He slowly raised a
numeral card up from behind the wall and stopped when only a little of
the numeral was showing over the top of the wall, The children had to
state which number it could possibly be. This was done by ‘calling
out’. A little more of the number was shown and the children then
restated the options. Eventually it became obvious which number was
being used. As a variation the child told the class that he would
show them upsidedown numbers and slowly raised an inverted numeral
card up from over the wall. During the activity no inappraopriate
‘called out’ responses were heard. The teacher remained silent and
allowed the child to canduct the activity. Activities which were more
‘open’ invalved the children in stating a fact about a nominated
number chosen by the teacher. She usually nominated children to

answer in turn, either by name or by a look.

TEACHER : We've had five and six, now let's have seven. What can we say about seven?
CHILD ¢ Seven is before six.

CHILD @ It's after six. (This was called out).

CHILD  : It's on nmy door.

CHILD + Six and one make seven,

CHILD 1 Seven is less than ten.

CHILD : Three and four make seven.

CHILD : Seven is less than nine.

MATTHEW ¢ It's more than five.

DAVID ¢+ Four and two make seven.

TEACHER : Do they?

CHILD : Five and two aake seven. (This was called out)
MICHELLE : My sister is seven.

KATE + Seven is on my door.

HELEN : One and six make seven.

(LESSON 7)
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It was interesting to note during these ‘What can you tell me about a
number?’ sessions that the children’s respanses always included a
cardinal meaning, positional meaning, convenience meaning (e.g.

numbers on doors) and results of an operation.

During the oral lessons Hs A appeared to overcome the difficult
problem of ensuring that there was some evidence of group effort
instead of emphasising individual effort and she managed to create a
feeling of co-operation rather than competition among the children (cf
Mehan 1986). During many of the oral activities all the children
would be taking part in an active way rather than sitting passively
responding to gquestions and statements. Perhaps the best example of
this was the "Helding Numbers" activities (Appendix 8). Children
holding numeral cards would be holding up their numbers or changing
places with another numeral holder and the children sat on the carpet
would be touching or changing places with the numeral holders.
Children would offer help and advice ta each other and there was a
feeling of "taking part’ in the activity

Some children were holding numeral cards, the rest were sat on the carpet.

TEACHER ¢ David, show me a nusber not as many as six.

DAVID = None, -

TEACHER : Joanne, show me another number not as sany as six. (Joanne went and touched four).

TEACHER : Karen, show me a number more than six. (Karen touched ten).

TEACHER : People holding numbers, if your number is more than six step forward.

{This was done correctly).

TEACHER : If your nuaber is less than six step forward.

lero to five stepped forward, except two, held by Tim, he was told to move by his neighbour.

CHILD  : You are less than six Tia,

TEACHER : Why hasn't six moved?

Several children replied that six wasn't more than six and it wasn't less than six, it was just six.
{LESSON 3)

During this, and other activities, it appeared that children were
expected to appreciate cardinal meaning of numbers from their relative

position to each other in the standard number sequence. The idea of
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children holding cards showing numerals and moving into various
positions was also used to develop ideas of ordinal numbers. During
Lesson 7 the children were sitting on the carpet facing the teacher
and she showed them flash cards on which were ordinal numbers in
words, she highlighted the sound at the end of the word; it made a
"Th" sound. She then gave some ordinal word cards to six children,
showing the words ‘"first’, ‘second’, ‘third’, 'fourth’, ‘fifth’' and
‘last’, telling them to stand in line, which they did with no help
from anyone. The children stated their positions correctly although
Adam, who was fourth, was unsure. They were told to turn and face the
wall in a line, one behind each other, and state their positions.

After this had been done they were then instructed to about turn.

TEACHER : What's happened?

CHILD @ Debbie is first, Williaa is last.

TEACHER ¢ Change places. (Which Debbie and Rilliam did).
TEACHER : Are they right now?

CHILD ¢ No, second goes behind William.

The ‘second’ child aoved and the consensus was that this was now the correct order,

The children were instructed to face the carpet, side by side.

TEACHER ¢ Debbie is last, what else could she be?

CHILD ¢ Sixth.

Debbie changed her card from ‘last’ to ‘sixth’.

TEACHER : What comes next?

UNISON ¢ Seventh.

Kate took the ‘seventh’ card and stood in position.

TEACHER : Who has the 'last’ card?

Kate took the ‘last’ card as well as the 'seventh’ card.

TEACHER @ Hide the cards behind your back. Ermd, change places with ’third’.
Elizabeth, change places with ‘fifth’. Andrew, change places with 'second’.
Richard, change places with 'last’.

This was correctly done. Kate kept her ‘seventh’ card, because she had had two, and Richard stood

beside her. The teacher then repeated the 'changing places activity’ with some other children.

TEACHER ¢ Peter, what comes next to third?

PETER @ Fourth.

TEACHER : Is there another number next to third?
PETER  : Second.

TEACHER : Tammy, what is next to first?

TAMMY : Second.

TEACHER : Matthew, what is next to fifth?

MATTHEW : Second.
The teacher checked that he could read the 'sixth’ and 'second’ cards. He had the words confused,
he had got the position correct but the word wrong.

{LESSON 7)
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The various number line activities Ms A involved the children in were
ACTIVE rather than INACTIVE in that the children held numbers, moved
numbers, touched numbers and walked along numbers. The numerals on
the number lines themselves were either fixed or moveable. The
"Holding Numbers" (Appendix B) was an example of an active number line
in that the numbers could be moved about. "Walking Numbers" (Appendix
8) was an example of a static number line on which children were
active, During Lesson 1 a vinyl strip, on which were written numerals
0 to 10, was rolled out on the floor. Children were nominated to
stand on a specific number and to move forward and backward along the

line according to teacher instructions.

TEACHER ¢ Stand on four. Which nusber is in front of you? Which nuaber is behind you?
TEACHER : Stand on six. Hhich numbers are you between?
TEACHER : S5tand on two, then walk forward three. Tell me the nuabers you are walking on.

TEACHER ¢ Stand on six, then walk back three. Tell me the numbers you are walking on,
(LESSON 1)

This activity was extended and developed during Lesson 7 when children

were walking along a O to 20 number line

TEACHER : Helen, stand on zern, go all the way to the top saying the nuabers.
Helen did so.

TEACHER : We don't usually go as high as twenty. Tamsin, stand on fifteen.
Tansin walked to fifteen counting.

TEACHER : What is fifteen?

CHILD : It's a one and a five,

TEACHER : Anything else?

HELEN : A set a ten and five left over.
TEACHER : William, stop at nusber eleven.

He walked to eleven,

TEACHER : Tell me some thing about eleven. (He paused and the teacher prompted hin).
TEACHER : What comes before eleven?

WILLIAM : Ten.
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TEACHER : What comes after eleven?
WILLIAM : Twelve.
TEACHER : Take three paces forward. Where are you?

WILLIAM : Fourteen. ;
The teacher then asked which number was before and after fourteen which William answered correctly.
TEACHER : Bo back four. Where are you?.
WILLIAM = Ten.

TEACHER : Tell ae about it.

KILLIAM : It's one set of ten and none over.

TEACHER : Tom, stand on zero. What are you standing on?
s : lera,

TEACHER : Can you go along seven steps.

He did so, counting in unison with the teacher.

TEACHER ¢ What nusber are you standing on?

TOM t Five

TEACHER : Look under your feet. That nusber is seven. What's the highest nusber on our line?

TON : Twenty.
(LESSON 7)

Ms A enjoyed using a Flap Jack (Appendix 8) to develop gquick counting
and number recognition skills. GShe would fold the Flap Jack in such
ways so as to show various arrangements of pictures to the children.
The design of the Flap Jacks were such that each number could be shaown
by at least two arrangements of pictures. Her gquestions fell into two
categories: "How many can you see?" and "How many can I see?". Ghe
would always show the children her side of the Flap Jack so that they
could check their response to the gquestion "How many can I see?".
Each Flap Jack was based on sixteen card squares fastened in a square
array, some of the sixteen cards had pictures drawn on them, usually
within the range 6 to 10. During Lesson 5 she used 'five’' and ‘six’
kFlap Jacks, which had been used previously, before moving onto a
‘seven’ Flap Jack for the first time. She counted the pictures with
the children then showed them the back of the Flap Jack to demonstrate

that there were no pictures there. Ms A referred to the post Easter

intake as "Little ones" and the pre Easter intake as "Big ones".
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TEACHER : How many altogether?
UNISON @ Seven.
. TEACHER : How many can I see? (Showing three).
There were several answers of “four®, "two" and "five” called out before she showed them how many
she could see. She then used a ten Flap Jack.
TEACHER : Let's count for the little ones.
This was done with her pointing to the pictures and all the children counting with her.
TEACHER : How many can you see? (Showing sevenl.

UNISON @ Seven.

TEACHER : How many can you see? (Showing fivel.

UNISON : Five,

TEACHER : How many can I see?

UNISON ¢ Five,

TEACHER ¢ How pany are there? ({Showing seven).

UNISON @ Seven.

TEACHER : How many can [ see?

UNISON  : Three.

TEACHER : Big ones you're good at it. Let's see how the little ones do.

(She then used a five Flap Jack).

TEACHER : Little ones, you can see five. How many can you see? (Folding the Flap Jack).
UNISON ¢ Four.
TEACHER : How many can I see?

A aixture of "two" and "one® could be heard. The children who said "two" changed their call to
*one.”
TEACHER : How many can you see? (Folding the Flap Jack to shaw three).
A aixture of "three", "four"® and "two" could be heard.
{LESSON 5)

The children’s responses were very quick indeed, they either subitized
or developed the ability to count very quickly. When the researcher
conducted a test item using a Flap Jack with individual children most
responses were much slower and.there was was evidence that they
counted for quantities greater than three, using rapid eye movement or
by pointing (Table 1-A). During the lessons there was no evidence of

pointing, or other outward signs of systematic counting.

Some of the activities involved developing prepositional language,
conservation of number and counting. A container which was either
upside down or open side up would be used in conjunction with a

| specific number of objects which would be partitioned. The supsets
were placed in various positions relative to the container, (e.g.

behind, under, on top of).
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Table 1-A (Test items analysed)

NAME NOVE FIXED YISUAL AURAL HATCHING
4 97 2 10 & 537198 3 B30 4729

KATE I EE I TE E1EETE X I 1TE
NICHELLE I E I I EE E I ExE E I EE
HELEN I ExE I Ex Ex E 1 EEE £ X I €7
PETER T171 I T ET T PP X E1E
MATTHEW mEN T TT PIPPP x « x x 1 LI
DAVID I pP I pp I T TETIL I 1T
1. The counting test included:

MOVE - counting amoveable objects

FIXED - counting imaoveable objects which could be touched

VISUAL - counting immoveable objects which could not be touched
AURAL - counting sounds
MATCHING - matching of a numeral card to a card showing plastic counters.
2. An error is signified by x
3. 1= lmmediate response M= The item was moved
T= The itea was touched P= The ites was pointed at
E= Eye or head aovement

4. MNugbers at the top of the columns show the appropriate response

During Lesson 6 six cubes and half a cardboard Easter Egg shell were
used. . The questions were asked in sets to help the children realise
that six cubes were always present. Some of the positions used by Ms

A meant that occasionally cubes would be "hidden’.
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Ms A placed four cubes inside the egg and two outside.
TEACHER : How many are inside the egg?

UNISON & Four.

TEACHER : How many are oguside the egg?
UNISON  : Twa.

TEACHER : How many cubes are there?

UNISON @ Six.
She then inverted the egg, placed two cubes on top, two behind and two in front.
TEACHER : How many cubes are on top of the egq?

UNISON @ Two.

TEACHER : How many cubes are in front of the egg?
UNISON & Two.

TEACHER : How many cubes behind the egg?

UNISON @ Two.

TEACHER : How many cubes are there altogether?
UNISON @ Six.

(LESSON &)

Children were allowed to count objects to develop ideas of cardinality
as well as considering the positional relationship between numbers.
During Lesson 2 the children sat in a circle whilst the teacher moved
round them with a bag of plastic numerals, 0 to 9. The children had
their eyes closed and their hands behind their backs whilst the
teacher placed a plastic numeral in their hand and they had to guess
which was their numeral. The teacher stated each number in turn and
the children had to show her if they had the appropriate numeral.
There was some confusion with Matthew, who had a nine, as he did not
show his numeral to the teacher until some children quickly informed
him that it was a nine not a six. Three trays were placed in the
centre of the carpet containing sticks, animal shapes and various
plagtic shapes and the children had to match guantities to their
plastic numerals. They each placed their objects in a line with the
numeral alongside and checked by counting then took turns to count
their objects whilst the other children watched. They were asked
whether their objects were the same colour or of the same things.

Each child had a "sameness” collection except one who had a mixture of
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shapes and sticks. The teacher joined in the counting activity. She
had the numeral ten beside her with nine objects beside it. The
children counted with her and exclaimed that she needed one more. She
added one more then deliberately recounted incorrectly, whereupon the
children quickly informed her which object she had forgotten to count.
Ms A used the technique of making deliberate errors for the children
to correct, she would also ‘lose’ or ‘hide’ things. During Lesson 3
the children were shown random numeral cards, in the 0 to 12 range,
and the numeral names were called out by the children. When all the
cards had been through they stated that number eight was missing and
that teacher had hidden it, that it must be on the table. David
jumped up and found it hidden under a tray. GShe would occasionally
use a "whispering" technique, (also observed with Teacher L and
Teacher H).
TEACHER : I'a going to call you and whisper something.
Tin, I'n going to whisper how many toys to get.
The teacher called each child out by nase and whispered in his/her ear. The children then moved to
a large tray of small plastic toys and took a nuamber of thea out.
TEACHER : Don't tell any one your number. Put them in front of you. (Pausel.
Count them for me. (Pausel.
Hands up if you've got eight.

Everyone’s hands went up.
{LESSON 3)

Occasionally Ms A would take a situation and develop some mathematics
from it, during Lesson B she ﬁsed a large Grow-bag of mushrooms for

this purpose.

TEACHER : ¥We're going to take some out and weigh them and then count thes.
We're going to pick the large ones.
She picked some and placed them in a line.
TEACHER : How many do you think there are?
"Twenty", "ten® and "sixteen® were shouted out, the consensus seems to settle on sixteen, there were
in fact seventeen.
TEACHER : Let's have a look and count them. Richard come and count them.
He cane and began to count.
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TEACHER : As you count move thea.
He did so to seventeen.
TEACHER ¢ How many more are needed to make nineteen?
Host children called out "three® although there was the individual call out of "two® and "four®.
The child who stated "two" was given two more aushrooas.
TEACHER : How many now?",
CHILD & Twenty.
He was made to count and reached nineteen.
TEACHER : Helen pick the biggest aushrooa.
She chose a aushroon.
TEACHER : Daniel see if you can find a bigger one.
He chose a aushrooa. They shawed the rest of the children their two sushrooss; sose of them stated
one was taller, some thought one was bigger across the top.
TEACHER : How can we tell which is bigger?
CHILD  : We could weigh thea.
The sushrooms were balanced and Helen's was the heavier.
TEACHER : Can we make them balance? Will we need a big one or a little one to balance?
Ton picked the smallest eushroom and put it with Daniel’'s making these now heavier. Another child
picked a small one and placed it with Helen's, making this side the heavier then Peter picked a
large one and placed with Daniel’s, now making this the heavier side. At this point the teacher
stated she would choose soae good children to balance the mushrooss later an,
(LESSON 8)

After the new intake of children into the class at Easter Ms A would
occasionally use an organisational stategem of parallel grouping. The
two groups would consist of 'big ones’ and ‘little ones’. The new
intake were the little ones. The parallel groups woulq undertake a
similar activity with slightly different demands being placed on each
group. During Lesson 9 the 'little ones’ and 'big ones’ were sat in
two circles with a tray of various counting objects in the centre of
each circle. The ‘big onés' were told to take eleven objects each and

the ‘little ones’ five objects each.

TEACHER ¢ Count to check you have eleven. Has any one too many? (To the ‘big ones’).

UNISON @ HNo.

TEACHER : Has any one not got enough?

UNISON & Ne.

TEACHER : Has any one got a set where everything is the same colour?

Three children stated that they had. The teacher then asked similar questions to the ‘little ones’
before moving back to the ‘big ones’. ’

TEACHER : Who has a group of the same things?
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KATE : All beads.
ELIZABETH: All rabbits.
MICHELLE : All beads.

JOANNE @ ALl prickly things.
HANNAH  : Beads.

TIM : Spikey things.

DANIEL  : Oh no! You've got an odd one. (This was said to Tim).
The teacher then instructed both circles to sake two sets with the same nuamber in sach set. Some

children said they had an odd one out and held it up.

TEACHER : Anyone not got an odd one?

UNISON @ No.

TEACHER ¢ How many in each set? (To the ‘little ones’).
UNISON ¢ Two.

TEACHER @ Put the odd one in the tray.

TEACHER : How many in each set? (To the 'big ones’).
UNISON ¢ Five.

CHILD ¢ Five in each set.

The teacher moved round the circles and checked what they had done. She stopped by Peter.

TEACHER : Tell me about yaurs.
PETER  : I've got two and two and two and two and two and one.
TEACHER : Khat has he done?

KATE s He's not done two sets but sets of two.
Peter then rearranged his objects into two groups.
TEACHER : Count thes. _

He countad one to six and one to five,

TEACHER : Are they the same?

PETER  : No.

TEACHER : What are you going to do then?

PETER  : Take one out. (Which he did).

TEACHER : Make ae a set of six. (To the 'big ones’).

TEACHER . : Make me a set of three. (To the ’'little ones’l.

TEACHER : If one set has six in it, what is in the other?

UNISON ¢ Four.

TEACHER : Six and four make ten.

TEACHER : You had three in one set how many in the other? (To the 'little ones’).
UNISON ¢ One.-

TEACHER : So three and one aake four.

TEACHER : Remove one from the four into the other set. (To the 'big ones’).
TEACHER : Make me a set with four thing in it. (To the ‘little ones).

1 we have two sets, how many in that set (Pointed to an empty space).
UNISON  : Nothing.

TEACHER ¢ Four and nought make four.
TEACHER : Has every one a set with three in it? (To the 'big ones’),

Who hasn’t? ({Two hands went up, Matthew and Rachel).

Take one from your set of four and put it with the six. How many in this set?
{Painting). )
MATTHEW : Three.

TEACHER : How many in this set (Pointing).
RACHEL = Seven.

{LESSON 9)
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When children moved from the directed class activities to the more
informal group activities the materials would be in place on the
tables for the children to move to as directed, or as a free choice.
A fairly typical set of activities were those observed during Lessan
1, when there were six groups:

Group 1

Worked on a bobbin number line with bobbins in sets of 10 in different
colours, 50 bobbins were on the line. The children hung hooked numeral
cards showing the numerals 1 to & on the line.

Group 2

Worked on a numeral board showing numerals 1 to 10. Each numeral had
a hook above it and children hung an appropriate number of formica
pieces onto each hook.

Group 3

Worked with stand up numeral cards showing textured numerals 1 to 10
which the children arranged in order. They felt the shape of the
numerals, each texture was different, ribbon, flannel, sandpaper and
seeds.

Group 4

Worked with a large flannel board on which were felt picture of 10
houses, each house was different. There were hooks above the houses
and children had to hang house numbers above the houses in numerical
order.

Group 5

Worked with sorting and matching cards. Each card showed an quantity
trom 1 to 10, there were several cards for each quantity but the
arrangement and shapes usgd to show the guantities differed. The

children matched and sorted for colour, shape or quantity.
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Group &

Worked with beads, sorting and matching them using pattern cards.

The criteria for the grouping was friendship and the groups were of
different sizes. There was little interaction from the teacher other
than in a monitoring role or as a co-operating group member playing

one of the games.

There were vefy few direct control commands given to the children over
the observation period. The children were very co-operative and gave
the appearance of enjoying playing with numbers. Ms A’'s style of
class activities allowed children the opportunity to work with their
peers rather than in the presence of them (cf Ausubel et al 1978).
This class—teachihg style (Appendix 3) ensured that the teacher-pupil
interaction was not asymetric (cf Galton et al 1980) and that there
was ample "active learning time" {(cf Harnischfeger and Wiley 1975).
Although there was evidence of teacher talk following the IRF format
{ct Marriott 1985) she did allow opportunity for more open and
tentative responses from the children. Children operated on numerals
independently to their cardinal meaning as part of a linguistic
experience (cf Tahta 1985; Pimm 1984). During each lesson the
chil&ren were actively engaged in a wide range of different acivities

{Appendix 1) and covered a wide range of counting experiences (Table

r3

-A).

The results of the test items for numbers in the 0-10 range (Appendix
4) show that all the abserved children were error free in numeral
recognition and numeral order reflecting the importance the teacher

placed upon transitive counting (cf Pimm 19864). Errors were observed
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when children had to count actual

"items", only David was error free,

Matthew and Helen experienced some difficulty in the aural counting of

"items".

Table 2-A (Counting tasks observed)

LESSON
{

[ 22)

RANGE
0-6
0-4
0-6

0-10

TYPE

nuseral recognition

sequencing
positioning

position
count on
count back
counting
cardinal
cardinal

ordering

ordering
cardinal

nuaeral recognition

sequencing
positioning

pattera
conservation
cardinal

nuseral recognition

cardinal

counting
partitioning

numeral recognition

sequencing
positioning

place value
ordering

partitioning
taking away

APPARATUS

nuaeral cards
nuaeral cards
nugeral cards

floar line

floor line
floor line
bobbin line
babbin line
numeral cards
squares

textured
numerals
flannel board
picture cards

nueeral cards
numeral cards
numeral cards

nugeral cards
cubes, bucket

plastic
nuperals
objects

objects
ohjects

nuneral cards
numeral cards
nuperal cards
numeral cards
numeral cards

ohjects
ohjects
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ACTIVITY

Flash card activity stating nuseral names.
Holding numeral cards. Standing in sequence. .
Buestioning about the relative positions and
values of nuserals.

Walking to nominated numerals on a floor
nuaber line.

Walking on froe one nusber to amother.
Walking back on a floor number line.
Counting bobbins on a line,

Hanging nuseral cards on a baobbin line.

Hanging an appropriate nunber of plastic
squares on a nusbered board.
Placing textured nueeral cards in order.

Hanging numerals over a line of houses.
Sorting picture cards according to guantity.

Flash card activity stating numeral names.
Holding nueeral cards. Standing in sequence.
Questioning about the relative positions

and values of nuaerals.

Counting in two's from zero and one.

Cubes partitioned and placed in various
positions relative to the bucket.
Buestioning based on "How many?"

Guessing a numeral which was ‘hidden’.

Matching a plastic numeral to an appropriate
nusber of objects.

Counting objects and matching them to the numeral.
Partitioning and stating the value of each subset.

fFlash card activity stating numeral names.
Holding numeral cards. Standing in sequence.
Buestioning about the relative positions

and values of numerals.

Stating the tens and units value of numbers
greater than nine.

Sorting numeral cards into order.

Counting and partitioning abjects.

Removing a subset. Counting the remainder.



Table 2-A (Continued}

LESSON  RANGE TYPE APPARATUS ACTIVITY
§ 0-14 numeral recognition numeral cards Flash card activity stating numeral names.
0-14 sequencing nuperal cards Holding numeral cards. Standing in sequence.
0-14 positioning nuperal cards BQuestioning about the relative positions
and values of numerals.
0-14  place value numeral cards Stating the tens and units value of numbers

greater than nine.
0-10 nuseral recognition numeral cards A numeral was slowly raised from behind a wall
and stating the possible numerais it could be.

3 1-7  nunber recognition Flap-jacks Buick counting.
1-7  "subtraction” Flap-jacks Stating the number of ‘hidden’ pictures on
a folded Flap-jack.
12-20 numeral recognition numeral cards Flash card activity stating numeral names.
0-10 nuaeral recognition numeral cards Flash card activity stating numeral names.

0-10  nuaber pattern nuperal cards Counting in two's.

0-20 sequencing nuaeral cards Holding nuaeral cards. Standing in seguence.

0-20 positioning nugeral cards Questioning about the relative positions and

: values of nuamerals.

0-20 position tloor line Walking to nominated numerals on a floor
nusber line.

0-20  count on floor line Halking on from one nusber to another.

0-20 count back floor line Walking back on a floor number line.

{-10  ordering flannel board Hanging numerals over a line of houses.

0-10 cardinal number strips Placing cards showing spots onto a number strip.

0-10 cardinal published game Playing a published counting gaee.

b 1-10  nusber recognition Flap-jacks Quick counting,
conservation cubes Partitioning cubes, placing thee in various
cardinal container positions relative to the container.

Buestioning based on "How many?”

0-17 counting children Counting how many children were in groups.

0-17  cardinal children Groups of boys and girls compared by -1
correspondence ta find which had most.

0-18 counting shoes Shoes were put into groups. Counting the number
of laces and buckles.

0-18 cardinal _shoes Shoes were compared by laces and buckles
to find which group had most. .

0-18 difference shoes Groups of laced and buckled shoes were compared

by counting to find how many more laces there were.
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Table 2-4 (Continued)

LESSON
7

RANGE TYPE

1-7  ordinal

b conservation
cardinal

749 facts

0-20 position

0-20 count on

0-20 count back

0-10 numeral recognition

0-20  nuaeral recognition

0-20 cardinal

0-9  numeral recognition

0-20 numeral recognition

0-20 segquencing

0-20 positioning

20 tacts

1-17  cardinal

1-19  count on

{-5  cardinal

{-12  sequencing

1-10  number recognition

0-20  nugeral recognition

0-20 numeral recognition

748 facts

8 fact

7 fact

0-10  sequencing

0-10 positioning

1 partitioning

taking away

APPARATUS
word cards

cubes, bucket

ACTIVITY

Holding erdinal word cards. Standing in sequence.

Buestioning about the relative position

of ordinal cards.

Partitioning cubes, placing thes in various
positions relative to the bucket.

Buestions based on "How many?*

" Stating facts about seven and nine.

floor line

floor line
floor line
numeral cards

numeral cards
published
ganes

plastic
nunerals
feely bag

numeral cards
nugeral cards
numeral cards

nushrooas
mushrooas
leaves
clockface
Flap-jacks
numeral cards

numeral cards

children
children
nuaeral cards
nuseral cards

various
objects
various
objects

PAGE 113

Walking to nominated numerals on a floor .
nuaber line.

Walking on from one number to another.
Walking back on a floor number line.
Raising a numeral from behind a wall,
stating the possible numerals.

Playing with numeral cards.

Playing a variety of counting games.

Feely bag activity with nueerals.

Flash card activity stating numeral names.
Holding numeral cards. Standing in sequence.
Questioning about relative positions

and values of numerals.

Stating facts about twenty.

Counting mushrooas.

‘Counting on’ with nushrooas.

Counting leaves.

Placing numerals on a clock face.

Playing with Flap-jacks. Quick counting.
Playing with numeral cards,

asking "What does this nuaber say?”

Flash card activity stating numeral names
Stating facts about seven and eight.
Pairings for even nusbers.

Pairings for odd numbers. ‘
Holding numeral cards. Standing in sequence.
Questioning regarding relative positions,
values and facts of numeral cards.
Partitioning a set of eleven according to
various criteria.

Partitioning sets and resoving a subset.
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CASE STUDY: Teacher J

Ms J was a Scale III teacher, aged between 30 and 40, who had taught
in two previous schools. She had overall responsibility for the
mathematics through an Infant School with 200 children on roll.. The
school was built in 1976 and had large teaching rooms, each room
housed one class of children with their teacher. During the period of
the observation the reception classroom was in the process of being
altered fraom a single room into a large open plan area for both
reception children and nursery children. Temporary wooden screens
were in place to separate the workmen and noise from the ongoing
teaching. The classroom was a large open area with a bay containing
dressing up materials. Extra bays were created by the arrangement of
cupboards. There was a carpeted area. The children’s tables were
grouped in small working units. Apparatﬁs was easily accessible and
visually appealing. A high standard of display was in evidence
showing large collages and mobiles of children’'s work each with a wide
use of language labels. The displays were changed at half termly
intervals. The co-operating adults working in Fhe room with the
teacher and children during the observed period were: students from a
local College of Further Education who were on a NNEB Course for block
periods of 4 to 5 weeks; the Welfare assistént who helped daily for 30
minute periods (just before and just after morning breaktime); two
parents helping on a regular weekly basis with baking activities; a
teacher colleague (Teacher E) every afternoon. Teacher E came with

eight children and a co-operative teaching situation occurred.
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children who would attain their fifth birthday during the Spring Ternm
went to Teacher E for half day sessions during the mornings only. For
the Spring Term a number of these children transferred to Teacher J,
the remainder staying with Teacher E to be joined by those children
who would be five during the Summer Term. No more transfers took
place for the rest of the year. At the start of the Autumn Term Ms
J’s class comprised of eighteen children who were rising fives plus
two younger children who has been granted early admission to the
school far special social reasons. For the Spring Term eight new
children who were rising fives joined the class and there were no more

intakes for the rest of the year.

Ms J began her day with the whole class sitting on the carpet for some
language activity. The pre-registration language activities were
usually child-initiated discussions followed by more directed teaching
situations (cf Cummings 1982). The children then moved as directed to
the aciivities which had previously been set out on the tables. They
did not have a fixed base at which to work. Individual children did
not have their own pencils and rubbers, the teacher preferred a group
sharing system where materials were used from a cent?al pool on the
table. The organisatio; was such that children realised what to do
when in difficulties and what to do when they had finished their
particular tasks. Ms J was a TASK-FOCUSED teacher rather than a
TIME-FOCUSED teacher. The children completed a defined task, or set
of tasks, then moved onto something different rather than working on
tasks for the period of a lesson. The children were placed into five
colour groups for organisational purposes. There was frequent

movement in and out of the various groups for specific teaching
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with one of the groups for a specific teaching point, after which they
had to complete some consolidation or practice activities. Ms J would
then undertake a quick monitoring of the rest of the class befare
moving to new group feor a teaching input. She tended to work with the
groups in 10 to 15 minute blocks of time. Each afternoon Ms J’'s class
was joined by Teacher E with some of her children. Teacher E taught
her own children within the room but they were joined by differing
groups from Teacher J. A measure of co-operative-teaching rather than
team-teaching took place wherehy there was agreement over content and
the selection of children for the groupings. Each teacher would then

be responsible for her own set of children.

During an interview with the researcher Ms J stated that she planned
her activities so that she could monitor, assess, teach, consolidate,
reassure and try to ensure there was no repeated failure on the
children’s part. She tried to plan a "major" mathematical topic for
the week and this would take place for one day or it may be part of
the daily activities. GSome topics would be introduced to the whole
class. All the activities would follow a predetermined path of skills
and concepts decided by herself. She carried out her overall
curriculum planning a half term ahead. Weekly planning took account
of the organisation necessary to impliment each curriculum area. An
assessment was made on each child at the end of the day so that groups
could be organised for the following day. Regular use was made of the
computer, almost on a daily basis, and the ITV programme "lLets Go
Maths" was followed each week. A Language Master and tape recorder
were used as an integral part of many activities. Her assessment of

the new intake reception children was to be made as a result of their
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responses 10 s54artuing, matcning anud comparison 4ctilvities. one
anticipated that the children’s area of number understanding at the
end of the Spring Term would be: an appropriate understanding of
number language; conservation of number; partitianing. By the end of
the Summer Term they would be able to associate a number symbol with a

quantity up to ten.

During the nine observations each target child worked as a class
member, as a group member and as an individual (cf Principle 12(c) HMI
1985). During Lesson 2 the class activity centred around the ITV
programme "Let's Go Maths". All the children were sitting on the
carpet having a discussion about the programmes. They knew that the
programme for the week was about the number eight and they talked
about the numbers which had already been used. The television
characters and the stories in which they had been involved were
recounted by the children. The teacher tried to ensure that all the
children contributed to the discussion and that no-one interrupted
them whilst they were talking, time was given for children to collect
their thoughts and to comment. The teacher then read a "Let’'s Go
Maths" booklet about eight, discussing various points as she went
along, before the whole class sang a song about the number eight.

Programme eight of "Lets Go Maths" was then watched.

The group activity in Lesson B centred around five of the target
children working with the teacher sitting together on the carpet. She
was using Floor Numbers and Action Cards (Appendix 8)}. The Floor
Numbers showed the numerals 0 to 10 and the Action Cards had a range
of language statements and questions which used cardinal, positional,

operational and factual language. The Action cards included:
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How many fingers have you?
One more than three.

Two less than five,

2R 2K 25 2% 3 3

Five

A number before 6.

The nunber before 8.

A number between 5 and 10.

The children read an Action Card in unison with the teacher and then
discussed on which Number Card to place it. They stated whether only
one Number Card could be used or whether there was a choice of several
numbers, Each Number Card eventually had several Action Cards on it.
Most of the Action Cards resulted in confident responses from the
children, only the cards containing the language of "less than”
appeared to create problems. There were several different responses
to the card "What is 4 less than 3?". To help clarify the meaning of
the card the teacher used Unifix cubes to model the the question.

TEACHER : These are smarties. Eoma has five, I have four less than her,

She removed four cubes.

TEACHER : How many have I got?

UNISON ¢ One.

The children were given Unifix cubes.

TEACHER : Nathan has six, I have two less. How many do I have?

The children worked this out using cubes.

UNISON @ Four.

TEACHER : Emma has ten. [ have five less.

The cubes were used by the children.

UNISON : Five.
Lesson 8

This activity was repeated several more times for different quantities
before the teacher and children returned to placing the remaining
Action Cards. The children were then directed to a table to complete
some published wark cards containing "more than" , "less than" and
addition questions, James haq buttons to help him, Emma a card number

track and Nathan used Stern rods. Ms J encouraged children to use a
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their problems.

When individualised activities were aobserved not all the class would-
be doing them at the same time, some would be involved in group
activities. During Lesson § five of the target children moved from a
class activity based on developing the language of time to
individualised activities. WNathan and David were independently
measuring lengths with arbitrary units, whilst Peter, James and
Elizabeth worked fraom published workcards on Number. Emma was
involved in a co-operative task working with another child on a

balancing objects with arbitrary units.

Ms J would act as a co-operating member of the group during some of
the activities, this technique was also observed with teachers in
other schools, Ms A and Ms L. During Lesson 4 she was working with
David, Peter, Nathan and James on matching and equivalence activities
using Unifix Inset Boards, Unifix cubes and Stern rods. Each child
and the teacher had two Inset Boards in front of them, some cubes were
placed in the centre of the table and these had to be matched to an
apprapriate Inset Board.

Eight cubes were placed on the table.

TEACHER : See if you have the one which will fit all the cubes

NATHAN ¢ I have. {He took the cubes and placed thea in his board without counting).

TEACHER : What about these?

Six cubes were placed on the table., James counted them then placed them in his beard.

A handful of cubes were put down. David took them without counting and tried to place them in his
board.
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DAVID  : Oops. There’s one too many. {He placed thea back in the centre of the tablel.

They aust be for Nathan ‘cos he’s got the one for ten cubes.
Nathan took the cubes. Five, three and one cubes were used, Peter, dames and David correctly
claining them without counting, Seven cubes were claimed by David without a count and he tried to

put thes on his board.
DAVID @ They do not fit. 1 need two more.
JAMES 1 They are not for you, they're for Miss, she's got the one for seven.
Ms J took the cubes and placed thea in her board.
Lesson 4

It was noticable that Ms J allowed the children opportunity to lead
discussion and to ask each other questiobs, she would allow children
time to answer without the feeling of being rushed. Many of her
guestions, a mix of open and closed, had the 'feel’ of "I wonder what

the answer is?”

TEACHER ¢ I wonder which other nuabers this card can go on?
Lesson 2

TEACHER ¢ See if you can find rods to satch
Lesson 4

TEACHER ¢ Can you find =e some heavier things?

Lesson 3§
JAMES  : Eight is five and three. {Using eight buttons in two sets).
TEACHER : Can you find any more ways?

Lesson 8

James and Peter were observed using self guestioning techniques to
Qood effect during Lesson 7. They were working with Elizabeth and
another child using published workcards which posed problems based on
"more than"” questions. They were expected to use Stern rods to help
them. The teacher asked James to read the workcard to her, which he
did reeling off all the answers at the same time. Only "4 more than-
5" caused him to pause and quickly refer to a number track before
answering. He made no attempt to use the rods. The teacher asked

Elizabeth to read the card to her and checked that she knew what to
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very slowly to copy a question off the card and write the answer.
After one example had been completed he began to play with Peter using
the Stern rods. He would state an addition for for them both to
answer. The additions were pairs of numbers whose total was twenty or
less. Peter tended to use the Stern rods whilst James quickly
answered without reference to aids. Only "five add four" caused him
to use the rods. Peter would answer some of the additions using the
rods as single countable items rather than as representations of
quantities., For "three add two" he used three different rods combined
to two different rods to obtain the total of five rods. He found it
quicker to count rods rather than the individual markings on the rods.
They eventually returned to the task in hand At the end of the
lesson Peter had completed seven examples whilst James had completed

only two.

Her organisation and teaching style allowed Ms J to spend some time
with all the children, including those children who were apparently
not experiencing difficulties. Although children would move franm
their working base to see her with any particular problem no obvious

queues were obhserved.

During the observed lessons the target children were engaged in a
broad selection of mathematical experiences (Appendix 1). These
mathematical experiences included a range of counting experiences
using a variety of struc£ured materials (Table {-Jd). They were
involved in counting moveable objects, counting items which could not
be moved, counting on number lines, making count-measure transitions

(cf Fuson and Hall 1983) and the equivalence of number,
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Table {-J {Counting tasks observed}

LESSON  RANGE

1 2

2 8
-5
-3
8
8

3 10
1-10

L] 1-10
1-10

3

b 1-10

7 1-10

8 1-10
1-10
1-10

9 1-10
1-10

TYPE
Cardinal

Cardinal
Cardinal
Ordinal

Cardinal
Writing numeral

Partitioning
Totalling
Cardinal

Totalling
Equivalence

Ordering

Totalling
Measure

Equivalence

Count on
Cardinal
Ordinal

Totalling

Measure

Totalling

APPARATUS
Crayons

Plastic objects
Cards
Cards

Crayans
Lrayons

Plastic ducks

Crayons

Cubes,
Inset boards
Cubes
Cubes & rods

Rods

Workcard, Cubes
Matchboxes

Stern rods

Nuaber line
Cards

Cards
Buttons,
Number track
Stern rods
Number line

Straws

Stern rods
Number track
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ACTIVITY
Drawing two tall/short trees.

Sorting sets of eight objects and
natching thea to nuseral eight.
Matching cards with cardinal seaning

to numerals,

Matching cards with ordinal meaning

to numerals.

Drawing four tall and four short itenms.
Tracing 'dotted’ numeral eight.

Partitioning ten items into subsets.
Finding a total number of pictures
by counting all.

Counting cubes and matching to inset boards.

Finding a total by counting two groups.
Matching Unifix cubes to equivalent
Stern rods.

Placing Stern rods in ascending and
descending stairs.

Tatalling two sets of pictures.
Counting how many matchboxes were
‘as long as’.

Matching two rods with an equivalent
third rod.

Counting on from one number a given number.

Matching cards with cardinal meaning
to numerals.

Matching cards with ordinal meaning
to numerals.

Finding the total of two sets.

Counting how nmany straws were
‘as long as’.

Finding the total of two rods
in a track.



The teacher used counting moveable objects to improve children’s
counting accuracy through appropriate strategies., During Lesson 3
four of the target children were working with Daniel on partitioning
moveable objects whereby ten plastic ducks were placed in the centre
of the table. Daniel was told to split the ducks down the middle. He
divided them into a group of two and a group of eight. Nathan was
told to count each group. He miscounted the group of eight and was
encouraged to touch and move as he counted, which he did correctly.
David was asked to split the ducks another way so he divided them into
groups of six and four. Elizabeth counted each group by touching.

She then split the ducks into groups of five and five. Emma counted
one group to five and then announced "FiQe and six". The teacher
suggested that she had guessed the second group and to check by
counting. &She did so and obtained the correct result. Emma divided
the ducks into groups of four and six and Daniel counted them
correctly by touching. Counting moveables through partitioning
activities was subsequently developed into counting two groups and
combining them to form a single group. In Lesson 5 James was observed
using Unifix cubes to total two groups by combining them into a single

group.

During the course of Lesson 5 David and Nathan had their counting
experiences extended by being involved in count-measure transitions.
Ms J showed Nathan how to end match and leave no spaces when measuring
with matchboxes. At one point David had seventeen matchboxes as long
as a shelf and did not know how to write this number. The teacher

gave him a number line to help, whereupon he counted along the line
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As part of the counting experiences Ms J involved the children in
equivalence activities. During Lesson 6 Nathan, Elizabeth, David and
Emma were working with Carmen in considering the equivalences involved
by using Stern rods. The children had in front of them: published
warkcards; trays af Stern rods; a number track into which Stern rods
would fit. The teacher showed the children the published workcards
that they were to complete and explained how she wanted them to
attempt the cards using Stern rods. 5he went through an example with

them.

TEACHER ¢ We get a three rod out and then a seven rod. (She end satched them).
TEACHER : Which one will match?

Some children pointed to the nine rod.

ELIZABETH: The ten rod.

Another exasple was done with thea.

TEACKER : Which is the red one?
UNISON  : Eight.

_ TEACHER : Which is the blue one?
UNISON @ Two.

TEACHER : Which will match?
Carzen picked up the nine rod, the teacher end matched the rods.
ELIZABETH: It's the ten rod again.

Lesson &

Although the children had experience of matching two rods with an
equivalent rod and that this was the object of the workcard exercise
they reverted to other, more familiar, strategies of finding solutiaons
given the opportunity. Emma was observed counting the individual
units on the rods, as pictured on the workcard, and just wrote the
answer. The teacher stopped her and told her to use the rods and
match them as she had been shown. Emma took two rods and counted the
units until she was stopped and told to find the equal rod which

matched them. The teacher left to work with another group. Emma and
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placing two rods end-to-end and finding the equivalent one by
estimation or by trial and error. He did not appear to count. David
counted the individual units on his two rods then obtained the
equivalent rod by counting the units on that one. Emma returned to
counting from the pictures on the card, making several procedural
counting errors in the process. The teacher returned and corrected
Emma‘s work with her, using the rods. David was now visually
matching, he did not appear to count. He had written six as the
result of one of his examples although the correct answer was nine, he
had copied the number from the number track by counting aon and as the
track was upside down to him he had inverted the number. The teacher
showed him how to write the numeral nine. When she had moved away
David continued the equivalence activity either by estimation or by
guess work as there were several attempts at each matching. This
‘guessing’ strategy also showed up during the testing when he was
counting items which could not be touched, the ‘visual test’, no
attempt was made to count the items (Table 2-J). The teacher had not
involved the target children in counting ’‘sounds’ however in the

e 3

testing, apart from Nathan, the children were error free (Table 2-dJ}.
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Table 2-J (Test Results: Counting numbers to ten)

NANME NOVE FIXED VISUAL AURAL HATCHING
4 97 2 10 6 33798 383510 4729

Peter TTT I T I 11 PP o I 177

David TT1T7T I Tx Ix In I Ix Ix Ix TT1T

Nathan [ Tx Ex I TE I 1 EEE £ % X X TEE

Elizabeth ETT I 177 P TPPEP TTT

Enza I 0 E 11771 I TPPP 1 77

Jages P HP ITxP ETEEE I 1T

{. The counting test included:

HOVE - counting moveable objects

FIXED counting immoveable objects which could be touched

VISUAL - counting immoveable objects which could not be touched
AURAL - counting sounds

MATCHING - matching a numeral card to a card showing plastic counters.

2. An error is signified by x

3. 1= Immediate response M= The item was moved
T= The itea was touched P= The itea was pointed at
E= Eye or head sovenment

4, MNuabers at the top of the columns show the appropriate response
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CASE STUDY: Teacher L

Ms L was a Scale II teacher, aged between 30 and 40 who had not taught
in any previous schools. She had responsibility for the Reception
class in an Infant school with 90 children on roli.. The school was
built in 1978 to serve an estate of predominently private housing on
the edge of a medium sized town. Although the school was of open plan
design the three classes were treated as separate entities and taught
as classes. During the time of the research permanent screens were

being built inside the school to remove the openess of the design.

Ms L had a large 'L’ shaped room with the ‘L' completed by a work bay
containing a wet area. There was a large space off the main room
containing: a Wendy House; bed; toy kitchen; rocking horsej large
apparatus for creative activities. Toilets led directly off the
classroom. The apparatus was very well labelled, easily accessible
and visually appealing. Displays of work were very stimulating,
creative and informative. They were a mixture of children’s work and

teacher produced stimuli.

Two parents came each day, one in the morning the other in the
afternoon, to work with children and undertake tasks connected with
classroom routine. Two of the helper parents were trained infant

teachers.

The admissions procedure far the Autumn Term was that the rising fives
joined those children who had begun their full time education the

previous Easter. Those children who were to be five during the coming
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Spring Term undertook half-time schooling for the aftternoon sessions.
The Spring Term saw the September intake and those children who had
heen attending half-time (now attending full time) joined by a new
intake from a local nursery school. Children who were to be five
dur;ng the Summer Term joined the class half-time whilst the previous
Easter starters left to move to a middle infants class. Far the
Summer Term the class comprised of the September intake, the Christmas
intake, the Easter intake who had been attending half-time (now
full-time) and an intake from the local nursery school. At January
1985 there was an intake of nine children to join the ten already in

the class.

Ms L stated that she started her day by setting out different
activities on the tables and deciding which groups of children would
work at each table. She would then move among the groups working
mainly with the group but with individuals when she deemed it
appropriate. The children began the day with a teacher-directed
worksheet or workcard, to get them used to working on a task without
fussing, and to allow her time to start off a small group or talk to
an individual child. The task was based upon pre-taught skills,
concepts or processes. It was consolidation, revision, practice or
putting known "knowledge" into a different setting. After the
"teacher task" children were directed to a range of activities which
she had previously placed on tables. Dﬁ completion of the activity
children were directed to "activity trays". Each tray contained
apparatus and games and was used to develop new concepts, language,
processes or to consolidate previously taught skills. The contents of
the trays allowed for several activities to be undertaken, each of

which would allow the same concepts, language or process to develop.
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The children were therefore allowed some freedom of choice in the
activity. On finishing the "activity tray" to the teacher’s
satisfaction the children were allowed a free-choice activity. GSonme
"topics" were introduced to the whole class then followed up with
workcard or worksheets and activity trays. Children were encouraged
to follow a "flexible" routine, to be self sufficent in obtaining and
replacing the materials they needed. They knew which task was to be
completed, what to do next, what was free choice and what was
mandatory. This organisaiiun allowed the teacher time to work with
groups of children on specific teaching points with minimal
interruptions. Mathematics was integrated into other activities

wherever appraopriate and Was usually undertaken in the mornings.

During an interview with the researcher Ms L stated that all her
activities followed a pre-determined development progamme. She made
an assessment at the end of each week and this determined: the
following week's worksheet or workcards; activity trays; and grouping
of children. She considered the assessment was a concept and
materials based judgement. A "group" could consist of children
requiring further practice and those beginning a particular stage.
She allowed a certain amount of pupil-to-pupil help within a "narrow"
ability range. There was an individual pupil’'s record sheet which
fitted inside the children’s folder or book for them to complete at
the end of each task. The children would follow the ITV programme
"Let's Go Maths". There was a very well equipped computer centre in
the school which was not used by the reception children., She
cansidered that although the children come from a good "middle class"
area the wider use of language needed to be encouraged and developed.

Assessment and development would be undertaken during sorting,

PAGE 133



matching and comparison activities. At the start of each term
several children would have already been with her for at least one
term so would know her organisation and be well enough trained to
allaw her greater flexibility for assessment and placement of the new
intake. She thought that the children’s area of number undefstanding
during their first two terms would be: counting and associating a
quantity with symbol, the children having completed sorting, ordering,
comparison, seriation and ordinal number activities previously. &he
would deliberately not "force the pace” to get children doing formal

recording.

Her main concern was that the group organisation broke down at the
start of each term because there were always incoming and outgaoing
children. She also worried that the Easter starters could well be
rushed as there were always more children in the class when they
started school than for any other group of children. After their
first term in school there was also the siy weeks Summer holiday. The
children starting at Summer or Spring had two terms to consolidate
their learning whilst Easter starters had only one term. &he was very
aware that these children would be treated as a "class” by the time
they reached top infants ready for their transfer to the junior

school.

During the observatiaons Ms L would beg}n the day with the children
sitting on the floor around her whilst she marked the register. This
period would give rise te informal social talk between the teacher and
the children before they moved on to begin their tasks (cf Cummings
1982). These social interactions were between a child and the teacher

and not among the children themselves. They were one-to-one rather
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than one-to-many conversations. This continued within the group
activities when pupil comments were made to the teacher and not to

each other.

The teacher was extremely soft spoken. During the entire observation
she never once raised her voice-to a child or to the class, and her
guietness was reflected by the noise level within the classroom. The
children almost whispered to each other. Ms L would employ a
"whispering" technigue as part of her teaching style whereby children
would come up to her and "whisper" the solution to a particular
problem, or she would "whisper" a message to a child. At the start of
Lesson 4 she informed the children what they had to do with the "feely
box" during the course of the day. They had to guess the identity of
the mystery object inéide the box by feeling it, then whisper its name
to the teacher at any time during the day. A label on the box read,
"What is in the box today?" and this was surrounded with texture words
such as "hard", "soft", "silky" and "rough". &he would change the
mystery object in the box each day. She would also write mystery
words in children’'s books and they would have to come to her and

whisper what the words were.

After registration there -would be a brief class activity which the
_teacher used to develop language situations. During Lesson 2 this
class activity centred around comparison of children’'s heights. All
the children were in the bay grouped around a very large paper
sunflower which was fastened to the wall. On the stem of the
sunflower were marked the heights and names of several pupils. The
teacher discussed with the children who was the tallest on the flower,

who the shortest, who was taller than a named child and who was
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shorter. Three more children were called to the sunflower and had
their heights marked on the stem. This was followed by further
discussion as to the relative heights marked on the flower. From the
class activity the children would move to %h;ir designated group
activities. The group sizes were usually between four and six
children and the composition of each group changed significantly fronm
activity to activity and from day to day. Ms L grouped her children
according to her assessment of their conceptual development and not
for managerial reasons. The target children, Nathan, Matthew, Stuart,
David, Emma and Caroline were observed working in many combinations
with each other and with other children. 1In the observed lessons Ms L
would sit with one of the groups undertaking some teaching task whilst
the remainder of the class were monitored by a parent-helper, who
happened to be a teacher. Whilst she was working with a specific
group there were very few interruptions from other children. The
teacher regarded these working periods as "precious” and stated that
each group would get their turn for "precious time". It was her
attempt at trying to overcome the asymmetry of teacher-pupil
interactions (cf Galton et al 1980). She would occasionally leave her

working group to complete a quick monitoring tour of the classroom.

During the early observations whilst the children were involved in
sorting, matching and comparing activities Ms L would be very careful
to try and structure her language so that the children would "develop
language skiils". It was noticeable that she would use the language

she wished to develop and the children had to respond to it.
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TEACHER : Make me a longer snake, {Emphasised the word “longer”).
The children made longer plasticine snakes in silence.
Lesson |

The children were handling bbjects in a feely box.
TEACHER : Is it squelchy?

- EMMA + No.
TEACHER : Is it pointed?
EMMA : No

Lesson 3

The children were sorting various objects, by end matching, and placing them into two hoops labelled
*longer* and “sharter”.
TEACHER : Do you think the cane is longer?
NATHAN Yes.
TEACHER : How can you tell?
Nathan end matched thea and showed the teacher.
TEACHER : Which hoop will you put it in?
Nathan placed it in the "longer”® hoop
Lesson 4

During these exchanges the children either responded by action or
answered monosyllabically, however in later lessons children were
encouraged to express themselves orally and a more apen style of

questioning was adopted.

The children had to match the teacher’s four cubes with four of their own. David eiscounted and
took five cubes, he recounted and resoved one of thea.
TEACHER ¢ How did he make four again?
MATTHEN : He took one off. Five take off one is four.
Lesson 8

TEACHER : I've got a nueber in sy sind that I am not going to tell you. You have to guess. It's
between one and twenty. I'll give you some clues.
STUART ¢ Twenty-one.

TEACHER ¢ It's between one and twenty.

MATTHEW : Nineteen,

TEACHER : Fewer than nineteen,

DAVID @ Twenty.

TEACHER : Not as many as twenty, fewer than twenty.

CHRIS. @ Ten.

TEACHER : It's more than ten but fewer than twenty.
RICHARD : Twenty-two. '

STUART ¢ Fourteen.
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TEACHER : It's amore than fourteen.

MATTHEW : Fifty. :

DAVID  : One thousand.

TEACHER : Me'll start with a nusber less than twenty. (She counted out ten cubes in a line).
TEACHER : It's one of these numbers. (She recounted to ten siowlyl.
STUART ¢ Nine.

TEACHER : Fewer than that.

MATTHEW : One,

TEACHER : Hore than one.

DAVID s Four.

TEACHER : More than four.

CHRIS. @ Nine.

TEACHER : Fewer than nine.

RICHARD : Er. (He paused, and the teacher promped).
TEACHER : More than five, but not as many as eight.
RICHARD : Eight.

TEACHER : Not as many as eight.

STUART  : Er.(He paused, and the teacher prompted).
TEACHER : More than five, not as many as seven.

STUART ¢ I think it's (he was interrupted by Matthew)
MATTHER : Six

Lesson 8

During the group activities she would sometimes join in the activity
as a participant member. In Lesson ! she played a word matching game
with the children and in Lesson 4 she joined in an ordering of
colour-hue game. She would also employ the "deliberate error”
technique whereby children had to correct her mistakes. During a
numeral recognition activity in Lesson 9 she looked at some numerals
and incorrectly stated what they were, the children guickly corrected

her.

During the observed lessons the target children were engaged
predominantly on comparison activities with some counting experiences
{Appendix 1). These counting experiences concentrated upon the
cardinal aspett of number with some reference to numeral recognition
and numeral formation, the objects the children counted were limited

in extent (Table 1-L).
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Table 1-L (Counting tasks observed)

LESSON  RANGE TYPE APPARATUS ACTIVITY
§ 1-3  Cardinal Paint chart Counting ‘How many?’
spots
3 1-6  Cardinal Painting Painting a given number of pictures.
materials
{-3  Cardinal Cups of water Counting cups of water added to flour.
b 1-20 Cardinal Classroos Counting "How many?’
objects
1-20  Comparison Comparing two groups by counting.
tar more/less
1 1-10  Cardinal Crayons Drawing and labelling a set of pictures.
8 1-10  Numeral Numeral cards Flash card activity stating numerals.
recognition
{-10  Matching Cubes Matching the size of the teacher's set.
20 Cardinal Cubes Counting cubes.
1-20  Nusber facts ‘buess the number’ ganme.
9 1-10  Nugeral Numeral cards Flash card activity stating nunerals.
recognition
1-10  Numeral Fingers Tracing nuaerals in the air.
fornation
1-10  Nugeral Smnall nuseral Matching teacher’s numeral.
recognition cards
3 Cardinal Cubes Hatching a quantity to a numeral.
1-10  Cardinal Picture cards Matching pictures of quantities to numerals.

Ms L stated that she did not believe in introducing the children to

zero as the concept was too difficult for them to grasp. 1In the test
results only Emma and Nathan did not reéognise the numeral zero,
whilst in the ordering of the numerals zero to ten only David and
Matthew managed the correct sequence. Caroline tacked zero at the end
of her sequence whilst Stuart went to great pains to try and hide his
Eventually he sat on it There were no

zero card. (Appendix 6).

number track or number line activities observed, nor were any in
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evidence within the classroom. Three target children, Emma, Nathan
and Caroline, were observed trying to sequence numeral cards with two
other children during Lesson 9 after some experience of numeral

recognition and looking at the cardinal value of the numbers.

The teacher placed Unifix cubes in centre of table and showed flash
cards of numerals aone to ten in random order to the children. 5ix was
shown and "Eight" was said in unison, except Tim who said "Six". Five
was shown and "Five" said in unison, the téacher then reminded them ’
how five was written, "Down, fat tummy, put his hat on". She then
showed five and sadd it was siu, thg children corrected her. Numeral
one was shown and "One" correctly stated. Nine was shown, the teacher
stating it was seven, she was corrected by the children. Four was
shown inverted and Tim stated that it was upside down.’ The children
were asked how it was drawn and replied "Down, along, then the stick.”
Ten was shown and there were several guesses, eventually the teacher
had to tell them what it was. GSeven was shown and answered correctly
in unison. Three was shown and answered correctly in unison, except
by Emma who said "Five". Two and eight were shaown and answered
correctly in unisen. The teacher told them that eight was written
like an "S§" first tpen joined up, the children traced an eight with
their fingers on the table. &5he gave out small cards which had one to

ten written on them.

TEACHER ¢ See if you hold up the same as nme.
She held up 5, 6 then 8, the children responded correctly.
TEACHER : What number is it Caroline? (Showing eight)
CARDLINE: Six

Lesson 9

The Teacher showed Caroline the six card to highlight the difference,
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she then held up the two card, Emma showed her two upside down so Ms L

queried whether that was correct, Emma corrected herself.

TEACHER ¢ Find three Unifix to match the nuaber (Showing the three card).

Eoma took five cubes, the teacher removed them, then placed one at a time in front of her and
counted to three slowly.

TEACHER : How many Nathan? {Nathan had four cubes).

NATHAN ¢ Five (the teacher counted and placed three in front of him),
Lesson 9

Caroline had three cubes, the Teacher counted them with her. Hs L
then showed five cubes to the children and asked them to show her an
equal number. Emma took four cubes, Nathan, Nicola, Caruline and Tim
each showed five. The Teacher counted with Emma, she moved one at a
time and all the group counted with her. Emma tried to count her
cubes, she reached to two and stopped, whereupon the other children
helped her to count to five. Caroline moved her cubes and counted
correctly. Nathan moved and coun{ed his cubes with some help from the
teacher. Envelopes were given to the children, inside were yellow
cards and small squares. On the squares were numerals 1-10 and on the
yellow cards were arrangments of pictures in sets of one to ten. The
children had to match numbers to pictufas. They began by putting the
numerals in order in front of them. Caroline’'s order was correct but
Emma and Nathan had a mixed jumble of numerals in front of them. The
teacher counted with Caroline along her line of numbers. At this
point Emma felt unwell so the Teacher asked for someone to help put
her numbers in order. The numbers one to five were placed in front of

the teacher and the children counted thenm.
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TEACHER : Khat comes after five?
UNISON ¢ Six.

Caroline placed six after the five, The teacher counted out the seven to ten cards as the children
pointed to thes and stated the numbers.
TEACHER : Let‘s see if we can sort Nicola out. One, Two, what's next? (Nicola pointed to eight).
The Teacher moved the numbers in order and counted as she did so.
TEACHER ¢ Tim, can you put Nathan's right for me? (He did sol.
TEACHER : Let’s look at the pictures
The pictures were of butterflies and stars.
TIH : We could match the pictures with Unifix.
The teacher did so with a picture of four items.
TIN : We could use nusbers as well.
TEACHER : Which number goes with this? (Pointing to the picture of four items).
UNISON & Four.
Lesson 9

The target children appeared confused over which numbers some of the
numeral cards represented, the order of the numerals, and the
technique of accurately counting objects. This confusion continued
for Emma and Nathan as the results of the counting, numeral
recognition and numeral ordering tests show (Appendix &). The
teaching of counting skills appeared in sharp contrast to the very
careful detailed and systematic development of comparison which took
place over a matter of many weeks (Appendix 1). The results of the
counting tests using numbers within the 0-10 range show that many of
the children seemed to subitize rather than count for numbers less

than five (Table 2-L).
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Table 2-L {Test Results: Counting numbers to ten)

NANE HOVE FIXED VISUAL AURAL

497 2 10 & 53798 385 10
DAVID N/THITH/T I 7T E1EEE t
CAROLINE I PP EEE EEEE Ex
EMMA MM I 71 Ex I E Ex Ex x
STUART 117 I T«T EITEPP
NATHAN TTT I 7T EEEEE X
MATTHEW I TP 1 PE E1E EE %

{. The counting test included:
MOVE - counting moveable objects
FIXED - counting immoveable objects which could be touched
VISUAL - counting ianoveable objects which could not be touched
AURAL - counting sounds
MATCHING - aatching a nuseral card to a card showing plastic counters.

2. An error is signified by x
No attempt is signified by #

I= Insediate response M= The itea was moved
T= The item was touched P= The ites was pointed at
E= Eye or head movement

(2]
-

4, Numbers at the top of the coluans show the appropriate response
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CASE STUDY: Teacher H

Ms H was a deputy headteacher, agéd between 40 and 30, with experience
pf teaching at three previous schools. Her special responsibility was
for the mathematics throughout the scheool. The school had 180 infant
and nursery aged children housed in early 1900's buildings. The
infants were in the main building and the nursery children in an
annexe. The catchment area was mainly council housing and pre-war
terraces on the edge of a medium sized industrial town. Her class
room had the four corners designated for various activities: library;
sand and water play; painting and artwork; dressing up and general
apparatus. It was well equipped with a variety of apparatus and
materials all of which were easily accessible to the children.
Mathematics workcards, worksheets, home-made apparatus and games were
housed in a series of drawers outside the classroom. They were well
categorised and beautifully presented. The centralisation ensured
that all the staff had easy access to them. On the walls of the
classroom and surrounding corridors were large friezes of topics
currently being undertaken by the class, smaller informative displays
and displays of children’s work. Working with the teacher were: the
Welfare Assistant who helped for ane day per week; a mother who helped
each Friday afternoon; a pupil from a local secondary school who was
on a "Community Care" programme for one morning session each week; a
young man who helped for one morning session each week, he had been
doing so over a number of years; and the Headteacher on a regular

fortnightly time-tabled basis.

Children moved from the school's nursery unit into the reception class

at the beginning of each of the three terms. The Spring Term of 1985
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saw an intake of fifteen children joining an existing group of ten
Middle Infants. The School previously had a policy of parallel
grouping throughout the school and this was the first year that there
was a reception class. At the start of the Summer Term there was an
intake of {five children from the nursery unit whiist five middle

infants moved out to another class.

During an interview with the researcher Ms H explained that she
usually organised her lessons so that there was either a class
activity on the carpet followed up by various connected activities;
these would be previously set out on the tables. Sometimes she would
direct groups of children to activities set out on tables whilst she
worked with the remaining group either on the carpet or at a table.
The children would be organised and taught mainly as members of a
group although there would be frequent individualised teaching
occurring because several children had acute learning problems.
Children would work on their own tables which acted as their base.
Mathematics would be integrated with other topics wherever applicable,
taking place either in the morning or in the afternoon. S§he would
have the reception children working in two groups, of seven and eight,
although these would sometimes be further subdivided to make four
groups altogether. Her Middle Infants would be in two groups of five
and all children would be moved between groups according to the
teacher ‘s assessment of their development. A flexible routine would
be followed to allow for maximum organasational freedom. All the
mathematics activities would folloﬁ a pre-determined development
programme written by the teacher. In broad terms the areas to be
covered would be planned at half-termly intervals. She would make an

assessment at the end of each week for her to plan the subsequent
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week's activities. This planning would be based upon a skills-concept
awareness programme. A matrix would be built up for each week showing
each day listed against a range of skills and content, entering what
was to be developed and which groups had to do the particular
activities. A full assessment was made at the end of each half-ternm
for each group and each child made a monthly entry into a "special
book” as a record of his or her progress. The camputer was used on a
weekly time-tabled basis. No mathematics programme was followed on
television. The school had a very mixed catchment area and there was
a very wide ability range so she would begin their mathematics
education by assessing language development because she found that a
great deal of extra language experiences was needed by most children.
Assessment would be made whilst the children were working on the
sorting, matching and comparison activities. She considered that by
the end of the Easter term the children’s area of number understanding
would be: incidental counting to ten; wide language development,
occuring through sorting, matching and comparing. By the end of the
Summer term they would be able to count beyond ten and have experience
of cardinality to ten. She would not expect to cover activities on

number operations.

Ms H was a very "motherly" teacher, she would frequently place her arm
around children when talking to them, or take upset children upon her
knee to com%ort them when they became distressed. She would exert
control through extraverbal meaning and voice tone as observed by King
{1978, 1979 and 1984) and often referred to the children by
endearments instead of using their names. Some observed lessons began
with the teacher working with the group of fifteen reception children

sitting on the carpet. During other lessons she worked with a group
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of ten reception children on the carpet or with a table of between six
and eight children., Whilst she was occupied with her working group
the remaining childen were working at their tables or in the activity
carners. During these working sessions there was a tendency for sonme
of the more dominant children to monopolise the proceedings,
particularly Jessicca, Ben and Craig (the boys were both target
children). During Lesson 1 which lasted for 30 minutes and involved
the children in using attribute shapes for a variety of activities
only Ben and Craig of the target children took part either verbally or
in handling the shapes. Similarly in other lessons it was noticable
that, these two boys apart, there was little unprompted response from
the other target children. Ms H would accept "call outs" or "unison'
responses during her oral activities rarely nominating children by
name to respond. The responseé tended to be single word answers to

closed questiaons.

TEACHER : This is a new shape. Let us count the sides.

This was done with the teacher touching the sides and the children counting aloud with her.

TEACHER : It has eight sides. Do you know what an eight sided shape is called? (No answer).
It is called an octagon. All say it with me so that you resember. QOctagon.

UNISON : Octagon. .
TEACHER : What is the colour of the octagon?
UNISON @ Green.

TEACHER : How many shapes have we here altogether?
Some children counted to four whilst others said four immediately. She then added a blue circle, a.
red triangle and a green square to the line of shapes in front of her.
TEACHER : How many shapes?

UNISON ¢ Seven.
TEACHER : What is the new nusber we have been looking at this week?
UNISON : Seven.

Lesson 4

She would also employ the strategy of making a deliberate mistake for

the children to correct.
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TEACHER : Which is the last shape?
UNISON : Square
TEACHER : This one? (Pointing to the blue square)
UNISON : No, this one {Many children pointed).
CHILD ¢ The green one.

Lesson 4

During some of the oral activities she would try and steer the
children towards producing the response she expected or wanted.
During Lesson 8 she began by referring to previous measuring tasks

where the children had measured with straws and cubes.

TEACHER ¢ These are no good for measuring in shops. (Pushing away a tray of straws and cubes).
TEACHER : What could we use instead?

Ben stood up and showed his foot.

BRETT  : Legs. {He crawled aver the mat).

TEACHER : Not a good idea.

LINIT  : Hands. (This was ignored).

TEACHER ¢ I want some part of the body. (She strode along the carpet).

TEACHER ¢ To give you a clue, (She strode back}.

CRAIE ¢ Walking.

TEACHER : What was I doing in ay head?

BEN : Counting.

TEACHER : What have I discovered? (Striding the matl.

BEM ¢ Five feet

TEACHER ¢ I wasn't counting in feet. What was I using? What do you call the measuring? Five
what?

CHILD & You're counting nuabers.

TEACHER : (Taking one stride). This is one {pause)?

CHILD ¢ Step.

TEACHER : A good word. The word we use is paces. Nathan, you do some paces (Nathan paced the
carpet). '

TEACHER ¢ How many paces?

CHILD : Five.

Craig was chosen to pace the mat, he did so slowly, counting to six as he walked, Danielle was then
selected, she took seven paces. The teacher paced the carpet in five strides.

TEACHER : My what is bigger than yours?

This was unanswered so the teacher showed her span.

TEACHER ¢ This is called a span., Let's name parts of the body we can measure.
Several children called out "Hands" and "Feet®.

TEACHER : Anything else?

BEN s+ Fingers,
CRAIG & Span.
DANIELLE ¢ Walking.
BEN : Paces
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TEACHER

During the observations a range of counting experiences were offered

to the children

: That’s the word.

I'n going to ask someone to pace for us (pausel.

Ben, you pace outside, use the edge of the drawers.
Find how many paces long the cupboard is.

Lesson 8

(Table 1-H).

Table {-H (Counting tasks observed)

LESSON
3

RANBE TYPE
1-5  Cardinal

-5 Ordinal

1-5  Cardinal
3-4  Mumber facts
8 Counting
-7 Cardinal

1-7 Ordinal

1-7  Ordinal
[ Conservation
b Partitioning
b Recording
b Nupber trios
-9 Ordinal
3 Cardinal

{-3 Ordinal

-10  Cardinal

-10  Nugmerals

Ordinal

-10  Writing nuserals
1-8 Measure

1-10  Counting on

Counting back
fddition

APPARATUS
Unifix cubes
Unifix towers

Plastic objects

Octagon
Shapes
Shapes
Children

Butter beans
Butter beans
Pencils

Children
Pictures
Pictures

Pictures
Pictures and
numerals
Pictures
Lrayons
Children

Colour track

Shape track
Number line

PAGE

ACTIVITY
Counting cubes (Show ge).
Ordering towers.

Recalling rhymes and facts containing
‘threeness’ and "fourness’.

Counting the sides of an octagon.
Counting shapes (How many?).

Discussing position of shapes placed in a line.
Discussing position of children ordered to siza.

Making several patterns with six beans.
Partitioning six beans into two sets.
Recording partitions of six.

Recording the four additions to six,

no reversals allowed.

Ordering of children round a table.
Counting pictures (How many?).
Ordering pictures to size.

Counting pictures (How many?).
Matching quantities to numerals.

Ordering guantities.
Tracing and writing nuserals.

Counting 'how many’ budy units.
Counting "How many’ from x toy
an tracks and lines.

Counting on y froa x.
Adding on a number line.
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Ms H used a cardinal-count activity in Lesson 3 with a group of
fourteen children. The group included all the target children. She
held up to five objects in her hand and asked "How’many have I?".
The children called out answers in unison. Three trays of Unifiu
cubes were placed in front of children and they were told to take one
blue cube, two yellow cubes, three brown cubes and four green cubes.
This the children did with some help from the teacher and their peers.
She asked who had placed their cubes in steps whereupon those who had

their cubes in ‘singles’ quickly fastened them together. Nathan was
asked to count his cubes because he had towers of 1,2,2,3 instead of
the required 1,2,3,4. He counted the tawers as 1,2,3,4 but didn’'t
realise that his third tower should contain three cubes and his fouth
tower four. The incorrect number of cubes in his third tower was
pointed out te him by the teacher. He corrected both his third and
fourth towers. The children were told to count and point to zero,
one, two, three and four which they did by touching their towers.
Fifteen plastic objects were then placed in front of children, one
bottle, two scissors, three elephants, four ships and five plant pots.
The children were told to point to what there was only one of, two
of, three of and four of. They then had to count how many were left.
Ms H also used the method of concentrating upon a specific number and
finding out several ¥;cts about that number.

TEACHER ¢ We‘re thinking about three and four. What stories do we know about these numbers?

CHILD @ Three Pigs.

CHILD @ Three Bears.
TEACHER : What about mice?
CHILDREN : Three Blind Mice.
The children then sang an action version of ‘Three Blind Mice'.
TEACHER ¢ What other things have three somethings?

JESSICA : Triangles have three sides and stools can have three legs.
TEACHER ¢ Let's think about four. #hat has four of somethings?
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Several answers were called which included, table, cats, dogs and pram wheels. The children were
given two books, one in the shape of a three with three pages and the other in the shape of a four
with four pages. They were told to draw pictures of three things on a page or four things on a
page, this to be done after playtine.

Lesson 3
TEACHER : How many shapes?
UNISON & Seven.
TEACHER ¢ What is the new number we have been looking at this week?

UNISON ¢ Seven
Lesson 4

In Lesson 4 Ms H went on to develop ideas of ordinality based upon the
number seven which was the focus of their number work for that lesson.
The ordinal aspect was initially introduced through looking at the
relative positions of shapes placed in a line. Seven shapes which
differed either by colour or shape were placed in a straight line
between the teacher and the children. Ms H pointed to her left hand
shape and stated that this was the start. It was to the right side of
the children who were all facing her. This resulted in a little
confusion for some.of the children who were used to left-right
positioning.

TEACHER : Which is first?

No answer, so the teacher pointed and repeated the guestion.

TEACHER : Hhich is first?
BEN ¢ Triangle

TEACHER : Which triangle?

UNISON & The yellow one.

TEACHER : Which is last? (Pointing to the last shapel.
UNISON  : Square.

TEACHER : This one? (Pointing to the blue square).
UNISON : No, this one (Many children pointed).

CHILD  : The green one.

TEACHER : Which is the middle one?

UNISON = Octo, octo (The children struggled to remember the word).

JESSICA : Octopus.

TEACHER @ Nearly, it's octagon. Sarah, show ae the second.

Sarah pointed to the sixth which was the second looked at from left to right.

TEACHER : Show me second on our line.

The teacher went along the line of shapes touching and naming them ordinally from first to seventh.
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TEACHER : Ben, stand behind the yellow triangle. Michelle, stand behind the orange circle.
Danielle, stand behind the last one. Craig, stand behind the fourth ane.

All these commands were followed correctly with some help fros other children.

TEACHER : Lyndsay, stand by the fifth one.

Lyndsay stood by the third, : :

TEACHER ¢ If we start from Ben she's third but if we start from Danielle she's fifth.
Start froa Ben.

Lyndsay looked, saw where the teacher was pointing and moved there.

TEACHER : What's left?  What position?

JESSICA : Third (She went and stood there).

TEACHER : One eapty position. What is it?

DANIELLE = Sixth {(Sarah went and stood there).

TEACHER : Brett, I want you to replace the third. (He did so)

TEACHER : Replace the middle one. Jessica changed with Craig.

TEACHER : Craig, replace the person behind the red triangle, tell me their positien.

He didn't answer but moved to the red triangle.

TEACHER : Sixth is the saae, Sarah, replace the yellow triangle and tell ne the position.

Sarah said nothing but went to the yellow triangle and moved Ben.

Lesson 4

From considering ordinal labelling according to position she moved on

to ordinality through relative size.

TEACHER : Ben, find the smallest child and put thea first.

He correctly selected Brett and moved hia to the side of the carpet.

TEACHER : Now put the other children in order.

He correctly placed Sarah and Lyndsay then pondered because all the rest were very close in height,
- except Michelle, who was the tallest. He moved some children around, changed his mind, rearranged

thea, placed Michelle fourth, seesed confused and stood back.

TEACHER : Look at the line. It should be a smooth line and it should go up nicely.

Ben nodded and correctly arranged the children except for Michelle. The teacher intervened and

placed Michelle correctly.

' Lesson 4

Ordinality was considered further in subsequent lessons (Table 1-H).

Ms H also used the ‘focusing upon a number’ technique to develop
counting skills, cardinality, conservation, parti%inning, operations
and relationships. She would introduce all these ideas within one
activity. During Lesson 5 she based her mathematics around a bag of

butter beans. The children had sheets of paper on which were drawn

circles to act as set enclosures. There was some talk about butter
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beans and how the teacher liked to eat them.

TEACHER : What is our new number?
UNISON @ Six.
Hs H placed a pile of beans in centre of table.
TEACHER : Who will be first to have just six in their hand?
The children counted out beans and held thea.
TEACHER : Put them in front of you and count.
Two children had incorrect gquantities, the teacher counted with thes and corrected the error.
Each child was then given one of the set enclosures.
TEACHER ¢ Shake the beans in your hand and drop them on your paper. Look at the patterns.
Do you notice anything different about thea?
Several children said that soae were together and some apart.
TEACHER : Pick them up and try again
The children dropped the beans again.
TEACHER : Yours is different this tise (To Ben). How many have you got?
BEN ¢ Six.
Three children were asked in turn how sany they had. Each child counted aloud and stated six.
Ms H drew a straight line across each child’s set enclosure.
TEACHER : Look at what I've done to your sets. Get the beans in your hand.
We're going to see what happens when you drop thea.

The children dropped the beans.
TEACHER : How many here? (To Ben, pointing at the beans) and here? (pointing). Altogether?
BEN I've five here and one here (He counted all to find six).
HICHELLE : I've got three and three, that aakes six.
The children dropped the beans again,
TEACHER : What have you got now? Has the pattern changed?
BRETT I've got a five and a one this time.
TEACHER @ Linzi, count for me.
Linzi counted three then three then six.
MICHELLE ¢ I've got five and one.
TEACHER : What makes six then?
HICHELLE ¢ Butterbeans.
TEACHER : See how amany ways, by moving the beans, you can make six.
The children did this and were prospted to find different ways of making six. She asked guestians
related to how many in each partition and how many altogether. GShe then wrote on a large sheet of
paper: :

b0 — b

2,4 = b

1,9 =6

33— 6
TEACHER : Have we got yours? (To Michellel.
MICHELLE : It's five and one
TEACHER : It's very like one and five. Look nought and six is like six and nought.

Lesson 3§

Occasionally the children would work in small groups of two’'s and
three’'s looking at a similar aspect of number but using different
materials. In Lesson 7 the target children were involved in

cardinality and associating a quantity to a numeral or number word.
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Three children were on the carpet each with a jigsaw problem. The
jigsaws comprised of three pieces, two pieces showing the same
quantity and the third piece showihg either the numeral or the word.
The completed jigsaw showed two sets of objects with the matching
"name'. Three other children were on a table with a ‘matching egual
groups’ activity, they had picture cards showing number groups fronm
one to ten and had to make sets of cards which showed the same
quantity., Two children were matching quantities to symbolg using
two-piéce umbrella jiésaws. The quantity was on the canopy in the
form of dots and the numeral was on the handle. The group of children
who sorted picture cards counted the number of ’'spots’ on each card
they picked up and tried to place it on another card which shawed the
same amount. They were attempting to make ten piles, one for each
cardinal number. There were piles of cards in random order in front of
them showing six, seven, five and four spots at which point they lost
track of which pile was which. They frequently counted 