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Abstract

This thesis examines the role of analogy in the development of
reading and spelling. Analogy is defined as using the spelling-sound
pattern of one word (e.g. ’'beak’) to read or spell a word which
shares a common orthographic sequence (e.g. ’'bean’ or ’peak’).

Experiment 1 shows that 6-7 year old children can use analogies
when required to select the correct spellings of words which are read
to them. Experiment 2 shows that children aged 5-7 years can also use
analogies to read new words aloud. Experiment 3 shows that analogy is
used in the same way by children at three different reading levels
(non-readers, 6 years and 7 years). Experiment 4 shows that 5-7 year
old children can also use analogies to spell new words. It is
concluded that the use of analogy does not develop, as it is
available from the very beginning of learning to read and spell.

Experiments 5, 6 and 7 examine the effect of varying
spelling-sound consistency on analogies. Children taught pairs of
words consistent in spelling and sound (e.g. ’'peak-leak’) make more
analogies in reading than children taught pairs of words consistent
in spelling but inconsistent in sound (e.g. 'peak-steak’). This
difference does not occur in spelling. It is concluded that
spelling-sound consistency only affects children’s use of analogies
in reading.

Experiment 8 shows that children also use analogies to read new
words which they encounter in reading prose. This shows that analogy
is not restricted to single word reading. Experiment 9 compares
analogies between words written in the same case and in mixed case.
It shows that analogy relies on orthographic rather than visual
information.

These results suggest that children should be taught to use

analogies to read and spell new words. The broader educational
implications of analogy are also discussed.

Note. This thesis contains approximately 91,000 words.
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ABSTRACT

This thesis examines children’s use of analogies between the
spelling patterns in words as a strategy for reading and spelling new
words in English. Analogy is defined as wusing the spelling-sound
pattern of one word (e.g. ‘beak’) to read or spell a word which
shares a common orthographic sequence (e.g. ’'bean’ or ’'peak’). The
main question of interest is whether young children in the earliest
stages of learning to read and spell can use such an analogy
strategy, or whether analogy is a relatively sophisticated type of
reasoning which is not available until later in development.
Additional questions are the role played by analogy in learning to
read and spell, and the effects of ambiguity in written English (such
as variations in spelling-sound consistency) on children’s

willingness to use orthographic analogies.

In Chapter 1, the questions to be examined in this thesis are
set out. It is suggested that current theories of reading development
(visual-orthographic and phonological) are insufficient on their own
to explain how reading develops, and that an additional strategy is
required, namely analogy. The use of an analogy strategy to read and
spell new words would enable children to use their current reading
and spelling knowledge to make predictions about new words, and would
also enable the decoding of many so-called ’irregular’ words, which
are quite consistent once larger spelling wunits are taken into
account (e.g. 'light’, 'fight’, 'night’). Analogy in reading and
spelling is then defined, and the additional component skills
required to make analogies in written language, such as

categorisation and segmentation, are discussed.

In Chapter 2, the cognitive-developmental literature on

analogical reasoning is reviewed. It is shown that most of the work
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conducted on children’s analogical reasoning abilities has concluded
that analogy is a form of reasoning which only emerges with the onset
of the Piagetian period of formal operations in early adolescence.
However, it 1is claimed that this conclusion is based partly on a
misunderstanding of Piaget’s theory concerning the 1link between
analogical reasoning and proportionality, and partly on
poorly-designed experiments which rely largely on multiple-choice
verbal analogy problems. In the final section of Chapter 2 (section
6), some recent work on children’s use of analogical reasoning in
concrete situations is presented, which suggests that children as
young as 4 and 5 years of age can reason analogically. It is
concluded that there is no reason to believe that children in the
early stages of reading and spelling development do not have an

analogy strategy available.

In Chapter 3, the few experiments which have been done on
children’s use of analogies in reading and spelling are discussed.
Two major claims are identified. One is that analogy is a
developmentally sophisticated strategy available only in the final
stage of learning to read and to spell, made by Marsh and his
co-workers. The other (Baron 1977) is that analogy is a strategy
which is used naturally even by kindergarteners to read new words.
However, it is shown that the evidence on which both these claims are
based is unconvincing, and it 1is concluded that further work is
needed to decide between them. The final section of the chapter
considers the 1link between orthographic analogies and the
cognitive-developmental 1literature on analogical reasoning. It is
concluded that orthographic analogies are true analogies, and thus
that the cognitive-developmental literature should not be ignored by

workers in the field of reading and spelling development.



e

Chapter 4 then reviews the literature on the component skills
required to make orthographic analogies (categorisation, chunking,
rhyming, segmentation, and blending), in order to determine whether
children have such skills available before they begin to learn to

read. This chapter is in 9 sections.

Section 1 introduces the issues to be examined. Section 2 shows
that children have good categorisation skills from an early age, both
visual and phonological, and also have strong expectations about the
links between spelling and sound, expecting words which look similar
to sound similar. Section 3 looks at evidence regarding children’s
ability to chunk words into the units required for analogies, and
concludes that such chunking skills are available before reading
begins. In section 4, children’s rhyming skills are discussed, and it
is shown that rhyming and alliteration skills are present before
reading commences, and furthermore are important predictors of later
reading and spelling ability. It is suggested that analogy may play a
role in explaining this connection between early rhyming and later

reading and spelling.

Section 5 examines the literature on children’s segmentation
skills, and concludes that some kinds of segmentation (e.g. phonemic
segmentation) only emerge as reading develops. However, in section 6
it is shown that the kind of segmentation required for analogy is
available before children learn to read. Section 7 discusses the
evidence on children’s blending skills, and concludes that blending
is well-developed before reading commences. Finally, section 8
considers studies which look at blending and segmentation together,
and it is suggested that while both skills are available before

reading begins, learning to read enhances children’s blending and
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segmentation abilities. It is concluded in section 9 that all the
component skills required to make orthographic analogies are

precursors of reading.

Chapter 5 briefly reviews the adult literature on reading by
analogy, as this has provided the main forum for debate about the
importance of analogies in reading new words. The classic dual-route
model of reading is first discussed, and then the challenge to this
model posed by an analogical theory of skilled reading is
demonstrated. The major experiments which support an analogical
rather than a dual-route model are examined, and possible
modifications to classic dual-route theory which can accoﬁgdate some
of these results are also briefly mentioned. However, it is concluded
that some of the experimental findings are impossible to explain even
by such modified theories, and that analogy theory offers the most
satisfactory model of skilled reading. The implications for theories
of reading development are then examined, and it is concluded that

empirical work is needed to investigate these implications.

The first experiment performed to investigate the development of
the use of an analogy strategy in reading is presented in Chapter 6.
Children aged from 6-7 years were asked to choose the spelling
patterns of new words read to them by the experimenter from an array
of possible spelling patterns which they were given, either when an
analogous ‘clue’ word was present to help them, or in the absence of
any clue word. Both readers and non-readers were tested. It was found
that the children were significantly better at choosing the correct
test words when they could use analogies between the spelling
patterns at the beginnings of the clue and test words to help them.

This showed that children can make orthographic analogies between the



spelling patterns in words when the pronunciation of the unknown

words are provided.

The second experiment presented in Chapter 6 examined whether
children could also use such analogies if the task was one of reading
aloud. Children aged from 5-7 years were given clue words such as
'beak’, and were asked to read new words aloud which were either
analogous (’beak-bean’, ’'beak-peak’) or non-analogous (’beak-bask’,
'beak-rain’) to the clue words. Again, both readers and non-readers
wvere studied. It was found that both groups performed significantly
better when analogies could be made between the ends of the clue and
test words. This showed that children can use analogies between the
spelling patterns at the ends of words to help in reading new words

aloud.

In Chapter 7, a more detailed version of Experiment 2 is
presented, in which the use of analogy by children reading at three
different reading 1levels was compared for both real words and
nonsense words. It was found that children reading at the 6 and 7
year old levels used analogies between both the beginnings and the
ends of words to read new words aloud, for both real words and
nonsense words, although both groups made significantly more
analogies between the ends than between the beginnings of words. The

non-readers only made analogies between the ends of words.

However, no other differences in the use of an analogy strategy
were found. This was a striking result, as it suggested that analogy
is available right from the beginning of learning to read, and that
the ability to use analogies in reading does not develop. Experiment
3 further demonstrated that a significant relationship existed

between rhyming skills and the use of analogies in reading, which



Vi

supports the idea that the use of analogies in reading is the 1link
between early rhyming skill and later reading ability. It is
concluded that the hypothesis that analogy is a sophisticated
strategy characteristic of children in the final stage of reading

development can no longer be maintained.

Chapter 8 examines whether children can also wuse an analogy
strategy in spelling. In Experiment 4, children aged from 5-7 years
were asked to spell both analogous and non-analogous words either in
the presence of a clue word from which analogies could be made, or
without such a clue word being provided. It was found that children
spelled significantly more words correctly compared to Pretest only
when analogies could be made from either the beginnings or the ends
of the clue words. As in reading, significantly more analogies were
made between the ends of words than between the beginnings of words.
A significant relationship between rhyming and alliteration skill and
the use of analogies in spelling was also found. It is concluded that
analogy is wused by young children to spell new words from the
beginning of learning to spell, and may play a role in explaining the

link between early skill in rhyming and later ability in spelling.

In Chapter 9, the effect of spelling-sound consistency on

children’s willingness to make analogies in reading and spelling is
examined. In Experiment 5 (reading), children were taught pairs of
words which varied in spelling-sound consistency, and the number of
analogies which they made to new words was then assessed. The taught
pairs were either consistent in spelling and sound (e.g.
'peak-leak’), consistent in spelling but inconsistent in sound (e.g.
'peak-steak’), or unconnected in spelling and sound (e.g.

'peak-loan’). The new words were either Analogous (’weak’, 'beak’),
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or Ambiguous (words which looked analogous to the taught pair but
which were pronounced differently, e.g. ’‘break’). Using analogy to
read the Ambiguous words can result in nonsense words (e.g. "breek").
It was found that children made most analogies to both wordtypes when
they learned about consistency (peak-leak), fewer analogies when they
learned unconnected pairs of words (peak-loan), and fewest analogies
when they learned about inconsistency (peak-steak). It 1is concluded
that even though inappropriate analogies in reading can be checked
via the production of nonsense words, children make analogies in
reading to both Analogous and Ambiguous words. However, for both
these wordtypes, children’s willingness to use analogy depends on the
consistency of the spelling-sound patterns of the words which they

have been taught.

Experiment 6 then examines the same question in spelling.
Children were taught to spell pairs of words which varied in
consistency as in Experiment 5, and the effect on their spelling of
both Analogous and Ambiguous words was then assessed. The Ambiguous
words used in Experiment 6 were words like ’'meek’ and ’'seek’, which
sounded as though they should be analogous to the taught pair but
were actually spelled differently. However, in spelling there 1is no
cue to tell children that analogies to the Ambiguous words are
inappropriate. The results showed that spelling-sound consistency had
no effect on the number of analogies made in spelling, as there were
no differences in the number of analogies made from the different
taught pairs. It 1is concluded that spelling-sound consistency does

not affect children’s willingness to use analogies in spelling.

This unexpected result was checked further in Experiment 7,

which 1is presented in Chapter 10. Here the children were taught to
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read pairs of words which varied in consistency as in Experiment 3,
and their spelling of new Analogous and Ambiguous words was then
assessed. The aim of this experiment was to see whether <children
would use information gained through reading to modify their spelling
of new words. It was again found that there were no differences in
the number of analogies made from the different taught pairs.
However, a significant number of analogies were made in all
conditions. It is concluded that reading knowledge can be used to
modify spelling behaviour, but that spelling-sound consistency does

not affect children’s willingness to make analogies in spelling.

In Chapter 11, children’s use of analogies in a more natural

reading situation is assessed, by examining the use of analogies in
reading prose. In Experiment 8 children were given short stories to
read. Some of the new words in the stories could be read by analogy
to a clue word in the title of the story. It was found that children
were significantly better at reading these words when they were
taught the clue words in the story titles than when they were not.
Furthermore, it was found that there were no differences in the
number of analogies made to the beginnings and ends of words. It is
concluded that analogy is an important strategy in prose reading, and
that when reading prose analogies between the beginnings and the ends

of words are equally important.

In Chapter 12, the processes underlying the use of analogies in

reading are examined. In Experiment 9 children were given both
analogous and non-analogous words to try and read by using clue words
as in Experiments 2 and 3, but this time the test words were either
written in the same letter case as the clue words, or were written in

a mixture of different letter cases. In the Same Case condition, both
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visual and orthographic information is present, but in the Mixed Case
condition, only orthographic information can be used, as the visual
appearance of the clue and test words is very different. It was found
that children made as many analogies in the Same Case condition as in
the Mixed Case condition. It is concluded that analogy is based on

orthographic rather than on visual information.

Chapter 13 summarises the conclusions of this thesis, and

assesses the implications for future work. The questions raised at
the beginning of the thesis and the degree to which they have been
ansvered are discussed, along with the limitations of the
experimental studies conducted. More research on the development of
orthographic knowledge is then encouraged, including investigations
of the effect of the number of shared letters in words and of the
position of shared letters in words on analogy. Research on the
educational implications of analogy is also urged, both in the area
of reading and spelling development and in wider
cognitive-developmental terms, and some future experiments are

suggested.
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CHAPTER ONE

INTRODUCTION

1.1. Current theories of reading development: Are they sufficient?

The question of how children learn to read 1is still a
controversial one. Two main strategies for learning words have been
proposed by different authors, a visual-orthographic strategy and a
phonological strategy. In a recent review of research on the
development of word recognition, Barron (1986) calls these strategies
the ’‘direct access hypothesis’ and the ’indirect access hypothesis’,
respectively. This is because a visual-orthographic strategy is meant
to allow direct access to the lexicon, while a phonological strategy
can only achieve lexical access indirectly through sound. This thesis
will argue that neither of these strategies is sufficient alone for
learning new words, and that an additional strategy is required for

reading development to occur, namely, analogy.

Children who rely on a visual/orthographic strategy to read
aloud are said to depend on the visual appearance of whole words,
visual shapes being associated with individual words or parts of
words in lexical memory (Bryant and Bradley, 1980). These readers are
characterised as "Chinese" by Baron and Strawson (1976), as their
reading 1s comparable to an ideographic process. Baron and Strawson
contrast these readers with "Phoenecians", or readers who rely on
individual 1letter-sound correspondences in order to get sound from
print. Phoenecians build up pronunciations for words by blending
individual letter-sound correspondences together, and thus rely on
phonological rather than visual strategies for reading aloud. Many

authors prefer to see learning to read as a phonological process, as
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children already have phonological representations of words from
speaking and listening, and so a sounding-out strategy enables them
to link written letter strings with phonological knowledge which they

already possess (Rozin and Gleitman, 1977).

I wish to argue that the debate about whether early reading
development is visual/orthographic or phonological in nature does not
go far enough, as neither of these strategies is sufficient on its
own to explain how children learn to read. Adoption of a ’Chinese’
reading strategy would mean that every word must be learned
individually, so that words such as ’light’, 'fight’ and 'might’
would have to be 1learned as unique 'ideographs’. Adoption of a
‘Phoenecian’ reading strategy would also be insufficient for learning
to read, as the pronunciations of irregular words such as ’light’ and
"fight’ cannot be derived by sounding them out letter-by-letter. The
use of phonological strategies for reading irregular words would lead
to mispronunciations which give no clue to meaning, such as "lig-hut"

for ’light’.

1.2. An additional strategy: analogy

Clearly, some extra  strategy other than a purely
visual/orthographic or phonological strategy is required if reading

development is to take place. The most likely candidate for the extra

strategy is analogy. Use of analogy in reading would allow a child to
make inferences about the sound of a written word from its spelling
pattern, given that she knows other words which have the same
spelling pattern. Thus a child who knew a word like ’light’ should be
able to work out the pronunciation of a new word like ’'fight’, as the
shared similarity in spelling would provide grounds for making an

analogy about sound. An analogy of this kind involves reasoning that
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the similarity in spelling must predict a related similarity in
pronunciation. For example, if the shared orthographic sequence is at
the end of the words, as in 'light-fight’, then the words must also
sound similar at the ends - they will rhyme. In this thesis, I would
like to coﬁsider the possible role of such analogical skills in early
reading and spelling development. I will also consider whether
rhyming skills have a special role in the use of orthographic

analogies.

Analogical skills would seem to be very important for reading
development on a priori grounds, since a child who could make an
analogy from a known word to a new word in reading could use her
current reading knowledge to make predictions about the pronunciation
of new words, enabling rapid vocabulary expansion. A child who knew
the pronunciation for the letter string ’'light’ would have a basis
for predicting the pronunciation of other '-ight’ words, such as
"fight’, 'might’ and ’right’, without having to learn each word
separately as a unique whole. Presumably, analogy could be extended
to other words 1like 'high’ and ’sigh’, as the pronunciation of the

letter sequence ’'-igh’ can also be derived from ’light’.

In the same way, analogical skills should also be important for
spelling development. A child who knows how to spell a word like
*light’ should be able to work out how to spell a new word like
'night’, as the shared similarity in sound (rhyme) provides a basis
for making an analogy about spelling patterns. Thus spelling
knowledge could be wused to make predictions about the spelling

patterns of new words which sound similar to known words.

It could be argued that analogy may be a 1less successful

strategy to use in spelling than in reading, as many words which
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sound similar are spelled differently (e.g. 'night’, "bite’;
*search’, 'perch’, 'birch’, 'lurch’..). While the same is true to

some extent in reading, with similar spelling not always indicating
similar sound (e.g. ’‘beak-break’), it is less frequent. As stated by
Hatfield and Patterson (1983) "..in general, there are far fever
phonological segments with predictable orthography than there are
orthographic segments with consistent pronunciation" (p. 454) .
Furthermore, in reading the sound of a word can provide a check as to
wvhether a given analogy is appropriate. Using ’'beak’ as a basis for
making an analogy about the pronunciation of a word like ’break’
results in a nonsense word ("breek"), which shows that the analogy is
inappropriate. There is no such check in spelling. So analogy may not

be as efficient a strategy for spelling as for reading new words.

Such analogical abilities have not been widely studied. However,
studies by Marsh, Desberg and Cooper, (1977); Marsh, Friedman, Welch
and Desberg, (1980a, 1980b); Marsh, Desberg, Friedman and Saterdahl,
(1981); and by Baron, (1977, 1979) do investigate one kind of analogy
that children may use, analogies based on rhyme (e.g. 'light’ >
"fight’). Their studies investigate the process of making analogies
from known words to new words. The use of the term ’analogy’ in this

respect will now be elaborated.

1.3. Definitions of analogy

Marsh et al. (1977) define analogy as the "search for a familiar
word by analogy to the known word(s)." (p. 391). By this, they appear
to mean that known words can help in deciding the pronunciation of a
familiar spoken word which has not previously been met in print. For
example, the nonsense word ’tepherd’ would be pronounced "tepard" by

an analogy strategy (using '‘shepherd’ as the basis for analogy),
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vhereas pronunciation via single letter-sound correspondences would
give the pronunciation "tefard". Similarly, the nonsense word ’cetto’
would be pronounced one way by analogy to ‘cello’, and another by
spelling-sound rules. While these examples are surprising given that
nonsense words are by definition unfamiliar, it is clear that use of
an analogy strategy involves using a word which has almost exactly
the same spelling pattern as the target word to derive a

pronunciation for the target word.

Baron (1979) is more explicit about the connection with rhyme.
He states that "a person might use analogies by parsing the stimulus
(e.g. 'yave’ -> 'y’ + ’'-ave’), searching memory for words with these
parts (e.g. 'gave’ or 'save’), and inferring the response to the
stimulus from these analogies....Thus ’yave’ and ‘fliend’ might be
read by analogy to ‘have’ and ’friend’". (p. 61). Baron’s examples
make it clear that analogy involves the wuse of words which are
similar in spelling to the target words apart from the initial
consonant/s. As Baron says, this process must invoive parsing or

segmenting the stimulus word in order to form the analogy.

The involvement of segmentation suggests that reading or
spelling new words by analogy to known words may require more than
simply the ability to reason analogically. In fact, in order to make
such analogies other component skills are also required, namely

chunking, blending, and categorisation skills.

1.4. The component processes required for analogy

In order to use a known word to read a new word by analogy as
defined by Baron, the child must first select a word with a similar

spelling pattern to the target word, choosing one which differs only
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in its initial consonant. This requires visual recognition and
graphemic categorisafion skills, as the child must be able to
categorise words as being similar or different on the basis of their
spelling patterns in order to select an appropriate match (e.g.

'gave’ and ’yave’).

Having chosen the analogical match, the child must then derive
the correct phonology for the new word from the known word. To do
this, the child must isolate the analogically relevant section of the
word phonologically. This requires segmenting the known word into
initial consonant(s) and vowel + terminal consonant(s), (i.e. into
‘onset’ and ‘rime’), as in ‘g + ave’. The pronunciation of ’‘gave’
will only help in pronouncing ’'yave’ if it is segmented into /g/ +
/ev/, as only the analogous segment /ev/ 1is relevant to the

pronunciation of ‘yave’.

Such segmentation is not strictly parsing, as it must involve
chunking skills: the child must distinguish which letters belong to
the rime of the word, and chunk these together. Such chunking is
quite complex, as can be seen in Baron’s example ’'fliend-friend’.
Here the child must group together the letters '-iend’ and separate
them from the ‘onset 'f1-'. A simple parsing strategy such as
'separate initial letter from the rest of the word’, which would work
for a word like ’yave’, would lead to incorrect chunking in the case
of 'fliend’ (f + -liend). It is impossible to find an analogy for the
chunk '-liend’ in English, whereas analogies for the chunk ’'-iend’,

which forms the rime of the word, can be found (fiend, friend).

Thus chunking must involve phonological as well as graphemic
knowledge, as the child has to be able to decide which letters of the

vritten stimulus correspond to the phonological onset of the spoken
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word. This is an especially difficult task for words with complex
onsets, such as ‘chess’ and ‘'school’, where more than one letter

represents a single phoneme.

The definition of analogy as dependent on shared orthography
between the ends of words further suggests that rhyming ability must
play an important role in the use of analogies in reading.
Orthographically similar pairs of words, such as 'yave-gave’,
'fliend-friend’, and 'tepherd-shepherd’ not only share similar
spelling patterns at the end, they also rhyme, and it is the rhyming
part of the word which gives the analogous pronunciation. So the use

of analogies in reading may depend crucially on rhyming skills.

Finally, to pronounce ’'yave’ the child must also find out how
the letter 'y’ 1is pronounced. This can either be accomplished by
analogy to a different word, 1like ‘yes’, or by using single
letter-sound correspondence knowledge ('y’ -> /y/). Having found the
pronunciation of the ’'y’, the child then needs to blend together /y/
and /ev/ to arrive at the pronunciation /yev/. Thus the apparently
simple act of choosing an analogical word and wusing it to read a
target word 1is actually quite a complex process, requiring the
possession of categorisation, segmentation, chunking, rhyming and

blending skills.

In order to use a known word to spell a new word by analogy, the
same skills are required. The child must first select a word which
sounds similar to the target word (e.g. ’light-fight’), involving the
use of rhyme and categorisation. Next, the child must isolate the
analogically relevant section of the word (/ait/), requiring
segmentation and chunking skills. Finally, the child must blend

together the spelling of the analogical section of the word (’-ight’)



Introduction

8

with the spelling of the onset of the word ('f’), the latter being
derived from sound-spelling rules or further analogies. Again, it is

clear that the use of analogy requires complex processing on the part

of the child.
1.5. Overview

A number of issues must thus be considered in studying the role
of analogy 1in early reading and spelling development. The first of
these is the question of how good children are at analogical
reasoning in general. This is a question which has been ignored by
authors like Marsh and his colleagues, and by Baron, who have made
claims about children’s use of analogy in reading and spelling
without taking into account the cognitive-developmental literature on
analogical reasoning, even though this literature is relevant to the
kinds of claims which can be made. To remedy this omission, work in
the area of cognitive development on children’s ability to reason
analogically is reviewed in Chapter 2. Chapter 3 then revievs
evidence for <children’s use of analogy in reading and spelling, and

the relation between both types of analogy is assessed.

Secondly, a number of complementary component skills are
required 1if analogies.are to be made in reading and spelling. These
are categorisation, segmentation, chunking, rhyming, and blending. In
order to examine the role of analogy in early reading and spelling
development, it must first be established that children have such
skills available prior to 1learning to read and spell. Work on
children’s categorisation, chunking, rhyming, segmentation  and
blending skills is reviewed in Chapter 4. Finally, theories of
reading by analogy, based on work with adults, are briefly reviewed

in Chapter 5.
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CHAPTER TWO

ANALOGICAL REASONING IN CHILDREN

2.1. Introduction

An analogy is usually defined in the problem-solving literature
by reference to Aristotle, as "an equality of proportions...involving
at least 4 terms..when the second is related to the first as the
fourth is to the third" (in Metaphysics). An example would be ’high
is to low as wide is to narrow’. The standard representation of an
analogy is 'a:x::b:y’, i.e., ‘the a term is related to the x term as
the b term is related to the y term’. Furthermore, the representation
is held to be a proportional one, which means that it must be

possible to state it both as a:x::b:y, and as a:b::x:y.

Experimental work on analogical reasoning in children is
limited. The early work was based on Piaget and Inhelder’s (1958)
study of logical reasoning, which led to the widespread belief that
analogical reasoning required an understanding of proportional
relations. As Piagetian theory suggests that an understanding of
proportionality does not develop until adolescence, the early view
taken of children’s ability to reason by analogy was a rather
pessimistic one. This early work mainly concentrated on the solution
of verbal analogies, and will be reviewed first. Piaget’s own
experiments on analogical ability, carried out in 1977, will then be
examined, and finally the information-processing approach to
analogical reasoning, recently adopted by Sternberg and others, will

be considered.
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2.2. Piaget’s early theory of logical reasoning: ratio and

proportionality

The idea that analogical reasoning was closely connected with
an understanding of proportionality was based on the experimental
work of Piaget and Inhelder (1958), which suggested that an
understanding of ratio and proportionality were not acquired before
the stage of formal operations. This stage follows the concrete
operational stage of thought, and is normally entered between the
ages of 11 and 13:

"Concrete operations may be called first degree operations in
that they refer to objects directly. For example, this is the
case in the structuring of relations between given elements. But
it is also possible to structure relations between relations, as
for example in the case of proportions (our experiments show
that proportions are not mastered before the formal level). In
this sense, proportions presuppose second degree operations..."
(p. 254).

Many authors (e.g. Lunzer, 1965; Sternberg and Nigro, 1980) have
taken this statement as evidence that Piaget claims that the ability
to reason analogically, which requires reasoning about the relations
between relations, will not be acquired before the stage of formal
operations is reached. However, it is not clear whether Piaget
himsglf is making such a claim. Later in the same work, he refers
further to the understanding of proportions, seeming to separate them

from an understanding of analogy:

"Mathematical proportions consist simply of the equality of two
ratios x/y = x'/y’. Their formulation raises a psychological
problem only because it does not take place during the concrete
operational stage. The subject at this 1level can already
construct fractions...moreover...beginning with the concrete
level, we see evidence of an operation that Spearman has called
'the eduction of correlates’ in which the subject formulates the
links in a double-entry table in such a way as to forecast
proportions: for example, 'Rome is to Italy as Paris 1is to
France’. This is why we wonder why the 8-11 year old subjects
are not able to discover the equality of the two ratios which
form a proportion..." (p. 314).
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Hence Piaget seems to be taking a position far removed from the
one attributed to him, namely that an understanding of
proportionality must precede an understanding of analogy. Instead, he
remarks that it 1is puzzling that concrete operational children can

understand analogy and yet not understand proportionality.

2.3. Studies of analogy based on Piaget’s assumed early theory

2.3.i. Studies of the link between proportionality and analogy

Many authors have adopted the position that an understanding of
proportionality must precede an understanding of analogy. For
example, Lunzer (1965) cites Piaget in support of his suggestion that
analogical reasoning in children will not appear before the age of 12
years. Lunzer argued that, as analogical reasoning requires an
understanding of proportionality, children’s performance on verbal
and spatial analogies can elucidate the nature of their problems with

proportionality.

In accordance with this hypothesis, Lunzer tested boys aged from
9-17 years on different verbal and numerical analogies, designed to
range from easy (level A) to difficult (level D). Examples from the
verbal analogies are "Black is to white as hard is to
steel/stone/solid/soft/blue" (level A), and "Leather is to
soft/shoe/hide as hard/clay/house is to brick" (level D). Numerical
analogies include 3:1, 9:7, 10:8, 4:?

5:125, 4:64, 2:8, 3:7

18:12, 10.5:7, 21:14, 7:6

These increase in difficulty, the relationships being
respectively subtract 2, raise to the power of 3, and multiply by

2/3. Lunzer’s hypothesis was that the 1level A problems should be
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possible for children who were still in the stage of concrete
operations, vhile the  harder problems would require formal

operational reasoning and would only be solved by the older children.

The results showed that successful performance was only at
around 307% for the 9 year olds, even on the easiest verbal problems,
and only rose above 507 after the age of 11-12. Thus the boys were
even worse at analogical reasoning than Lunzer had predicted. Even
the 16 year olds were only solving about 60% of the harder problems.
For the numerical analogies, the performance of the youngest boys was
even worse, rising from 12% correct at age 9 to 50% correct by ages

11-12. By 17 years performance levels were at around 90%, however.

Lunzer concluded from these results that analogies required more
complex processes o0of reasoning than were available at the concrete
operational level, stating "Even the easiest verbal analogies of this
form are beyond children at the concrete level of reasoning." (p.
40). He suggested that the main barrier to analogical reasoning
concerned the "apprehension of second-order relations", by which he
meant the relations between relations, or between the a:x and b:y
terms. These were harder to appreciate than first-order relations,
which link the a and x terms and the b and y terms. Thus to solve
analogies, children must be able to extract the relation between the
a and x terms (first-order), and then construct this relationship in
a different realm to match the b term to the correct y term
(second-order). It is this second-order relational reasoning which is

held to be too difficult for children under 12 years to grasp.

However, there are a number of problems in accepting this
conclusion. Firstly, both the verbal and numerical analogies also

test the possession of other skills, which are separate from the
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ability to reason analogically. These include the possession of quite
difficult mathematical skills for the numerical problems, such as
cubing numbers and multiplying fractions. A child who does not know
about cubing numbers could not even extract the first-order relation
from a series of numbers such as 5:125, 4:64 etc., let alone apply
this relation to solve the analogy. Younger children may not be very
good at these mathematical skills, and this could explain their
apparently poor analogical reasoning. Lunzer should have included a

control condition checking for the possession of these skills per se.

Secondly, there is no control for vocabulary level in the verbal
analogy problems. This could explain the poorer performance of the
younger boys, as the vocabulary level could have been too high for
them and caused difficulties which were nothing to do with their
analogical reasoning skills. A third problem is the exclusive testing
of boys. If girls had been tested as well, sex differences may have
arisen which may have helped to explain the 1low patterns of
performance. For example, girls may have coped better with the verbal
analogy problems, since it is well documented that girls are advanced
in verbal skills as compared to boys (e.g. Maccoby and Jacklin,
1975). This would then have led to the possibility that verbal
factors rather than analogical ability contributed to the poor
performance of the younger subjects. A final problem 1is that the
verbal problems require the ability to solve multiple choice tasks,
and Lunzer does not check whether younger children are capable of
handling this kind of problem format. If they are unable to deal with
multiple choice presentation in the first place, then nothing can be

concluded about their analogical skills.

Levinson and Carpenter (1974) also claimed that true analogical
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reasoning depended on an understanding of proportionality. They
argued that two different types of analogies were given to young
children in standardised testing situations: "quasi-analogies", and
"true" analogies. In quasi-analogies, the semantic features important
for the analogy are specified for the child, (e.g. "A bird uses air,
a fish wuses 7"), whereas in true analogies the relationship between
the a:x term and the b:y term must be worked out by the child
(Bird:air::fish: 7). They argued from this that younger children may
be able to solve the analogies included on standard intelligence

tests only because they are not true tests of analogical reasoning.

For Levinson and Carpenter, the main feature which distinguishes
quasi-analogies from true analogies is that, for a true analogy, the
relationship between the terms of the analogy "exactly parallels that
of a statement of proportionality" (p. 857). For example, ’'Bird is to
air as fish is to water’ can also be expressed as 'Bird is to fish as
air is to water’, and this parallels mathematical proportions such as
3:4::15:20 and 3:15::4:20. Hence for Levinson and Carpenter, an
equivalence of proportions is the defining feature of true analogies.
The same proportionality is not true of quasi-analogies, as here the
relationship 1s explicit, and so cannot be rearranged: while it is
correct to say "A bird wuses air, a fish wuses water", it is

meaningless to say "A bird uses fish, air uses water".

Levinson and Carpenter went on to link their analysis of quasi-
versus true analogies to the understanding of proportionality per se.
They argued, quoting Lunzer (1965), that an understanding of
proportionality was central to the understanding of true analogies.
They stated that true analogies will not be solved wuntil 12 vyears

plus, when the understanding of proportionality develops. The same
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does not hold for quasi-analogies. So children wunder 12 should be
able to solve quasi-analogies but not true analogies, whereas

children over 12 should be able to solve both.

Levinson and Carpenter tested this hypothesis by giving children
aged 9, 12 and 15 years verbal analogies to solve, which were either
quasi-analogies or true analogies. The same items were used for each
type of analogy, and vocabulary level was controlled at three years
below the subjects’ chronological age. Word association was also
controlled, so that the y term used was a very low associate of the b
term, association being around 0.08. The order of receiving the
quasi-analogies and true analogies was counter-balanced across
subjects, administration of the two problem types being separated by

one week.

Following the tests, four of the children in each group were
asked to explain their choice of answer, to assess the childrens’
understanding of proportionality. An understanding of proportionality
wvas inferred if the child gave an explanation which demonstrated an
understanding of the relationships both within and between each part
of the analogy. Thus for the analogy "Foot is to inches as minute is
to seconds", a child who explained that inches are segments of a foot
and seconds are segments of a minute was scored as understanding

proportionality.

Levinson and Carpenter found that the 9 year olds performed
significantly better on the quasi-analogies than on the true
analogies (p< 0.0l1), whereas the 12 and 15 year olds were equally
good at both. Mean scores out of 16 for each age group for quasi- and
true analogies were respectively 10.21 and 8.00, 13.86 and 13.07, and

12.57 and 12.36. The performance of the 9 year olds differed
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significantly from that of the 12 and 15 year olds, but the two older
groups did not differ significantly from each other. There was also
an order effect, with performance on the true analogies being
significantly better if the quasi-analogies were presented first than
if they were presented second. Finally, the protocol data showed that
there was a significant increase with age in the number of
explanations which reflected an understanding of proportionality for

the true analogies.

Levinson and Carpenter concluded that even 9 year olds could
solve true verbal analogies 50% of the time, when word association
and vocabulary level were controlled. This performance was much
better than was predicted, and it is a pity that a younger age group
wvas not included to see whether younger children would also be
capable of solving true analogies, especially as the order effect
suggested that analogical performance improved once it was clear what
the true analogy task involved. Levinson and Carpenter went on to
argue that the predicted link between analogical ability and the
understanding of proportionality was supported by the significant

increase in proportional explanations found with age.

However, this finding is only based on four children from each
group, and is a purely correlational relationship in any case. The
fact that the number of proportional explanations and the number of
correct solutions both increased developmentally does not necessarily
mean that the former caused the latter. It cannot be argued that the
increased understanding of proportionality caused the improvement in
analogical reasoning, as it could equally be the case that the
improvement in analogical reasoning caused the improvement in the

understanding of proportionality. Alternatively, the relationship
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between the development of proportionality and analogy could have
arisen from the development of some third factor, such as verbal
skills. Thus from the data presented, little can be concluded about
the relationship between proportional reasoning ability and

analogical reasoning ability.

2.3.ii. Conclusions concerning the link between proportionality and

analogy

It is clear that empirical attempts to show a causal
relationship between the development of proportionality and the
development of analogical reasoning have been unsuccessful. The
reasoning concerning the link between proportionality and analogy has
been purely tautological: analogy is assumed to require an
understanding of proportions, and so it is assumed that a child who
can solve analogies must also understand proportions, and thus that
one provides an index for the other. While the authors believe that
this postion is supported by the work of Piaget and Inhelder (1958),
Piaget and Inhelder do not seem to hold such a position, as shown in
section 2.1. On the contrary, they seem to be arguing that some
analogical ability is already available during the stage of concrete

operations.

2.3.iii. Studies of verbal analogies and associative responding

The link between proportional reasoning and analogy was not the
only concern of early work on analogy. Another issue concerned the
widespread use of a multiple choice format to test analogical
reasoning. Some authors argued that multiple choice formats may
encourage associative responding, and hence falsely produce apparent

analogical reasoning (Willner, 1964). VWillner argued that apparent
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success on verbal analogies could be achieved on the basis of word
association, so that the y term could be found without any
understanding of second-order relations. For example, the analogy
hat:head::shoe:? could be solved simply by the word ’'shoe’ evoking
the response "foot’, without any construction of the relationship

between ’'hat’ and ’'head’ and its application to the b term ’shoe’.

Willner tested this hypothesis by giving 130 college students
the b term from 46 verbal analogy problems, taken from assessment
tests such as the Stanford-Binet (Terman and Merrill, 1960), and the
Army Alpha (Wells, 1941). He also presented a further 219 b terms in
multiple choice association tests, asking subjects to choose the word
most closely related to the b term from 4 alternatives (e.g. shoe:
arm, table, foot, lamp). He found that 58% of the former problems and
457 of the latter were correctly ’solved’ by this word association
format alone. This suggests that verbal analogy problems may not be
testing analogical reasoning at all, but may instead test word

association skills.

Aachenbach (1970, 1971) examined the extent to which word
association affected young children’s performance on multiple choice
analogy problems. He developed a test of associative responding which
consisted of multiple choice analogy problems, half of which had
candidate y terms which were high associates of the b terms but
incorrect responses to the analogy problem. These items, called
'foils’, were meant to assess the degree to which the children were
responding on an associative basis. An example of a problem with a
'foil’ would be: 'Pig is to boar as dog is to (cat/wolf)’. Here the
correct response is ’‘wolf’, and the strong associate ’cat’ is the

foil.
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Aachenbach argued that the number of foils chosen by a child
relative to all her other errors would indicate the degree to which a
child was relying on word association to solve the verbal analogies.
He found that 11 and 12 year old children who made an excess of foil
errors tended to have lower IQs and poorer scholastic achievement
than children who did not make many foil errors. These trends were

maintained at a follow-up two years later.

Aachenbach suggested that associative responding on verbal
analogy tests could be used as a way of identifying children who were
not using their full reasoning abilities in school. By implication,
these children are not using formal operational reasoning strategies.
However, as Aachenbach did not give younger children his associative
responding test, it cannot be ascertained whether these associative
responding strategies are characteristic of children at an earlier
stage of development (e.g.concrete operations), or whether they are
simply characteristic of children with low IQs. This question could
be solved by using Aachenbach’s test with younger age groups, to see
if the percentage of errors which are 'foils’ decreases with age, or

only varies with IQ.

It is important to know whether young children rely on word
association to solve verbal analogies, as a number of intelligence
tests intended for young children include such verbal analogy
problems as tests of analogical reasoning (e.g. the Wechsler and the
Stanford-Binet). However, one way of avoiding the problems associated
with verbal analogies 1is to test analogical reasoning using a
different kind of task. This was the approach taken by Piaget,
Montangero and Billeter (1977), who used a picture choice format to

examine analogical reasoning skills in children. This work will now
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be reviewved.

2.4. Piaget’s Stage Model of Analogical Ability

In some relatively recent work, Piaget, Montangero and Billeter
(1977) have proposed a stage-model for the development of analogical
reasoning which does not depend on proportionality. They state that
the development of analogical reasoning is a perfect example of the
development of formal  operational structures, as analogical
development builds on a succession of abstractions made during the

pre-operational and concrete operational periods.

2.4.i. The experimental technique

The model is based on experiments which 1looked at children’s
ability to form analogies of the traditional form a:x::b:y. These
experiments used pictures to assess relational understanding, so that
vocabulary level was not a problem. Children aged from 5 years
upwvards were given pictures to sort into "pairs that go together",
and were then asked to combine the pairs into "sets of four that go
together". The pictures were simple objects and relations, such as

dog, hair; bird, feathers; ship, rudder.

If the children did not find pairing of the pairs of pictures
easy (the analogy task), hints were provided. For example, the pair
'bird:feathers’ (a:x) was placed in front of the child, and the
experimenter said "What helps the bird to keep warm?"..."The
feathers." The picture of the dog (b term) was then placed underneath
the bird, and the child was asked "Which picture would go well here
(indicating the gap for y)...Try and choose what is to dog as
feathers are to bird." If the child still could not choose correctly,

3 possible alternative pictures were offered from which a y term had
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to be selected. If the correct relational pairs were formed, the
children were given countersuggestions. Thus for the analogy
bicycle:handlebars::ship:rudder, the child might be asked "Would a
bell also go with the bicycle?...Then what would you have to choose

for a ship?" (a siren), and so on.

From the performance of children on this task, Piaget,
Montangero and Billeter identified three separate stages of

analogical development. These stages will now be discussed.

2.4.i1i.Stage I

Stage I 1is consistent in developmental terms with the
pre-operational period, a period in which children’s cognitions are
dominated by their perceptions. Children in this stage (5-6 years)
are unable to identify the first-order relations between pairs of
pictures consistently, and are usually unable to construct
second-order or analogical relations. For example, Cou (5;3), in
stage IA, would sometimes pair objects by the correct relations
(bicycle-handlebars), but would often pair objects by quite
idiosyncratic relations (e.g. ship-bird: "Because you can sometimes
see birds at the lake"; vacuum cleaner-ship: "Because it looks like a

ship").

Children in stage IA thus make very subjective pairings of
objects, as would be expected from Piaget’s notion of egocentricity.
As their basis for choosing pairings is essentially arbitrary, the
properties on which pairings are based are variable, and so cannot be
inserted into a fixed framework of classes and sub-classes. This
means that subjects at stage I feel free to bring together any of the

pairs, as they can always think of a final relationship to link them
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together.

For example, Cou was shown the analogy
ship:bicycle::rudder:handlebars, arranged in matrix form so that the
a:x term was vertically above the b:y term. She said that they went
together because one diagonal (bicycle:rudder) was things that
rolled, and the other diagonal (ship:handlebars) was things that
didn’t  roll. When the pictures were separated so that
ship:rudder::bicycle:handlebars, Cou put the bicycle back with the

ship "because it is next to the water".

Some children in stage I are able to form first-order relations
correctly, but cannot extend this to second-order relations. Piaget
called this stage IB. Can (5;8) was able to pair bird:feathers
("otherwise it can’t f£fly"), hoover:plug ("else one can’t hoover"),
bicycle:handlebars ("so it can go"), and so on, but could not deal
with  second-order relations. For example, he chose to pair
car:petrol::bicycle:handlebars, because "This is a car, this is a
bicycle, both are for travelling on the road". For bird:feather he
would only accept dog:hair, but because "the dog eats the bird, those

are the feathers"!

Thus it seems to be the lack of stable elementary relations for
forming  first-order pairs which prevents the formation of
second-order relations. Just occasionally a momentary glimmer of
analogical reasoning may be seen, usually concerning action, for
example, bicycle:handlebars and ship:rudder go together because

"that’'s for steering" (Cou, Stage IA).

2.4.iii. Stage II

The second stage covers the period from 7-8 years to 11-12
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years, the period of concrete operations. The behaviour of children
in stage II can be divided into two substages, as follows: in stage
IIA, children can classify pictures correctly according to relations
between relations through trial and error, but are unable to exclude
false countersuggestions which destroy the analogy. In stage IIB,
children consolidate these skills, and become better at rejecting

countersuggestions.

For example, Mag (6;9), a child in stage IIA, was able to pair
all the pictures without difficulty. When asked to form an analogy
with the pair bird:feathers, he immediately chose the pair dog:hair.
His reason for doing so was that they were "two animals". When asked
about the relation between feathers and hair, he said "They are both
vhat animals have on them". He also corrrectly paired boat:rudder
with bicycle:handlebars. However, he was quite happy to accept
bicycle:pump as a replacement for handlebars "to blow up the tyres",
saying both went together with the boat. WVhen asked if pump and
rudder went together, he replied "No, the handlebars for both". The
pairings of relations is therefore still in an early stage, and

susceptible to countersuggestions.

Piaget suggested that the same process controlled both the
increasing stability of the pairings of objects made by the children
(the first-order relations), and the growing recognition of relations
between relations (second-order relations). This was the ability to
construct classes. The construction of classes is completely absent
from stage I, but in stage II enables the children both to
consolidate elementary relations between terms and to consider their
extension and their common qualities. This enables the application of

class-type relations to pairs of terms (e.g. Mag's class of "animals"
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includes the notion of what animals have on them), and the beginning

of the formation of analogies.

Even so, children at stage IIA still give way when confronted by
counter-suggestions. This becomes less true as they progress to stage
IIB. Pat (10;1), in stage IIB, was asked the same question as Can
about the pump replacing the rudder in the analogy
bicycle:pump::ship:rudder. He replied "No, the handlebars are better,
because without handlebars you cannot steer the bike...the pump goes
with the bike but not with the ship, and the rudder is almost the
same thing, it’s for giving direction". However, children in stage
IIB can still be misled by counter-suggestions on some occasions.
Dav, (8;2), who correctly paired bird:feathers with dog:hair accepted
the replacement of feathers by nest, saying "It would still go...but
the nest has no hairs, the dog has its hair and one would no longer

know what else the bird might have".

This inconsistency when faced with counter-suggestions 1is what
differentiates children at stage IIB from children at stage III.
Children at stage IIB begin to recognise that the same relationship
is required between AB and XY as well as between AX and BY, but are
still prepared to think of feebler relations to allow the inclusion
of counter-suggestions, even though they state that these relations
are less important or go less well. At stage III, this flexibility

disappears, and false counter-suggestions are immediately rejected.

2.4.iv. Stage III

Stage III is the stage of full analogical ability, and usually
begins in the period of formal operations, which children reach at

around the age of 12-13 years. In stage III, children become able to
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group the pairs of pictures by second-order relations quite naturally
and without any hesitation. They can also imagine alternative
permissible relationships without any difficulty, which is not the
case earlier, and understand that analogies can be expressed as

proportions, using ‘=’ (e.g. plug/hoover = petrol pump/car).

Clearly, it is only in the final stage III that children are
able to reason analogically with complete consistency. This means
that true analogical ability is not attributed by Piaget to children
before stage III, which is reached by most children at around 12
years of age. However, the possibility remains that much younger
children may be able to reason analogically in more concrete or
practical situations such as those involving schemes of action, and
children are clearly capable of forming analogical relations by stage

II, which can arise as early as 6;9 years (e.g. Mag.).

2.4.v. Criticisms of Piaget’s Model

Piaget’s method has been criticised by Gallagher and Wright
(1977), who argued that the use of pictures forced the children to
attend to observables, which was precisely what had to be overcome in
analogical solutions. They therefore gave children written word
problems in an attempt to replicate Piaget et al.’s results, and
asked children to provide a written explanation for their choice of
ansver. The problems were of the format ’'a:b::¢:X1,d,X2,X3’, as in
'Automobile is related to gas as sailboat is to
(travel/wind/sails/rudder). Following Piaget, a plausible
counter-suggestion was included as one of the possible answer options
(here = ’sails’). 90 children aged from 10-12 years took part in the

study.
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Gallagher and Wright found that improvement in analogical
solution was strongly related to age, the older children performing
better than the younger children. They also analysed the written
explanations of the chosen responses, in order to gauge the
percentage of ’'symmetrical responses’. A symmetrical response was one
based on a comparison of both halves of the analogy, rather than one
based on only the second (c:d) half. An example would be "An
automobile gets its energy from gas and a sailboat from wind. They
both need something to make them go." An explanation such as "You
need a rudder for the boat" would be scored as asymmetrical.
Gallagher and Wright’s argument was that true Piagetian analogical

ability was based on symmetrical reasoning.

Gallagher and Wright found that the percentage of symmetrical
responses given increased with age. They then used multiple
regression techniques to show that the percentage of symmetrical
responses was a significant predictor of analogical performance even
once IQ was partialled out. While this might suggest that analogical
ability depends on symmetrical responding (meant to demonstrate
proportional understanding), as demonstrated previously there is no a
priori reason to assume that an understanding of proportionality
precedes an understanding of analogy. Hence there 1is no particular
justification for taking symmetrical responding as the independent
variable. Gallagher and Wright do not report whether they performed a
multiple regression to examine whether analogical performance was a
significant predictor of symmetrical responding, but it seems 1likely
that it would be. Thus there 1is no reason from this analysis to
conclude that symmetrical responding 1is a precursor of analogy.
Gallagher and Wright do not seem to contribute anything further to

Piaget’s analysis, which is not surprising given the narrow age range
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studied.

In a related paper (Gallagher and Wright, 1979), they went on to
look at how the content of analogical problems could affect
performance. They identified two types of analogies among the
problems given 1in the above study: concrete, where solutions were
based on directly observable features; and abstract, where solutions
must be based on higher-order rules. A concrete item would be
'Picture is related to frame as yard is to
(swings/tree/children/fence)’. An abstract item would be ’'Food is
related to body as rain is to (water/storm/coat/ground)’. 260
children aged from 9 to 12 years were given ten items of each type,
and vere asked for written explanations of their answers as before.
Gallagher and Wright found that abstract items were significantly
more difficult than concrete items, with performance on concrete
items being high at all ages, but performance on abstract items
improving with age. Again, the percentage of symmetrical explanations
provided for the answers chosen improved with age. They concluded
that a shift in performance on abstract items occurs at around 12
years of age, supporting Piaget’s model, but that this is not true of
concrete items. They argued that concrete items could be solved by
association,' and that an understanding of proportionality was

therefore not required.

Again, this conclusion can be criticised. Gallagher and Wright
should have included younger children in their study, in order to
determine whether younger children could also solve concrete
analogies, as would be required if such analogies are only based on
associative reasoning. No independent evidence of this 1is offered,

and for the concrete example given the response 'tree’ seems just as
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plausible an association as ’'fence’. Furthermore, the conclusion that
successful analogical performance depends on  proportional
understanding is only based on the finding that the older children
gave more symmetrical responses than the younger children. As shown
before, such evidence is entirely tautological, and no conclusions
about cause and effect can be made from such data. Hence Gallagher
and Wright do not make a convincing case for the link betveen
proportional understanding and analogy. It is surprising that the
same concerns which dominated the early work on analogical reasoning
should recur, and further that they should be studied in exactly the

same way.

Let us turn now to a consideration of some very different work
based on Piaget et al.’s developmental model. This is the work which
attempts to use the experimental methods of information-processing

research to examine analogical development.

2.5. Information Processing Analyses of Analogical Reasoning

Piaget’s stage model of analogical development has been widely
adopted by information-processing theorists of analogical reasoning.
They have taken the three stages identified by Piaget et al. as a
starting point for their attempts to quantify the mental components
involved in reasoning by analogy. However, these theorists tend to
assume that Piaget believes that analogical reasoning is completely
absent at stage II. As these theorists have equated stage II with
concrete operations and stage III with formal operations, this has

unfortunately caused them to make some misleading predictions.

2.5.i. Sternberg’s Model: Theory

By combining the work of Piaget with that of Lunzer, Aachenbach,
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and Levinson and Carpenter, information-processing theorists such as
Sternberg and Downing (1982) have argued that analogy is a useful
task for differentiating between children at the stage of concrete
operations and children at the stage of formal dperations. They make
this differentiation by introducing three stages of their own in the
development of reasoning by analogy. The first stage is marked by
associative responding, as children at this stage cannot discern
second-order relations in analogies. The second stage marks the
transition between concrete and formal operations, children at this
stage showing a preliminary ability to deal with second-order
relations. The third stage is characteristic of children in the
formal operational stage, as children now display full understanding
of second-order relations. From this model, Sternberg and Downing
argued that the strategy which children adopt to solve analogical
problems can be used to distinguish between concrete and formal

operational children.

Sternberg and Downing went on to present a theory of analogical
reasoning stated in geometric terms, which was based on strong
assumptions about the link between proportional understanding and
analogical reasoning. They suggested that words can be viewed as
occupying locations in an n-dimensional semantic space of unknown
full dimensionality. The terms of an analogy ’'a is to x as b is to y’
can be represented as vectors in this semantic space. A perfect
analogy 1is then represented as a parallelogram, where the vector ’a
is to x’ (AX) is equivalent to the vector ’'b is to y’ (BY), and the
vector ‘a is to b’ (AB) is equivalent to the vector ’'x is to y’ (XY).
The goal of a subject trying to solve an analogy is to match the
magnitude and direction of AX and BY as closely as possible in

semantic space.
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Sternberg and Downing specified six information processing
components required to solve a given analogical problem. A subject
must first encode the terms of the analogy, so that the locations of
the terms in semantic space can be established. Next, the subject

must infer the relation between the a and x terms, which Sternberg

and Downing conceptualise as establishing the vector connecting a and
x. The subject must then map the relation between the two halves of
the analogy a and b, and apply a relation analogous to the inferred
one to the ! term. This application will identify a possible y ternm,
so the subject must then justify this choice as being the most
appropriate. Finally, the subject must respond with the chosen Yy

term.

The assumptions underlying this argument can be made clearer
through an example, taken from Sternberg and Nigro (1980). In solving
the analogy ’'apple is to eat as milk is to (white/drink/cow/sweet)’,
the child has to:

1. encode the terms apple, eat, milk, white, drink, cow and sweet as
needed, retrieving from semantic memory a list of attributes for each
term that might be relevant for analogy solution

2. infer the relation between apple and eat: one eafs an apple

3. map the second-order relation between the first half of the
analogy and the second: both concern operations performed on foods

4. apply an analogous relationship to that of apple:eat from milk to
at least some of the answer options (e.g. white, drink), seeking an
option that bears the same relation to milk that eat does to apple

5. justify one response as preferred to the others if none seems
ideal (not necessary in this example)

6. respond with the chosen option ("drink")



The development of analogical reasoning

31

2.5.ii. Sternberg’s Model: Data

The role of these assumed different component processes in
children’s analogical reasoning strategies was examined by Sternberg
and Nigro (1980). They argued that these component processes could be
combined in several different ways to solve analogical problems, and
that by giving children different types of analogical problems to
solve, different models of combination could be tested against each
other. The contribution of each component to solving the analogy
using a given model of combination was deduced by varying the form of
the analogies given. For example, if the number of operations
required for solution was varied, response time and error data could
be used to distinguish between solution strategies. In this way,
different models of combination of the components could be compared,
for example, exhaustive search models versus self-termination models.
The assumption underlying this rationale was that the amount of time

taken on each component will sum linearly.

Sternberg and Nigro tested this hypothesis by giving children
aged 9, 12 and 15 years and college students three types of analogies
to solve. These types were held to differ in the number of operations
required to reach a solution, as the number of terms in the analogy
stem varied from one to three. The types were:

I. Three-term stem: narrow:wide::question: (trial/statement/

answer/ask)

II. Two-term stem: win:lose::(dislike:hate)(ear:hear)

(enjoy:like)(above:below)

III. One-term stem: weak:(sick::circle:shape)

(strong::poor:rich)(small::garden:grow)(health::solid:firm)
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For these three types of analogies, it was assumed that each
analogy required use of the components identified above (encoding,
inferring, mapping, applying, justifying, and responding), but that
the number of executions of each component differed depending on the
format of the analogy, the number of answer options, and the assumed
model of combination. For example, more encoding was needed for the
type III analogies than for the type I analogies in all models, but a
self-terminating model would not encode all the terms in each case,
whereas an exhaustive search model would. Contrasting these models,
Sternberg and Nigro stated that, in the case of the three-term stem
example given above and a self-termination model of combination,
"Only six terms need to be encoded, and only three relations need to
be applied. Because the correct option is the third one, the fourth
option need not be encoded, nor need any relation be applied to it."
(p. 31). Similarly, the number of inferring, mapping and applying
operations would increase with the number of x, b and y terms
respectively, whereas the amount of time spent on justification would
depend on the degree of association between the candidate y terms and
the b term. For example, if one candidate y answer was perfect, this

high association would have a facilitative effect.

Multiple regression techniques were then used to indicate the
contribution of each component to the prediction of response time or
error data. Response time was hypothesised to equal the sum of the
amounts of time spent on each of the components. This will vary with
the number of times each component 1is executed (an independent
variablé), and the amount of time which each component requires (an
estimated parameter). Proportions of errors depend on the
difficulties of the component processes (an estimated parameter), and

the numbers of executions of processes (an independent variable).
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Standardised regression coefficients (Beta weights) can then be used
to indicate the contribution of each variable to the prediction of

response time or error rate (both dependent variables).

From such quantitative analysis of the data, Sternberg and
Nigro found developmental differences between the 8 and 11 year old
children and the older subjects. The results suggested that the 8 and
11 year old childrens’ response patterns depended on the degree of
word association between the b and y terms of the analogy, as no
increase in response time occurred when the number of inferences
required by the analogy form increased. Similarly, the number of
errors depended on the degree of association between the b term and
candidate y terms. For older children and college students, the
degree of association between the b and the y term did not affect
error rates, and response time did vary with the number of inferences
which had to be made. Sternberg and Nigro concluded that 8 and 11
year old children solved verbal analogies primarily on the basis of
word association, whereas older subjects relied almost exclusively on
analogical processes in arriving at solutions. The authors suggested
that this conclusion supported Piaget’s hypothesis that true
analogical reasoning was characteristic of the stage of formal rather

than concrete operations.

However, the conclusions which Sternberg and Nigro reach cannot
tell us how young children perform on verbal analogies when word
association is controlled for. The 8 and 11 year olds may have relied
more on associative strategies because they were not given problems
to solve in which strong associations were not present. It is not
clear how Sternberg and Nigro would explain Levinson and Carpenter’s

(1974) finding that 9 year o0ld children can solve 50% of true
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analogies in circumstances where word association cannot be used.

2.5.iii. Componential models based on Sternberg’s approach

A componential approach to children’s performance on verbal
analogy problems was also adopted by Goldman, Pellegrino, Parseghian
and Sallis (1982). They gave 8 and 10 year old children verbal
analogies to solve in both a free generation and multiple choice
format, the same analogies being given on each task. The generation
task was given first to all subjects and the multiple choice task
followed two weeks later. After being given the multiple choice task,
the children were asked to justify their responses. Performance was
then analysed in terms of the following components: inferring the
relationship between a and x, applying the inferred relationship to
b, recognising the correct y term, and the amount of distraction
which  occurred from alternative y responses. The latter two

components could only be measured on the multiple choice tasks.

A probability model of how these components should interact
during performance was then derived by using similar assumptions to
Sternberg and Nigro, and was used to test the contribution of each
component  to analogy solution for the different age groups. The
results showed that relational application, response recognition and
distractor interference were equally important in predicting
performance in the multiple choice task. Relational inference was
also important, but less so. The main developmental differences were
that older children were better at recognising the correct response
even if they had generated an incorrect inference, and were also less
susceptible to distractor items among the candidate y terms. Large
individual differences meant that these factors also differentiated

the skilled 8 year olds from the less skilled 10 year olds. A second
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study confirmed this componential analysis with new subjects. Thus it
seems that poor performance on verbal analogy tasks is characterised
by greater distractibility by false associates, and by less powerful

process execution.

Goldman et al. argued that their results supported those of
Sternberg and Nigro, who also found a reliance by younger and less
skilled responders on associative strategies. Goldman et al. used the
justification data which they obtained to support this claim. This
showed that the older children were more likely to give explanations
demonstrating an understanding of parallel or second-order relations
than the younger children. The probability of justifying correct
responses in terms of parallel relations was also shown to be
significantly correlated with overall performance on the multiple
choice problems at both ages. Goldman et al. interpreted this result
as showing that less skilled subjects have a weaker understanding of

why a correct response is analogically correct.

Goldman et al. suggested that this weaker understanding of
reasoning by analogy led to greater susceptibility to an associative
processing strategy of the type found by Sternberg and Nigro. They
argued that apparent evidence for analogical reasoning in younger
children "strong1y4‘indicate(s) some type of simpler associative

understanding of analogy" (p. 558).

There are two points to be made here. Firstly, Goldman et al.’s
finding that skilled 8 year olds solved analogies in the same way as
skilled 10 year olds does not seem to support the position of
Sternberg and Nigro, who are claiming that analogical performance can

be used to distinguish between concrete and formal operational

children.
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Secondly, their use of justification data to support this claim
can be criticised. The justification data only shows a significant
correiation between the use of second-order relations to justify
solutions and correct responding. Such a correlation need not imply
that the increased use of justifications based on second-order
relations reflects an increased understanding of these relations,
which then causes an improvement in analogical performance. It could
equally be the case that the improvemént in analogical performance
causes the increased use of justifications based on second-order
relations, or that a third factor such as IQ is causing both these

improvements.

Thus it cannot be concluded that the weaker understanding of
what 1is involved in analogy, indexed by poorer verbalisation skills
in the lowv scorers, 1led them to be more susceptible to using
associative processing. It would have been better to test this
hypothesis by training the low scorers on verbalisation skills, and
seeing if this led to a corresponding decrease in their use of

associative processing.

As has been shown, all the claims regarding the development of
analogical reasoning in the information-processing literature depend
on experiments which use multiple-choice verbal analogies. We turn
now to a consideration of whether children can make analogies in more

concrete settings.

2.6. Studies of analogical reasoning in solving concrete problems

Recently, two studies have appeared which examined the wuse of
analogical reasoning in solving concrete problems. These studies

suggest that young children’s analogical skills may not be as weak as
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so much of the literature implies. The approach taken is markedly at
variance with the deficit approach taken by all the othér wvorkers in

this area.

For example, Gentner, (1977), examined what she calls '’spatial
analogies’. Gentner argued that the fundamental requirement of
analogical reasoning is the ability to preserve semantic
relationships while mapping from one domain to another, by which she
meant preserving the a:x relationship in constructing the b:y
relationship, or more generally the ability to form second-order

relations.

Gentner suggested that by posing analogical problems in a
spatial context, children’s ability to preserve semantic
relationships across domains could be measured without encountering
any of the problems associated with vocabulary constraints and
knowledge of semantic features, problems endemic to wusing verbal
analogies. She argued that, as young children have a well-developed
understanding of their own bodies, they should have no difficulty in
understanding the domain of the analogy if asked to map their own
body parts onto other environmental entities, such as trees and

mountains.

Gentner asked 4 and 6 year olds and college students questions
like "If a tree had a knee, where would it be?", and "If a mountain
had eyes, where would they be?". Subjects had to respond by marking
the relevant location on pictures of trees and mountains, which could
be presented in four different positions: wupright, upside-down, or
sideways to the right or left. Gentner found that children were as
good as adults at predicting where the features would be, and in some

cases were actually better. From this she concluded that even
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pre-schoolers have well-developed analogical abilities.

It could be argued, however, that these skills are unique to
the spatial field. Such a criticism would be weakened by evidence
from a very different study, that of Holyoak, Junn, and Billman
(1984), which also showed good analogical reasoning by pre-schoolers.
They asked children to solve a problem that allowed multiple
solutions, and compared performance on the problem presented alone
vith performance after hearing a story which contained an analogous
problem and its solution. 30 children aged 4-6 years and 18 children
aged 11-12 years were given the problem of transferring some small
rubber balls from one bowl on a table to another bowl further away,
wvhich was out of the children’s reach. On the table were a selection
of materials which could be used to help solve the problem, such as a
large sheet of heavy paper, an aluminium cane, a 1long hollow tube,
scissors, string, and so on. The children had to devise as many ways
as possible of transferring the balls from the filled to the empty

bowl without leaving their seat.

Two story analogues were used. In both stories, a genie wanted
to transfer some precious jewels from one bottle to another. In one
story, he solved the problem by using his ’'magic staff’ to pull the
newv bottle over to tﬁe side of the old bottle. In the other story,
the genie commanded his magic carpet to roll itself into a tube, and
used it to roll his jewels from one bottle to the other. Analogous
solutions in the rubber balls problem would thus be wusing the
aluminium cane to pull the far bowl nearer (the cane solution), and
rolling up the paper into a tube so that the balls could be rolled

through it (the paper solution).

Children were tested individually in three conditions; magic
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staff story, magic carpet story, and control. In the first two
conditions, the children were given the rubber balls problem to solve
after listening to one of the stories, in the control condition they
received the problem alone. Children in the two experimental
conditions were not told that the story could help them wuntil they
became stuck on the rubber balls problem. At this point a hint to use
the story was given, the experimenter asking what the genie did, and

asking if the children could do something similar.

Holyoak et al. found that all the preschoolers were able to
devise the cane solution to the rubber balls problem by applying the
magic staff analogy. Half of the children did so without needing a
hint, whereas in the control condition only one child thought of this
solution. In the magic carpet condition, only 3/10 children rolled up
the sheet of paper into a tube to produce a fully analogous solution,
all without receiving a hint, while none of the children in the
control condition did so. In contrast, 9/10 children came up with the
partially analogous solution of using the cardboard tube. However, as
8/10 children in the control condition also used the cardboard tube
solution, tube use was probably not dependent on analogy. For the
older children, everyone given the magic carpet story produced an
analogous solution for the rubber balls problem by rolling up the
sheet of paper. Thus significantly more analogies were made by the

older subjects in this condition.

Pre-school children can obviously use analogy to solve problems
in some situations (the magic staff condition). However, it could be
argued that they were succeeding because the magic staff and the cane
wvere perceptually and functionally more similar than the magic carpet

and the piece of paper. To check that it was not perceptual and
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functional similarity which enabled the younger children to succeed
on the rubber balls problem, Holyoak et al. went on to give other
children (4-7 year olds) three different stories before giving them
this same problem. All three stories involved the magic staff
solution, but in two of the stories this solution was incidental to

the main story line.

Holyoak et al. found that use of the cane solution in the
rubber balls problem fell significantly for the less
directly-analogous stories, with only one child out of 5 in each of
these conditions devising the cane solution in spite of extensive
hints. From this, Holyoak et al. argued that the perceptual and
functional similarity of the cane and the staff did not explain the
analogical responses of the children in Experiment 1. However, this
conclusion relies on a negative result (i.e. that the children did
not come up with the cane solution). Better evidence for analogy in
the magic staff story would be provided if essentially the same story
was given, but with the magic staff being replaced by something less
perceptually and fuctionally similar to a cane, such as a magic rope.
If the children still made an analogy to the cane, this would be an
analogy based on the principle of the story rather than one based on
perceptual or functional similarity, and so would provide positive

evidence for the use of analogy in the magic staff story.

Holyoak et al. went on to show that 4-6 year olds could also
use the magic carpet analogy successfully if the subject of the story
vas made more familiar (Snoopy rolling up a blanket to transfer eggs,
Miss Piggy rolling up a carpet to transfer jewels). This showed that
perceptual and functional similarity were not necessary conditions

for analogy to be used in problem solving by pre-schoolers. These
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story formats provide a better test of analogical reasoning anyway,
as they do not rely on magic. The use of a genie may have caused some
children to suspend logic when listening to the stories, and thus may
have prevented them from considering any logical relationship between
the stories which they were told and the rubber balls problem. It can
be concluded that children as young as 4 years can use analogy to

solve problems, as long as the analogy is a simple and direct one.

2.7. Conclusions

It is clear that the majority of psychologists whose work is
reviewed above see analogical reasoning as a relatively sophisticated
ability, characteristic of children aged 10-12 and above. Successful
performance on analogical problems by younger children is generally
assumed to reflect the use of associative reasoning. However, some
recent work challenges this view (see section 2.6.), and shows that
even pre-schoolers can reason analogically. If this is so, then
children should be able to use analogies to help them to learn to
read and spell as soon as they are introduced to written language.
This possibility is considered in Chapter 3, which looks at the work
that has been done on the use of analogies in learning to read and

spell.
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CHAPTER THREE

STUDIES OF CHILDREN'S USE OF ANALOGY IN READING AND SPELLING

3.1. Introduction

There are very few studies on <children’s use of analogy in
reading and spelling, and the work that has been done is inconclusive
in terms of specifying what, if any, developmental changes occur.
Again, a generally pessimistic view of young children’s analogical

abilities characterises the main work in the field.

Analogy in both reading and spelling has largely been examined
through the use of nonsense words. Children are given nonsense words
either to read or to spell by analogy to real words. An example would
be ‘'yave’, which can be read by analogy to ’'gave’. Studies which use
nonsense words will be considered first. The few studies which 1look
at reading real words by analogy to other real words will then be

reviewved.

3.2. Studies with nonsense words

3.2.i. Analogies in reading

Marsh, Desberg and Cooper (1977) asked children aged 10 and 16
(fifth and eleventh grade) and college students either to read a list
of ten nonsense words aloud, or to choose a pronunciation for the
same nonsense words from tVo possible pronunciations provided by the
experimenter. The ten nonsense words were selected so that a
pronunciation based on analogy (e.g. ‘puscle’ read like ’‘muscle’)
would differ from one based on phonics. By phonics Marsh et al. meant

individual letter-sound correspondences, such as ‘c¢’ -> /k/, which
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would give the pronunciation ’puskle’.

Marsh et al. found a developmental increase in the number of
responses which were analogous for both tasks. Younger readers tended
to prefer grapheme-phoneme pronunciations to analogous
pronunciations, significantly more responses in the free response
condition being grapheme-phoneme responses than analogy responses
(49.5% and 39.1% respectively). This trend was reversed in the two
older groups, where analogy responses were significantly more
frequent than grapheme-phoneme responses. Analogies were made on
45.5% and 59% of responses by the 16 year olds and college students,
respectively, while grapheme-phoneme responses were made on 44% and

30% of occasions by these age groups.

To avoid the possibility that analogical performance might
depend on reading vocabulary rather than on the use of analogy per
se, the contingent probability between knowing the analogue and using
an analogous pronunciation for the corresponding nonsense word was
calculated. This contingent probability was significant at all ages,
indicating that if a child had the basis for making an analogy, she

would usually do so.

The authors took the change in preference for using an analogy
strategy with age as evidence for a stage model of reading. The

stages which they proposed were, respectively, 1. linguistic

guessing, where the child simply makes a plausible guess based on

linguistic context; 2. discrimination net guessing, where the child

guesses on the basis of both visual similarity and linguistic

context; 3. sequential decoding, where the <child decodes unknown

words letter-by-letter wusing grapheme-phoneme rules; and &.

hierarchical decoding, where the child wuses ‘higher-order’ rules
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(such as the rule that a terminal ‘e’ lengthens the vowel) and
analogy. Analogical strategies are thus meant to be characteristic of
the final stage of reading development, while grapheme-phoneme

conversion strategies are characteristic of an earlier stage.

There are problems with accepting this interpretation. Firstly,
it 1is dangerous to base claims about a stage model of normal reading
development on a study using nonsense words. Children could use
unusual strategies to read nonsense words, strategies which are not
typical of their normal reading behaviour. Secondly, the stages found
by Marsh et al. may be artifactual. This is because they did not
check whether the 10 year old children had the words from which
analogies were meant to be made in their reading vocabularies.
Nonsense words like ‘cetto’ and ’biety’ were used, which were meant
to be read by analogy to ‘cello’ and ‘piety’. These real words seem
quite hard for the younger children, which could explain the 1low
levels of performance found in the experiment. It is quite possible
that the younger children were poor at the task because they did not
have the real words from which to make analogies available in memory,
rather than because they could not make analogies in reading until

later in development.

This interpretation is supported by the finding that the younger
children, when probed after the task, were less likely to produce the
analogous real words than the older children. Even though Marsh et
al. presented information about the contingent probabilities between
knowing an analogue and making an analogy, this 1is not convincing
evidence for a developmental model since knowledge of the analogue
was only probed after the nonsense word task. The children may not

have responded on the basis of the analogue in the test phase, and
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may only have thought of possible analogies after being asked about
them. The significant contingent probabilities may simply indicate
that if a child read a nonsense word correctly, she was later more
likely to think of a real word analogue than if she ccould not read
the nonsense word in the first place. Thus this study tells wus very
little about whether children can use analogies in reading, and its

conclusions are open to alternative interpretations.

The same is true of a study reported by Marsh, Friedman, Welch
and Desberg (1980a). This time children aged 7 and 10 years and
college students were given two passages of prose to read, which had
nonsense words in some of the noun positions in the story sentences.
Four of these words assessed the subjects’ use of analogy, as
pronouncing the words by analogy to a real word led to a different
pronunciation from that produced by the application of spelling-sound
rules (e.g. ’faugh’ would be pronounced "faff" by analogy to ’laugh’

(Californian English), but ’faw’ via spelling-sound rules).

Marsh et al. found that analogical responses were given on 14%
of occasions at age 7, 34% of occasions at age 10, and 38% of
occasions at college level. The difference in analogy use between age
7 and age 10 was significant; however, the increase in the use of
analogy from age 10 to adult was not significant, a result which
differed from the 1977 study. Marsh et al. concluded that the
analogy strategy was available by the final stage of reading
development, but that its use was strongly determined by task

factors.

Again, however, Marsh et al. did not check that the younger
subjects knew the real words from which they were meant to make

analogies. Thus the 7 year olds could have made fewer analogies
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because they did not know all the analogical real words, rather than
because they were less capable of using analogy than older readers.
So this study also does not establish whether children can use

analogies in reading.

3.2.ii. Analogies in spelling

Marsh, Friedman, Welch and Desberg (1980b) then carried out a
study of the use of analogy in spelling, based on a similar
rationale. Children aged 7 and 10 years and college students were
given nonsense words such as ’jation’ (nation) and ‘zoldier’
(soldier) to spell to dictation. They were also asked to spell
analogous pairs of nonsense words, such as ‘cazical-cazicise’
(critical-criticise), and ’cuscle-cuscular’ (muscle-muscular). Marsh
et al. found that the percentage of analogies made on the single
nonsense words was 0% at age 7, 33% at age 10, and 507 at college
student level. Similarly, the percentage of analogies made in
spelling the pairs of nonsense words was 3%, 10%Z and 247,

respectively.

Marsh et al. argued that these figures showed "a marked
developmental increase" (p. 351) in the use of analogy, similar to
that found in reading in the 1977 study. They concluded "There
appears to be a marked developmental shift in the use of analogy
strategies in both reading (Marsh et al., 1977) and spelling between
the second and fifth grade...We must conclude therefore that there
are qualitative differences between the strategies used by beginners

and skilled readers and spellers" (p. 351).

Again, however, the study is open to the «criticism that the

younger children may not have known the real words to which analogies
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were meant to be made, and that this explains their poor use of
analogy. Words like ’soldier’ and ’'nation’ would be quite hard for 7
year olds to spell, and word pairs 1like ‘critical-criticise’ would
probably even cause difficulties for 10 year olds. Marsh et al.
should have checked that these words were in the spelling
vocabularies of their subjects before drawing conclusions about the
ability of these children to use analogies in spelling. Again, we are
left with the possibility that young children may be perfectly
capable of using analogies in spelling. The claim about qualitative
developmental differences in strategy use is not substantiated by

this work.

3.2.iii. Analogies in reading and spelling

Some of the problems outlined above are overcome in a later
study by Marsh, Friedman, Desberg and Saterdahl (1981). They compared
the performance of 7 and 9 year old children and 9 year old backward
readers (reading at the 7 year level) on reading and spelling a list
of 20 nonsense words. The children were also given a list of the real
vord analogues, and were told that the nonsense words had been made
by changing one letter of the real words. The children were given the
word 1lists to read and to spell, and either received the real words
fi;st or the nonsense words. When the percentage of analogical
responses was calculated, a developmental increase was again found in
the use of analogy. At age 7 the children made 78% analogical
responses in reading and 26% in spelling, while at age 9 the levels
vere 92% and 497% respectively. The backward readers performed at the
7 year level, which Marsh et al. interpreted as evidence for a

developmental lag explanation of reading backwardness.

Marsh et al. argued that these results supported the stage model
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of reading put forward in their 1977 paper, with analogy only
appearing in the final stage of reading development. However, again
this conclusion can be criticised. Marsh et al. themselves report
that the difference between the percentage of analogies made in
reading was not significant (78% vs. 92%). This is clearly not good

evidence for a developmental hypothesis.

Furthermore, these figures seem very high in absolute terms, and
yet the method of calculating analogical responding is not explained.
Presumably it was based on comparisons with the real words given
(e.g. 'finger-tinger’, 'shepherd-tepherd’). Since the children were
explicitly told that the nonsense words were analogues of the real
words, this could easily have encouraged them to use analogies more
than they might otherwise have done. This could explain the high
percentage of analogies made at all ages. Rather than implying that
analogical use increases with reading development, this result seems
to suggest that children at both ages studied were capable of using
analogies to read new words, and did so when effectively told that

analogy would be a useful strategy by the experimenter.

Such an interpretation of the results goes against the
developmental hypothesis favoured by Marsh et al., which was only
supported by their reéults for spelling. Instead, this interpretation
suggests that the ability to make analogies in reading and spelling
does not develop at all, but is already present at age 7. The
significant differences in analogy use with age found in the 1977 and
1980(a) studies have already been shown to be difficult to interpret,
and may also have arisen partly because the usefulness of analogy for
reading the nonsense words was not made explicit. When the need for

analogy was made explicit and the analogical real words were
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presented (i.e. the 1981 study), the use of analogy in reading by

children of different ages did not differ significantly.

Furthermore, the method of the 1981 study is also open to the
previous criticism that the younger children may have made fewer
analogies because they remembered fewer of the real word analogues,
even though this time the analogous words were provided in a separate
list. This criticism could explain why an apparent developmental

increase was still found for spelling.

Finally, as mentioned previously, it is dangerous to make strong
claims about stages in normal reading and spelling development from
studies using nonsense words, as unusual strategies may be used to
read and spell the nonsense words. Thus it is difficult to draw any
firm conclusions about the role of analogy in reading and spelling
development from this study. Clearly, the argument for qualitative

shifts in strategy use with age (1980b) is also not supported.

3.2.iv. Training analogies in reading

In a recent study, Wolff, Desberg and Marsh (1985) again assert
(quoting their 1977 and 1981 studies) that analogy is a strategy
typicalhof older, advanced readers rather than younger readers. They
then examine whether reading development can be facilitated by
teaching younger children to use analogies to read new words. Wolff
et al. trained 7 and 10 year old children to use analogy in a
nonsense word reading task. A group of 10 year old backward readers

reading at the 7 year level were also trained in the same way.

Three training techniques were used. The first involved giving
children a real word printed in red on a card, and then asking them

to read an analogous nonsense word printed on a separate card. The
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second training technique involved the experimenter simply asking the
chi&dren to ’think of a real word which would be like the nonsense
worh if the first letter was changed’ before reading the nonsense
vord. The third was a combination of both these procedures. Twenty
children in each age group were trained with each method, and their

performance on reading the nonsense words was compared to that of a

control group given the nonsense words to read in isolation.

Wolff et al. found that all the experimental groups performed
significantly better on the nonsense words compared to the control
group at all ages, although more nonsense words were read correctly
by the older children. There were no differences between the
different conditions. Transfer to reading five new nonsense words was
then tested, and it was found that most transfer occurred for the
children asked to think of their own real word analogues. Wolff et
al. suggested that this was because children in the latter condition
wvere required to do the work of finding analogues for themselves.
This made them more likely to do this later without instruction. The
authors went on to argue that the use of such teaching methods could

speed up reading development.

Two main criticisms can be made of this study. Firstly, as shown
previously, it remains to be established that younger children are
unable to use analogies in reading anyway. As the 1977, 1980 and 1981
studies did not show that younger children were necessarily any worse
at making analogies than older children, it is wrong to talk about
facilitating development, even if training can be shown to work.
Secondly, the claim about speeding up reading development 1is a big
one to make from a comparison of performance on reading five nonsense

words. Five words are far too few words to use in testing transfer.
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All that Wolff et al. have actually shown is that analogy is a useful
vay of deriving pronunciations for nonsense words. Again, the danger
of making assumptions about real word reading from performance with

nonsense words should be mentioned.

In a similar study designed to look at analogy in combination
vith other reading skills, Baron (1979) gave 9 year old poor readers
three lists of words to read, regular (’cut’), exception (’put’), and
nonsense (’lut’). Baron found that the nonsense words were pronounced
by the children to rhyme with the words they knew, whether these were
exception words or regular words. If the children could read the
exception word but not the regular word which was analogous to a
nonsense word, then the nonsense word was significantly more likely
to be pronounced to rhyme with the exception word than with the
regular word, whereas if the children knew the regular word but not
the exception word, then the reverse was true. These results would be
expected if the children were using analogies to read the nonsense
words, and Baron suggests that "the use of analogies is a natural
mechanism for decoding nonsense words" (p. 67). Baron then went on to

train children to use analogies (experiment 3).

Baron trained three groups of children to use analogy to read
nonsense words: 6 year olds, 7 year olds, and 9 year old backward
readers. Training simply consisted of asking the children to think of
other words that they knew which looked like the nonsense words with
vhich they were having trouble. If necessary, prompting was provided.
For example, if the nonsense word was ’'bew’, Baron might say "I don’t
have enough, I have too ---?7", or even show the child the word 'few’
and say "If this word is ’few’, then what is this one?" (indicating

‘bew’). The children were trained in this way on half of the nonsense
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words which they were unable to read at pretest. Baron found that
after training, all the children made significantly fewer errors on
the untrained nonsense words than before training, although the 6
year olds required a lot of encouragement to use analogies. Some

subjects spontaneously reported using analogy, however.

From these experiments, Baron suggested that a true analogy
mechanism was available to young children. While his results are
certainly compatible with such an interpretation, it must be
remembered that analogy use was being measured solely by performance
with nonsense words. Therefore it 1is possible that the ’analogy
mechanism’ is specific to decoding nonsense words, and plays no role
in reading development. Furthermore, it is not clear why Baron used
backward readers in his first experiment, as no rationale is offered
for this. It is not clear whether Baron believes that analogies are
characteristic of younger rather than of older readers, and so sees
these backward readers as using analogies because they are stuck at
an earlier developmental stage, or whether he thinks of analogy as a
strategy used equally frequently at all ages. Since Baron does not
make systematic age comparisons anyway, the answer to this question

cannot be found by looking at his data.

3.3. Studies with real words

3.3.1. Analogies in reading

One study that has looked at the use of analogies in reading
real words rather than nonsense words is that of Baron (1977). Baron
trained kindergarteners to read sets of simple words and sounds by
rote, and then tested transfer to new words. Training sets were words

and sounds like ’b’, ’at’, ’'bat’, ’‘ed’, ‘red’, and transfer words
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wvere of two types, those that could be decoded by analogy (e.g. ‘bed’
and 'rat’), and those wvhich required what Baron called a
‘correspondence’ method (e.g. ’bad’ and ’‘bet’). By this Baron meant
knovledge of the correspondences between single letters and sounds,
as he argued that the correspondence words could not be decoded by

the use of larger units extracted from the training sets.

Baron found that the children were performing at around 90%
correct on the analogous test words, compared to around 157 correct
on the ’'correspondence’ test words. He argued from this that analogy
strategies were more natural in the beginning stages of reading than

correspondence strategies.

While this is one interpretation of the results, it is not the
only conclusion that can be drawn from the data. First of all, half
of the ’correspondence’ test words could be read by analogy as well,
as they contained consonant-vowel units which could be extracted from

the beginnings of the training words (e.g. ’'bat’ -> ‘bad’). Thus in

principle an analogy could be made between the segment ‘ba-’ in ’bat’
and 'bad’. If analogy strategies are more natural in the beginning
stages of reading, children should also use analogy to help them

here.

Furthermore, the analogy words differ from the correspondence
wvords 1in that training on the analogous wunit 1is given for the
analogous test words. The transfer information required to read 'bed’
by analogy to ‘red’ and ’‘rat’ by analogy to 'bat’ (extraction of the
'-ed’ and ’'-at’ segments) has been taught to the children already as
part of the training set. This means that the ’‘correspondence’ words
make more complex demands on the children than the analogous words,

as no training has been given on the end segments of the
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correspondence words (e.g. ’'-ad’ and ’'-et’). These words require more
difficult segmentation and blending skills than the analogous words.
The differences which Baron finds. between his transfer words could
thus arise for reasons other than the use of analogy. It cannot be
concluded from this experiment that kindergarteners are capable of

using analogy to read new words.

3.3.ii. Training analogies in reading

Baron (1977) also 1looked at the effectiveness of teaching
analogical skills. He taught eight 5 year old children pairs of words
like 'mat’ and 'mug’ by rote, and recorded the number of errors they
made in reaching a criterion of correct reading on two successive
trials. He then gave the children new words like 'at’ and ‘ug’ to
read, and measured analogical transfer by subtracting the number of
errors made in reaching criterion on these new words from the
previous error scores. The children were asked to do this for six
sets of training and transfer word pairs. Baron predicted that the
transfer scores should increase across the six sets as children
learned the analogy strategy. Hints to use analogy were also given,
children who did not know the new words being encouraged to think of

similar words which they had just learned.

Contrary to his hypothesis, Baron found that the children made
more errors on the second pair of words before reaching criterion
than on the first pair of words, although this tendency declined
across the six word sets. Only on the sixth set did the children make
fewver errors on the new words, which suggests that they were not
learning to use analogy as easily as had been predicted. Although
Baron improved his position by re-analysing the transfer data, this

time discounting repetitions of the first pair of each set, this
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still resulted in negligible transfer of learning to the second pair.
Analogy does not seem to help the children as much as might be

expected.

An explanation for these poor results may lie in the nature of
the transfer pairs. These included ’'words’ like ’‘ug’, ‘um’, ‘eg’,
*al’, and 'aw’, which are essentially meaningless, although Baron
calls them ’'exclamations’. These are very peculiar words to expect 5
year olds to produce, and may account for the children’s tendency to
repeat the first word pair. Production of ’words’ like 'ug’ could
well rely more on phonemic segmentation skills than on analogical
skills, and as Baron found during pretesting that all the children
failed a test of phonemic segmentation, this could explain their
apparent failure to wuse analogy. Thus the transfer part of Baron’s
study may not be testing for analogy at all, but rather testing
segmentation skills. Again, this experiment tells us very little

about kindergarteners’ ability to use analogies to read new words.
g

3.4. Analogies in reading and spelling: conclusion

There is a clear conflict between the position of Baron, who
sees * analogy as a strategy which can easily be wused by
kindergarteners, and the position of Marsh et al, who see analogy as
a sophisticated strategy which only emerges in the final stage of
reading development. However, it is too early to say from the
experiments reviewed above whether kindergarteners are able to use
analogies to read new words. It is also too early to conclude, as
does Marsh, that analogy is a sophisticated strategy characteristic
of children in the final stages of reading and spelling development.
Ve will now consider how the cognitive-developmental literature on

analogical reasoning reviewed in Chapter 2 relates to the use of
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analogies in reading and spelling.

3.5. The link between analogical reasoning and orthographic analogies

In order to relate the work on analogical reasoning in general
to the work on analogies in reading and spelling, we will begin by
looking at the characterisation of analogical reasoning offered by

the studies reviewed in Chapter 2.

3.5.i. The cognitive-developmental view of analogy

A recurring theme in the work reviewed in sections 2.1. - 2.5.
was that the solution of an analogy of the form a:x::b:y involved the
formation of two sets of relationships. These were termed
'first-order relations’, the relations between two entities such as a
and x, and ’'second-order relations’, the relation between relations,
or between the a and x and the b and y parts of the analogy. Spearman
(1923) called the two types of reasoning involved ’the eduction of
relations’ and ’the eduction of correlates’ respectively. The way in
wvhich these two types of relation combine in solving analogies has

been most clearly formulated by Sternberg (1977).

Another common assumption in the literature reviewed in Chapter
2 was that the ’'eduction of relations’ was easier than the ’'eduction
of correlates’, and that the eduction of relations occured earlier
developmentally. First-order relations were held to require only
associative responding, whereas second-order relations require a
comparison to be made between different relations. The latter was
frequéntly assumed to require an understanding of proportionality,
although as demonstrated in section 2.3., the reasoning behind this
wvas largely tautological. Second-order relational reasoning, or the

eduction of correlates, was widely assumed to be absent before the
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Piagetian stage of formal operations, a stage normally reached at
around 12 years of age. However, recent work by Gentner (1977) and by
Holyoak et al. (1984) suggested that the eduction of correlates may

occur earlier than this.

It is clear that the major thrust of the work reviewed in
Chapter 2 would not 1lead one to expect young children to use
analogies in the earliest stages of learning to read, at around the
age of 5-7 years. However, as also shown in chapter 2, the
conclusions reached in many of these studies were open to alternative
interpretations. Thus, a careful review of the literature on
children’s ability to reason analogically leaves open the question of
whether 5-7 year old children are capable of using analogies to help

them to read and spell new words.

3.5.ii. The cognitive-developmental viewpoint and analogies in

reading and spelling

Let us now consider whether the kinds of analogies being
examined by Piaget, Sternberg, etc. are the same as the kinds of
analogies which Marsh et al. and Baron are examining anyway. It is
possible that young children might successfully use ’analogies’ to
read and spell new words simply because analogical reasoning per se
is not involved. This would then explain why analogies may be found
in reading and spelling long before they are found in other areas of

cognition.

To consider this question, Baron’s (1979) example of reading
'yave’' by analogy to '’gave’ will again be examined. This can be
stated formally as ‘the letter string 'GAVE’ 1is related to the

pronunciation /gev/ as the letter string 'YAVE’ is related to the
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pronunciation /yev/’, or 'GAVE:/gev/::YAVE:/yev/. Let us now apply
Sternberg’s analysis to this analogy. Sternberg argued that three
mental steps were necessary to account for the process of first- and
second-order relations in the solution of analogies. These were
inferring the relation between the a and x terms, mappin the
relation between the a and b terms, and applying the analogous
relation to the relation between the a and x term to the b term in

order to solve the analogy.

Firstly, therefore, a relation must be inferred between GAVE and
/gev/. The obvious relation is that /gev/ is the spoken form of the
written letter string G-A-V-E. Secondly, a relation must be mapped
between GAVE and YAVE. The relation here is that both letter strings
are identical apart from the initial 1letter. This step involves
segmentation and chunking, as the child must segment /gev/ into /g/ +
/ev/, giving 'G-AVE:/g/-/ev/::Y-AVE:/?/'. Finally, an analogous
relation to that inferred for GAVE:/gev/ must be applied to YAVE. The
analogous relation is that the spoken form of the letter string GAVE
must be similar to the spoken form of the letter string YAVE, apart
from the first letter. So completing the analogy, ve get:
'G-AVE:/g/-/ev/::Y-AVE:/?/-/ev/'. All fhat is now required is a
pronunciation for the non-analogous letter 'Y’, and the  full

pronunciation for the unknown word can be established.

3.5.iii. Are analogies in reading and spelling ’true’ analogies?

While the child still requires extra knowledge to complete the
pronunciation for the unknown term (i.e. the phonblogy for 'Y’, which
is not contained within the terms of the analogy itself), the
analogical comparison as such seems perfectly valid. The problem of

deriving the phonology for the extra letter ('Y’) is separate from
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the question of whether analogical reasoning is used, and seems
comparable to the fact that extra semantic knowledge is required to
complete an analogy such as ’'high:low::wide:?’. Thus in spite of the
fact that extra knowledge is required in order to complete the
orthographic analogy, it seems clear that analogical reasoning should

be involved.

Another test of whether orthographic analogies actually involve
analogical reasoning would be to consider whether orthographic
analogies can be reversed in the way that standard analogies can.
Analogies involve an equality of proportions, and so an analogy like
‘a:x::b:y’ can also be expressed as ‘a:b::x:y’. Using our analogy
"GAVE:/gev/::YAVE:/yev/', we can reverse this analogy to give
'GAVE:YAVE::/gev/:/yev/’'. This expresses the fact that one spelling
pattern 1is related to a similar spelling pattern in the same way as
one pronunciation is related to a rhyming pronunciation, that is,
that they are similar in all respects except for the representation
of the initial letter/sound. So this is also a perfectly valid
analogy. Again, it seems that we are justified in saying that an

orthographic analogy involves analogical reasoning.

However, the necessity for extra knowledge in solving
orthographic analogies suggests that, at the very least, knowledge of

more than one analogous word is needed to read a new word by analogy.

In the case of ’yave’, knowing the words ’gave’ and ’'yes’ would in
theory be enough to synthesise a pronunciation for 'yave’ by analogy,
given possession of the component skills outlined previously. The
analogy 'YES:/yes/::YAVE: ?' requires slightly different
categorisation, segmentation and chunking skills, as this time the

child must make an analogy between the beginnings rather than between
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the ends of the words. Alternatively, analogy could be combined with
individual letter-sound knowledge, so that analogy could be used to
read the rime of the word (e.g. '—ave'’), while individual
grapheme-phoneme  correspondence knowledge could provide the

pronunciation for the onset ('y’).

In order to use analogy, the child clearly also has to have a
lot of (perhaps implicit) specific knowledge about the reading
process. This includes knowledge that words which look similar often
sound similar; that in the case of letter strings which differ only
in their initial consonants, this similarity is usually one of rhyme;
that detachment of the initial phoneme(s) (the onset) of rhyming
words isolates the common sound segment; and that combination of the
sound of the initial letter(s) of the unknown word with this common
sound will yield the pronunciation of the novel 1letter string. In
other words, 1if a child uses analogy in reading and spelling, this
demonstrates an understanding that words which are spelled the same
often sound similar, while words which sound similar are often
represented by similar orthographic sequences. This understanding is
based on reasoning about relationships, which is exactly the
’eduction of correlates’ defined by Spearman. The fact that some
extra reading knowledge 1is required in order to arrive at a final
answer does not change the fact that aﬁalogies are probably being

made.

ITI.5.iv. Conclusion

Having established that analogiéal reasoning per se and the use
of analogies 1in reading and spelling are formally similar, we will
nov consider work on the development of the component skills required

for making analogies from known to new words. It has already been
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mentioned in Chapter 1.4 that analogy requires the ability to
categorise words orthographically and phonologically, to chunk
together the letters in a word relevant to the analogy, to segment
this chunk from the rest of the word, and to blend this chunk with
the phonology corresponding to the non-analogical part of the new

word. These skills will be considered in the next chapter.
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CHAPTER FOUR

THE COMPONENT SKILLS REQUIRED FOR ANALOGY

4.1. Introduction

Children require more than simply the ability to reason
analogically to make analogies in reading and spelling. They must
also have a number of component skills available, skills which are
specific to dealing with written language. This point has been
implicitly recognised by other authors, who have placed analogy at
the final stage of reading development (Marsh and Desberg, 1983;
Frith, 1985). These authors agree that use of an analogy strategy in
reading depends on the acquisition of a sight vocabulary, and on the
learning of grapheme-phoneme correspondences. The acquisition of
these skills is held to constitute separate and earlier stages in the
development of reading. Marsh and Desberg call these earlier stages
'rote learning’ and 'combinatorial rule’, Frith refers to them as

'logographic’ and 'muokpkbbt}o'.

For both these authors, the most sophisticated stage, and the
last to emerge, is the stage at which orthographic analogies are used
to read new words. Both Marsh and Desberg, and Frith, suggest that a
similar sequence of stages (rote learning, grapheme-phoneme knowledge
and then analogy) also occur in the development of spelling. Marsh
and Desberg suggest that the same sequence of stages is passed
through as in reading development, but much more slowly: "We have
found that the analogy strategy in spelling develops much more slowly
than the analogy strategy in reading". (p. 153). Frith suggests that

the stages may be concurrent, but out of phase, so that a child who
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is at the alphabetic stage in reading may be at the logographic stage
in spelling. However, both these stage models concur in placing the
use of an analogy strategy at the final stage of development, and so
equating the use of analogy with skilled or fully-developed reading

and spelling.

These models fit evidence which suggests that adult or skilled
reading may operate via analogy (e.g. Glushko, 1979). However,
according to these models, analogical skills are not important for

the development of reading and spelling. This alternative possibility

is examined in this thesis. While the use of analogy in reading and
spelling may well require the possession of the various component
skills implicit in the above models and detailed in the introduction,
such as rhyming and segmentation abilities, this need not imply that
a complete acquisition of such skills must precede the use of

analogy.

Instead, it is equally possible that the use of analogy in
reading and spelling may itself help to develop some of those skills
which are important for its use. For example, generalising from one
word to another on the basis of spelling and sound may enhance
categorisation skills, since while analogies such as ’beak-peak’ and
'beak-weak’ are valid, an analogy such as ‘beak-break’ is not.
Experience with ambiguities of spelling-sound correspondence, such as
'peak-weak-break’, may help a child to realise that similarity of
spelling does not necessarily imply similarity of sound, and so
result in 'break’ being categorised differently from ’peak’ and
'weak’. Similarly, generalisation may enhance segmentation skills,
since an analogy like ’seat-cheat’ may help a child to realise that

two letters ('ch’) can represent a single sound (5).
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It could even be argued that it is more plausible to think of
analogy as operating in the early rather than in the final stages of
reading and spelling development. Children may be more willing to
generalise on the basis of spelling and sound before they become
avare that English orthography has multiple orthographic
representations for single sounds (e.g. ’church’, ’'birch’, ’search’,
‘perch’...), and similarly that an orthographic unit can have many

pronunciations (e.g. ’'-ove’ in ’love’, ’‘rove’, 'move’).

As discussed in Chapter 1.4, to read an unknown word like ’yave’
by making an analogy, the child must first select an appropriate word
to form the basis of the analogy (e.g. 'gave’), which requires
graphemic categorisation skills. To use the chosen word to read the
unknown word, the child must possess chunking and segmentation
skills, since the child must be able to chunk together the rime of
the word, and then isolate this via segmentation to find the
phonology of the orthographic sequence relevant to the analogy. This
must require knowledge of rhyme and alliteration, as the phonological
relationship for an analogy like ’‘gave:yave’ is one of rhyme, while
the relationship for an analogy like ’'beak:bean’ is one resembling
alliteration. The child also requires some knowledge of individual
letter-sound correspondencés, as a phonological representation for
the non-analogous part of the word is also required. Finally, the
child must be able to blend together the sounds of the onset and rime
of the wunknown word in order to read it aloud (e.g./y/ + /ev/ ->

'yave’).

The overall question of this chapter is then whether children
have the component skills important for the use of analogies in

reading and spelling available before they start learning to read.
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This question will be considered in turn for the skills of
categorisation, chunking, rhyming, segmentation, and blending. This
chapter will not include studies of these skills which have been
carried out solely on backwvard readers, however, as these are not

strictly relevant to the issues being considered.

4,2. Categorisation

As shown in Chapter 1, categorisation is an important skill for
the use of analogies in reading and spelling. To make an analogy in
reading, a child has to categorise words as being similar in spelling
pattern, as a known word with a similar spelling pattern to the
unknown word must be selected to form a valid analogy (e.g.
gave-yave). This requires orthographic categorisation skills.
Similarly, to make an analogy in spelling, a child has to categorise
words on the basis of sound, since a word which sounds similar to the
unknown word must be chosen to form the analogy. This requires
phonological categorisation skills. A special kind of phonological
categorisation involves rhyming and alliteration. As these skills are
very important for the development of reading as well as spelling,

they will be discussed separately in section 4.4.

4,2.i. Orthographic categorisation

One of the few studies relevant to the orthographic
categorisation skills of young children was carried out by Santa
(1977). She asked 7 and 10 year old readers to perform a
same-different task, in which a written upper-case word was presented
along with a pair of letters which either were or were not part of
the word (e.g. BLAST:BL or BLAST:LE). Santa varied the position of

the subset of letters used, so that all parts of the five-letter
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wvords were covered. She found that the initial consonant cluster was
recognised significantly faster than all the other parts of the word
as reading level improved. The 10 year olds were significantly faster
at this than at recognising single letters and other units, whereas
the 7 year olds showed no differences in reaction time between the
initial and final consonant clusters. Both groups of children were
slovest of all at recognising letters from the middle of the words

(BLAST:AS).

Santa concluded that orthographic judgements were affected by
letter position and by reading level. However, as she did not check
whether the 7 year olds could read the words being used, it is not
clear whether there 1is differential orthographic processing as
reading improves. Instead, the differences in performance could
simply have been due to the 10 year olds being able to read the words

which were used.

To remedy this, Santa went on to perform a second experiment in
which she checked in advance that the children could read all the
words being wused. 7 and 10 year o0ld readers ©performed a
same-different task with picture-word pairs, and had to respond
*same’ if the word correctly named the picture. The words were
presented in lower case with gaps which either violated or preserved
spelling pattern boundaries (c-hild, ch-ild, chi-1d, chil-d). Santa
found that the 7 year olds were significantly slower on the ’same’
judgements for words with gaps which violated spelling pattern
boundaries (b-last, bla-st, blas-t). Performance on words divided
into onset and rime (bl-ast) was as fast as that for words presented
vithout gaps (blast). The 10 year old readers were equally fast on

all the different stimuli. This result suggests that when the 7 year
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olds can read the words being used, they also demonstrate superior
recognition of the initial consonant cluster compared to other
subword units. However, it can also be interpreted as showing that
younger readers are faster at recognising words when visual
distortions preserve the onset-rime boundary. As the 10 year olds
were at ceiling on the task, we cannot tell whether this is a
developmental effect. However, it 1is clear that young children’s

visual categorisation skills are quite sophisticated.

This result is obviously an important one for an analogies
hypothesis, as the division of words at the onset-rime boundary is
necessary for making analogies between the ends of words. The
demonstration that young children make such divisions with ease means
that the kind of orthographic categorisation required for analogies
between the ends of words is a skill which is available early in the
reading process. Without information about younger children, however,

we cannot tell whether it is available before reading commences.

4.2.1ii. Orthographic and phonological categorisation

Pick, Unze, Brownell, Drozdal and Hopmann, (1978), looked at the
wvay in which children categorised words which were presented either
auditorily or visually. They asked children aged 7, 9 and 11 years to
judge which pairs of words were more alike, the children either being
shown the written words or listening to the experimenter pronounce
them. The word pairs were either alike at the beginnings (e.g.
bum-bug, slot-slap, buck-bust), or at the ends (hop-pop, drip-chip,

land-mend).

Pick et al. found that for visual judgements, the 7 year olds

judged the word pairs which began with the same letters as more
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alike, while the 9 and 11 year olds judged the words which ended with
the same letters as more alike. For the auditory judgements, children
judged the words which ended with the same letters as more alike at
all ages. Thus in tests of phonological categorisation children seem
to prefer judgements based on rhyme or shared final consonants at all
ages. For graphemic categorisation, there seems to be a developmental
shift from judging on the basis of shared initial orthography to
shared final orthography. However, as Pick et al. did not check
wvhether the children could read the words being used, this 1latter
conclusion can only be tentative. It is possible that the 7 year olds
wvere matching on the basis of shared initial orthography in the
visual condition purely because they could not read the words, and

not because of any differences in processing words in reading.

Evidence for orthographic and phonological categorisation also
comes from an experiment by Condry, McMahon-Rideout and Levy, (1979),
which compared the two. These authors asked children aged 7 and 10
years and college students to make same/different decisions on the
basis of either similar orthography (roam-room), or similar sound
(ear-here). The subjects had to decide which of two visually
presented words sounded or looked the same as a visually presented
target word. The incorrect choice word could also be visually or
phonologically similar to the target word, depending on the
condition. Hence for the orthographic judgement (’looks like’), the
distractor could be phonologically similar to the target (chair:
chain, dare), whereas for the phonological judgement (’sounds like'’),
the distractor could be visually similar to the target (dry: lie,
day). The effect of these distractors was compared to control
distractors which were neither visually nor phonologically similar to

the target word (eyes: size, room).
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Condry et al. found that the orthographic judgements were
significantly faster than the phonological judgements at all ages,
wvith an especially strong effect at 7 years. This suggests that
children are very good at categorising words on the basis of
spelling. The subjects were also good at categorising words on the
basis of sound, but were much slower at this task, even at adult
level. It is not clear whether they were slower at the rhyming
judgements because they had to access phonology from the written
stimulus to make the sound judgement (presentation was visual only),
or whether they were slower because the orthography of the rhyming
pairs differed, and this had an inhibitory effect. A condition where
orthography and phonology both match would be required to sort out
this question (e.g.chair: hair, room). If the different orthography
was having an inhibitory effect on the rhyme decisions, subjects
should be faster at saying that ‘chair’ and ’'hair’ rhyme than at
saying that ’chair’ and ’‘dare’ rhyme; whereas if orthography was not
having an inhibitory effect they should perform as fast on

'chair-hair’ as on ‘chair-dare’.

The effect of the different distractor stimuli suggests that the
inhibition explanation may be the right one. Condry et al. found that
the influence of the orthographic distractors on the phonological
judgements was strong at all ages (compared to the control
distractors), whereas there was no influence of the rhyming
distractors on the orthographic judgements at any age. This suggests
that when presentation is visual, children are strongly influenced by
spelling in making phonological decisions. They expect words which
are spelled the same to sound the same, and so are distracted by
similar-looking words which do not actually rhyme with the target

word. A condition involving similar orthography and phonology would
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have been useful in checking this interpretation. However, two other
experiments have compared the effects of similar and dissimilar
orthography on phonological judgements. These studies are by

Steinhauser and Guthrie, (1978), and Rack, (1985).

4.2.iii. Links between orthographic and phonological categorisation

Steinhauser and Guthrie asked children aged 7 and 10 years to
make same/different decisions about pairs of words which either
rhymed and were orthographically similar (heat-beat), rhymed but were
orthographically dissimilar (heat-feet), did not rhyme but were
orthographically similar (heat-head), or differed in both orthography
and phonology (heat-said). Presentation was visual, and the children
vere either required to make orthographic categorisation decisions or

phonological categorisation decisions.

Steinhauser and Guthrie found that orthographic judgements were
consistently very good, with performance ranging from 90-95% correct
at both ages, and with no significant differences between tasks. Both
age groups made more errors vwhen a phonological judgement was
required, however. The children were especially bad at making
phonological judgements when orthography and phonology conflicted,
saying that such pairs (e.g. ’'heat-feet’) did not rhyme on 24.6% of
trials at age 7, and 187 of trials at age 10. If orthography and
phonology agreed (e.g. heat-beat), errors fell to 107 and 14%
respectively. Similarly, the children said that pairs 1like
'heat-head’ did rhyme on 21.47% of trials at age 7, and 18% of trials
at age 10, compared to 10.5% and 9.6Z errors on pairs like
'heat-said’ respectively. These results suggest that children expect
words which are spelled the same to sound the same and vice versa, as

they make more errors when these expectations are violated than when
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they are not. However, the strength of this effect seems to decline
vith age, as the 7 year olds showed much stronger effects than the 10
year olds. One possibility is that this decline occurs because
increasing experience with English orthography teaches children that

spelling and sound do not always agree.

Rack (1985) used a similar design in an experiment with 10 year
olds. He asked the children to make rhyme decisions about visually
presented word pairs, and then gave them a visual cued recall task
using one of the words from the pairs. The word pairs either rhymed
and were orthographically similar (farm-harm), rhymed but were
orthographically dissimilar (farm-calm), did not rhyme but were
orthographically similar (farm-warm), or differed in both orthography

and phonology (farm-sand).

He also found that more errors in judging rhyme were made for
the pairs where orthography matched but the words did not rhyme
(farm-warm) than for any of the other pairs, although the differences
vere not significant. In the recall task, there was a significant
effect of orthography, with orthographically similar words recalled
better than orthographically dissimilar words, and a significant
effect of rhyme, with rhyming words remembered better than
non-rhyming words. There was no effect of orthographic similarity for
cued recall with auditory presentation, however, whereas the effect
of phonological similarity remained significant. Again, the results
suggest that children can categorise words on both an orthographic
and a phonological basis, and tend to perform best when orthography
and phonology agree. This suggests that children expect similar

orthography to predict similar sound.
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4.,2.iv. Categorisation in preschoolers

Turning now to younger children, there is very 1little work on
the categorisation skills of pre-schoolers with respect to written
language. One study that has been done is that of Skjelfjord (1976),
on phonemic categorisation. Skjelfjord 1looked at the phonemic
categorisation skills of 24 preschoolers (5-6 years old) in Norway.
He was interested in whether the children could segment words, and
whether the segments could be grouped to form categories. The
children were taught individually to analyse words, and their
reactions during training were closely observed to find out how they
set about the task. Training consisted of telling the children to
"listen out" the sounds in the words, and to try and "feel in the
mouth" how the word was produced, thus highlighting both acoustic and
articulatory information. Short stories were used to stress
individual phonemes, and pictures of things and events illustrating
the given phoneme in an initial, medial or final position were also

used.

Training lasted for 22 weeks, during which all 27 Norwegian
phonemes were taught in daily sessions. The children were asked to
find each phoneme in initial, medial and final positions in
single-syllable words, and untaught phonemes were included to test
for transfer. Performance was compared to a pretest given before

training started, which asked for the initial sound in 26 words.

Skjelfjord found that half of the children’s responses showed no
analytical ability at all at pretest, while a further 15% only showed
analysis of words into syllables. Analysis into phonemic units
improved quickly following training, however, increasing to 63% of

responses after one week, and 777 of responses after two weeks. Even
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so, at first the phonemic unit reported was frequently not the one
requested (i.e. 1initial, medial or final), usually being the vowel
sound in a given word. Only in the later stages of training, when
most children had adopted an articulatory technique for performing
the task, were children able to produce the specific phoneme

requested.

Skjelfjord also looked at children’s phonemic categorisation
skills during training. He argued that active categorisation was
shown by the tendency of some children to segment a word correctly
and then report a sound similar to the one in the position asked for,
but not part of the word itself. Presumably the children categorised
the phonemes as very similar, and so reported one sound in place of
the other. For example, one child first uttered all the sounds in a
given word correctly, then repeated the sound in the given position
correctly once more, and eventually reported a phonetically similar
sound. Thus even 5 year old children categorise phonemes according to

phonetic similarities and differences.

This conclusion is also supported by the work of Read (1971) on
the spontaneous spelling performance of 4-5 year old Harvard nursery
children. These children’s representations of certain sounds in words
provided clear evidence of phonemic categorisation. For example, Read
was able to show that the children perceived the /t/ in ’truck’ as
more similar to the /&/ in ’chicken’ than to the /t/ in 'top’, as
they spelled "truck’ and ’‘chicken’ with the same initial letter. Thus
children actively categorise words as having common phonemes, but

these categorisations do not always agree with those used by adults.
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4.2.v. Conclusions

The evidence reviewed above shows that children have good
phonemic, orthographic and phonological categorisation skills from an
early age, and also have strong expectations about the relationship
between spelling and sound. Such expectations might underly the use
of analogy in reading and spelling, since analogy depends on using

spelling to predict sound and sound to predict spelling.

However, successful use of analogy also requires the ability to
chunk words into the wunits which are relevant to the analogy.
Segmentation skills of this kind have been studied by Helfgott
(1976), and by Treiman (1985), who have looked at chunking abilities

in tasks involving both segmentation and blending.

4.3. Chunking

To make an analogy between ’beak’ and 'weak’, the words must be
parsed into onset (initial consonant(s)), and rime (vowel cluster and
terminal consonant(s)). Some evidence reviewed in section 4.2.1.
suggested that such chunking comes easily to children if orthographic
categorisation is the task under examination. We will now examine

chunking skills when words are presented orally.

4.3.i. Chunking CVC stimuli

Helfgott was interested in the relationship of syllabic
structure to segmentation and blending skills. She suggested that the
division of a syllable into CV-C may be more natural than division
into C-VC, as the CV unit appears first in infant babbling, and as a
consonant preceeding a vowel is co-articulated with the vowel to a

greater extent than is a consonant following a vowel. She argued that
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if chunking a consonant-vowel-consonant (CVC) syllable into CV-C was
easier than chunking it into C-VC, then this would have important

consequences for the teaching of segmentation and blending skills.

To examine this question, Helfgott took 103 kindergarteners and
split them into six groups matched for chronological age, mental age,
and scores on the Wepman Auditory Discrimination Test (Form II). This
test measures auditory discrimination by asking children whether
nonsense syllables differing by one phoneme are the same or
different. The groups were given segmentation and blending tasks,
involving the segmentation of CVC words into either CV-C, C-VC, or
C-V-C (e.g. like segmenting /kaet/ into either /kae/-/t/, /k/-/aet/,
or /k/-/ae/-/t/), or the blending of these units into words. Three
groups got the segmentation task first and three groups got the
blending task first. In addition, a control group received the CVC
words in a sentence production task. The segmentation task used the
Elkonin (1973) method of replacing each phonemic segment within a
word by a counter (see section 4.5.), a picture of the word being
provided as an aid to memory. In the blending task, the experimenter
spoke the segments to be blended aloud while placing a counter for
each segment in front of the child. If the child blended the segments

together correctly, the picture of the word was produced as a reward.

Forty test words were given daily for a four-day period, with
feedback being given on each trial. This introduced a training
element into the experiment. On the fifth day of the experiment, the
Vepman test (Form I) was given as a post-test. In addition, the
children were followed up a year later in first grade, and their

reading was tested using the Wide Range Achievement reading test.

Helfgott found that the C-V-C task was significantly harder than
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either the CV-C task or the C-VC task for both segmentation and
blending. Comparing the CV-C and the C-VC stimuli, children found it
significantly easier to segment words into C-VC than into CV-C, but

in contrast found it significantly easier to blend CV-C units

together than C-VC units. This pattern of results was supported by
the number of kindergarteners able to perform each task. Over a third
were unable to segment more than 25% of the C-V-C stimuli, compared
to 11% of children for the C-VC stimuli and 7% for the CV-C stimuli.
Similarly, 12% were unable to blend more than 25% of the C-V-C
stimuli, whereas no children blended less than 25% of either the C-VC
or the CV-C stimuli. The easiest task for the kindergarteners was to
blend CV-C stimuli: around 90% of children were able to blend between
76-100% of the stimuli. Finally, training on segmentation and
blending did not significantly improve Wepman performance at
post-test, but this is unsurprising given the short training period

(four days).

Helfgott explained the blending results in terms of the natural
structure of the syllable, arguing that the greater ease of blending
the CV-C stimuli was accounted for by the co-articulation of initial
C and following V. She argued that the segmentation results (C-VC
segmentation easiest) were due to some prior training during the
school year on identifying initial consonants in words, and on
rhyming. However, if this was the case, it is not clear why prior
training on initial consonants did not similarly facilitate C-VC

blending.

Helfgott also looked at the predictive value of segmentation and
blending skills for subsequent performance on the Vide Range

Achievement Test of reading. She found that segmentation skills were
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a significant predictor of reading achievement, accounting for 52% of
the variance in WRAT scores. Blending scores did not account for a
significant additional portion of the variance, even though they

correlated 0.49 with later reading scores.

Helfgott’s differential results for CV-C and C-VC segmentation
and blending suggest that it is easier to chunk words into initial C
and following VC (onset and rime) in segmentation, but that it is
easier to blend CV chunks to a final C than to blend initial Cs to a
final VC chunk. However, her position that the CV-C division of the
syllable is more natural has been challenged by Treiman (1983), who
argued from linguistic theory that the natural units of the syllable

wvere the onset and rime.

Treiman (1985) gave children a word game in which segmentation
and blending skills were confounded. Children aged 8 years were asked
to transform auditorily-presented CVC syllables via  phoneme
substitution, either by replacing the first two phonemes with two new
phonemes (joot-lut, fog-lug), which requires both CV-C segmentation
and blending, or by replacing the 1last two phonemes by two new
phonemes (joot-jul, fog-ful), which requires both C-VC segmentation
and blending. Treiman predicted that the C-VC task should be easier
than the CV-C task, as the former required a division between onset
and rime, whereas the latter required the initial CV to be subtracted
as a unit. In a second condition, children were given CCV syllables
to transform in the same way (fru-slu, brai-slai; or fru-fli,
brai-bli). This time the pattern of predictions was reversed, as the
initial CC constituted the onset, and so subsiituting for the first

two phonemes should be easier (fru-slu).

Both predictions were confirmed. The children were much better
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at learning the word games which treated the onsets and rimes as
units than at learning the games which did not. Treiman went on to
show that these results extended to 4 and 5 year old children, who
wvere better at recognising a spoken (or written) consonant target
vhen it constituted the onset of a word than when it was the first
phoneme of a consonant cluster (e.g. s-sink was easier than s-snake).
Treiman concluded that in analysing spoken words the division between

onset and rime is the most natural one.

However, as Treiman’s task involved simultaneous segmentation

and blending of either CV-C or C-VC stimuli, it is impossible to tell

how much of the superior performance with the C-VC (or CC-V)
divisions was due to the segmentation component of the tasks.
Helfgott showed that while C-VC segmentation was easier than CV-C
segmentation, the reverse was true for blending. It seems possible
that segmentation effects were overriding blending effects in
Treiman’s task, but this question cannot be answered without either
including .separate blending and segmentation conditions, or
alternatively including a C-VC segmentation + CV-C blending task and
a CV-C segmentation + C-VC blending task. If Helfgott’s finding that
CV-C blending is easier is correct, then children should be superior
at a task involving C-VC segmentation and CV-C blending than on

Treiman’s C-VC segmentation and blending task.

Finally, it would be interesting to repeat Treiman’s experiment
on Helfgott’s age group (5 year olds). Treiman’s results for 4 and 5
year olds are based on a much easier task (consonant recognition)
than the word game used with the 8 year olds, and so she may find
developmental differences here. However, as far as the chunking

skills required for analogy are concerned, both these experiments
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together suggest that children can both segment words into either

C-VC or CV-C units, and also blend such units into words.

4.3.ii. CVC chunking and reading

If the parsing units which are natural in auditory segmentation
are also natural in segmenting written words, clusters of letters
which preserve either onset or rime should be extracted more easily
from printed stimuli than clusters of 1letters which violate the
onset-rime division. An experiment by Pick (1978) does not support

this hypothesis, however.

Pick taught kindergarteners to read 12 CVC words by rote (e.g.
bum, hum, rat, ran). The children were then given new words to read
of three types (all nonsense words): 1. same initial (CV) segment
(e.g. hun, rad); 2. same final (VC) segment (e.g. fum, lat); and 3.
words made up of letters from the training words which did not
preserve VC or CV segments (e.g. bap, fud). Treiman’s hypothesis
would predict that children should be best at reading words of the
second type, where the rime of each trained word is preserved.
However, Pick found that the children were significantly better at
reading the type (1) words at transfer than they were at reading both

the type (2) and the type (3) words.

Pick claimed that the children were abstracting CV wunits from
the training words, and were using these to help decode the transfer
words. To support this hypothesis, Pick showed that most errors on
the type 1 words were due to misreading of the final consonant.
Children tended to assign phonology correctly to the initial CV, but
then to mispronounce the final consonant. Taking errors on all word

types, Pick found that the initial segment was read correctly on 26
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occasions, while the final (VC) segment was only read correctly on 10
occasions. From this, Pick concluded that children were better at
abstracting the initial segments in words than at abstracting the

final segments.

This conclusion would not be predicted by Treiman’s work on
natural parsing units, which would predict that the final segments in
words should be the easiest to abstract. One explanation for the
different results could be that Pick’s task was visual, while
Treiman’s was auditory. Onset and rime divisions could be more
natural in auditory tasks than in visual tasks. However, if blending
is a more important component of early reading than segmentation,
then Heifgott’s results would predict superior performance on the
type I words, as blending a known CV to a new final C should be

easier than blending a new C to a known final VC.

An alternative explanation of Pick’s results could be that the
superior performance on the type I words was caused by the
facilitative effect of a shared initial consonant. It is
vell-documented that children find the first letter in words the
easiest to sound out (e.g. Fowler, Liberman, and Shankweiler, 1977).
Thus Pick should also have had a condition where only the first
consonant was similar to the training words (e.g. hig, rud). This
wvould have enabled the effect of shared initial consonant to be

compared to that of shared initial CV.

Finally, it is possible that Pick’s results were partly due to
the regularity of her CVC stimuli. If the onset-rime division had
been tested with longer single-syllable words (e.g. 'beak’), then
C-VVC transfer may have proved to be easier than CVV-C transfer, as

Treiman would predict. The best conclusion that can be drawn at
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present is that chunking words into onset and rime is more natural in
an auditory task than in a visual one. The role of the segmentation
and blending components of both Treiman’s and Pick’s tasks remains to

be elucidated.

4.3.iii. Conclusions

The experiments reviewed above suggest that children can chunk
CVC stimuli into both CV-C and C-VC depending on the task. The
relationship of such chunking skills to reading, however, is unclear.
It remains to be seen whether CV- or -VC units are abstracted best

when using known words to read new words.

Making divisions between onset and rime is important for
rhyming, however, as words which rhyme have identical rimes. Rhyming
skills seem to play an important role in the development of reading
and spelling, even though rhyming is an auditory task. Work on

children’s rhyming and alliteration skills will now be considered.

4.4. Rhyming

Rhyming is a special case of phonological categorisation.
Recognising that words 1like ‘cat’, ‘mat’, and ‘hat’ rhyme involves
categorising words together on the basis of common sounds. Such
phonological categorisation is very important for making analogies in
reading. Words which rhyme often have common spelling patterns as
well, and these common spelling patterns can form the basis for
making a prediction about common sounds through making an analogy. Ve
will now examine whether children are able to form such rhyming

categories before they learn to read.
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4.4.1i, Rhyming in forced-choice tasks

There is growing evidence that young children are skilled at
recognising rhyme before they learn to read. A study by Knafle (1974)
showved that even kindergarteners (age 5) can distinguish rhyming
vords under certain conditions. She gave 273 children aged from 5 to
8 years a choice recognition task, in which the children had to say
vhich of two CVCC words rhymed with a given target word. For example,
the children were asked "Which word rhymes with ‘belt’: 'best’ or
'felt’?". The distractors either differed f£from the target in the
second (belt: best, felt) or final consonant (park: part, mark). To
control for choices based on the initial consonant, Knafle also gave
choiée pairs which began with the same letter (e.g. silk: milk, mink;

and yard: hard, harm).

The kindergarteners performed correctly on 75% of the trials,
while the 8 year olds performed at around 907 correct. All children
found the pairs where the distractor differed in the second consonant
(belt: felt, best) significantly easier than the pairs where the
distractor differed in the final consonant (park: mark, part), the 5
year olds scqring at chance on the latter. The 5 year olds also found
the final consonant pairs harder in the same initial letter condition
(yard: hard, harm); however, both types of stimuli where the initial
consonant was kept constant were significantly easier at all ages.
This suggests that 5 year olds can distinguish rhyme even when the
choice pairs only differ in one phoneme. However, 1if a distinction
must be made between two words which only differ from the target in
either initial or final consonant, then the youngest children perform
at chance. This may not have been the case if CVC stimuli had also

been used, however.
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Lenel and Cantor (1981) gave children aged 4, 5 and 6 years a
rhyme recognition task similar to that used by Knafle. The children
were given a target word (e.g. 'bed’), and were asked to indicate
which one of two subsequently presented choice words rhymed with the
target. The choice pairs varied in the number of phonemes which the
incorrect word had in common with the target, ranging from none
('bed’: ’'sled’, 'ring’) to a difference of one phoneme only (’/mouse’:
'house’, ‘mouth’). Lenel and Cantor found that the children were very
good at recognising rhyme. The 4 year olds performed correctly on
76.9% of trials, the 5 year olds on 83.4% of trials, and the 6 year
olds on 86.6% of trials. Choice pairs with the same number of shared
phonemes were the most difficult, as would be expected. However, even
the youngest children were extremely successful at making rhyme

decisions in this task.

An experiment by Read (1978) provides further evidence that
young children are very good at categorising words on the basis of
rhyme. He asked 5 year old children to play a rhyming game in which
they had to decide which words various puppets ’'would like’. The
puppets liked words which rhymed with their names, so the children
had to decide whether Ed would like 'bed’ or 'bead’, ’'food’ or ’'fed’,
and so on. Read found that the children were very good at recognising
wvhich words the puppets would like, 827 of children easily reaching
criterion on the rhyming task. Again, this study shows that even
kindergarteners are skilled at making judgements on the basis of

rhyme.

4.4.ii. Rhyming and alliteration in an oddity task

The only authors who have looked at categorisation on the basis

of alliteration as well as rhyme are Bradley and Bryant (1978, 1983).
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They looked at rhyming and alliteration skills via a test of auditory
organisation. This test required children to select the ’‘odd man out’
of sets of 3 or 4 words, presented auditorily. The ‘odd man out’
either differed in initial sound (rot, rod, rock, box), medial sound
(pop, hop, tap, lop), or final sound (fan, cat, hat, mat). Bradley
and Bryant showed that children aged 4 and 5 years found
categorisation on the basis of medial and final sounds (rhyme) easier
than categorisation on the basis of initial sound (alliteration). The
children’s scores on all types of categorisation were well above
chance, howvever, showing that young children are very good at
categorising words on the basis of their sounds before they start

learning to read.

There is increasing evidence that rhyming ability may be very

important for the development of reading. A number of studies,

reviewed below, have suggested the existence of a causal link between

rhyming skill and later progress in reading.

4.4.iii. Rhyming skills and later reading development: Longitudinal

studies

Lundberg, Olofsson and Wall, (1980), wused path analysis to
determine the relationship between a number of different
metalinguistic tasks and the progress made in reading and spelling by
143 children in Sweden. They first saw the children in kindergarten,
before they learned to read and spell. At this stage, the children
were given tasks involving word synthesis (blending syllables and
phonemes), word analysis (segmentation into syllables and phonemes),
and rhyme production. Reading level was also assessed, on a scale
from O to 4. The children were then followed up after one and two

years schooling (grades 1 and 2), and the correlations between the
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metalinguistic measures taken at kindergarten and reading and
spelling levels at grades 1 and 2 were calculated. A causal model
linking the metalinguistic skills to reading and spelling development

was postulated, and tested via path analysis.

Lundberg et al. found that the only significant determinants of
reading ability in grade 2 were the ability to produce rhymes, and
the ability to analyse phonemes and to reverse their order. The
latter was also a significant predictor of later spelling ability.
Thus rhyming skills at kindergarten can significantly determine
reading development at grade 2. However, this relationship is only a
correlational one, and so the possibility that the connection arose
from the action of an uncontrolled third variable cannot be ruled
out. This third variable could determine both rhyming skill and
reading skill, and so 1lead to an apparently causal relationship
between the two. However, given the comprehensive nature of the
design, which controlled for variables such as IQ and verbal ability,

such an explanation of the results is unlikely.

In a similarly large-scale, longitudinal study, Bradley and
Bryant (1983) examined the relationship between children’s skills on
their test of auditory organisation and later reading ability. They
gave 104 4 year olds and 264 5 year olds the odd man out test before
the children began school, and then measured their reading and
spelling performance three years later. Stepwise multiple regressions
showed that the relationship between performance on the auditory
organisation test and later achievement in reading and spelling was

highly significant, even after IQ and memory were par+alled out.

A recent study by Ellis and Large (1986) examined the

relationship between a number of metalinguistic tasks, including the
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Bradley and Bryant test of auditory organisation, and the reading and
spelling development of 40 children over a three year period. The
children were first seen at age 5, and then at yearly intervals until
age 8. The metalinguistic tasks were given at each yearly follow-up.
At age 8, three groups of five children were selected, who were
respectively of high 1IQ but poor reading (group A), of high IQ and
good reading (group B), and of low IQ and poor reading (group C).
Ellis and Large then compared the patterns of development for these
three groups, by comparing their performance on the different

metalinguistic tasks over the three years of the study.

Looking first at groups A and B, the most important measure in
discriminating between the two groups turned out to be Bradley and
Bryant’s rhyme sub-test (final sound different). Group B children
were significantly better at this test than group A children, in
spite of the fact that group A were matched with group B in
intelligence. The second most important discriminator was a test of
rhyme production. Thus differences in rhyming ability seem to be the
most important distinguishing factor between good and poor readers
wvho are matched for IQ. This suggests that rhyming ability is an

important determinant of later reading development.

For groups A and C, where both groups were equally poor at
reading, but differed in IQ, the relationship with rhyme again
assumed prime importance. This time it was the tests associated with
IQ which discriminated between the two groups, and the tests
associated with reading development which did not. The tests which
turned out to be most strongly related to reading were rhyme
production and Bradley and Bryant’s rhyme sub-test. So again, rhyming

skill was shown to play a key role in the later development of
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reading. Finally, the comparison between groups B and C (good
reading, high IQ, and poor reading, low IQ) again showed performance
on Bradley and Bryant’s rhyme sub-test to be the most important
discriminator. Thus the importance of rhyming skills was strongly

maintained across all three group comparisons.

4.4.iv. Rhyming skills and later reading development: Training

studies

Bradley and Bryant also included a training component in their
large-scale 1longitudinal study (Bradley and Bryant, 1983). To check
that the relationship between categorising sounds and reading and
spelling development was causal rather than simply correlational, 65
of the children were trained on sound categorisation for two years of
the study. These 65 children all had very low initial scores on the
sound categorisation task (two standard deviations below the mean),
and could not read when training began. The children were split into
four groups. Group I received training on sound categorisation using
pictures of simple objects, for example ‘'hen’, ’'hat’ (beginning
sound), ’‘hen’, ’pet’ (middle sound), ‘hen’, ’'man’ (final sound).
Group II received similar training, but were also taught how each
sound was represented alphabetically using plastic letters. Groups
III and IV were control groups. Group III received training with the
same pictures as groups I and II, but were taught to<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>