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ABSTRACT

The Development of the Phonetic Similarity i.fect and its
Relationship to Early Reading Acquisition in Children

Debra Lean, Ph.D.
Concordia University, 1986

The present study examined the development of the phonetic
similaricy effect and its relationship to reading skill in
children over the normal period of early reading acquisition., The
effect occurs when phonetically similar stimuli are not recalled
as well as phonetically dissimilar stimuli. Children in three
Grade level conorts (28 in Kindergarten, 31 in Grade | and 29 in
Grade 2) were given three memory tasks measuring the phonetic
similarity effect with letters, words and sentences and were
retested on the same tasks one year later. Within each cohort,
the children represented a wide range of prereading and reading
abilities as measured by standardized tests. The first hypothesis
of the study, that there is a phonetic similarity effect
throughout the early reading acquisition period, was supported.
Developmental analyses for each memory task showed that phonetic
similarity affected memory in the letter and sentence tasks in all
cohorts in both years of testing., The phonetic similarity effect
was less marked with the word task, and again there was no

evidence of an increase in the effect with development. A second



hypothesis, that phonetic coding ability is positively related to
reading achievement, was also supported. The results of
hierarchical multiple regression analyses showed that the letter
task and to a lesser extent the word task were positively related
to reading achievement in Kindergarten and Grade 1, and were
predictive of reading achievement in Grade 2. The findings were
discussed with respect to the processes involved in early reading
acquisition and to their potential applicability to the

identification of children at risk for reading disability.
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It has been estimated that 10 to 257 of English-speaking
children fail to learn how to read (Helfgott, 1976). An even
larger percentage of children encounter at least a passing amount
of difficulty when they begin to learn how to read. (Belmont &
Belmont, 1978; 1980). Recent research on reading acquisition has
begun to address these problems. Major areas of inquiry include
determining why such a large proportion of children have problems
1n learning how to read, comparing different teaching methods in
order to find out how to remediate these problems, and predicting
at the prereading stage which children are at risk for problems so
that early intervention may be carried out.

Research on reading disabilities has shown thaé the majority
of reading problems are related to diificulties with the
linguistic nature of reading, as opposed to the auditory, motor or
visual components of the reading process (Vellutino, 1979).
Consequently, much of the research on the skills involved in
reading acquisition has focussed on those that are linguistically
based.

One skill that has been assumed to be relevant to reading
acquisition is the use of phonetic codes in short-term memory
(Baddeley, 1978). A measure commonly used to differentiate good
and poor readers is the children”s sensitivity to the phonetic
similarity effect, which reflects how recall is affected by
rhyming confusion in a short-term memory task. In general, the
effect occurs when phonetically similar stimuli are remembered
less well than phonetically dissimilar stimuli. In such a task,

poor readers generally are found to be less affected than good
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readers by rhsal w confusions This finding has been interpreted
as evidence that poor reiaders dare either delaved or deficient
relative to normal readers in their acquisition of phonetic coding
abilities and that their lack of phonetic coding skills over the
normal reading acquisition period is one of the primary reasons
for their difficulties in learning to read. However,
interpretation of the findings with poor readers is unclear
because the age boundaries at which normal readers show the
phonetic similarity effect have not been established. This state
of affairs is mainly due to the paucity of research concerned with
the development of the phonetic similarity effect during the
reading acquisition stage.

The purpose of the present project was to investigate the
development of the phonetic similarity effect in children over the
normal period of early reading acquisition. A secondary purpose
was to examine the relationship between the phonetic similarity
effect and reading ability within this early reading period. The
literature review for this project is presented in the following
manner. The first section deals with the historical development
of the phonetic similarity effect, its role in short-term memory
storage processes in reading and speculations on its involvement
in reading acquisition in children. The second section deals with
empirical evidence for the hypothesis that phonetic coding is

related to reading ability.




The Phonetic Similarity Effect and its Role in Readiar acauisition

This section begins by examining the empirical development of
the phonetic similarity effect and its hypothesized role in
short-term memory storage processes in reading. Although reading
involves many processes, short—term memorv is thought to be one
that is vital in beginning reading, when word identification
processes are not highly automated (e.g., Perfetti, 1985). The
role of short-term memovy in reading appears to involve holding
information gained from the visual input in a short-term memory
store long enough to abstract it into phonemes, words or
meaningful phrases. Research with adult subjects suggests that
this short-term storage is accomplished by coding the information
into a representation that is speech-based or phonetic. For
example, Conrad (1964) found that adults ccded unrelated letters
phonetically during visual memory or auditory listening tasks.
Errors in ordered recall tended to be phonetically similar to the
correct letter (e.g., if the subjects forgot the letter "D", they
would be more likely to recall the letter "B" than "H"). In an
additional experiment (Corrad and Hull, 1964), adult subjects had
more difficulty recalling strings of phonetically similar letters
(e.g., B,C,0,P,T) than strings of letters that differed in sound
or articulation (e.g., H,N,Q,R,W). Baddeley (1976) reported a
series of experiments where adults were tested for recall of
visually presented items that were phonetically, visually or
semantically rcimilar. The typical finding was that phonetically
similar items were not recalled as easily as the other two types

of items. This evidence suggests that the subjects were coding




the items in a phonetic format and that the phonetic similarity
interfered with memory. Impaired memory for phonetically similar
stimuli in comparison to memory for phonetically dissimilar
stimuli is termed the phonetic similarity effect. The effect
suggests that perceivers have so strong a tendency to store
information in short-term memory on a phonetic basis that they
persist in using a phonetic coding strategy even when it creates
interference and penalizes recall.

Baddeley and Hitch (1974) consolidated the findings from
research on the phonetic similarity effect and developed a
"working memory" approach to explain the role of storage systems
in short~term memory. They hypothesized a division of working
memory into at least two components, The first part of the
system, called the "central executive', has information processing
and decision-making roles, as well as being used for storage. The
central executive is aided by a slave-like system, called the
"secondary articulatory loop", which is used for sub-vocal
rehearsal of material. The loop is hypothesized to operate iike a
tape loop; it is temporally based, and has a limited duration of
approximately 2 seconds. As described by Baddeley, the presence
of this loop in the working memory system enables any material
that can be verbalized to be stored in a way that makes minimal
demands on the central executive.

Baddeley (1979) suggested that these two components of
working memory play an important part in beginning reading. He
hypothesized that, in beginning reading, the central executive 1is

involved in translating letters into phonemes, and in enabling the
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reader to progress from a series of unrelated soun = ' > oarfds,
The central executive can also be used to nold zha lzvoded speach
sounds in a temporary store until the reader cin izzgrite the
separate sounds and abstract the meaning of the word, phrase or
sentence. However, because the central executive”s space is
limi ted, using it for essentially a memory storage role would
decrease the processing space available for decoding and blending
activities. Baddeley envisioned the secondary articulatory loop
as a supplementary way of holding onto sequences of phonemes,
syllables and words. As each phoneme is decoded by the central
executive, it is stored in the secondary articulatory loop,
thereby leaving the central executive free to decode the next
phoneme and perhaps hypothesize about what the final word may be.
When two or three phonemes have been loaded into the loop, they
can be blended by the central executive into a syllable, This
syllable is then returned to the ioop, and is held there until
further phonemes are decoded, which are then in turn blended with
the initial syllable. This process continues until sufficient
information has been processed for the beginning reader to decode
the meaning of the word, phrase or clause. Baddeley contrasted
this method with the strategy of using the central executive for
both storage and general processing, where each decoded letter
would use up space in the central exacutive leaving progressively
less room for letter analysis, blending and word identification.
On the basis of his model, Baddeley hypothesized that
children who have difficulty with, or are unable to use, the

secondary articulatory loop may experience difficulty in learning




to read. These children would rely on the central executive for
both general processing and storage purposes. Baddeley did not
attempt to test this hypothesis specifically, although he cited
findings which suggested that beginning and disabled readers were
aot transferring the information to the secondary articulatory
loop for short—-term storage.

Several studies have demonstrated that, consistent with what
would be predicted on the basis of Baddeley”s model, poor readers
do indeed experience difficulties with cognitive activities that
deal with the phonetic basis of reading. For example, beginning
and below average readers have been shown to have difficulty with
recognizing, analyzing and segmenting phonemes and syllables
(e.g., Calfee, Lindamood & Lindamood, 1973; Fox & Routh, 1983;
McNinch & Richmond, 1972; Rosner & Simon, 1971; Zifcak, 1981).
Liberman, Shankweiler, Liberman, Fowler and Fischer (1977) found
that beginning and disabled readers made more reading errors on
final consonants than cn initial ones, which shows that they are
not performing phonemic segmentation properly. An example would
be a child presented with the word "bag" would read "butterfly",
thus showing that he or she is not aware of the word”s phonetic
structure. Preschoolers trained in phonemic awareness skills have
been found to perform reading-like tasks as well as children who
already had phonemic awareness skills and better than untrained
children (Treiman and Baron, 1981l; Bradley and Bryant, 1983; Fox
and Routh, 1983, 1984; Torneus, 1984). Torgesen (1978-1979, 1985)

reviewed studies that show beginning and disabled readers have a



great deal of difficulty with memory tor ordered verbal
information, for example, digit span.

In presenting his model, Baddeley (1979) cited some
preliminary research which showed that good and poor readers are
differentially sensitive to the phonetic simiiarity effect as
measured by recall of rhyming and nonrhyming letters (Shankweiler
& Liberman, 1976). Since 1976 there has been a great deal of
research comparing good and poor readers on various rhyming
confusion tasks that involve phonetic coding. The following
section reviews the literature on relations between the phonetic
similarity effect and reading ability. The review is divided into
three areas which correspond to three ways in which phenetic
coding in children has been examined in the literature:

(a) comparisons between good and poor readers within a single age
level, (b) comparisons between good and poor readers across age
levels using cross-sectional and longitudinal analyses and

(¢) phonetic coding before reading acquisition occurs, that is,
how it develops in prereaders.

The Phonetic Similarity Effect and Reading Ability

Comparison of Good and Poor Readers Within a Single Age Level

Baddeley (1978, 1979) hypothesized that some poor readers
have difficulty with or cannot use phonetic coding in working
memory , and speculated that poor readers would likely be less
affected than the good readers by phonetic similarity. A group of
researchers at Haskins Laboratories in Connecticut performed
several studies that tested Baddeley”s speculations. They

examined the differences in phonetic coding ability between Grade




2 good and poor readers using the phonetic similarity effect
paradigms It was expected that the rhvming stimuli would generate
confusion and thus penalize children who used a phonetic code.

The researchers expected that good readers would behave much like
the adult subjects in Conrad and Hull"s (1964) and Baddeley’s
(1976) studies by showing a phonetic similarity effect, whereas
the poor readers would not show such an effect.

The Haskins group initially examined serial recall for
rhyming and nonrhyming letters that were presented auditorily and
visually (Shankweiler, Liberman, Mark, Fowler & Fischer, 1979) and
for rhyming and nonrhyming word striugs and sentences that were
presenéed auditorily (Mann, Liberman & Shankweiler, 1980). In
both studies, the good readers generally surpassed poor readetrs in
overall recall., However, the overall better performance of the
good readers was attributable to their superior recall of
nonrhyming stimuli. The good readers”s recall of rhyming stimuli
fell to the level of the poor readers. The good readers showed
this phonetic similarity effect in their recall for visually and
auditorily presented letters and auditorily presented words and
sentences, while poor readers did not show any significant
difference in recall between rhyming and nonrhyming stimull under
any task conditions.

The Haskins group of researchers speculated that the
difference in the phonetic similarity effect between the good and
poor readers could be due to more rehearsal of the materials by
good readers than by poor readers. Mark, Shankweiler, Liberman

and Fowler (1977) examined the phonetic similarity effect in good
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1nd poor readers with a task that minimized the opportunity for
rehearsal. Good and poor readers were asked to read aloud words
printed on flash cards. Then a surprise recognition test was
presented that consisted of the original words and 14 foil words
that were either phonetically similar (rhyming) or dissimilar
(nonrhyming) to the original words. Children were asked to read
the words aloud and to respond "yes" if they thought the word was
from the original list and "no" if they thought the word was new.

Good readers made more false positive responses to the
rhyming foils than to the nonrhyming foils. Poor readers made
roughly equal numbers of false positive errors on the two types of
foils. The good readers showed a phonetic similarity effect as
defined by a greater number of rhyme coufusion errors. Poor
readers did not show any differential sensitivity to either type
of foil, and therefore did not show evidence of a phonetic
similarity effect. Mark and his colleagues concluded that the
letter task findings of the Shankweiler et al, (1979) study could
not be solely attributed to differences in rehearsal strategies
between good and poor readers. The researchers concluded that
good and poor readers differed in their use of phonetic coding in
working memory, regardless of type of stimuli or modality of
access.

Byrne and Shea (1979) extended the Haskins results to an
auditory recognition memory task using a sample of Australian
Grade 2 good and poor readers (in Australia formal reading
instruction begins in Kindergarten). The children heard a list of

words where later items were related either semantically (as
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svnonyms of 2utonvms) or ohonetically (as rhymes) to earlier ones.
The children w2 required to indicate whether each word had
previously appeared in the list., Byrne and Shea took false
positive responses to foils as indices of semantic or phonetic
coding.

he results were consistent with the Haskins groups” findings
in showing a greater sensitivity to rhyme confusion in good
readers. Good readers made equal numbers of false positive
responses to semantic and rhyming foils. In contrast, poor
readers made a large number of semantic false positive responses,
but almost no rhyme-based false positive responses. Thus, the
poor readers did not show evidence of using phonetic coding, while
the good readers appeared to be using both phonetic and semantic
coding.

Byrne and Shea conducted another experiment with the same
children in oxrder to see what would happen when phonetic coding
was the only possible choice available. The children were tested
with the same procedure using pronounecable nonsense words with
rhyming and nonrhyming foils (e.g., "jome" as the target, "vome"
as the rhyming foil and "fove" as the nonrhyming foil) . The
researchers found that poor readers made a small but significant
number of phonetically-~based false positive responses, although
the good readers made more. Byrne and Shea concluded that the
poor readers in their sample were relatively insensitive to
phonetic coding, and that this weakness was most marked when sound

and meaning were both available as memory codes.,
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The studies discuss:zd ahove show that poor readsrs have
difficulty with the use of phonetic memory codes in recall of
visually and auditorily presented letters, auditorily presented
words and sentences and recognition of visually and auditorily
presented words. These results suggest that poor readers have a
general problem with the use of a phonetic code in short—tern
memory . This difficulty occurs with several memory paradigms, and
in both the auditory and visual mndalities. Poor readers appear
therefore to be relatively insensitive to phonetic characteristics
of certain linguistic stimuli,

Brady, Shankweiler and Mann (1933), working at Haskins
Laboratories, - specifically examined the source of poor readers”
difficulties with the phonetic similarity effect. These
researchers hyvpothesized that poor readers” phonetic coding
problems may be due to a disorder in perceptual processing and may
be associated with problems in speech perception. The authors
conducted three experiments using Grade 3 good and poor readers,
The first experiment basically replicated Mann et al.”s (1980)
experiment comparing the good and poor readers” performance on
recall of phonetically similar and dissimilar word strings., Brady
et al”s results were similar to Mann et al”s; poor readers were
less affected by the phonetic characteristics of the stimuli than
were the good readers. In addition, poor readers made more
transposition errors in their recall of the words, which the
authors took as a further indication of the poor readers” problems
with memory for order. The second and third expefiment:s consisted

of testing the same children on two auditory perception tasks,
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Each task involved the presentation of stimuli under two
conditions: onewith a favourable signal to noise ratio and one
with masking noise. Experiment 2 utilized spoken words that were
chosen to control for syllable pattern, phonetic composition, and
word frequency (e.g., door, bale, 1list, rasp). The poor readers
made significantly more errors than the good readers when
listening to speech sounds in noise., Experiment 3 utilized
recorded environmental sounds (e.g., dog barking, thunder). The
two reading groups did not differ in the perception of nonspeech
environmental sounds, whether noise-masked or not. The results
showed that the poor readers could process the speech sound
adequately, but that they required a higher quality signal, or
more complete stimulus information,

Brady and her colleagues found deficits in serial recall and
speech perception in the same group of poor readers. It appears
that poor readers may have difficulty ia the perception as well as
the recall of linguistic items. This may help to explain the
pervasiveness of reading level differences with the phonetic
similarity effect in auditorily as well as visually presented
stimulus items.

The finding that poor readers have difficulty in short=tern
memory for phonetically codable stimuli has not been replicated in
all studies and hence questions have been raised about the
validity and generality of the effect. Two research groups have
reported a series of experiments which, in general, fail to
support the Haskins findings., The first group is Hall and his

colleagues at Northwestern University. Hall, Ewing, Tinzman and




Wilson (1981) argued that the poor readers” low povloraacce on
both rhyming and nonrhyming lists found by Shaawwailer ec al,
(1979) was due to their procedures in whicix tne childcen wvere
Lested in groups and required to write down the ioctars, liall and
his colleagues stated that poor readers tend to be slower and less
accurate in writing letters. For that reason they tested their
subjects individually and asked for oval responses., A second
issue, noted by Hall“s group of researchers was that the Haskins
work had not tested severely disabled readers. 1In the Hall et al.
study the poor readers represented more extreme cases of reading
disability. They consisted of six adolescents Erom special
education classes who were delayed in reading by at least five
grades and two adults who were described as being very deficient
in reading. The normal reading group consisted of 15 children in
Grades 3 and 4 who were reading at or above grade level,

The subjects were presented 16 rhyming and noarhyming letter
strings auditorily. Both normal and poor readers showed large
decrements in oral recall of rhyming letters in comparison with
nonrhyming letters. Hall et al. concluded that, contrary to
previous findings, the poor reading group was as highly sensitive
to phonetic similarity as were the normal readers.

Shankweiler, Liberman and Mark (1982) responded to Hall et
al.”s article with several objections., Hall and his colleagues”
findings were based on only eight poor readers who varied in age
from 15 to 40 years. Shankweiler et al., questioned (a) the
appropriateness of grouping together such a diversity of ages in a

memory test and (b) the validity of comparing those group results




with those obtained with third and fourth graders. They also
objected to the fact that neither the reading levels nor the
nature of the disabled group”s reading problems were properly
reported,

In a further examination of the generalizability and validicty
of the Shankweiler et al. (1979) study, Hall, Wilson, Humphreys,
Tinzman and Bowyer (1983) noted that in the Shankweiler et al.
experiment the overall poorer letter recall by the poor readers on
both types of materials indicated that for them the task was
relatively difficult. If there were floor effects for the poor
readers on the nonrhyming materials, these would make it
difficule, if not impossible, for them to show a phonetic
similarity effect. Thus, the observed differences ir the phonetic
similarity effect between the two reading groups would simply be
an artifact of floor effects in the poﬁr overall performance of
the poor readers on the memory tasks.

Hall et al. (1983) performed a series of experiments using
poor reading groups that were not likely to be generally low in
achievement, as they suspected Shankweiler et al.”s (1979) poor
readers had been, and that were not markedly different from the
good readers in terms of age, as had been the case in the Hall et
al. (1981) study. The children were given standardized tests
measuring general intelligence, reading and math skills. The poor
readers performed at least at an average level on tests measuring
general intelligence and math skills, and performed at a Selow
average level in reading skills only. The good readers performed

at a level that was at least average on all three measures. The
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first two experiments involved a replication of Shankweiler et
al.’s (1979) visual and auditory experiments, except that there
were two letter string lengths, recall was oral, children in the
visual experiment were in grades 2 and 3, and children in the
auditory experiment were in grades 3 and 4. Hall and his
colleagues found that the poor readers in these two experiments
showed a phonetic similarity effect, with both 4~ and 5-letter
string lengths.

A third experiment involved testing similarly selected grade
3 and 4 good and poor readers using lists of rhyming and
nonrhyming auditorily presented word strings. Good readers had a
slightly, but not significantly, larger phonetic similarity effect
than the poor readers. Hall and his colleagues noted that the
poor readers also had very low scores on the nonrhyming lists and
suggested that the relative absence of a more pronounced phonetic
similarity effect in the poor readers group was attributable to a
floor effect for that group on the task.

The subjects in the fourth experiment consisted of Grade 3
and 4 good and poor readers, plus a group of generally low
achievers who scored below average on all three scales of the
screening battery. The researchers expected that the low
achieving poor readers would be less likely to show a phonetic
similarity effect than poor readers whose problems were solely
related to reading. All three groups were presented 4=~ and
5=letter strings auditorily. The good and poor reading groups
showed a phonetic similarity effect with both letter lengths. The

low achievers showed a phonetic similarity effect only with the
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shorter, 4-letter lists. This finding suggests that these
children were susceptible to phonetic coding when the length of
the stimulus string was within their capacity and, by implication,

that other studies may have been testing children bevond their

limits.

A fifth experiment was conducted to examine the possibility
that phonetic similarity effects in letter recall tasks may be
diminished when task difficulty is high, Twelve college students
heard 7-letter rhyming and nonrhyming strings., Task difficulty
was varied by the insertion of a brief auditory counting task
between presentation and recall on half of the lists, in order to
generéte interference in auditory storage. The subjects showed a
large phonetic similarity effect in the normal condition but the
e ffect was completely eliminated under the interference condition.
The authors concluded that the elimination of the phonetic
similarity effect in poor readers could be explained analogously
by the fact that the task is more difficult for them,

Hall and his colleagues summarized the conclusions from the
five studies by stating that their subjects” sensitivity to the
phonetic similarity effect was highly dependent on the task
difficulty when the nonrhyming stimuli were presented. They
cautioned that when different subject populations are being
compared, task difficulty must be at an appropriate level for both
populations. If this control is not incorporated, then there will
be the possibility that observed interactions between reading

group and task conditions are simply artifacts of ceiling or floor
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effocts differentially affecting the two groups on the different
levels of task.

Hall et al.”’s addition of the experiment with college
students is of questionable relevance to studies with beginning
readers. These subjects were most likely skilled readers, and,
according to research with adults, (see e.g., Waters, Komoda &
Arbuckle, 1985), would be capable of switching to nonphonetic
codes when interference tasks made the use of phonetic coding less
helpful.

The second research group to challenge the Haskins laboratory
f indings was Brown, Sanocki and Schrot (1983). Thgse researchers
attempted to address a different methodological problem in the
Haskins studies than that addressed by Hall and his group. They
pointed out that only one of the Haskins studies had involved a
comparison of visual and auditory presentation of stimuli, and
that this comparison was done in separate experiments (Shankweiler
et al., 1979, Experiments 2 and 3). Brown et al., found this
puzzling because the study involved the same subjects and
counterbalancing procedures, which would have qualified the two
experiments as a single study with modality of presentation -~ a
within subjects variable. The fact that the studies were reported
as separate experiments raises the possibility that factors other
than modality may have varied between them.

Brown and his colleagues used phonetic similarity and
presentation modality as independent variables. The poor readers
attended a special class for reading improvement and were

identified by teacher evaluations and reading comprehension
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scores. The zood readers were identified by their teachers”
evaluations oniv. Sets of rhyming and nonrhyming letters were
presented both auditorily and visually. Within each modality,
there were equal numbers of rhyming and nonrhyming trials.

Brown and his colleagues found a modality effect, but only in
interaction with reading ability. The poor readers showed a
significant phonetic similarity effect in the auditory modality
only. Brown et al., stated that good readers were more involved in
phonetic memory coding than poor readers. However, both types of
readers showed more evidence of phonetic coding when letters were
presented auditorily than when they were presented visually. The
authors theorized that auditory presentation may make the phonetic
characteristics of items more salient and thus more likely to be
used as a basis for short-term memory coding. Brown and his
colleagues mentioned that the visual presentation may also have
offered alternative ways of coding items, and therefore the
children were not as likely to use the phonetic features as a
basis for coding. The authors concluded that phonetic coding is a
potentially important source of variance in reading ability, but
cautioned that phonetic coding deficiency in poor readers may not
be as pervasive as suggested previously.

The studies reviewed above generally show that some groups of
poor readers are less sensitive to the phonetic similarity effect
than good readers, thus supporting Baddeley“s theory that poor
readers may have difficulty with phonetic coding in working
memory. However, the evidence is far from clear. For example,

Hall et al.”s (1983) main premise that floor effects were
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responsible for the interactions found in Shankwcilar et al,”’s
(1979) study does not account for the fact that similar
{nteractions were found in other studies using different
modalities and recall tasks where floor effects were not evident.
There were no floor effects in Mann et al.”s (1980) study, where
the poor readers performed as well as good readers. This
confusion may be due to methodological differences from study to
study. As can be seen in the first two pages of Table 1, five
standardized reading tests were used, along with four standardized
intelligence tests. The scores used to differentiate good and
poor readers ranged from grade equivalents to stanines, and in two
cases, the groups were reported merely as differing significantly.
Although the fact that many of these studies were done
independently by different experimenters could explain the variety
in reading measures, even the Haskins researchers used different
reading measures across their different experiments. Furthermore,
the cut-off points for stanines or grade equivalents also varied
among studies, thus making it difficult to determine whether the
same types of poor readers were being compared. The effects of
differences in determination of reading groups was shown in the
Hall at al. (1983) study where they attempted to address this
problem with their determination of reading groups. Nevertheless,
the interpretation of Hall”s results is far from clear. Both Hall
et al.”s (1983) and Brown et al.”s (1983) research used a wide and
varying combination of grades for the individual experiments.

Hall et al. combined two grades in each of the experimental

analyses and summed over three different grade levels (2-4) in
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their conclusions. Brown et al. mentioned the mean ages of their
subjects, but they did not record any age ranges. Therefore, it
1s unclear from the published information whether their data came
from a broad or narrow age range. The subskills important to
reading are assumed to change markedly during the ages tested in
these studies (Chall, 1979; 1983). One wonders about the extent
to which developmental changes over the age range studied were
relevant to the results.

Comparison of Good and Poor Readers Across Age Levels

Some recent studies have specifically examined the
developmental aspects of the relation between reading ability and
the phonetic similarity effect. Two hypotheses have been proposed
to account for the apparent difficulty of poor readers with
phonetic coding. The developmental deficit hypothesis states that
poor readers cannot code phonetically and will not develop this
ability on their own. This hypothesis assumes that the poor
readers will not '"catch up'" with good readers in their phonetic
coding skills. In contrast, the developmental delay hypothesis
states that poor readers do develop phonetic coding skills, but at
a slower rate than good readers and perhaps at a later stage in
reading development. Poor readers of equivalent chronological age
are assumed to be performing at a less mature level than good
readers but could potentially "catch up" in phonetic coding with
the good readers. Determining whether poor readers are delayed or
deficient in their phonetic coding abilities has important
implications for remediation techniques. If poor readers are

delayed, remediation would likely involve more practice in



pnonetic coding and exposure to print so that they would catch uﬁ
with same aged good readerss On the other hand, if poor readers
are deficient in phonetic coding skills, they would have to be
"taught" phonetic coding or guided towards using an alternative
type of coding for short-term storage.

Cross~sectional Studies. The following studies (Siegel &

Linder, 1984; Siegel & Ryan, 1984; and Olson, Davidson, Kliegl &
Davies, 1984) use cross—sectional designs to examine the
development of the phonetic similarity effect in children.

Siegel and Linder (1984) examined the development of the
phonetic similarity effect in Canadian children aged 7 to 13 who
were good or poor readers. They also added a subject group that
had arithmetic disabilitijes in order to see if deficits in the
phonetic similarity effect were limited to reading-disabled
children or were characteristic of learning-disabled children in
general., The poor readers were defined by their below average
scores on a standardized word recognition test but scored within
normal limits on a standardized math test. The
arithmetic-disabled children scored well below average on the math
test but were within normal limits on a reading test. The control
children were in Grades 1 to 8 and scored well above average on
both the arithmetic and reading tests.

The stimull consisted of 5-letter and 6—-letter rhyming and
nonrhyming strings presented simultaneously. There were three
conditions: visual presentation with oral recall, visual
presentation with written recall and auditory presentation with

written recall,
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Siegel and Linder at first compared reading-disabled children
with the contrnl group. The youngest poor readers (children aged
7 to 8) did not show evidence of a phonetic similarity effect.

The voungest control group and all children in the older age
groups (children aged 9 to 10 and 11 to 13) did show evidence of a
phonetic similarity effect. This pattern of results was
essentially the same for both list lengths, for auditory and
visual presentations and for oral and written recall.

The results were less consistent across conditions when
children with arithmetic disabilities were compared with the
control group. In these comparisons, all groups showed a phonetic
similarity effect under all conditions except for the youngest
group of arithmetic disabled children with a visual-written
presentation. The authors suggested that the use of a phonetic
code in short—-term memory seems to develop more slowly in
learning-disabled children, but it does develop. They go on to
say that their data support a developmental delay hypothesis in
which reading and arithmetic disabilities represent a delay in
maturation as opposed to a deficit.

In an unpublished report, Siegel and Ryan (1984) replicated
the study with groups of good and poor readers aged 7 to l4 years,
as defined by performance on a standardized word recognition test.
The exposure time of the letter stimuli was extended to 6 seconds
from the 3 seconds employed by Siegel and Linder (1984). The poor
readers still had significantly lower overall scores than the
control group, reinforcing the suggestion that poor readers have

difficulty with short-term memory. However, all the poor readers
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showad evidence of a phonetic similarity effect, as did the
control group, The authors concluded that the poor readers in
their study have some phonetlc skills, but their development is
significantly slower and less efficient than that of the control
group.

Olson, Davidson, Kliegl and Davies (1984) matched 141 pairs
of good and poor readers between the ages of 7.8 and 16.8 years of
age on sex, age and socioéconomic status. Reading ability was
defined by performance on a standardized reading recognition test.

Olson and his colleagues utilized the Mark et al. (1977)
false recognition paradigm where good and poor readers were asked
to read a list of words and later were given a recognition test
that included the original words and rhyming and nonrhyming foils.
Children were assumed to be coding phonetically when they falsely
recognized the rhyming £oils more than the ncnrhyming foils,

In an analysis that grouped together all ages, both good and
poor readers showed a phonetic similarity effect. The
differences between rhyming and nonrhvming letters were slightly
larger for the good readers, but the Reading Group by Word Type
(rhyming or nonrhyming) interaction was not significant.

Olson and his colleagues found that the younger poor readers
(about age 7 to 8) showed little evidence of phonetic coding,
whereas the younger good readers did, thus replicating Mark et
al.”s (1977) study. Olson et al, therefore examined how the
phoretic similarity effect develops with age. The phonetic
similarity effect was found to increase with age for disabled

readers, a finding consistent with the developmental delay




hypothesis. For normal readers, the phonetic similarity effect
decreased significantly with age. The authors attributed this
decrease to an increase with age for normal readers in the
precision of phonetic codes. The increase in precision provides a
better discrimination of rhyming foils as opposed to greater
confusion.

The cross=sectional studies described above tend to support
the hypothesis that some poor readers are delayed “n their
phonetic coding abilities, because poor readers began to show
evidence of a phonetic similarity effect at about the ages of 8 or
9 years. However, the results could be attributed to the good and
poor readers” different levels of reading achievement. Thus, the
poor readers” insensitivity to the phonetic similarity effect
could be a consequence of a more limited experlence in written
language rather than poor reading ability. Much of the most
recent research in this area has attempted to avold this problem
by utilizing reading level matching, comparing the performance of
children who differ in age but who are matched in reading skill.
Reading level matching also allows researchers to distinguish
between developmental delay or deficiency in phonetic coding as a
cause of reading difficulties in cases where poor readers are
found to perform more poorly than same-aged good readers. A
finding that older poor readers show a level of phonetic coding
that is similar to younger good readers matched in reading level
would be consistent with the idea that poor readers are delayed in
their development of phonetic coding ability. Conversely, a

finding that older poor readers perform more poorly than younger
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good readers on phonetic coding tasks would ko coaziscont with the
idea that poor readers suffer from a deficiency in »ibonetic
coding.

Reading level matching studies. The following studies

(Johnston, 1982; Bisanz, Das & Mancini, 1984; Begzs & Howarth,
1985) used reading level matching in order to compare the
development of phonetic coding in good and poor readers.

Johnsten (1982) used an auditory presentation paradigm
similar to Shankweiler et al.,”s (1979) study to examine the
development of the phonetic similarity effect in British children,
Johnston tested 3 groups of poor readers who were 9, 12 and 14
years of age and matched each group with chronological and
reading-level matched normal readers. The children were
auditorily presented 14 alternating rhyming and nonrhyming letter
strings. Children who were nine years old were presented with
strings that were five letters in length, while [2~-year-olds and
l4-year-olds were presented with six and seven letter strings,
respectively. The children were asked to recall the letters
either immediately or after a l5-second delay. Recall was
measured by having the children write down the letters in the
order they were presented.

Johnston found that all the children showed evidence of a
phonetic similarity effect in both immediate and delayed
conditions. The magnitude of the effect was the same for all
subject groups. The only difference between the good and poor
readers was that the poor readers” overall recall levels were much

pocrer than that of the age-matched controls, but they were very
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similar to the reading-level-matched controls. Johnston concluded
that although the poor readers do not have any difficulty with
phonetic coding, they did have a developmental delay in short-term
memory skills. However, Johnston tempered her conclusions by
stressing the need for replication of her results with visually
presented stimuli.

Bisanz, Das and Mancini (1984) conducted a study with
Canadian children that utilized both grade and reading level
matching. The stimuli consisted of letters and the paradigm was
similar to Shankweiler et al.”s (1979) visual successive
experiment, The children were divided into 6 groups, average
readers in Grade 2, poor, average aund good readers in Grade 4, and
average and poor readers in Grade 6. This combination of groups
enabled examination of the phonetic similarity effect
developmentally among average Grade 2, 4, and 6 average readers;
between different reading levels in Grade 4 and 6; and by matching
children at the Grade 2 and 4 reading levels. The children were
presented with five rhyming and five nonrhyming six-letter
strings. There was a l5-second delay following presentation.
Children were told to recall the letters in the order they had
seen them, There were two other presentation conditions that were
designed to prevent rehearsal of phonetic codes., The first was a
partial suppression condition, where the children had to repeat
the word "cola" over «nd over as quickly as possible during the
delay interval. The second condition was a total suppression
condition where the children were required to say "cola" during

stimulus presentation and the delay interval.
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The researchers first examined age trends among average
readers in Grades 2, 4 and 6. They found that errors decreased
with age in all three presentation conditions, although
performance was always better in the nonsuppression condition.
Memory was always better for nonrhyming letters than for rhyming
letters, that is, all children showed evidence of a phonetic
similarity effect.

The second analysis compared the same-grade children at
different reading levels., Superior, average and poor readers in
Grade 4 used phonetic codes differentially, but the differences
were smaller than those found for Grade 2 children in the
Shankweiler et al. (1979) study. Poor readers showed a minimal
phonetic similarity effect and were not affected by the
suppression conditions as much as were the average and superior
readers. There were no differences in the phonetic similarity
effect between average and poor Grade 6 readers.

The third analysis involved two reading-level matched groups:
(a) Grade 2 av~rage readers matched with Grade 4 poor readers, and
(b) Grade 4 average readers matched with Grade 6 poor readers.,
The developmental delay hypothesis was expected to be confirmed 1f
the performance of the matched groups was similar. However, in
both matched groups, the older poor readers had fewer errors
overall (for both rhyming and nonrhyming letters combined) than
the younger average readers. The authors stated that their
results were not clear enough to reject the developmental delay
hyvpothesis. Although 'he two groups of average and poor readers

scored the same on the standardized reading test, the authors
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suggest that the strategies that the older poor veaders used to
achieve their reading scores may have differed from the younger
average readers, along with their performance on the experimental
task. The poor readers, though matched with the average readers
on cognitive measures, were found to have a higher mental age as
measured by the intelligence tests. Bisanz and her colleagues
speculated that if there are any processes common to memory and
mental age, then older poor readers will tend to perform better on
the memor-y task than their younger average reading level
counterparts.

Beggs and Howarth (1985) examined phonetic coding in British
children aged 7 to 11!, comparing (a) normal with above average
readers and (b) normal with below average readers, The phonetic
coding task was a word reading test using sets of 5 rhyming and
nonrhyming words presented visuwally to the children. Recall was
written and the children were asked to remember the serial order.
The first experiment was designed to examine the development of
phonetic coding in normal and above average readers. The normal
readers ranged in age from 8 to 11 years, while the above average
readers vere reading from 1 to 2 years above their age level (one
group reading at the 9 year level and one reading at the 10 year
level). In the examination of normal readers, Beggs and Howarth
found that the proportion of rhyming errors increased
significantly across both the chronological and reading ages
tested. The two groups of above average readers did not differ in
the proportion of rhyming errors made. The authors also compared

12 matched pairs of normal and above average readers, who had a
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matched reading age of about 9 years of age. There were no
significant differences between the mean proportion of rhyming
errors. Beggs and Howarth concluded that normal readers start to
develop the ability to code written words phonetically somewhere
between the reading ages of 8 and 9, as evidenced from the
proportion of rhyming ervors on a short-term memory task. This
proportion begins to asymptote after 10 years of age. The authors
believe that the change in the pattern of errors probably
represents the acquisition of a new skill, as evidenced by the
analysis in terms of reading ability. Here they found that above
average readers conform to the same pattern, reaching an asymptote
that was not significantly different from that reached 2 years
later by normally developing readers.

The second experiment was designed to compare the development
of phonetic coding in children reading at average and below
average (at least 1 year) levels for their chronological ages.

The authors expected that slow readers wculd show no evidence of
phonetic coding up to a reading age of about 8, and that coding
would increasc¢ at this point. The procedure was the same as in
the first experiment. The slow readers did not show evidence of
phonetic coding uuntil they were at an 8-year old reading level.
Ten palrs of slow and normal reading children were matched for
reading age which averaged at the 8 year level, The researchers
found no significant differences between the two groups.

The authors conclude that normal readers improve their
phonetic coding skills up until a reading age of about 10 years,

Slow readers do not show evidence of phonetic coding until they
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reach a reading age of about 8. There is a rapid increase {ian
phonetic ccding between the reading ages of 8 and 10, after which
it stabilizes., Beggs and Howarth suggested that the same
phonetic coding skill acquisition process occurs in all begianlng
readers, but that the skill may be accelerated or delayed in
individual cases. They believe that this skill is acquired by all
readers over a critical period,

The evidence from the cross-sectional reading level studies
discussed above tends to support the hypothesis that poor readers
are delayed in their development of phonetic coding skills and
appear to '"catch up" at around the reading age of 8 or 9. The
reading level matching studies were inconclusive in providing
suppor: for a developmental delay or deficit hypothesis.
Reading-level matching is problematic because equating good and
poor readers by reading age does not necessarily mean that they
have been exposed to the same experience with written language.
Stanovich (1986) states that poor readers are exposed to much less
text than same—aged good readers and that thus difference can be
found very early in the reading acquisition process. Bisanz et
al, (1984) and Backman, Mamen and Ferguson (1984) both suggest
that adequate tests of the developmental delay hypothesis require
longitudinal studies that trace the relationship between the
acquisition of component skills and the developmental and
individual differences in reading ability.

Longitudinal studies. Despite the problems with

cross~sectional and reading level designs and the call for

longitudinal studies, there are only a few such studies in the
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literature., Mann and Liberman (1984) and Share, Jorm, Maclean and
Matthews (1984) both examined the development of phonetic coding
in Kindergarten children longitudinally, following up the children
one year later when they were in Grade 1.

Mann and Liberman (1984), working at Haskins Laboratories,
conducted a longitudinal study of the type advocated by fackman et
al, (1934) and Bisanz et al. (1984). They were interested in how
childrens” performance on phonetic coding in short—-term memory and
phonemi ¢ awareness tasks predicted later reading skills. The
authors used a syllable counting task to test for phonemic
avareness. Memory for rhyming and nonrhyming word strings was
used to test phonetic coding, and the Corsi Blocks were used as a
control to test nonverbal memory. The children were retested the
following year on the three experimental tasks mentioned above,

and were also given standardized word recognition and nonsense

word reading tests. 1In the second testing year, the children were
divided into three groups of good, average and poor readers
according to their teachers” recommendations. There were 26 good
readers, 19 average readers and 17 poor readers. The teacher
ratings were corroborated by the children”s scores on a
standardized reading test. The mean score for the good readers
was significantly higher than the average readers, which was in
turn significantly higher than the poor readers,

The word string test consisted of 16 auditorily presented
4-word strings, eight of which were rhyming strings and eight of

which were nonrhyming strings. The same words appeared as both
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rhyming and nonrhyming words, thus eliminating the possibility
that one of the lists could be harder to remember than the other.
Mann and Liberman found that the good readers showed a
phonetic similarity effect on the verbal materials in both
Kindergarten and Grade 1, whereas the poor readers did not show a
phonetic similarity effect at either grade level, There was no
difference in performance between good and poor readers with
nonverbal material. The results were not influenced by any floor
or ceiling effects, that is, the children performed well below
ceiling levels and well above floor levels. Regression analysis
examined relationships between total scores on the reading test
and the experimental task scores. In-Kindergarten testing, error
scores for both rhyvming and nonrhyming words were each related to
reading. The relationships were in a positive directior and were

significant. Performance on the syllable counting test was

similarly related to reading ability. Taken together, error
scores on syllable counting and nonrhyming word memory tasks
accounted for 24 percent of the variance in reading scores, and
each one uniquely accounted for 9 percent of the variance. The
analogous regression on the Grade 1 scores resulted in similar
relationships.

Mann and Liberman concluded that phonemic awareness and
verbal short-~term memory not only correlate with early reading
ability, but may presage future reading ability {in the first
grade., In thelr study, the children whom they identified as
future good readers showed evidence of relying on a phonetic code

whereas the future poor readers did not. Mann and Liberman
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discnssed hew useful their simple phonemic awareness and phonetic
coding tasks could be in identifying extremes of reading success
in the first grade,

Share et al. (1984) examined a variety of oral language,
motor, personality, home background and early literacy skills in
relation to performance of reading in the first grade. They
tested 543 Australian children (in Australia formal reading
education begins in Kindergarten)., Share and his colleagues did
not partition their subjects into different reading level groups,
but instead formed a single composite reading score from measures
of informal word and nonsense word reading and a standardized
reading test given at the end of Kindergarten. These tésts were
repeated at the end of Grade One.

One literacy skill measured the children”s susceptibility to
the phonetic similarity effect. Children were tested for memory
of 12 rhyming and 12 nonrhyming sentences which were presented and
recalled orally. Rhyming and nonrhyming sentences correlated
significantly with Kindergarten and Grade 1 reading measured at
the end of each year. Children who showed a phonetic similarity
effect had higher reading scores. Memory for rhyming sentences
was the fifth variable to enter in a stepwise multiple regression
which in total accounted for 59 percent of the variance of
reading. The four other variables which entered prior to sentence
memory were phoneme segmentation ability, letter copying ability,
sex, and letter naming ability. The ability variables were

positively related to reading, while sex appeared to function as a
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moderator variable indicating differential predictability of males
and femal 1s.

In summary, Mann and Liberman (1984) and Share ot al. (1984)
examined the development of phonetic coding and its relationship
to reading achievement. These researchers used regression
analyses to examine the relationship between the phonetic
similarity effect and reading. They found that prereaders who
have the ability to code phonetically are more likely to become
good readers. An important implication of their research i{s that
phonetic coding can develop before reading instruction begins.
This finding contrasts with the findings of the studies which
mgtched reading levels, particularly those of Beggs and Howarth
(1985), where phonetic coding was not supposed to appear until the

child was reading at an 8-year old level. The remaining issue is

whether or not the development of phonetic coding is dependent on
reading acquisition. This issue has been dealt with in research
with preschool children, These studies with preschoolers have
examined whether or not phonetic coding is present before school
reading instruction begins.

The Phonetic Similaricy Effect Before Reading Acquisition

Preschool children”s susceptibility to the phonetic
similarity effect has been studied by Conrad (1971), Alegria &
Pignot (1979), Brown (1977) and Lean and Arbuckle (1984). The
idea that phonetic coding develops along with reading acquisition,
and hence would not be found in prereaders, was based on a study
that examined early development of phonetic coding. Conrad (1971)

showed that nonphonetic strategies appear to be typical of younger
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Lner-ased sith age.

Gonrl (1971) found that British chiydren less than about 5
years mental age (as measured by the English Picture Vocabulazy
Tast) did not show evidence of a phonetic similarity effect; their
recall of rhywing pictures was equal to recall of nonrhyming
pictures. Children with mental ages of 5 to 6 years (the age when
most children begin reading instruction) appeared to make some use
of phonetic coding, since their recall of rhyming pictures was
somewhat worse than their recall of nonrhyming pictures. The
remaining three mental age groups (children with mental ages
ranging from 6 to ll), preferred the phonetic strategy, showing a
systematically ircreasing disadvantage in recall of rhyming
pictures as mental age increased. CTonrad concluded that preschool
children typically employ a nonphonetic strategy to hold
information in their working memory, and suggested that phonetic
coding may not be available as a memory strategy for children
until they master reading.

Conrad”s (1971) study was influential in formulating
hypotheses about the development of phonetic coding abilities;
however, there are certain methodological problems in the study.
Although Baddeley (1978; 1979) suggested that the phonetic
similarity effect is related to retention of ordered information,
Conrad”s recall task consisted of a visual spatial location task
for ftems, Furthermore, Conrad used pictorial stimuli. Pictures
offer more visual or semantic coding options than do words, and

hence may not have been the best stimulus choice for tapping the
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phonetic aspects of working memory. The use of mental age as a
grouping factor is also suspect, particularly since the children
in the youngest group had mental ages lower than their
chronological ages. In addition, Conrad did not know exactly
which children were reading, he just assumed those older than six
years mental age were reading. His argument would have been
strengthened by using chronological ages, determining reading
levels, using nonpictorial stimuli and testing for ordered recall,

Subsequent studies have refuted Conrad”s claims by showing
that preschool children are capable of coding phonetically.
Alegria and Pignot (1979) attempted to replicate Conrad”s study
with 16 Belgian preschoolers aged 3.7 to 5 years. The researchers
prasented the children with rhyming and nonrhyming pictures using
Conrad”s recall procedure. They reported that a phonetic
similarity effect was present by the age of 4 and the magnitude of
the effect increased with age.

Additional evidence for phonetic coding ablilities in
prereaders was found by Brown (1977). He attempted to eliminate
the problems inherent with picture stimuli by presenting letters
to his sample of preschool children., He reasoned that the use of
letters, as opposed to pictorial stimuli, would more likely
predispose preschoolers who knew their letters to code thenm
phonetically,

Brown presented a group of 4 and 5 year old children with 16
sets of upper case letters that varied in phonetic as well as
visual similarity. The children labelled each letter during

presentation, and serial recall was probed either visually or




verbally. Brown suspected that visual probes may bias young
children towards visual as opposed to phonetic coding. Brown
found a significant phonetic similarity eftect for preschool
children only when recall was probed verbally.

Lean and Arbuckle (1984) showed that the magnitude of the
phonetic similarity effect did not change during the preschool
years in a sample of Canadian children. They utilized Shankweiler
et al.”s (1979) phonetic similarity effect paradigm, but
incorporated several modifications. Lletter stimuli were used and
item memory and order memory were examined separately. Two groups
of children (aged 42 to 59 months and 60 to 68 months) were shown
12 sets of four~letter long rhyming and nonrhyming strings in a
sequential presentation, A large phonetic similarity effect was
present in both age groups in both itam and order recall. Since
the children were selected for the experiment only if they knew
their letters, it was possible that the failure to find age
differences in the phonetic similarity effect was because the
younger group was particularly precocious with respect to reading.
A follow=-up with 27 members of the originral younger group 14
months later indicated, however, that the magnitude of the
phonetic similarity effect shown by the children had not changed
over the interval. Thus, neither cross-sectional nor longitudinal
comparisons of the two age groups showed any evidence of a
developmental change in the magnitude of the phonetic similarity
effect. The authors suggested that preschcolers can use a
phonetic code at an early stage and that both item and order

memory are sensitive to the use of a phonetic strategy.
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In summary, the more recent research using picture and latter
stimuli has shown that prereaders as young as 42 months of age are
capable of coding phonetically. Thus, phonetic coding wmay
antedate the acquisition of reading skills,

Summary of the Literature

The relationship between phonetic coding in working memory
and reading has been examined by several methods, Early studies
compared the phonetic similarity effect in good and poor readers
within a single age level. The researchers at Haskins found that
at the Grade 2 level (ages 7 to 8), good readers showed a phonetic
similarity effect while poor readers did note This finding held
for both auditory and visual presentation of letters (Shankweiler
et al., 1979), auditory presentation of words and sentences (Mann
et al., 1980), and visual presentation of words (Mark et al.,
1977). Byrne and Shea (1979) extended these findings to a
continuous auditory presentation of words and nonsense words.

Several studies questioned the validity of chese results.,
Hall et al. (1983) suggested that poor readers” relative
insensitivity to the phonetic similarity effect may have been
overgeneralized and may apply only to academically less competent
poor readers and to more difficult tasks., Brown et al. (1983)
questioned the influence of presentation modality effects and
found small but significant phonetic similarity effects in poor
readers when recall for auditorily presented letter strings was
tested, However, these two studies grouped together several

developmental levels in their analyses. Developmental differences




could have contributed to the discrepancy between their findings
and those reported earlier,

A second group of studies examined the development of the
phonetic similarity effect over the early school years in good and
poor readers., One goal of these studies was to determine whether
poor readers” failure to show a phonetic similarity effect was due
to a developmental delay or a deficit in the ability to use
phonetic codes in working memory. Cross-sectional studies, where
good and poor readers were matched on age levels, indicated that
younger poor readers did not show a phonetic similarity effect
until the age of 8 or 9 years (Siegel & Linder, 1984; Siegel &
Ryan, 1984; 0Olson et al., 1984) . These findings support the
hypothesis that, during the reading acquisition stage, some poor
readers are delayed in their ability to code phonetically.

Several studies paired poor readers with both age-matched and
reading-level-matched good readers (Johnston, 1982; Bisanz et al,,
1984; Beggs and Howarth, 1985). The results were inconclusive in
supporting a developmental delay or deficit hypothesis, However,
the poor readers in Johnstons and Bisanz et al.’s studies were
all over 8 years of age and, considering the findings from the
cross-sectional studies mentioned above, were more likely to show
phonetic similarity effects. Beggs and Howarth used younger poor
readers and found that poor readers around the age of 8 or 9 began
to use phonetic codess Methodological problems with reading level
matching, (e.g., equating children on reading level does not

necessarily mean that they have the same experience with reading)




were noted as posing difficulty in interpreting the findings of
t hese studies.

A third set of studies avoided some of the methodological
problems inherent in cross-sectional studies of reading
development by using longitudinal designs. Two longitudinal
s tudies of the development of phonetic coding and its relationship
to reading achievement were discussed. Mann and Liberman (1984)
found that children who showed a phonetic similarity effect with
auditorily presented words in Kindergarten were more likely to be
classified as good readers in the first grade than were readers
who had not shown a phonetic similarity effect in Kindergarten,
Share et al, (1984) did not use réading groups, but instead used a
composite reading score as a dependent variable in regression
analyses. They found that memory for rhyming sentences in
Kindergarten (where formal reading instruction begins) was a
significant predictor of Grade 1 reading ability.

The last group of studies examined the development of
phonetic coding at the prereading stage. Conrad (1971) reported
t hat phonetic coding (based on spatial recall for rhyming and
nonrhymi ng pictures) develops at the time when reading instruction
is introduceds The validity of his f£indings was questioned on
methodological grounds. Alegria and Pignot (1979) found evidence
of phonetic coding using stimuli and recall methods that were
similar to Conrad”s, but defining prereaders in terms of
chronological rather than mental age. The use of pictorial
s timuli still posed a problem, so Brown (1977) introduced the use

of letter stimuli, reasoning that letters would be more likely to



predispose preschoaclers whr knes their letters to code them
phonetically. He found that 4-year-olds showed a phonetic
similarity effect under verbally probed conditions. Lean and
Arbuckle (1984) examined the phonetic similarity effect with
letter stimuli using a temporal recall task., They added a
developmental azpect to see whether the magnitude of the phonetic
similarity effect changes over the preschool period. They tested
children under 5 years of age and over 5 years of age and found a
large phonetic similarity effect in both groups. The phonetiec
similarity effect did not change in magnitude over the preschool
period in both cross-sectional and longitudinal comparisous.

A developmental progression for phonetic coding can be
abstracted from the review of the literature. Phonetic coding is
used as a memory code at the prereading stage for children who
will become or are likely to become good readers, It does not
seem to be used by future poor readers, at least when it is
measured at the Kindergarten stage. Good readers continue to be
sensitive to the phonetic similarity effect at least through most
of the elementary school years, whereas poor readers appear mnot to
be sensitive to it until they reach the age of 8 or 9 years.

There are several methodological problems that make it
difficult to draw any general conclusions either concerning how
good and poor readers perform on phonetic similarity tasks, or
concerning the relationship between the use of phonetic coding and
reading achievement during reading ~<guisition.

One of the most basic methodological problems is that the

studies have varied widely in the level or levels of development



that wer2 being assessed. Since Baddeley (137Y9) stated that
phonetic codes are most likely to be uscd i the early slages of
learning to read, it seems appropriate to conceatrate rescarch at
this developmental level., Nevertheless, as seen in Table 1, the
majority of the studies reviewed have concentrated on
cross-sectional examinations of children in Grades 2 to 6. Therc
is a paucity of research examining the developuent of phonetic
codes during the early reading acquisition period. The
longlitudinal research, which did investigate early development of
phonetic coding, examined children in Kindergarten and Grade i
only.

Another reason for focusing on early stages of reading
acquisition has bean advanced by Stanovich (1956). He stressed
the importance of examining the determinants of reading
differences at early stages of reading acquisition. He developed
the "specificity hypothesis" which states that reading
difficulties are at first a specific problem but may begin to have
more generalized effects on a broader range of tasks and
achievement than reading only. Stanovich suggested that the
period of specificity in disabled readers may be quite short and
occur at the very earliest stages of reading acquisition. At
later stages, disabled readers” more generalized problems may make
it difficult to uncover specific correlates of their reading
difficulty. Therefore, it seems reasonable to concentrate
research effort on determining correlates of reading difficulty at

early stages of reading acquisition.
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A further methodological problem concerns sample selection,
specifically, the identification of good and poor readers. As
seen in Table 1, and mentioned previously, many of the studies
reviewed used different standardized tests (both reading and IQ
tests), and definitions of the reading levels varied widaly both
7ithin and across studies. For example, an examination of the age
sud reading score ranges of Johnston”s (1982) good readers” showed
that some were reading below age level. However, these good
readers could be classified as marginal readers according to the
classification system used in Shankweiler et al.”s (1979) study.
Furthermore, Johnston”s younger poor readers were not as disabled
as her older ones in terms of delay in reading age. Conversely,
Bisanz et al.”s (1984) poor readers were all reading 2 years below

rade level. It is difficult to draw general conclusions about
the phonetic coding abilities of "poor" readers at different age
groups when the poor readers in one study are essentially reading
at the same level as the average readers in another study.
Furthermore, matching reading groups on IQ levels or selecting
groups that do not differ significantly in mean 1IQ levels may not
be representative of the population that is being tested (see
Backman et al., 1984; Torgesen, 1985). One solution to this
problem is to use reading scores as a dependent variable in
regression analyses with phonetic coding ability as an independent
variable, after IQ is partialled out as the first stepped
independent variable., This method avolds the problems inherent in
partitioning children into '"good" and "poor" reading groups, while

still controlling for IQ differences.
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Statement of Purpose

The present study addresses two issues that emerge from the
review of the literature. The first issue is that most of the
research in the area has neglected the developmental level where
phonetic coding is assumed to be most influential in reading
achievement. The research generally has concentrated on older
(Grade 2 to Grade 6) children., It therefore seems important to
examine differences in phonetic coding ability at early stages of
reading acquisition,

The second research issue is that the majority of the
researchers have been concerned with whether or not good and poor
readers can be differeéntiated by their ability to code
phonetically. The use of dichotomous groups of good and poor
readers raises problems regarding group definition, As mentioned
in the review of the literature, it is very difficult to control
for reading levels. There are no clear—cut or established lines
of demarcation between good and poor readers, In addition, the
examination of early reading acquisition skills assumes the
inclusion of prereading Kindergarten children, which renders the
separation of the sample into "good" and "poor'" ability groups
questionable,

Both of these issues were taken into account in the present
study. The phonetic similarity effect was investigated in
children who represented a range of reading achievement levels
during the early reading acquisition period. A cross-sequential
design, shown in Table 2, was used to examine the phonetic

similarity effect over two testing sessions separated by a 1 year




Table 2

Cross—-Sequential Design

Grade Levels

Cohort n Year of Testing
1 2
1 28 K 1
2 31 1 2




interval in children at three grade levels or cohorts which
correspond to three consecutive levels of reading instruction:
Kindergarten to Grade 1, Grade | to Grade 2 and Grade 2 to Grade
3. Performance scores on each of three memory tasks were entered
into ANOVAs where Cohort was the factor used to measure
cross-sectional development and year of testing was the factor
used to measure longitudinal development within cohorts. Then the
relationship between the phonetic similarity effect and reading
achievement was examined., In order to avoid previously discussed
methodological problems in reading group assigmnment, the present
study investigated whether phonetic coding was positively related
to reading achievement instead of examining whether or not good
and poor readers differed in their ability to code phonetically
after the effects of IQ had been accounted for. Reading scores
for this purpose were used as a dependent variable in hierarchlcal
multiple regression analyses where IQ scores were forced first
into the equation. The regressions were performed for each Cohort
and for each year of testing. The cross-sequential design allowed
the examination of the development of relatinnships between
phonetic coding and reading achievement both concurrently and one
year later.

The early reading acquisition period was defined as the
primary‘school grades where formal reading instruction ranges from
initial prereading activities to the beginnings of fluency in
normal, achieving readers. The children tested were in regular
classes and were known to vary in reading achievement, as expected

in a normal classroom. Children referred for special services
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such as reading remediation were excluded so that all subjects
were receiving theilr formal reading instruction in the normal
classroom situation. Reading achievement was measured initially
as a means of getting a reasonably-sized range of reading or
prereading achievement in each of the cohorts. A range of reading
levels was examined, instead of simply classifying the children as
good or poor readers.,

Two hypotheses were advanced. The first hypothesis was that
there is a phonetic similarity effect throughout the early reading
acquisition period. The second hypothesis was that phonetic
coding ability, as measured by the phonetic similarity effect, is
positively related to reading achievement during the sarly reading
acquisition period.

Most of the research in this area has used one memory coding
task to examine phonological similarity effect differences, In
the present study, each child was tested on three memory coding
tasks that represented three levels of written expression:
letters, words and sentences. The tasks used were adapted from
tasks that had produced phonetic similarity effects in good
readers at the Grade 2 level in the phonetic coding research. The
cholce of the tasks was constrained by the fact that prereaders
would be tested and therefore the tasks could not require the
reading of words. The first coding task was a visually presented
letter memory task that was a modified version of the one used by
Lean and Arbuckle (1984) which was originally adapted from
Shankweiler et al. (1979). One modification was that only order

memory was measured. Lean and Arbuckle had found memory for order




to be somewhat more sensitive to phonetic similarity effects in

young children than was memory for items and, according to
Baddeley (1979), the phonetic similarity effect is based on an
overload in memory for ordered information. Another modification
to the letter task was the addition of visual similarity as an
alternative coding choice. 1n order to lncrease the number of
visually similar letters available, lower case letter stimull were
useds This modification also served to make the task more
analagous to reading since connected text consists mainly of lower
case letters. The second coding task was a word memory task which
was adapted from Byrne and Shea (1979, Experiment 1). This task
tapped both phonetic and semantic coding through measures of false
recognition of phonetically related and semantically related
foils. The third coding task was a memory task for sentences
composed of rhyming or of nonrhyming words, adapted from Mann et
al.”s (1980) study. Only meaningful sentences were used because
Mann and her colleagues had not found any major effects of the
meaningfulness manipulation,

In summary, the present study investigated the effect of
phonetically similar letter, word and sentence stimuli on
children”s memory during the early reading acquisiticn period.
Children in Kindergarten to Grade 2 who represented a range of
prereading and reading abilities were tested on memory tasks and
reading and were retested on the equivalent measures one year
later. Two hypotheses were developed., The first was that there
is a phonetic similarity effect throughout the early reading

acquisition period. The scores on sach memory task were entered
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into an ANOVA where boch cross—sectional and longitudinal
developmental effects were examinad, The second hypothesis was
that phonetic coding ability is positively related to reading
achievement, The scores for each memory task competed equally for
entry after IQ was forced first in a stepwise multiple regression
equation to predict reading scores for each cohort concurrently
and one year later.

Method

Subjects

Sample Selection

The initial sample of 108 children from Kindergarten, Grade 1
and Grade 2 classes was recruited as follows. In November and
early December of the school year, group reading tests were
administered to all children in those grade levels in three
elementary schools in predominately black, lower class areas of
Montreal. Kindergarten and Grade ! children were given the level
of the Metropolitan Achievement Test Reading Survey~Form JS
(Balow, Farr, Hogan & Prescott, 1978) that was appropriate for

their grade; Preprimer for Kindergarten and Primer for Grade 1.

Grade 2 children were given the Reading Comprehension subtest of
the Stanford Diagnostic Reading Test, Red Level (Karlsen, Madden &
Gardner, 1977). When the raw scores were compared with the
standardized norms, it was found that nearly all the chi. dren were
reading at average or above average levels for their grades,
perhaps reflecting the fact that Canadian children tend to do well
on American standardized tests (see Backman et al., 1984),

Because the American norms were inappropriate for our sample, it
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was decided to characterize reading levels retlative to the
performance of all children in these grades in these schools. 1n
order to do so, z-scores were computed (or all the children at
each grade level across the three schools using the means and
standard deviations for that grade. Out of the population tosted
at each grade level, 12 children were randomly chosen from among
those having z-scores at or above 0.50, 12 children were randomly
chosen from those having z-scores between 0.49 and -0,49, and 12
children were randomly chosen from those having z-scores at or
below -0.,50. These children all spoke English as thelr first
language and were not vecelving any special educational assistance
outside of the classroom. The 108 children selected were then
administered the full test battery between the months of February
and May of that school year.

Approximately 15 months after the initial reading tests were
given, in February and March of the following year, all children
in the Grade 1 and 2 classes at the three schools were
administered the same reading tests that had been given at those
grade levels the previous year, while the Grade 3 classes were
administered the Stanford Diagnostic Reading Test Reading
Comprehension Subtest Green Level (Karlsen et al., 1977).

Final Sample

0f the initial 108 subjects, 90 were available for individual
retesting 1in the second vear. This retesting was carried out
between the months of March and June of the school year. Two of
these subjects were dropped because they were repeating their

grade. The remaining 88 children constituted the final sample
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aad, unless otherwise indicated, all analyses are hased oa their
dat:a only.

Cohort 1 (Kindergarten in the first testing year) consisted of
28 children, 15 males and 13 females. In the first yoar of
testing, they ranged in age from 60 to 78 months with a wuan ayge
of 71,9 months. Cohort 2 (Grade 1 in the first testing year)
consisted of 31l children, 20 males and 1l females, 1In the first
year of testing they ranged in age from 75 to 99 months, with a
mean age of 85.0 months. Cohort 3 (Grade 2 in the first year of
testing) consisted of 29 children, 18 males and 11 females. 1In
the first year of testing they ranged in age frou 89 to 114 months
with a mean age of 100.4 months.

Materials, Procedures and Scoring

Letter Task

The stimuli in this task consisted of 32 sets of four 7.6 x
12.7 cm cards, each card showing a lowercase letter, 5.5 cm in
height, of the English alphabet. The composition of the sets are
shown in Appendix 1.

There were eight sets for each of the four stimulus
conditions: (a) visually similar and phonetically similar
(b,d,p,g), (b) visually similar and phonetiéally dissimilar
(myu,h,r), (c) visually dissimilar and phonetically similar
(d,e,t,v), and (d) visually dissimilar and phonetically dissimilar
(w,k,1,5). 1In each set, each letter was allowed to appear ~aly
once, Within each stimulus condition, each letter appeared

equally of ten in each serial position.
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There was a set of practice stimuli that consisted of three
7.6 x 12,7 cm cards with nand drawn pictures of a star, a4 fork and
a hand. Pictorial practice stimuli were used to minimize
potential interference with the subsequent presentation of the
experimental letter stimuli.

The first session began with a practice trial that used the
pictorial stimuli. Once it was clear that the child understood
the task, the First 16 trials (visually similar or visually
dissimilar) were given. The remaining ld trials were given at the
following testing session without a practice trial. The trials
were presented in alternating blocks of four rhyming and four
nonrhyming trials. There were fouf possible orderings of block
presentation, which were counterbalanced across grades and reading
levels,

The procedure used for the practice and experinantal trials
was as follows. The first card of the first set was presented
face up on a desk for 3 seconds; then the card was turned over.
The remaining cards in the set were presented one at a time 1in
succession in the same manner, each one turned over and placed on
top of the preceding card. After a 5 second delay, during which
the cards were randomly shuffled, the children were given the
cards. They were told to look through the cards and asked to pick
out the card that had come first and to place it on the desk.
Then the children were asked to pick out the card that had come
next, and so on, until they had placed the last card in the last

position.




The score for each set was the number of letters corveclly
placed. A correct placement was a letter placed in the proper
serial position. The score for each set could thus range from 9
to 4. Since there were eight sets per stimulus condition, the
total possible correct for each stimulus condition was 32.

Word Task

The word list for this task was derived from the list used by
Byrne and Shea (1979) and is presented in Appendix 2. The word
list consisted of 12 groups of related words. Each group
consisted of five words, one of which was always the first one of
the set to occur in the list, This antecedent word will be
referred to as the target. The remaining four words were
respectively: (a) a word that was semantically related to the
target (semantic foil); (b) a word that was unrelated to the
target or the semantic foil and which was arbitrarily designated
as a semantic control word (semantic control); (c¢) a word that was
phonetically related to the target (rhyme foil); and (d) a word
that was unrelated to the target or the rhyme foil and was
arbitrarily designated as a phonetic control word (rhyme control).
One half of the semantic foils we-: antonyms of the target and the
remaining half were synonyms of the target. The rhyme foils were
not orthographically similar to the targets in order to avoid any
possible confounding of orthographic interference with phonetic
interference in the case of subjects who could spell, Within the
list the target word of each set was presented twice, the foils
and control words each were presented once., Thus each of the 2

sets took up 6 list positions, for a total of 72 positions in the
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list, The whole list contained 12! words, the remaining words
being filler words which were not related to the other words In
the list., Ten filler words appeared once, 15 appeared twice and 3
appeared three times., Filler words predominated in the first part
of the list, occupying Positioms 1 to 5, 7, 10 to 13, 15, lo, 18
and 20. The remaining 34 filler words were scattered throughout
the remaining 101 positions of the list. Actual placemeat of
experimental and filler words was determined so that the word
sequence would fulfill the following conditions.

In the list, each target appeared twice, separated by 7
positions, Each foil and its control word appeared only once and
were separated by one position. The foils preceded the contrnl
words in one half of the cases; this arrangement being reversed
for the remaining half., Six semantic and six rhyming sets of
foils and control words were placed nine positions after the
second appearance of the relevant target. The remaining six sets
were placed 13 positions after the second appearance of the
target.

The words chosen for the word list were mostly from the list
used by Byrne and Shea (1979). The remaining words replaced
certain words in Byrne and Shea”s list that appeared inappropriate
because they fit into both rhyming and semantic foil categories,
These words (and the filler words, which were not reported in
Byrne and Shea”s article) were chosen from lists in Felzen and
Anisfeld (1970) and Freund and Johnson (1972) who alsc used false
recognition paradigms with cnildren the same age as those used in

Byrne and Shea“”s study.
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The list was recurded by the experimenter and played back oa a
cassette tape recorder through headphones. The list was recorded
at the rate of one word every 5.3 seconds. An alerting signal was
presented 1 second before each word to ensure that the subjects
attended to it. A seven word practice trial was produced in the
same manner, using words that were unrelated to the experimental
list,

The children were told that they were to listen carefully to
a long list of words, and that they would hear some of the words
more than once. After they heard each word, they were to tell the
experimenter 'new” if they were hearing the word for the first
time and "old" if they had heard the word previously in the list,
The children were given a practice trial which was repeated until
they had performed perfectly. Each child heard che list through
the earphones to minimize outside distractions. The experimenter
also had earphones to know where the child was in the list, but
she could hear the child”s response directly.

The number of false positives (saying "old" at the occurrence
of a new word) was recorded for the semantic and rhyme foils and
their correspondiag control words. The number of false negatives
(saying "new" for the occurrence of the second target and the
repeats of the filler words) was also recorded.

Sentence Task

Materials and procedures for cthe sentence task were adapted
from Mann, Liberman and Shankweiler (1980). The sentences used
are shown in Appendix 3. Pilot testing on Kindergarten and Grade

1 children of the 13-word sentences used by Mann et al. produced




marked floor effects, suggesting that sentences of that length
were too Jifficult for the younger children, Therefore, the
13-word sentences used by Mann et al. were given only to the
children in Grades 2 and 3 while the children in Kindergarten and
Grade 1 were given 9-word sentences which were shortened versions
of the ll-word ones. For each sentence length, seven were
phonetically confusable (rhyming) and seven phonetically
nonconfusable (nonrhyming) sentences. Syntactic structure was the
same for both types of sentences. Phonetically confusable
sgntences contained from seven to nine rhyming words in the
13-word length sentences and from five to seven rhyming words in
the 9-word length sentences. Phonetically nonconfusable sentences
contained no rhyming words.

The 14 sentences wera arranged in a random sequence with the
restriction that no more than two phonetically confusable or
phonetically nonconfusable sentences appeared in sequence.

The experimental sentences were recorded and played back on a
cassette tape recorder through headphones. The children were
first given a practice trial using the same procedure as would be
used for the experimental trials. This trial consisted of one
rhyming and one nonrhyming sentence that was the same length as
the sentences the child received in the experimental trials. On
both practice and experimental trials, the children were asked to
listen very carefully to the sentenc s “hat they were going to
hear. They were told that some of the sentences were going to
sound very funny and scme of them were going to sound like regular

sentences. They were asked to tell the experimenter as much of
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the sentence as they could renenmber, just like they had heard.
The practice trials wera repeated until the child understood the
directions. Each sentence was preceded by the prompt 'ready" to

ensure that the child was attending.

The scentence t.sk was scored in the following way. A score of
zero was glven for correct repetition of the sentence. Fach
omi ssion, substitution and reversal made on each sentence
constituted one error. When a child did not recail any of the
words in the sentence, a score of 13 was given for 13-word
sentences and 9 was given for 9-word sentences.

Intelligence Testing

In the first year of testing, the children who were less than
72 months of age were administered the Vocabulary and Block Design
subtests of the Wechsler Preschool and Primary Scales of
Intelligence (WPPSI) (Wechsler, 1967). Children 72 months of age
or older were given the same subtests of the Wechsler Intelligence
Scale for Children-Revised (WISC-R) (Wechsler, 1974). Full scale
IQ scores were calculated from Sattler”s (1982) estimation tables.
Although the WPPSI and the WISC-R are different tests, the format
and demands of the subtests used and the normative samples are
similar, the factor loading is the same, and the subtests in each
test correlate similarly with Tull Scale 1IQ scores.

General Procedure and Design

Each child was administered the experimental tasks
individually over two testing sessions. The child was brought

from the classroom into a quiet separate room and seated at a desk




or table. The experimenter chatted with the child in order to
establisn rapport and to put the child at ease.

All children were tested on all the measures that were given
in each year, with the tasks being administered in two dirferent
orders, counterbalanced across children within grade and reading
levelss 1In Year 1l there were six task components administered
over two sessions, each session about 30 minutes in duration.
Half of the children in each grade and reading level were given
the following sequence of tasks in the first experimental session:
(a) Visually Similar Letter Task, (b) Vocabulary Subtest and (c)
Word Task. In the second experimental session, held approximatcly
2 days later, these children were given the remaining tasks in the
following order: (d) Visually Dissimilar Letter Task, (e) Block
Design Subtest and (f) Sentence Task. The remaining children in
each grade had the reverse order, with Tasks (f), (e) and (d)
being presented in that order in the first session and Tasks (c),
(b) and (a) in that order in the second session, For the second
year of testing, the order was exactly the same as in the first
year for each child, except that the intelligence tests, (tasks
(b) and (e) above), were not administered.

Three experimenters worked at all schools for Year 1 of
testing. In Year 2, one experimenter was not available, but the
remaining two experimenters worked at all three schools.

Results

The results are presented in two sections. The first section

examines the evidence relevant to the major hypothesis, that is,

that there is a phonetic similarity effect throughout the reading
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acquisition period. The three memory tasks represented three
levels of written expression, letters, words and sentences. Each
task was analyzed separately within the cross-sequential design,
which assessed both cross-sectional developmental differences
among three cohorts, representing three successive age and grade
levels and longitudinal developmental diiferences within each
Cohort over a one-year period. The analyses were performed with
ANOWAs. The second section of the results examines the secondary
hypothesis, that is, that phonetic coding ability is related to
concurrent and future reading achievement. After IQ scores were
forced in first, the rarios of rhyming error scores over total
error scores for each of the memory tasks were enterad into
hierarchical multiple regressions. The regressions were performed
separately for each Cohort and each year of testing in order to
enable the inclusion of all the data from the Sentence Task.
Relationships between sensitivity to the phonetic similarity
effect an+ reading achievement with the effects of IQ partialled
out were thus determined hoth concurrently and predictively.

The Phonetic Similarity Effect During Reading Acguisition

Each of the three memory tasks was analyzed with an ANOVA.
For the cross—sectional age comparison, cohort was used as a
between subjects factor, while for the longitudinal coaparison,
Year of Testing was used as a within subjects factor, Originally,
it was planned to do a third possible set of comparisons, between
colorts who were the same age at testing, for example, (a) the two
Grade 1 c¢ohorts, that 1s, Cohort 2 at Year 1 and Cohort 1 at Year

2, and (b) the two Grade 2 cohorts, that is, Cohort 3 at Year l



and Cohort 2 at Year 2, When the data had all been collected,
hovever, it was found that the comparisons would be of doubtful
validity since problems with beginning the testing schedule in the
second year led to a 15 month average interval between tests and
hence second year samples of Grade 1 and Grade 2 readers that were
somewhat older on average than the corresponding ficst year
samples had been. For that reason, the "same age" comparisons
were not made.

Letter Task N

A3X2 X 2X 2 split-plot ANOVA was performed on the total
number of correct reconstructions for the eight sets in each
stimuli condition. The between-subjects factor was Cohort
(1 == Kindergarten-Grade 1; 2 -- Grade 1-Grade 2; 3 -- Grade
2-Grade 3). The three within factors were (a) Year of Testing
(Year 1, Year 2), (b) Phonetic Similarity (rhyming, nonrhyming)
and (c) Visual Similarity (high, low). The ANOVA summary table
for this analysis appears in Appendix 4. The means and standard
deviations for the task are given in Table 3.

Total number of letters correctly reconstructed differed hy
cohort, F(2, 85) = 7.03, p < .0l. Post hoc testing (all post hoc
testing reported utilized Scheffe”s method) showed that Cohort |
reconstructed fewer letters in the correct order than Cohort 2 at
the .05 level of significance, and Cohort 3 at the .0l level of
significance. Cohorts 2 and 3 did not d: ffer significantly. Year
of Testing also had an effect, with children reconstructing more
letters in the ~orrect order in the second year of testing than in

the first year of testing, F (1, 85) = 46.88, p < 001,




Table 3

Means and Standard Deviations for Correct Reconstructions
on Letter Task in Relation to Cohort, Year of Testing

and Phonetic Similarity (Maximum = 32)

Year
(Grade)
Phenetic Similarity
of
Cohort n Testing Rhyming Nonrhyming Mean
M SD M SD .
1 28 {K) 12,5 4,66 l4.6 6.18 13.7
2(1) 14.3 4,52 18.4 6.07 16.4
2 31 1(1) 14,0 4,73 18.7 5.36 16.4
2(2) 15.7 4,81 21.7 7.13 18.7
3 29 1(2) 14.8 4,11 16.0 5.26 15.4

2(3) 17.7 5.45 23.4 6.83 20.6



The main interest in the date lay in twe resnlts or rhe
phonetic similarity manipulation., As expected, the el cifect
of Phonetic Similarity was significant. Children cecalled the
order of more nonrhyning than rhyming letters, F(1, 83) = 1l1l.08,
p. < .001. Phonetic similarity also entered into three signiticant
two-way inte.actions, Phonetic Similarity X Cohort,

F(2, 85) =3.32, p < .05, Phonetic Similaricy X Year of Te.ting,
F (1, 85) =17.30, p < .00l, and Phonetic Similaricy X Visual
Similarity, F(1, 85) = 8.27, p < .Ol.. Post hoc tests on each of
these three interactions showed that none of them qualitied the
main eff.ect of phonetic similarity. Order recall of nonchyming
letters was better than order recall of rhyming letters for each
of the three cohorts, at each year of testing and for both
visually similar and visually dissimilar letters (all p

values < ,0l). As can be seen from Figure 1, the Phonetic
Similarity X Cohort interaction reflected a linear upward trend in
recall of rhymi ng letters and a nonlinear trend in recall of
nonrhvming letters across successive cohorts. Specifically, as
the pust hoc tests showed, order recall of rhyming letters
improved systematically across cohorts with Cohort 1
reconstructing significantly (p < .Ol) fewer letters correctly
than Cohort 3. In contrast, order recall of nonrhyming letters
improved significantly (p < .Ol) from Cohort 1 to Cohort 2 but
then showed a nonsignificant decline to Cohort 3.

The Phonetic Similarity X Year of Testing interaction is seen
in Figure 2. The interaction is attributable to differentcial

improvement in order recall of rhyming versus nonrhyming letters
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1cross the two years of testing. Figure 2 shows thet order recall
for nonrhyming letters improved over the tuo testing times more

t han order recall for rhyming letters, although bLoth pairs of
means differed at the accepted alpha level of p < .05,

The interaction between Phonetic and Visual Similarity is
shown in Figure 3. Post hoc testing showed that the interaction
was attributable to the differential effect of visual similarity
on rhymlng and nonrhyming letters. Specifically, visual
similarity did not affect order recall for nonrhyming letters,

p > .10, but it did affect order recall for rhyming letters,
Order recall for these letters was lower under visually similar
conditions than visually dissimilar conditions, p < .05.

The interaction between Cohort and Year of testing approached
significance, F(2, 85) = 3.08, p < .06, Closer examination of the
data show that the near-interaction is mainly due to the
performance of Cohort 3, and in particular, to what appears to be
an abnormally poor performance of Cohort 3 when they were in Grade
2 (Year 1 of testing). Table 3 shows that this poor performance
was primarily with respect to recall of the order for nonrhyming
letters.

Word Task

This memory task was analyzed in two ways, each by a 3 X 2 X
2 ANOVA. The between-subjects factor was Cohort and the two
within-subjects factors were (a) Year of Testing (Year 1, Year 2),
and (b) Foil Type (semantically similar, phonologically similar
and control folls). 1In the first analysis, the raw number of

false positives for the semantic, rhyming and control foils was
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analyzed. TFor the second analysis, the results were transformed
into d” scores, The d° measure combines the " it rate on the
target words with the false alarm rate (false positives) to a
particular type of foll, thus taking into account more of the data
and minimizing the potential effects of response biases. The
higher the d”~ score the better the child is at discriminating
between the target and the foil. Low d” scores indicate greater
confusion between target and foil., In the case of semantic and
rhyme foils respectively, higher false positives and lower d~
scores for these conditions relative to control foils suggests
that the child is encoding information on these dimensions. Low
d” scores for rhyme foils in comparison to controls is thus
another version of the phonetic similarity effect, while low d~
scores for semantic foils in comparison to controls is suggestive
of an analagous semantic similarity effect. The d” scores were
computed using the HR - FAR equation and were calculated using
Hochhaus” (1972) tables. Hit rate (HR) was calculated by
recording the number of times the children recognized the second
presentation of the target word. When all 12 targets were
recognized, the HR proportion was transformed from 1.00 to .99 in
order to use the Hochhaus tables. The false alarm rate (FAR) was
calculated separately for the semantic, rhyming and control foils
by recording the number of times each foil was falsely recognized.
When there were no false positives recorded, the FAR proportion
was transformed from 0 to .0l in order to use the Hochhaus tables.
The pattern of results for the analyses using the raw false

positive scores and the d7 scores was very similar, and hence only
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the d” measures are reporteds The ANOVA summavy table for this
analysis appears in Appendix 5. The means and standard deviations
for the task are given in Table 4,

The overall effect of foil type was significant,
F(2, 85 = 36.3, p < .001, Post hoc tests showed that the mean d”
scores for discriminability of targets from control foils were
significantly higher than that of rhyming foils, which in turn
were significantly higher than that of semantic foils, all p
values { <01, Thé overall effect of Year of Testing was also
significant, F(1, 85) = 4.03, p < .05, with the d” scores being
higher in the second year of testing. The relative order of the
three conditions of foll type was fciind at each year of testing;
however, there was a significant Foil Type By Year of Testing
ioteraction, F(2, 170) = 10.65, p < .00l. As seen in Figure 4,
post hoc tests showed that the interaction was attributable to the
fact that the children®s ability to discriminate rhyme folls from
targets did not improve from Year | to Year 2, p > .10, whereas
their ability to discriminate semantic foils and control foils
from targets did improve significantly, p < .05, In the first
year of testing, thed” scores for the rhyme condition were
s igrificantly higher than those for the semantic condition,
p < .0l, and not significantly lower than the control condition,
p. > .10, while in the second year scores for the rhyme condittion
were significantly lower than the control condition, p < .01, and
not significantly better than the semantic condition, p > .10.

In general, the results showed that in comparison to the

control condition, there was no evidence of poorer ability to
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Table 4

Means and Standard Deviations for g: Scores on Word Task

in Relation to Cohort, Year of Testing and Type of Foil

Year
(Grade)
Type of Foil
of
Cohort n Testing Rhyming Semantic Control
M SD M SD M SD
1 28 1/X) 2.3 1.4 2.0 1.0 2,5 1.0
(1) 2.6 1.2 2.6 1.3 2.9 l.1
2 31 1(1) 2.7 0.9 2.2 0.9 2,8 1.0
2(2) 2.6 1.0 2.5 1.0 3.1 1.0
3 29 1(2) 2,9 0.9 2.4 0.9 2.9 0.8

2(3) 2.7 0.8 2.8 0.7 3.1 0.7
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Yiseryai~ - " = . ruyming folls and the targets in the first
vesr, mut ¢ oere gas evidence in the second year that rhyme folls
were oo o rrienlt to discriminate than were control foills,
Howe' - 7. i~ commarison to the control condition, the children wer:

subjfect to semantic interference in both the first and second
vears. There were no significant cohort differences in this task,
although, as seen in Table 4, d” scores for control, semantic and
rhyming conditions did tend to increase over successive cohorts.

Sentence Task

The means and standard deviations for this task are given in
Table 5. Preliminary examination of the data for the sentence
t ask showed that the data for the two sentence lengths could not
meaningfully be analyzed in the same analysis. Therefore,
separate ANOVAs were performed for Cohorts ! ard 3 on this test.
Cohort 1 had been tested twice on 9 word sentences and Cohort 3
had been tested twice on 13 word sentences, The data from Cohort
2 were not analyzed in this manner because for that Cohor" the
sentence length had changed from Year 1 to Year 2.

Two 2 X 2 ANOVAs were performed. For both analyses, the two
within-subjects factors were (a) Year of Testing (Year 1, Year 2),
end (b) Phonetic Similarity (rhyming or nonrhyming sentences).
The ANOVA sum .ary table for the Cohort 1 analysis appears in
Appendix 6 and the summary table for the Cohort 3 analysis appears
in Appendix 7. For Cohort 1, the effect of phonetic similarity
was rignificant, F(l, 27) = 291.34, p < .00l. As expected,
children recalled more nonrhyming sentences than rhyming

sentences, For Cohort 3, the effect of Phonetic Similarity was




Table 5

Means and Standard Deviations of Recall Errors on Sentence Task

in Relation to Cohort, Year of Testing and Seutence Type

Year

(Grade) Sentence
Sentence Type

of Length

Cohort n  Testing (in words) Rhyming Nonrhyming

M SD M SD
1 28 1K) 9 29.1 8.26 14.3 8.29
2(1) 9 26,1 9.17 11.4 8.56
2 31 1(1) 9 24,5 8.91 9.6 71.44
2(2) 13 42,7 16.2 27.1 11.34
3 29 1(2) 13 45,0 19.12 35.2 18.06
2(3) 13 35,0 17.82 29.2 15.18

63

Maximum for 9-word sentences

Maximum for 13-word sentences 97
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also significant, F(1l, 28) = 26,03, p < .00l. The effect of Year
of Testing was also significant, F(1l, 28) = 9.18, p < .Nl, with
children making fewer errors overall in the second year of testing
(Grade 3) than in the first year of testing (Grade 2). Phonetic
Similarity did not enter into any significant interactions with
Cohort or Year of Testing in either of the analyses, Although the
data from Cohort 2 were not entered into the ANOVA, there still
was a large phonetic similarity effect during both years of
testing, as seen in Table 5. The data of Cohort 2 for each vear
nf testing were analyzed by t—tests. Children made significantly
more errors on rhyming sentences than nonrhyming sentences both in
the first year of testing, t(30) = 13.9, p < .001, and in the
second year of testing, t(30) = 8.84, p < .00L.

Summary of the Developmental Findings

The results partially supported the major hypothesis, in that
a phonetic similarity effect was found to be present throughout
the period tested in the letter and sentence tasks. However, the
cross—sectional and longitudinal developmental effects varied with
t he tas§s used to measure the effect.

Thé letter task appeared to be the most sensitive to
developmental changes, showing a phonetic similarity effect with
all cohorts, at both years of testing, and for both visually
similar and visually dissimilar letters. Although Phonetic
Similarity entered into interactions with Cohort, Year of Tostiné
and Visual Similarity, none of the interactions qualified the
phonetic similarity effect. Therefore, the presence of the

phonetic similarity effect was established at the Kindergarten
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level, and remained at the Grade 3 level. 1In the sentence task,
there was evidence of a phonetic similarity effect In both cohorts
analyzed by the ANOVA (1l and 3), and this effect was not modiried
in either cohort by interactions with Year of Testing. Cohort 2
also showed a significant phonetic similarity effect at each year
of testing. In the word task, children showed a greater
sensitivity to semantic interfereunce, that is, more false
recognitions of semantic foils than elther rhyme or control foils,
but only during the first year of testing. Sensitivity to
semantic interference decreased over the two years of testing, as
indicated by the increase in semantic d” scores, but no changes
were found in sensitivity to rhyming interference. 1In the second
vear of testing, sensitivity to rhyming and semantic interference
did not ditfer, and both produced lower d” scores than did control
foils.

The main finding of the developmental analyses was that
phonetic similarity adversely affected memory in the letter and
sentence tasks in all cohorts in both years of testing. Phonetic
and semantic similarity affected memory in the word task in
comparison to control foils, although the effect was significant
only in the second year of testing. Phonetic similarity produced
less interference in the word task than did semantic similarity,
although the difference was significant only in the f£irst year of

testing.
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Phonetic Coding in Relation to Reading Achievement

This section examines the relations between phonetic coding
ability and concurrent and future reading achievement in each
cohort with the effects of IQ partialled out. The raw data for
the letter, word and sentence tasks were transformed into a ratio
score in order to have a single score for each task that would be
comparable across tasks. The score used was Conrad”s (1979)
Internal Speech Ratio (ISR), which is the ratio of the number of
errors on phenetically similar stimuli to the total number of
errors. Conrad used the ISR as a measure of phonetic coding. If
all errors were made on phonologically similar stimuli, the TSR
would equal 1.0, 1If all errors were on phonologically dissimilar
stimuli, cthe ISR would equal O, Higher ISR scores indicate more
phonetic coding is occurring in the memory task.

The ISR for each year of testing was calculated in the
following manner. For the letter task, total correct respoanses
for each subject under each condition were changed to error scores
by subtracting the number correct from the total possible correct
(32). Since the ANOVAs on the letter task had shown that the
visual similarity manipulation did not independently affect serial
reconstruction, the error scores for each of the visually similar
and visually dissimilar rhyming letters were combined. Thus, two
scores based on phonetic similarity were calculated: (a) a
phonologically similar score (visually similar and visually
dissimilar rhyming letters) and (b) a phonologically dissimilar
score (visually similar and visually dissimilar nonrhyming

letters). The phonologically similar error score was divided by
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the total error score to produce the letter task ISR. The ISR for
the word task was based on the false positive raw scores for
rhyming foils and their control foils. The ISR was computed by
dividing the number of false positive responses to rhyming foils
by the total of the number of false positive responses for the
rhyming foils and their control foils. Because there were several
cases where the number of false positive responses was 0, 0l was
added to each false positive score used in constructing the ratio.
The ISR for the sentence task was computed by dividing the number
of errors made on rhyming sentences by the total number of errors
made on the rhyming and nonrhyming sentences.

Three hierarchical multiple regression analyses were
performed on the results from each cohort fn order to examine
three possible relationships between phonetic coding ability and
reading z—scores. In each regression, IQ entered at the first
stage, and the other three ISR scores were e icered together at the
second stage and competed with one another. This procedure is
equivalent to treating IQ as a covariate, where reading
achievement can be predicted from the ISR scores of the memory
tasks after holding constant individual differences in I
(Tabachnick & Fidell, 1983). It is noted that the alternate
procedure of letting IQ compete equally with the other variables
was done with standard multiple regressions. The results of the
two types of analyses were similar; however, the effect was not as
clear with the standard regression and it appeared from the
comparison of the outputs that IQ was acting as a suppressor

variable.
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The first set of regressions examined first year memory and
reading rclaticnships, where the independent variables were IQ
scores and the ISRs from each first year memory task and the
dependent varizble was the first year reading z—scores. The second
set of regressions examined how first year memory scores predicted
sccond year reading scores, where the independent variables were
I1Q scores and the ISRs from each first year memory task and the
dependent variable was the second year reading z—scores. The third
set of regressions examined second year memory and reading
relationships, where the independent variables were IQ scores and
the ISRs from the second year memory tasks and the dependent
variable was the second year reading z-scores. The
intercorrelations for these regressions are shown in Appendix 8.
Table 6 displays the means and standard deviaticns of the three
ISR scores for each cohort and each year of testing. There was
some evidence of phonetic coding (Mean ISR > .5) in all the memory
tasks for all cohorts at both years of testing, except for the
word task in Cohort 3 at Year 1 of testing.

Tables 7, 8 and 9 display the beta weights, 5?, the increase
in‘E? and the } to enter values for each cohort and for each type
of regression analysis., Generally, the results showed that after
the effects of IQ had been accounted for, the letter task
accounted for the major portion of the variance of reading scores,
However, these results depended on the cohort and year in which
both the memory tasks and reading tests were measured.

Table 7 shows the results of the regression analyses for the

concurrent relationships of IQ and the Year 1 phonetic coding ISR




Table 6

Means aud Standard Deviations of ISR Scores in

Relation to Cohort, Year of Testing aad Task

Year
(Grade)
of . Task

Cohort n Testing Letter Word Sentence
M SD M SD M 5D
1 28 1(K) »54 .06 .66 .28 «69 .10
2(1) +38 10 61 .24 73 A1
2 31 1(1) .58 .08 +50 31 o75 o1
2(2) .64 .14 o75 27 .61 .06
3 29 1(2) «52 .07 WAt .32 «57 09
2(3) .66 .15 .60 .35 .54 .1




Table 7

[§8]
(V]

Hiorarebiael Maltiple Regression of IQ, First Year Letter, Word

-at "omeonce IRS7s Predicting First Year Reading Scores
E to
Increase Enter
Cohort a Variable Beta RZ in R? Value
1 28 I1Q W11 .02 .02 47
Letter W40 16 .14 4,31 *
Word .33 <28 .12 3.94 %
Sentence .09 .29 .01 .26
2 3l 1Q W26 .07 07 2,07
Letter 43 27 20 7.78 **
Sentence .08 «30 .03 1.06
Word 17 .30 .00 .22
3 29 1Q .10 .02 .02 A2
Sentence .11 .03 .01 .33
Letter .00 .04 0l «33
Word .13 <04 .00 .00
*p < .05

** p < .01
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Table 8

Hierarchical Multiple Regression of 1IQ, Fivst Year Letter, Word

and Sentence ISR”“s Predicting Second Year Reading Scores

E to

Increase Enter

Cohort n Variable Beta R2 in Rz Value
1 28 1Q obd 19 .19 6.10 *
Letter 39 23 .14 5.15 %

‘Jord 024 .39 -06 2047

Sentence .07 40 .00 .18

2 31 IQ .29 .06 06 1.80

Letter .69 46 40 20,68 #*%*

Senteﬂce -002 .46 100 013

word -005 .46 .00 .01

3 29 IQ «40 13 .13 4,15

Letter -.30 .23 «0Y 3.09

Word .05 «23 .00 .08

Sentence 01l 23 00 .01

*p < .05

*#% p < 001



85

Table 9

Hierarchical Multiple Regression of IQ, Second Year Letter, Word,

and Sentence ISR”s Predicting Second Year Reading Scoras

F to
Increase Enter
Cohort o Variable Beta R in R? Value
1 28 1Q 42 .19 .19 bol10 *
Letter $23 «30 o1l 4,02 *%
Word -.30 .39 .08 3.28 *
Sentence .05 «39 .00 .08
2 31 I1Q .28 .06 .06 1.80
Sentencs o10 .10 .04 1.11
Letter -.09 .10 0l .23
Word W17 o1l .01 24
3 29 1Q «45 .13 .13 4.15
Word .13 .16 .03 +85
Letter -.24 o7 »01 025
Sentence ~,11 .18 01 «34

*R( .05
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scores with Year |l reading scores. For each Cohort, IQ was forced
to enter first, but in none of the three cases did it account for

a significant percentage of the variance in the Year | reading

scores. Once the variance accounted for by IQ had been removed,
the three ISR scores were forced to compete for entry as poteantial
predictors. For Cohort 1 the letter task entered first,
accounting for an additional 14% of the variance in Kindergarten
reading scores, F(2, 23) = 4.31, p < .05. The word task ent. d
next, accounting for a further 12% of the variance,

F(3, 24) = 3.94, p < .05, while the sentence task entered last aad
contributed negligibly to the explained variance. The multiple R
of .54 was not statistically significant, p> .08, For Cohort 2,
the letter task entered first among the ISR scores, accounting for
a further 20% of the variance in the Grade 1 reading scores,

F(2, 28) =7.78, p < .01, with the sentence and word tasks
entering second and third and accounting for a negligible
percentage of the variance. The multiple R of .55 was
statistically significant (p< .05). For Cohort 3, none of the
three ISR scores accounted for a significant percentage of the
variance in the Grade 2 reading scores with the multiple R being
only .20, p> .90.

Table 8 shows the results of the multiple regressions for the
predictive relationships, IQ plus Year 1 ISR scores as predictors
of Year 2 reading scores. The IQ measure was again torced to
enter first and, for Cohort 1 only, it was found to be predictive
of a significant 197% of the variance in Year 2 (Grade 1) reading

scores, F(l, 26) = 6.10, p < .05, With IQ partialled out, the
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three ISR scores were then allcwed to compete for entry. For all
three cohorts the letter task entered first, explaining an
additional 14% of the variance in Year 2 reading scores of Cohort
1, F(2, 25) = 5,15, p < .05, and an additional 40% of the variance
in the Year 2 reading scores of Cohort 2, F(2, 28) = 20,68,

p. € «001, but contributing insignificantly to the explained
variance in the Year 2 reading scores of Cohort 3. MNeither the
word nor the sentence task contributed significantly to the
explained variance of any of the three cohorts. The multiple Rs
were statistically significant in the case of Cohort 1, R = .63,
p< +05, and Cohort 2, R = .68, p< .01, but not in the case of
Cohort 3, R = .48, p> .10,

Table 9 shows the results of the multiple regressions for the
second year concurrent relationships with the 1Q scores measured
at Year 1 and the second year ISR scores as predictors and second
year reading scores as the dependent measure. In these
regressions, the variance of the second year reading scores that
is explained by IQ is that already described above and in Table 8.
For Cohort 1, Year 2 letter task scores accounted for a further
11% of the variance of Grade 1 reading scores, F(2, 25) = 4.02,
p< <05, and the addition of the word task explained 8% more of the
variance, F(3, 24) = 3.28, p< «05. The sentence task did not
significantly add to the explained variance. For Cohorts 2 and 3,
where the children were in Grades 2 and 3, respectively, none of
the Year 2 phonetic coding tasks significantly accounted for the

variance in Year 2 reading scores., The multiple R for Cohort 1




88

was .62, p< .05, while the multiple Rs for Cohorts 2 (.33) and 3
(«43) were not statistically significant.
Discussion

The purpose of this research was to examine the development
of phonetic coding during the early reading acquisition period and
the relation between phonetic coding ability and reading
acheivement. Children in regular Kindergarten to Grade 2 classes
who represented a broad range of reading achievement ware tested
twice at an interval of approximately one year. Phonetic coding
ability was assessed by performance on three tasks that had
previously been shown to produce phonetic similarity effects in
groups of normal readers. The three tasks represented three
levels of written expression: letters, wofds and sentences. The
second hypothesis was that phonetic coding ability, as measured by
the phonetic similarity effect, is related to concurrent and
future reading achievement.

The Phonetic Similarity Effect During Reading Acquisition

The first hypothesis was that there is evidence of a phonetic
similarity effect throughout the observed period of reading
development. There was strong evidence of a phonetic similarity
effect throughout the developmental period tested on the letter
and sentence tasks. The effect was not as strong for the word
task in the first year of testing.

Letter Task

There was a large and significant phonetic similarity effect

when wemory for letters was tested., Alcthough the magnitude of the

effect varied with cohort, vear of testing and visual similarity,
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none of these interactions reversed the phonetic similarity
etfects 1In particular, the developmental factors of cohort and
yvear of testing affected order recall for nonrhyming letters more
than order recall for rhyming letters.

The interactions of Phonetic Similarity with Cohort (Figure
1) and Year of Testing (Figure 2) both show developmental
increments in overall performance on both types of materials, with
the interactions coming from the nonrhyming conditions. Figure 1
shows cross~sectional development and Figure 2 shows longitudinal
development. This development is shown in another way in Figure
S. In Figure 5 the three factors of age, cohort and year of
testing are all represented in order to display a kind of overall
developmental pattern. For rhyming letters there was regular
development of recall of order and a relative similarity of
performance of the different cohorts when tested at similar ages.
Nonrhyming letters were consistently remembered better, but the
upward trend in performance over age and time was less regular,
with the greatest deviance being associated with Cohort 3 at Year
1 of testing. The phonetic similarity effect is present from the
prereading stage (Kindergarten) to a level where reading skill is
more established (Grade 3), Perhaps the most important finding is
the presence of the effect at the Kindergarten stage, that is,
before formal reading instruction begins. Thus, the results from
the letter task support the hypothesis that there is evidence of a
phonetic simllarity effect throughout the observed period of

reading development.
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The "at-+cwilon between Phonetic Similarity and Visual
Similaviczy, 3s seen in Figure 3, shows that visual similartity
affacted rac:1l only for rhyming letters. " . fact that there was
no mala 2r22t of visual similaricty or that 1t did not affect
recall of nonrhyming letters suggests that these children were not
coding letters visually but only phonetically, and that the
similar visual properties of the letters interfered with order
memory only when working memory was already overburdened with
phonetically similar stimuli., The absence of a visual similarity
effect in the letter task is inconsistent with some views of early
reading. Theorists such as Goodman and Goodman (1979) suggest
that reading is a "psycholinguistic guessing game" and that
children should learn how to read by guessiag what the word is
from the shape of the letters and the context. 1In contrast,
Liberman (1984) states that comprehension of written or spoken
language involves dealing in linguistic ways with the units of
language, that is, the phonemes, syllables and words. The results
of the present study support Liberman”s position in that children
did not show evidence of coding the letters purely by their visual
properties,

Word Task

As seen in Figure 4, in the first year of testing, there was
no significant difference between the children”s ability to
discriminate rhyming or control foils from the targets. However,
in the second year of testing, rhyme foils were significantly more
difficult to discriminate than control foils. Thus, there was

evidence of phonetic coding only in the second year of testing.
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Semantic foils were harder tn ciscriminate than control foils in
both years of testing. There were no cohort differences in
recognition of any foil tyue. However, as seen Ln Table 5, rhe
childrens” ability to discriminate foils from targets increased
across cohorts.

Thus, the results from the word task offer less support for
the hypothesis that there is evidence of a phonetic similarity
effect than do the letter and seantence tasks., The finding that
there was evidence of semantic confusion in both years of testing
suggests that the children were primarily using semantic codes.,
Byrne (1986) recently wrote that continuous recognition tasks may
not be as sensitive to phonetic coding as he believed when the

original experiment was performed. Byrne mentioned that the

reason many poor readers make very few recognition errors based on
phonetic properties of speech may reside in the low reliability of
the continuous recognition task. Another possible explanation of
why the phonetic similarity effect was less marked for the word
task was that it was the only one that used stimuli that could
easily be coded in units. The stimuli for the other tasks
consisted of sequences of items, letters for the letter task and
words for the sentence task., Since Baddeley”s (1978; 1979) model
implies that the phonetic code is particularly useful for
retaining sequential information, the nonsequential nature of the
word task could have reduced the tendency to code phonetically.
The words used were all familiar to the children and therefore
could predispose them to code them as a single semantic unit

rather than as a sequence of sounds. At early stages of reading
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acquisition, children asked to read single words that they already
know are likely to code them semantically because they already
have the meaning of the word stored in their internal lexicon,
(see, e.g.,, Ehri & Wilce, 1985; Gough & Tumner, 1986; Perfetti,
1985; Stanovich, 1986; Tunmer, 1986). Thus, it is likely that in
a task where children hear single words, they will code them in
the same manner,

Another reason for the low reliability and sensitivity of
this task in terms of producing a phonetic similarity effect miy
be that a simple measure of false recognitions is not sensitive
enough to the process of phonetic coding. A possible solution to
this problem would be the use of reaction time measures which
would record the amount of time it took to decide whether or not
they had heard the word before. It seems reasonable to assume
that children would take longer to decide if a word was heard
before if they were experiencing interference from the use of a
phonetic or semantic code.

A final reason why phonetic coding was less evident in the
present study than in that of Byrne and Shea (1979) could be the
changes that were made in the word list used. Some of the words
in the original list of Byrne and Shea belonged to both the
rhyming and semantic categories. Specifically, two of Byrne and
Shea”s target words rhymed ("slow' and "go", which had,
respectively, "toe" and "row" as rhyming foils). One of the
semantic foils for a target also rhymed with these words ("low" as
the semantic foil for the target "high"). Thus, there were four

rhyming folls for one particular target, where there should only
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have been one. These extra rhyming foils may well have inflacted
the rhyming confusion found in Byrne and Shea”s study. 1In the
present study, there was only one rhyming foil for each target.

Sentence Task

In this task, a significant phonetic similarity effect was
found in all cohorts, All children tested found it more difficult
to recall rhyming sentences than nonrhyming sentences. In Cohorts
1 and 3, where constant sentence length for the two years of
testing made it possible to do two-way analyses, phonetic
similarity did not interact with year of testing for either
cohort. There is thus evidence that the phonetic similarity is
present in sentence recall from Kindergarten to Grade 2 and that
it remains stable over a one year period, at least for children
tested initially in Kindergarten and Grade 2, However, it is
difficult to accept or reject the major hypothesis because full
analyses were not performed. 1In order to see how the sentence
task would be affected by cohort or age effects, a sentence length
must be developed that is within the memory span of the children
tested. One possible method of accomplishing this would be to
give children two or three different sentence lengths and compare
the results in order to find the length that has the fewest floor
and ceiling effects.

Summary of the Developmental Findings

There was a very strong phonetic similarity effect in all
cohorts at all times of testing in both the letter and sentence
tasks, In the word task, phonetic coding was evident only in the

second year of testing.
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The Kindergarten results are generally consistent with the
findings in the literature on prereaders. There was ocvidence of a
phonetic similarity effect in these prereaders. Alegria and
Pignot, (1979), Brown, (1977) and Lean and Arbuckle (1984) also
found that a majority of prereaders were sensitive to the phonetic
similarity effects Furthermore, the Kindergarten results also
compare favourably with the longitudinal research. The present
study found that the Kindergarten children”s phonetic similarity
effect continued over one year of testing. Both Mann & Liberman
(1984) and Share et al. (1984) found evidence of a phonetic
similarity effect in Kindergarten children which was stable over
one year of development.

In summary, the combined results support the major hypothesis
that there is evidence of a phonetic similarity effect which
appears to be relatively stable throughout the period tested,
particularly on tasks requiring recall of sequences of
information.

Phonetic Coding in Relation to Reading Achievement

The relationship between phonetic coding and reading
achievement after the effects of IQ had been accounted for was
examined with three multiple regression analyses, IQ was the
first step entered into the hierarchical multiple regression
analysis. Ratios that measured the degree of the phonetic
similarity effect of the three memory tasks competed equally for
the next steps to predict both concurrent and future reading
achievement for each cohort. Generally, the letter task was

related to concurrent and future reading achievement in Cohorts |
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and 2 aftar the effects of IQ had heen accounted for. Thus,
children in these cohorts who were most sensitive to the phonetic
s imilarity effect as measured by the letter task were most likely
to score better on reading tests in both years. Therefore, the
Haskins group”s fundamental position has been supported within
cetain cohorts, without floor or ceiling effects.

Cohort 1°s performance on the letter and word tasks when they
were in Kindergarten, uniquely accounted for 14 and 12 percent,
respectively, of the variance of Kindergarten prereading skills,
shown in Table 7. Table 8 shows that when Kindergarten phonetic
coding performance was compared with Grade 1 reading skills, only
the letter task accounted for i4 percent of the variance of
reading. When the Cohort ! children were in Grade 1, as seenin
Table 9, their performance on the letter and word tasks accounted
for 11 and 8 percent respectively, of the variance of Grade !
reading. This finding suggests that at the first year of testing,
children in Kindergarten are coding phonetically, and that
individual differences in this ability are related to pre- and
early reading achievement, but only for phonetic memory for letter
and word stimuli. This finding parallels the development of
reading skills. Children at this age are very involved with
letter knowledge presented visually and words presented orally.

Cohort 2°s phonetic coding ability measured when they were in
Grade 1 uniquely accounted for 20 percent of the variance in Grade
1 reading achievement (as seen in Table 7) and 40 percent of the
variance of Grade 2 reading achievement (as seen in Table 8).

This finding shows that the letter task became more important in
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predicting reading achievement at later levels of reading
acquisition,

What is interesting is that none of the phonetic coding tasks
predicted reading scores when phonetic coding and reading
achievement were measured concurrently in Grade 2 in Cohorts 2 and
3 and when Cohort 3 was in Grade 3. This finding suggests that by
Grade 2, the children”s ability to code phonetically was not very
strongly related to reading achievement. These results contrast
with the findings of most of the studies in the literature that
showed that good and poor readers could be differentiated by their
ability to phonetically code stimuli in working memory. However,
it is difficult to make a direct comparison because these studies
that used children in Grade 2 and higher grades tested for word
recognition or word attack skiils, whereas the preseut study
tested for reading comprehension in Grades 1 to 3. Furthermore,
the phonetic coding tasks were not exactly the same. Most
importantly, few of the studies in the literature examined the
relationship between phonetic coding ability and veading
achievement by multiple regression analyses with the effects of IQ
statistically controlled. The lack of assoclation between
phonetic coding ability and reading achievement in the higher
grades supports Stanovich”s (1986) specificity hypothesis which
states that at later ages, it becomes more difficult to uncover
specific correlates of reading difficulty because older disabled
readers have more generalized academic and cognitive problems.

The development of the relationship between the children”s

phonetic coding ability and reading achievement found in the




present study concur with the activities cconrring during the
normal development of reading acgnisition {(2.z.,, Chall, 19,3
Smith, 1983). Children in Kindergarten learn about letters, gain
insight into the nature of words, and realize that words consist
of syllables and phonemes whicn can be analyzed and synthesized.
fhese abilities were measured in the Xindergarten prereading
achievement test used in the present study. The relationship
between phonetic coding ability as measured by the letter task was
significantly related to prereadiné achievement in the present
study. The next stage of normal reading development which usually
occuré during Grade 1 involves "breaking the code", that is,
learning decoding skills. Children realize 'what the letters are
for" and "how to know that a bun is not a bug (Chall, 1983,

p. 16)". In this period of reading development, children gain
insight about the nature of the spelling system. In the present
study, the relationship between phonetic codiag ability and
reading achievement was the largest and most significant at this
period. This stage of reading acquisition may thus be the best
time for determining children”s ability to code phonetically. The
next stage of normal reading development occurs during Grade 2 and
3. Children at this stage consolidate what has previously been
learned. They learn to use their decoding knowledge, the
redundancies in the language and the stories that they read. ~he
present study did not find any relationship between phonetic
coding ability and reading achievement at this stage. 1In a
regular class sample, phonetic coding ability was not strongly

related to reading achievement measured concurrently or one year
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later. 7= o 5o fhat the phonetic coding abolity is only relaced
to rewisg achizvement concurvently or one year lLater during the
earl:s stares of reading acquisition, when children are learning
atout Jdecoding. This speculation is in agreement with Baddelev’y
(1973, 1979) original hypotheses that phonatic coding is important
in the early stages of learning how to read.

General Conclusions

This study has provided support for thne two hypotheses that
were developed. Firstly, there was evidence of a phonetic
similarity effect throughout the early reading acquisition perind.
It is a strong effect, and is evident in tasks that represent
three levels of written expression (letters, words aad sentences).,
The word task”s lesser sensitivity to the phonetic similarity
effect in the first year of testing was acttributed to its
inadequacy in tapping working memorv. Secondly, phonetic coding
ability as measured by the letter task, and, to a lesser extent,
the word task, was found to be positively related to reading
achievement independent of 1Q in Xindergarten, Grade 1 and
predictively in Grade 2. The present findings, in combination
with those already reported in the literature, provide converging
evidence that the phonetic similarity effect is related to reading
achievement,

Future Directione for Research

The present study and previous research have found that
phonetic coding is positively related to concurrent and one year
later reading achievement in the early reading acquisition period.

A next step in this research area would be to determine whether or




not phonetic coding, as measured by the phonetic similarity
effect, is predictive of lacer reading achievement, and especially
to determine whether it could help to identify children who will
experience later difficulties in reading. Stanovich (1986)
discussed the importance of examining the determinants of later
reading difficulties at an early stage. Unfortunately, all that
is known about later developmental periods is that the
relationship between phonetic coding ability and reading
achievement decreases. Cross-sectional studies indicate that poor
readers generally do "catch up" to good readers in phonetic coding
abilities in later periods of development. However, these poor
readers remain poor readers, even if they can code phonetically.
The presrnt study suggests that phonetic coding ability in
Kindergarten and Grade 1 is a moderately successful predictor of
reading ability one year later, but no study has examined more
long range predictors nor whether early phonetic coding ability
can rellably discriminate the subset of children who will
experience major difficulties in reading acquisition. 1If the
phonetic similarity effect could be shown to be a reliable
predictor of later reading achievement, then it could be utilized
as a simple and easily administered screening tool when children
enter Grade 1.

A projected research programme would begin with testing
prercvaders for phonetic coding ability. These tests would be
repeated at least yearly and continued for a five or six year
peyiod. Then, regression analyses for the entire sample of

children would be performed with plionetic coding scores in the
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first year of testing as the main independent variable and each
vear”s reading scores as the dependent variable. These results
would help to determine the relationship between early phonetic
coding skills and later reading achievement. The next step would
be to determine when the children begin to code phonetically by
their age and levels of reading achievement. The children would
be placed into two groups of phonetic coders and noncoders
according to their performance on memory tasks in the first
testing session. If it was found that noncoders in Kindergarten
eventually show a phonetic similarity effect but do not improve in
reading achievement, then one could conclude that phonetic coding
ability measured in prereaders is a strong and reliable predictor
of reading achievement. Then, the next goal of the research
programme would be to determine whether noncoders could ever
become zood readers. DNoncoders could be divided into two groups
where one group received intensive instruction in reading that
encompassed language skills, (similar in structure to what many
children with language~related reading problems are given) and une
group a normal reading instruction programme. If the children who
receive the intensive reading instruction programme perform better
on reading tests than children who receive normal reading
instruction, then it would be meaningful to detect poor coders at
an early stage. These children could be identified as having a
possible reading disability before they begin to learn how to
read. Remediation and intensive instruction could be started much
earlier than usual, and perhaps some children might actually avoid

the failure experience of having reading difficulties.
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APPENDIX 1

Stimuli for Letter Task

High Visual Similarity

Rhyming Nonrhymi ng
Block 1 Block 2 Block 1 Block
bdpg dgphb muhTr urh
d gbp gbdp urmh rmu
pbgd pdbg hmru hum
g pdb bpgd thum mhr
Low Visual Similarity

Rhyming Nonrhymi ng
Block 1 Block 2 Block 1 Block
vtde tedv klsw lws
t evd evtd lwks wkl
d vet dtve skwl slk
edtv vdet ws 1k ksw
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APPENDIX 2

Stimull for Word Task

113

Target Folls
Rhymi ng Control Semantic Control
l. here ear hang there next
2. cicy pretty zebra town life
3. high my her low first
4, home comb glove house ship
5. white right fire black round
6. bed said cat sleep soup
7 new two work old boot
8. bird word wet robin nose
9. sweet heat big sour plump
10. wood couid bank tree rest
11. take ache help give hill
12, thief beef ripe robber apple
Fillers
mud * window * milk * room * stove * truck * corner
laugh shelf * swim feed * nurse Tun * pen
soft * tag * chair * loud ** dime * Junp
king learn coat ** wish * space * bought

* presented 2 times
** presented 3 times




‘APPENDIX 3

Stimuli for Sentence Task

(in order of presentation)

Nine-word sentences

.

2.

3.

10,
11,
12.
13

14,

Don”t roar any more at the store”s four doors., **%
Tuesdays at three, Lucy is free to see T.V. **
Kim saw the big doll in the old barrel,

Plain Jane remained in Spain when the rain came. **
Mondays at four, Johnny is able to play baseball,
Tom and Bill piled books on the chair.

Kate ate a steak and a plate of cake. **

Lou threw the blue shoe in the new canoe., **

Sam drank a coke and 3 glass of punch,

Jack and Mac stacked the sacks on the track. **
Poor Jim played inside whon the snow was falling.
Peg”s brown dog bit the bone on the floor.

Pat”s bad cat bat at the rat on the mat. **

Don”t play all the time at the teacher”s chair.

114

** Rhyming Sentences
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Appendix 3 (Cont’d)

Thirteen-word sentences

1.

5.

Don“t roar any more at the store”s door or Miss Moore will get
sore. %%

Tuesdays at three, Lucy is free to see T.V. with Dee and Lee. **
Kim saw that the big doll in the old barrel belonged to her,
Plain Jane remained in Spain when the rain washed out the main
lane. **

Mondays at four, Johnny is able to play baseball with Mike and
Bert,

Tom and Bill piled books on the chair in front of the door.

Kate ate a steak and a plate of date cake that Jake baked. *%*
Lou knew that the blue shoe in the new canoce belonged to vou. **
Sam drank a coke and a glass of fruit punch that Joan made.

Jack and Mac stacked sacks on the track in the back of the

shack. *%

Poor Jim played inside when the snow covered up the back yard.
Peg”s brown dog bit at the bone that fell on the clean floor,.
Pat”s bad cat bat at the rat that sat on the flat mat., **

Don“t play all the time at the teacher”s chair or Miss Smith will

get mad.

** Rhyming Sentences




APPENDIX 4
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AlOVA Summarv Tahle for Developmental Analysis of Letter Task

sSource MS CF F
Between Subjects

Cohort 612.84 2 7,03 *%
Error 87.15 85

Within Subjects

Year of Testing (YrT) 2,045,647 1 46,88 **x%
YrT x Cohort 134,23 2 3.08
Error 43.64 85

Visual Similarity (VS) 50.40 1 2.08

VS x Cohort 6457 2 «27
Ervor 24.67 85

Phonetic Similarity (PhS) 2,758,89 1 111.08 *%*
PhS x Cohort 82.34 2 3.32 %
Error 24,84 85

YrT x VS 9.93 1 56
YrT x VS x Cohort 44,46 2 2.50
Error 17.82 85

YrT x PhS 290.85 1 17.30 ***
YrT x PhS x Cohort 43.38 2 2.58
Error 16.81 85

VS X PhS 107064 1 8.27 *%
VS x PhS x Cohort 23,95 2 1.84
Error 13.02 85

YrT x VS x PhS 1.25 1 .08
YrT x VS x PhS x Cohort 13.02 2 «87
Error 14,97 85

**% p ¢ .00!L
** p < .01
* p < .05




APPEUDIX 5

ANOVA Summary Table for Developmental Analvsis ot Yord fask

Source MS DF ¥
Between Subjects
Cohort 4,64 2 .45
Error 3.19 85
Within Subjects
Year of Testing (YrT) 7.75 1 4,03 *
YrT x Cohort 1.23 2 .64
Error 1.92 85
Foil Type (FT) 10,33 2 36,30 w¥k
FT x Cohort 33 4 1.15
Error «28 170
YrT x FT 2,48 2 10.65 *#**
YrT x FT x Cohort o16 4 «69
Error .23 170
**%x p < L,001

* p < .05
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APPENDIX 6
ALGVA Snmeary Table for Developmental Analysis of
T~or1 Lenstlh Sentence Task for Cohort 1
Source MS DF F
Year of Testing (YrT) 237.22 | 3.53
Error 67.28 27
Phonetic Similarity (PhS) 6,136.,08 1 291,34 *%=%
Ervor 21.06 27
PhS x YrT .87 x 102 1 .00
Error 21.62 27

*#% p < ,001




ANOVA Summary Table for Developmental Analysis of

APPENDIX 7

1 3-Word Length Sentence Task for Cohort 3

Source MS DF F

Year of Testing (YrT) 1,816,22 1 9,18 #*x*
Error 197.88 28

Phonetic Similarity (PhS) 1,753.46 1 26,03 **%
Error 67.37 28

PhS x YrT 118.01 1 1.81
Error 65,21 28

k%% p < .00l

¥%* p < .01
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APPENDIX 8

Tables of Intercorrelations of Variables

for Multiple Regression Analyses



Intercorrelations for Cohort 1

Table A

(5)

(1) {2) (3) (4)
(1) Letter 1
(2) Wordl -.11
(3) Sentence 1 .06 025
(4) 1IQ -.17 .29 ~.07
(5) Reading 1 .35 <34 .19 .13
(6) Letter 2 - - - .20
(7) Word 2 - - - .08
(8) Sentence 2 - -- - =21
(9) Reading 2 229 034 .13 44
(6) (7 (8)
(7) Word 2 -.10
(8) Sentence 2 «37 01
(9) Reading 2 W41 .29 07
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Table B

Intercorrelations for Cohort 2

(1) (2) (3) (4) (5)
(1) Letter l
(2) Word l -.,09
(3) Sentence l 17 .05
(4) IQ ~-.07 .06 .13
(5) Reading 1 43 .06 .28 .26
(6) Letter 2 — -— - S04 —
(7) Word 2 -— - - 02 —
{8) Sentence 2 - - —— -+21 -
(9) Reading 2 o6l ~-.06 10 -24 ——

(6) 7 (8)
(7) Word 2 .09
(8) Sentence 2 .28 04
(9) Reading 2 W15 -.07 .13
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Table C

Intercorrelations for Cohort 3

(1) (2) (3) (4) (5)
(1) Letter 1
(2) Word 1 -.18
(3) Sentence 1l ~.14 W35
(4) 1Q ol 05 .05
(5) Reading 1 o1l .03 o12 «12
() Letter 2 - - - <07 -
(7) Wvord 2 - - - 47 -
(8) Sentence 2 -~ - - .16 —--
(9) Reading 2 -025 .13 .09 037 -

(6) (7) (8)
(7) Word 2 .26
(8) Sentence 2 .20 -.17
(9) Reading 2 .07 .02 -.12




