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ABSTRACT
]

A major assumption in' research on basic processes in word
recognition has been that the phonological code which -may be
utilized to access meaning from printed text 1s unitary in natdré
and is always u disrupted by articulatory suppression. “Recent
evidence however, suggests that at least two separate phonological
codes are operative in adults. Besner, Davies and Daniels (198%):
and Besner and Davelaar (1982) fouid that while the phonological
code which supports the maintenance of information 1n short-term
memory was alfected by suppression. the code which supports lexical
access was not. A developmental study by Barron and Baron (1977)
relied heavily on the assumption that suppression disrupts a single
phonological code. Consequently, their conclusions that children -
use only an orthographic code even in the early stages of reading
may be incorrect. It 1s possible that children like adults are also

able to use a phonolegical code unaffected by suppression. The

present study was designed to investigate this possibility.

{i’th1idren from gzades 2. 4, and 8 performed three separate matching

tasks with \and without art1cblatory suppression. The tasks
comprised a picture-picture matching task, a picturespseudohomophong
rhyme matching task (e.g. a picture of a coat with the letter string
BOTE), and a picture-pseudohomophone matching task (e.g. a picture
of a cat with the iefter string KAT). On some of tﬁ; trials the
children counted aloud from 1-10 while performing these tasks. The

remaining trials were performed si1lently. Evidence for the presence



P

in the children of a phonological code dnaffected by suppression was
demonstrated by an effect on errors of suppression in the
psuedohomohone-rhyming task in conjunction with no effect on errors

of suppression in the pseudohomophone-matching task. These results

suggest that data obtained from previous experiments which have used

the suppression technvque’ to assess the presence/absence of

phonological recoding are uninterpretable.

*a
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Phonological recoding in children 11

Qverview

The recent finding that adﬁlts can make use of twovdistihct
phonological codes during readlng (Besner, DaJ?Qs, and Daniels,
1981), rather than a single phondlogrcal code as has previously been
assumed._may\ 1mportant 1mp}1cat1ans for the xnterpretatton of
previous refiaréh ln readiny anf word recggnitwon The purpose of
the present study 1s to determine whetﬁer %wo such phonological
éodes are also used by young c$1ldrenc If they-are, then present

theories of how adults and ch11%ren read an&lbr learn to read will

require some*alteratioﬁse }

The introduction of th1§ thesis 1s divided into several
- I .
sections. The first section révrews theories and data relevant ta

the question of how readers access ‘the meaning of the words they

p

read. The general conclusion f¢om th1s research 13 that readers can

rely on either a visually-based representational code or a

phonological code. The second section reviews recent evidence that

" andults have available at 1eas¢ two speech-based codes. The third

section reviews some research examining access codes in children,
and questions the conclusions reached by researchers 1in light of
their assumption that only a single phonological access code 1§

available. The final section presents the ‘rationale and outline of
- - »
the present study. | g

X

e | "
4 v

. .
74“ z
“
,
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Phonological recoding in cﬁxt‘kun 12

General Introduction

&

How does a reader obtiin meaning from prnt? Two matﬁo¢s of

deriving meaning from a printed word have been postulated by

——

(%

‘numerous/resnrc'hers_ The first method, which has been labelled the

“indirect path®, nvolves  the construction of . “ sound
representation.  This 1s analogous to listening to aad deriving
meanwhg from speech. Thi¢ method of internal representation of
words has been termed “phonological recoaaaq; (e.g. ODavelasr.

! Ty
Coltheart. Besner and Jonasson. 1978: Dennis and Newstead. 1981:

McCusker, Hallinger and Bias, iSBl) The second method 15 referred -

to as the “d:rect‘pmh“ Here 4 purely orthographic associration

between the printed word ant meaﬂing ocecurs. This qgthoﬁ bypassesia

T ———

suund ngpresentatxon and 15 seen " as the more frequently used of the

two methods by fluent readers (Baron, 1973; Baron & McKillop, 1975

—

"Coltheart, Davelaar. Jonasson & Bpsner. 1977: McCusker et al..

1)

, 4
1981). Fluent adult readers appear to  raly more on an orthographic

code than a phonoiogrcal code, except under the foilowtng
circumstances. First, when «access usng the orthographic code 13
Slow or does not occur, as with non-word letter strings (Seidenberg,

Haters. Barnes & Tannenhaus, 1984). Second. 1t may be used when the

abil1ty to use the orthographic pathway &S‘iﬂptired a5 15 the case |

in  patients suffering from surface dyslexia (Coitheart‘ Masterson,

ByﬁE:‘ Prior & thdbch. 1983). For 4 summary of the evidence
supporting the use of these two codes 1n adults see Baéron (1978)~f

Jorm and Share (1983), H;Cysrer* Bras and Hillinger (1981). ~

-

L d
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o o

*  Recentw research has also focused on the developmental
acquisition of the two codes, mot vwated 1n part by the mimplications
these findings have for teaching reading skilis. Specifically, if
the phonclogical code 1s the first to develop., then perhaps the
method of teaching reading skills should emphasize the phonology of
a word. In contrast, if the orthographic code 15 the first to
develgp. then perhaps 3 whole-word method should be employed. It 1¢
1mpor:::nt to note that, at ;resent. t_t}e research focused on

e

guestions of acguisition has been based on the assumption that there

15 only o single phonolagacalvcode used 1n the reading process.
Recently, the suggestion has been made that adult readers
utilize two separable phonological codes. Besner., Davies and
Daniels (1981). and Besner and Davelaar (1982) found evidence for
the operation of at lesst two phonological codes in adults, one that
15 affected by articulatory suppression, while the other 15 got.
Artyculatory suppression involves engaging the“’ subject ‘s speech
app’aratus‘ n an unrelgted task, while the subject 1s reading (e.g.
countsing from 1-10 over and c:ver). Researchers (e.g. Baddeley.
Thomson and Buchanen, 1975; Barron and Baron, 1977; Levy, 1975;

#tc.) have used this technique on the assumption that suppression

prevents the transformation of visual information into a phonemic

~——s

code. )
g %

L

...suppression stops the visual to auditory
transformation...articulatory suppression does -
not prévent rehearsal., but simply nhibits the
transtation of visual material into a phonemic
code... (Baddeley et al., 1975, p.586).
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The possibility that readers can utilize a phonological code which
15 unaffected by articulatory suppression casts doubt on any
research using the suppression technique as a means of assessing the
presence or absence of phonological recoding. The possible
misinterpretation of experimental results 15 particularly evident 1n
a study by Barron and Baron (1977). which uses the articulatory
suppression techmique to make specific 1nferences reaardlng basc
processes 1n the development of reading skills. Because the
possibility that two phonological codes may be present in readers
poses a potential problem for Barron and Baron's interpretation,

that study w111 be examined 1n greater detail below.
for fw 1cal ¢ a0 adylt .

The assumption that only a single phonological process 1
avarlable for use when one 15 reading has been favoured unti)
recently (see Barron & Baron. 1977. Besner, in press: Besner &
Daveiaar. 1982: Besner et al.., 1981. Kimura & Bryant. 1983).
Paralleling this assumption was the uti1l1zation of the suppression
manipulation as a means of studying this process. Recently. the use
of suppression as a means of interfering with the phonological code

has come under severe criticism. It has been argued i1nstead that

o X
“more than one phonological code exists. and that suppression affects

these codes’%rfferentlally {Besner & Davelaar, 1982; Besner, et al.,

1981} .
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Besner. ' Davies, and Daniels (1981) report a series of
exper iments—that——examined- the assertion  that articulatory
suppression disrupts phonological recoding of visually presented
letter strings. Two types of experimental tasks were utilized. The
first was a phonological lexical decision task (does this letter
string sound like a real word?: e.g. BRANE-yes. BRONE-no), while the
second type was a rhyme decision task using both words (e.g.
CHOIR-FIRE) and non-words (e.g. PLOON-LEWN. NANE-TAYNE). Besner and
his colleagues argued that wn order to.establish whether suppression
interferes with the use of phonology. the experimental task must

require the use of a phonological code.

In the phonological lexical decision task experiment, subjects
were asked to decide whether a presented letter string sounded 1ike
a real word or not. None of the items were spelt like real words,
but half of them sounded like real words (e.g. BRANE). If
suppressien disrupts phonologjcal recoding, then subjects should
take longer to go through such 5a-list and/or make more errors while
suppressing, than when they go through the 1lists silently. A
farlure to find a suppression effect would suggest that suppression
1s not disrupting phonological recoding. The results showed that
suppression did not lead to erther longer reaction time (RT), or

more errors (Besner et al., 1981, Exper iment 6).

This result 15 in sharp contrast with the results obtained in a

study conducted by Baddeley. Thomson and Buchanan (1975). Baddeley

et al. (1975) found, 11n a memory span experiment using visual
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presentation, that the superior recall of short words over long
words (i.e. one syllable vs. three syllable words) was completely
eliminated if the subject was required to suppress. This effect Was g
.not observed if the wﬂ}ds were auditorily presented (i.e. short
words retained their superiority in recall over the long words):
The interaction between modality of presentation and suppression
suggests that the word length effect 1s phonologically driven.
Auditory presentation already provides a subject witq the necessary
phanemic information requ1red/ for the short-term memor& task. If
the suppression technique only prevents transformation of visual
information into a phonemic code, suppré&@?cn could not interfer
with information that was already presented in a phonemic form.
Suppression effectively eliminated the difference between short and
long words when the presentation was visual, thereby indicating
interference between orthographic input and phonemic output.
Without phonology the advantage of the short words was eliminated.
This would leave a subject with only orthographic memory to recall
items, which would hold “chunks* “of information despite the amount
of information in a chunk (Baddeley et al., 1975). The pattern of
results just described suggest that the word length effect i$

phonemically driven,

The, dissociation between the two studies 15 1nconsistent with

: "
the theoretigal position of those authors who hold that suppression
prevents the transformation of visual 1inforimation 1into a sound

representation for the purpose of lexical access (e.g. Baron, 1977:

LS
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Barron & Baron, 1977; Kleiman, 1975; Martin, 19;8; Smith, 1976). If
phonological recoding 15 disrupted by suppression then the
phonological lexical decision task should have been affected by the
suppression manipulation. Besner et al. (1981) interpreted this
dissociation as evidence for the existence of at least two
phonological codes, ofie which is affected by suppression th]e the
other is not. Besner et al. (1981) sﬁagésted that one of these
codes may be used for lexical access and that this particuTar code

-
1s not sensitive to the effects of suppression.

v

In a subsequent study, Besner and Davelaar (1982) arqued that a
stronger case for the existence of two phonological codes could be
made if the operation of these two codes were demonstrated within a
single experiment. To that end, the authors utilized the memory
span paradigm in conjunction with the assumption that both the
phonemic similarity effect (e.g. Baddeley, 1963; Conrad, 1964;
Richardson, ureaves, and Smith, 1980) and the word length effect
(Baddeley et al., 1975) are mediated by a speech-based code. Thisj
assumption was based.on the observation that a phonemic similarity
effect occurs when a phonologically confusable set 15 used in place ‘
of a phonologically disvinct set (e.g. FOOD, RUDE, and SUED vs.
FALL.: LOAF, and READ). In the former case the number of items
recalled in the correct order is greatly reduced. A similar pattern
of results occurs when long words (measured in terms of the number
of syllables) are used in place of short words. Recall of short

words 1s typically superior. However, when these tasks are
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presented visually to a subject, and the subject 1s asked to
suppress, both theie effects are eliminated (e.g. Baddeley, Thompson
& Buchanan, 1975; Murray, 1967: Raichardson et a!‘:’1980). The fact
that suppressipn eliminates both the word length effect and the

phonemic similarity effect has been interpreted as evidence that

i W ,
- "suppression stops the transformation of a visual stimulus nto a

phonemic code." (Béadeleyvegigl.. 1975, p.585).

Besner and Davelaar (1982) reasoned that since suppression did
not prevent lexical access for pseudohomophones in the phonological
lexical decision task, (Besner et al., 1981) then pseudohomophones
should also be better recalled than ;;ﬁpseudahomnphonic nonword
controls in a_span task by virtue of the fact that a represeptation
in the lexical-semantic system icould be accessed and therefore

,/**“’}§§ﬁpp0rt recall. If at the same time the phonelogical simitarity dhg
word iengthieffects can be completely eliminated ﬁ&”gbpprésstn,

then the results would support a dissociation between two

phonological codes.

Besner and Davelaar (1982) report two span experiments. In the
first they examined pseudohomophones and controls 1n conjunction
with a phonemic similarity manipulation; in the second experiment
they examined pseudohomophones and controls in conjunction with a

manipulation of word length.

Their first experiment showed that while the phonological

similarity effect was completely eliminated by suppression for both

&y

-

””

L
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pseudohomophones and control items, the advantage in recall for thé
pseudohomophones over the nonword controls was maintained under thel
syppression condition. fhe resuits fér Experiment 2. manipulating
word length. produced the same pattern. That 1S, while the word
length effect disappeared when the subjects suppressed, the

o

advantage of pseudohomophones over controls was maintained.

These results support the hypothesis of two dissociable
Uphonological codes. In Bbth experiments. suppression etiminated the
effects assoctated with utitization of some form of speech based
code. At the same time. suppression did not -affect another
phenomenon that also had a phonological basis (i.e, the superior
recall of pseudohomophones over nonayords which do not sound like
real words). Th}s was seen aSEZVngESE/>for a phonological code
unaffected by suppression which could access the texicon. Thus both
experyments support the c;aim that there are at least two

phonological codes.

The suggestion that there 15 a phonological access code
unaffecied by suppression is particularly relevant to the
interpretation of the results of two studies examining lexical
dccess précedures n chrﬁdren (Sarron and Baron. 1977; Kimufa and
Bryant. 1953), Those authors based their conclusions on the
assumption that the phonologieal code which can be used to access
the lexicon 1$ sensitive to suppression. The purpose of the present
study 15 to re-assess the possibility that. even in young children,

there may be a phoﬁolog1cal code that 1s not sensitive to
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suppression. Howwthis may affect the conclusions reached by Barron
and Baron, (1977), and Kwymura and Bryant, (1983), will be examined

in the following section.
Evid for it - te i i1

Two theories have attempted to account for the chronological

=

development of the two lexical access codes. ‘The first hypothesis,
the phonological recoding hypothesis, suppo;es that word-meaning
access in beginning readers 15 mediated only by a speech-based code.
However, as fluency develops, an orthographic code is slowly
established 1n addition to the phonological code. There are three
studwes consistent with thas hypothesis (Backman, Bruck, Herbert &
Seidenberg, 1984; Doctor & Coltheart, 1980; Reitsma, 1983). Their

importance to the ;ssue addressed 1n the present thesis 15 minmmal,

thus they will not be considered further. The second hypothesis, the

orthographic recoding hypothesis, states that access 15 based on an
orthogréphic representation and that phonological recoding s a
by-product of the training one receives while 1earnlﬁg to read.
Three studies are consistent with this view (Baron %/Bérron. 1977;
Condry, McMahen-Rideout & Levy, 1979: Kimura &/ Bryant, 1983).
Because the Barron and Baron (1977), and thegzizﬁFE'and Bryant

4&1983), studies are critical to this thesis, they will now be

reviewed 1n detail.

Barron and Baron (1977) asked whether the relative efficiencies

of the phonological and visual codes change across age levels.
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" Children from five different grade levels (grades 1,2,4,6, and 8)

were given two tasks, a sound task and a semantic task.' In both,

children were given several lists consisting of five picture-word

pairs. In the semantic task the children were asked to point to the
pairs in the list that went together (e.g. a picture of "ball” with
the word “bat"). In the sound task the children were to point to
the pairs in which the word rhymed with the subject of the pictur;
(e.g. a’picturé of "corn® with the—- word "horn”). The dependent
measures were the time (to the nearest second) it took for a child

to go through a list, and the number of errors of commission or

omission per list.

Barron and Baron made three typeslof comparisons to assess the

changes that the phonological route might undergo as children grow

older. ?ﬁrst. they examined the ratio of sound to meaniqa‘task

Fesponse times. They expected that children would generaltly show a
decreased RT 1in both tasks as they igrow older. However, they
expected that~developmental changes would also be observed in the
sound to meaning task ratio. SSécifically. if children changed from
a phonological to an orthographic code 1n the meaning task as they
grew older, then there would be a switching from a slow access code
to a faster access code. Switching to a faster access code 1n the
older age groups would lead to relatively faster RTs in the meaning
task compared to the sound task, thus- increasing the sound task to
meaning task ratio. Thus while it was expected that both tasks

would show a decrease in response times as age increases, a

k.
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significant interaction between grade and task type“ﬂwas also

critical to this comparison since it would suggegzya shift n

emphasis from the phonological code to the orthographic code in the

meaning task. A lack of an interaction, which the. authors did not

expect, would suggest equal improvement 1n-the Jgg of the two codes

across all age levels, suggesting that a developmental shift from a
;

phonological to an orthographic code does not occur.
/

“

The second comparison they made was between the two tasks
conducted with or without articutatory suppression. In-this sthdy,
suppression consisted of repeating the word "double” over and over,
while viewing the card on which the picture-word stimuly were
printed. This technique has been shown toa affect performance on
tasks which have a phonemic component {(e.g. Klewmman, 1975; Levy,
1976; Murray. 1968), and is argued to exert th1s effect by
1n§erfer1ng with the mechanisms needed to utilize a phonological

[

code. ‘therefofe, if children change codes as they get older. one’

@uld expect the effect of suppression to decrease with age wn the

se;antic task relative to the sound task. In other words. young
children should show a suppression effect in both the rhy&é task and
’{Be me391ng task since theyﬁwoﬁfalbe relying on phonology to perform
both tasks. The older children would stgli show an effect for
suppression 1n the rhyme task. However, since they would be able to
use the orthographic code 11n the meaning task, no effect of

suppression was expected.

™
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The final comparison involved the distractor items. Under the
confusable condition the distractor 1tems would have been the
correct choices in the alternative task (e.g. - the sound task a
distractor i1tem might Le hook-"fish”, a co~rect item in-the meaning
task; similarly a distractor in the meaning task wou%Q/pe a correct
item in the Msound task as in train-“"rain"). The _non-confusable
items were not relatiﬁz to the pictured object either phono]og1ca?ly
or semantically (e.g. squirrel-"gum*). If a gradual acquisition of
the orthographic code occurs as a child grows older, one might
expect an 1ncreasing effect of semantic confusability on the sound
#hsk and a decreasing effect of sound confusability on the meaning

task.

The results of the study were as follows. First, the
interaction between the task and age variables was not significant
and the ratios of the RTs for the sound-to-semantic tasks were
identical across all five age groups. As noted earlier, 1f children
were switching from an phonological to an orthographic code as they
grew older. this ratio should have shown a steady increass. The
lack of the predicted Age X Task interaction does not support the

notion, that children gradually shift from relying on a primarily

- phonological to a primarily orthographic lexical access code as they
‘&)

become more fluent readers. 5

Articulatory suppression did not exert any main effect on the

response times across age groups in either the semantic or the sound

. tasks. However, there was a significant effect for suppression 1n
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the error data: suppression produced significantly more errors than
the silent condition in the sound (rhyming) task but 1t did not
~ produce more errors in the meaning task. While there seemed to be a

trend towards this effect diminishing with age. the age X task X

@

i erferenge interact&gn was not significant. These results are

) damagng to the phonological recoding hypothesis, since they suggest
that 51:?basgppre551on had no differential effect across age in the
semant ic tasktvnone of the children were using sound representations’
to access meaning. Thus, even the youngest children appearéd to be

b using the orthographic code in order to gain access to word meaning

in the semantic task.

Finally,» the use of confusable as compg;sm?to non-confusable
distractor items produced slower regponse times for all gradé levels
1n both the semantic and sound tasks. This was supported by a main
effect for confusability and by ; fairlure to obtain any interactions
between grade, task, and confusability. The same pattern of results
was observed 11n the error data. These data, then, also do not

support a developmental shift from a phonologicat~code to an

kS

s 4
orthographic code 1n lexical access.

In summary, these results did not support the original
expectations of the authors who felt that the experimental design
would confirm a developmental shift from a phonological “to an
orthographic code. B®ause the lack of evidence of this
developmental shift was apparent with three sets of mantpuiations‘

Barron and Baron abandoned the phenological recoding theory in

4

i
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favour of the orthographic access hypoiﬁgsi&, even for very young
v -~ 5)

chif%ren”hh are just learning to read. -

«

Further evidence that young cﬁildren are able to use an
orthographic code to access word meaning vcomes from a study by
Kimura apd Bryant (1983). The authors noteddggat Japanese children
learn to read two different types of ~scfipts, *kana* gﬁ?"‘kanji“.
Kanji ;s a logographic script, gach visual character symbolizing a
word.4 Thus a Japanese”student,r;ading kanji script must rely solely

on his or her orthographic, y. Kana, oﬁ thg other hénd. 15 a

- syllabary; each symbol 4<gn1f1es a syllable, and the symbol-sound

-

relationships are eng}féf; reguiar.

Kwmura and Bryant examined % the 'foects of articulatory
suppression (counting from’ 1-5 1n Japaneée) on both types of
scripts. The authors proposed that because kanji 15 a8 logographic
script which could be comprehended without reference to any
spegch~based processes it might be unaffected by articulatory
supé;ession. On-the other hand, they proposed that because kana 1s
4 _syllabic script, which is -widely assted to be read only by
recourse to phonology (e.g. Sasanuma, 1980, 1934}ftﬁ15<scrlpt might

be interfered with by suppression. !
/

In their study, grade one Japanese ‘children were asked to
perform a picture-word sorting task. A picture and a Japanese word
(written in ent?er kana cr kanj1) appeared onh a single card. There

were 10 cards n a deck, and the children were asked to sort the

. g
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“

cards wnto a ‘yes' (or same) pile and a “no (of different} pile on
| ' _;5‘ L
the basis of semantic iwdentity. The children’s resno%ses were {:med

for each deck and the number of errors per deck was also recorded.

An additiwonal factor of visual confusability was also p;rt of -

the design. Visual  confusability 1n the kanpn scrtptocqnthion
involved the use of two éymbols that shared the samé strokes except
for one. In the kana condition, visually confusable syllabic names

were drawn from a set of symbois that were found ta be confusing for

five and six year old children (see - Tanaka, 1974 for détanls}f A-

three;way interact ion between script. artzcuiatory_suppressson. nd

vwsual confusabiltty was not expected since thts would suggest thet

gvther visual nformation plays a role n what 15 strictly o sound

task (i.e. reading from kana script) or sound 1nformation plays
role in what appears to be strictly a visual task (reading the kanjy

script}.

|

JU ﬁ

The results supported the predictions by demonstrating ﬂhatAthe
ptcture-word cards written 1n the kana script took s:gnaftcantly

longer to sort when the subjects engaged in articulatory suppression

than under the sailent condition, although there was no effect of -

visual confusability. The kanj: script task displayed the opposite

results: there was no effect for articulatory suppression, however}

the decks of cards with visually confusing 1tems took much longer to

sort than those without such items.

@
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4

Kimyra dand Bryant (1983) performed(‘wm,ar study using grade
one English children, with the limitation that the script factor

could not be included since there 15 only one script in English.

“

Visually confusable words looked visualiy simiar to the object 1in
the picture, sharing the same nitial letter and overall shape {eg.

a picture of a HOUSE parred with the printed word HOURS; The

results demonstrated that visual confusabiiity interfered with the
J

/)
+ - children s performance on the picture sorting task with or without

articulgtory suppression. Articylatory suppression did not affect

children s ability to sort cards. and the interaction between visual

confysaby ity and suppression wal not saignificant. This pattern of
‘resuits resembles those of Barron and Baron (1977} and suggests that
even young children are able to ut1lize an orthographic code for

lexical access.

Teken together. the resuits demonstrdate that grade one Englsh
chidren apparently use ¢ orthograpnic code when redading script.
Further. the results from the Japanese chiidren demonstrate that
redding kanii ;an orti’nog}raphlc seript) 1s unaffected by articulatory
suppression. while suppression does affect Kana which relies on 4

speech-pased code.

t

The relevance of the Besner et 4al. {1981). ang Besner andg
Daveiaar «19823 studies to the nterpretation of the results
_obtained by Barron and Baron{1977). 4nd Kumura and Bryant (1982) 15
straight forward. » If adults can use two phonological codes. 15 1t

possible that children have the same capacity? If voung readers do

'
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N

*:5 .
have two phonological codes available., 1t may be that they dre using
the lexical acEess code which 15 unaffected by suppn‘ess)on. This

possibility renders the Ba;?on and Baron.(1977_), and the Kwmura and

Bryant (1982) results uninterpretable. Th\ﬁnJ'pose of the present

study 1s to determinc whether a phonological code unaffected by

suppression 15 available to children. The experiment designed to -

answer this question 1s discussed 1n greater detail below.
T .

X .~

i r r ri

In Tight of the evidence feviewed above the present
investigation attempts to determine the presence of two phonological
codes 1n  young readers. This general question can be reformulated
as  two mpre specific questions. Farst, 1s 1t the case that young
ghiidren have two phonological codes available or, alternatively, 15
1t the case that the younger chiidren have available only 4 single
phonological code while the older children can benef1t from the
availability of two such codes? This latter outcome seems possible
since 1t may be that the second phonological code which 15
insensitive to suppression develops as a child progresses from

beginning to fluent reading.

P
In ordéw to answer these questions, the picture-word matching

procedure used by Barron and Baron was employed. However, this task
was modif ed so that all letter-strings used were pses}hphomophones.
for example BRXNE. TREA, KAR and o on. Performing a matching

procedure using pseudohomophones forces the  subject to
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phonologically recode the letter strings to gain access to word
meanings. If suppression interferes with the transformation of
orthographic information into a phonemic code, then performance on
any task using pseudohomophones should be disrupted when
suppressing. A task unaffected by suppression would gquestion the
conclusions of Barron and Baron, (1977), and Kimura and Bryant,

(1983). This will later be esamined in detail.

The pattern of results that would pr;vide evidence for two
phonological codes 1n children, one affected by suppression while
the other 1s not, would be the same pattern of results observed 1n
adults. Besner et al. (1981) and Nildiné and White (1985},
examined the RT and error rates of adults making rhyme decisions to
visually presented pairs of letter strings while they were either
suppressing or quiet. jhe results showed an effect of suppression
for both dependent measures. Subjects‘took'longer to go through a
T1ist, and ihey made more errors when they were suppressing, compared
to the quiet condition. Besner et al. {1981) also used non-words
and found an effect of suppression for the error data, but not for
the RT ~data. The children i1n the present study are therefare also

expected to display a suppression effect in the rhyme matthing task

either for RT, error rate. or both RT and error rate.

" Adults making homophony judgments exhibit a different pattern
of resuits. Baddeley and Lewis (1981) had subjects decide whether
or not a non-word sounded the same as a word with which it was

--paiwred. The authors measured RT and error rates when subjects were J
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erther suppressing or quiet. The results showed that suppression
did not increase either the RT's nor the error rates compared to the

quiet condition. A phonological lexical decision task i1n Besner et

F -
al. (1981) - produced similar results. The  task involved

distinguishing pseudohomophones from nonpseudohomophic control

nonwords while they were either suppressing or quiet. Subjects did
not take longer, nor did they commit more errors when they were

suppressing compared to the quiet cendition.

In this study the focus w11l be placed on the error data
results. This is because in previous studies (e.qg., Besner et al.,
1981j. RT results did not provide as clear a pattern of results as
did errors. In earlier research, errors were analyzed as a
percgntage of responses. However, the present study‘s error
ana}}éis was conducted 1in two separate ways. First, errors as 4
percentage of responses is presented. Secondly, errors are divided
into two types: misses and false alarms. A "miss” 15 defined as a
matching pseudohomophone-picture pair (e.g.. for the rhyme task,
pseudohomophone--KAT, picturéfaBAT) which a subject faills to
ldené)fy as a positive pair. A “false alarm” is defined as a
pseudohomophone-picture pawr that does not match but 1s identified
by the child as a positive patr. An assessment of these two error

types will prove to be empirically interesting, since other

ﬁgggsearchers have never examined this i1ssue. Indeed, Wilding and

White (1985), intended to carry out an analysis with misses and

dr
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false alarms,, but an oversight in data collection prevented

completion of this analysis.

The chwldreﬁ will be askedr_pﬁw perform two tasks requiring
phonological recoding: a p1cture-pse&d9homoph0ne rhyme task (eg.
picture of a star paired with thELWletter-st;ing KAR), and a
picture-pseudohomophone matcﬁlng task (picture of a car paired with
the letter-string KAR). The terms rhyming task and homophony task
will be appited to these two tasks respectively throughout the
remainder of thig thesxé. These two tasks will be performed under
both silent and articulatory suppression conditions. A smmple
picture-picture matching condition will also be included in an
attempt to establish baseline performance. and assess any

non-specific effects of concurrent articulation.

If young childaren are able to employ two phonological codes

that are qualitatively different from each other from the beginning

of the early stages of }eadmng. then we expect them to be unaffectéd
by suppression 1n the homophony matching task. Such a resuit would
certainly leave Barron and Baron's (1977} data open to the
possibility that thg children mav have been employing a phonological
code in the semantic condition that was not affected by suppression.
Thus the conclusion that young children were using an orthographic
code 1n the task may be invalid. A further consideration 1s that a
phonological access code.insensitive to suppression may evolve out

of the earlier one which 1s sensitve to suppression. If this 1s the

&

-k .

A
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case, then young children may display an effect for suppression in

the homophony task while the older children will not.

A subsidiary issue which the ;resent exper iment addresses
concerns the potential effect of varying suppression rate. As
Besner et al. (1981) demonstrated. th;' rate of~§EBEF€§saon\pan
dramatically affect the results. Besner et al. (]1981) performed two
phonological lexical decision experiﬁénts such that in gbe, the
subjects articulated as. fast as they could. while 1n the second,
subjects suppressed at a slower rate. The dependent measures in

both were RT and the number of errors. The resuylts contrasted

&
~ sharply: the first .experiment showed no RT effect but a strong

error effect, while the second experiment showed neither anm RT nor
an error rate effect. Barron and Baron (1977) do not report any

details pertaining to the suppression rate they employed.

'Co;?!ﬁhen%ly, if we are to interpret the results of anhy experiment

employing the suppression technique, it would be nstructive to
collect further data on the potential effects of varying suppression

rate.

The present study uses two rates of suppression n conjunction
with the three tasks described above. Both RT and error rate
effects will bhe examned. If rate of suppression affects
performance in children as it does in adults, the fast suppression
¢ondition might have an effect on the error rate but not on the RT
mé5§0(g;‘ However, under tpe slower suppression rate, it 15 possible

P N

that there will be no decrement 1n accd}acy.
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METHOD

- B - ¥
aubjects

Seventy-two children, 24 from each of grades 2, 4, and 8, were

the partic1pants./“Three schools of the Waterloo County Board of

Education were/visi%ed in order to fulfill the required number of

subjects for each grade. A1l children were of average reading

ability or better for their grade as reported by their teachers and

all reported English as their first 1angdages

Children were given a consent form for their parents to read
and sign (see Appendix A). It was- stressed that the children
themseives must also be wiliing to participate before the parents
signed the consent form. All children whose parents signed the

consent form were entered into the study.

Design

The study was a 3(grade levels 2, 4, 8) X 3(picture-picture,
rhyme. and homophony matching) X 3 (quiet, fast suppression rate,
s Tow suppression rate) factorial design. The betweenfﬁubject factor
was grade ievel, while the within-subject factors were the three

tasks and the three articulation conditions. -

: #
The order of the nine within-subject experimental conditions
was randomized for each subject, however both rhyme and homophony

picture-nonword paired stimuli were counterbalancgd by an incomplete
\
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LR
Latin Square such that each letter string occurred 1n each

condition. The picture-picture stimuli  were separately
counterbalanced by an incomplete Latin Square such that each picture

pair occured in each condition. Appendix B 1lists the incomplete

Latin Square counterbalancing for the stimuli.

o

‘/

Stimylys gnd Materials

The stimulus material used in the study consisted of 27 single
page lists: 9 of the 1lists had five picture-picture pairs edch,
while the remaining 18 had five picture-letter string pairs. Each
11st was covered by acetate to protect it from wear and teari The
pictures were line drawings approximately 9 cm. wide X 6 cm.l"h1gh,
The Tletter strings were printed n lowercase and each letter was
approximately 5 mm. square. All letter strings formed the
pronunciation of objects that were familiar even to the youngest
ch11q as determined in an -informal assessment by four children aged
5 to 8. For a list of the pseudohomophones used 1n thi1s study see
Appendix C. The pictures of the objects were pretested by the séme

method.

On each 1ist of five pairs there were either two or three pairs
that required a "yes" response. The non-matching 1tems 1n the list
were rarfomly assigned pictures andygpnswords. These pairs were not
rhyming distractors. In addition, there were 9 practice lists, one

preceding each conpition. These practyce sheets contained pairs



Phonological recoding n children 35

L

that were separate from the. actual test i1tems and were not utilized
s »
as test material in the study.

/
The twme taken to go through each 1list was measured by a

digital stop watch that measures time to the 1/100th of a second.

Procedure

Each child was tested individually, at thg school, in a
separate quiet room. The initial task the children performed was to
establish a fast and slow rate of suppression. The child was told
to count from 1-10 as fast as he/she could for— five seconds. The
number of times each c¢hild counted from 1-10 was con‘%rted to the
total number of items (e.g. if the child counts from 1-10 twice in
the five second period, then the total number of items will be 20).
From this total, the number of items the chi1ld was able to say per
second was established (e.g. 1f the child was able to say a total of
20 1tems, then the number of 1tems per second would be four). From
this number a fast rate (1.e. 757 speed of the child's fastest rate:
in_ the example above this would translate to 3 i1tems per second),
and a slow rate (i.e. 257 speed of the child's fastest rate; 1n the
example this would be a rate of 1 i1tems per second) was calculated.
In the case of fractions, the number of 1i1tems per second was rounded
to the nearest whole number (e.g. f a fast rate of 3.72 1tems per
second was calculated this would converted to Tfour items per
second). Appendix D contains a transcript of the instructions read

to the child for thi1s part of the study. In the experiment, when
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the child was required to suppress. the child counted from the
beginning of the trial to the end of'the trial at either ‘the fast or
slow rate. If the child was not able to maintain the proper rate of
suppression specified, the experimenter reminded the child that they
were either going too fast or too slow, and provided an\giampie\of
the proper rate at wh?ch the child should be suppress12§f‘“§g:ie
this was not a common occurence, a child would usually be remi\ﬁed :
once during the course of the testing. This usually occurred dufing

the early stages of the testing while the child was getting used to

the dual task procedure. .

After the rates of suppression were established the child was
shown an examplé of a list accompanied by an explanation of the.
task. In addition the child was instructed that all the letter
strings formed the pronunciation of words with which they would be
familiar and examples werz given. An example of each type of list
1s presented in Appé‘ x E. The child performed the practice list
of the relevant congition and any questions the child had were-
answered as clearlv as possible. Timing for a trial began when a
T1st was flipped over and the ent1;e page was in complete view of
the child. The timing ended when the child started to turn the list
over, The task was to point to the pairs that go together according
to the instructions supplied by the experimenter. This process was
repeated for every condition. For a complete transcript of the-

instructions given to the child, refer to Appendix F.

°
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During thecexperlment. th? child was reminded of the task they
were to perform Before each block of three lists. 1In addition, the
¢h1ld was instructed as to the relevant articulation rate when they
were not 1n the silent condition and were given an example of the
rate. depending on the condition. The dependent measure was the
time taken by each child to complete each 11st, and the number of
errors made. b

RESULTS

An analysis of variance for each task was conducted on the RT
and the error data. As mentioned before, the error analysis was
conducted n two ways. Combined errors were analyzed as well as two
separate categories of errors: "misses” which occurred when a
subject failed to identify a positive pair;’ “false alarms*® which
occurred when a8 subject mistakenly identified 2 pai; as a match.
The miss and false alarm error rates were calculated in the
following manner. Each condition consisted of three lists, each of
which had five letter string-picture pairs. From the threéﬁlists
there were a total of eight pairs that matcheq and seven pairs that
did not match. The miss rate was calculated by aiv?d1ng the total
number of matching pairs the child failed to identi1fy by eight. The
false alarm rate was calculated by dividing the number of unmatched

pairs that the chyld 1denti1f1ed by seven.
. ¥ e
Analysis of both the RT and errors was conducted with data that

had been adjusted by elwminating the outliers in the RT data. This

process involved calculating the standard deviation for each

-
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condition, for each garade, using the RT data. Any single trial
value that fell outside a range of plus or minus two standard
deviations from the mean was elwminated. Errors committed on those

trials were also excluded from further analysis, thus elwminating

‘Bperrawttz:ta. This procedure resulted 1n eliminating approximately

5% of thewdata collected across all conditions.

The adjusted error data were converted intoe proportions,
followed by arcsin transformations. Errors reported n the tables
are represented gé percentage scores; the analyses of. variance Sfe
based on transférmed values. It should be noted that secondary
error analyses were done without transformations to ensure that the
results were not distorted by ', the transforma;:ons. The

transformations did not alter any of the results, therefore the
i :

. analysis without transformations will not be considered further.

Pictyre-picture task. A two-way analysis of variance on the RT's,

misses. and false alarms 1n the picture-picture. task was included to
assess any non-specific effects of suppression once the data had

been corrected for outlhiers.

Reaction time data. The 5verage RT per grade for each condition
15 given in Table 1 and the upper left panel of Figure 1: the ANOVA

summary table for the RT data 15 found in Appendix H. The analysis

of variance revealed a main effect for \G;ade. £(2.69)=41.74,

v MSe=5.29, p<.01. The mamin effect of Suﬁpression was not

stignificant, E(2, 138)=2.92, MSe=1.38, .05¢pc<.06. The Suppression X
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Grade interaction was not significant (E<l}. The main effect of
Grade reflects the fact that older children performgﬁ the task
faster than younger childgsn. A Fisher Least Significant Dxfference
(LSD) test confirmed thishyéirend. Grade 8 children were
significantly faster than the grade® 4 children, who were
significantly faster than the grade 2 children.

The observation that the main effect of” suppression approached
sigmificance was due io & decrease in RT when subjects suppressed
(overall means were 6.63. 6.52, 6.18 for Quiet, Slow, and Fast
conditions respectively). It‘ would be premature to clamm that a
non-specific effect of suppression was not present in these RT data.

gngn_g‘;g_:_%gmnanQ* The average percentage of comb 1ned
errors for each cﬁndition per grade are given in Table 1 and the
upper right panel of Figure 1; the ANOVA ;ummary table can be seen
in Appendix 1. An analysis failed to yield significant effects for
Grade (E<1) or the Grade X Suppression imteraction, (4, 138)s1.22.
MSe=.003, §5.05, The maip effect of Suppressaonﬁwas significant,
£:2. 138)=7.53, MSe=.003, p<.05. A Fisher LSD test showed that the
significant differences were between the slow suppression rate and
both the quiet condition and fast suppression rate. The drifference
between the quiet and fast “ suporession conditions was not

significant. ! .

Ercor data-misses, The average percentage of misses for each '

condition for each grade are girven in Table 1 and the lower left

P
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TABLE 1 | -
MEAW RT. COMBINED. MISS. AND FALSE ALARM RATES A5
A FUNCTION OF GRADE. AND SUPPRESSIGM FOR THE PICTURE-PICTURE TASK

GRADE 2 GRADE 3 GRADE 8
mx 3 s E ¢ 3 E @ L %
RTISEC ) 8.50 8.45 7.85 6.30 543 591 500 4.57 4.77
(DI 2.09 2.62 2.26 1.10 1.51 0.87 1.48 0.72 093
COMBINED{ § 3.05 6.92 4.84 3.60 5.54 1.24 1.38 .78 4.14
(SD) 6.80 7.48 6.73 6.20 5.92 2.90 3.3 924 .12
MISSES(. )  4.89 5.03 5.21 5.03 5.00 0.52 2.08 4 69 3.13
(5D} 9.62 9.82 9.69 9.11 8.53 2.55 4.7 B.89 5.53
FALSE ALARM 1.19 8.94 4.62 1.79 620 223 G.60 9.77 4.7°
(1 o(SDs 5.8310.17 9.68 4.82 BT 65.30 2.92 13 8% 40 .
SUPRESSION, CONDITION —
Q=0UIET ¢
S=5L0W
ExFAST )
SDsSTANDARG DEVIATION
/’i
T f
i
>, \,
-
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Mean RT, percent combined errors, percent
miss errors, and percent false alarm errors
for the picture-picture matching task as a
function of grade and suppression
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. t )
panel of Figure 1: the ANOVA summary table can be seen in Appendix

J. An analysis of variance failed to yreld significant effects for

Grade, (F-1). Suppression, FE(2.138)=1.10. MSe=.006, p-.05. or the

Grade X Suppression interaction, F(4,138)=1.05, M3e=.006, p>.05.

It can be concluded that the suppression manipulation did not
have any non-specific effect on the number of misses 1n the

picture-picture matching task.

The averé@e percentage of false

dlarms for each condition for each grade are given i1n Table 1 and
the lower right panel of Figure 1: the ANOVA summary table can be
seen 1n Appendix K. An analysis of variance failed to yield
significant effects for Grade, or for the two-way interaction
between grade and suppression (F's < 1j). However!lhe main effect of
Suppression was significant. 5(2.f38)=14.15. MSe=0.0€§25. p<.01. A
Fisher LSD test showed that the significant differences weFé between
the slow suppression rate ahd both-the quiet condition and fast
suppresstion rates 1n the picture-picture task. The difference
between the slow suppression rate and the other two articulatory
conditions 15 due to an increase 1n the false alarms when subjects

are suppressing slowly. This increase seems to be evident across

all three grades.

Since the misses data do not show a non-specific effect of
suppression in the picture-picture task, and since the fast

suppression rate also does not lead to an 1ncrease 1n the number of
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false alarms, the_ increase 1n false alarms'Aundgg the slow
suppression rate 1is unexpected and does not <seem to have a logical
exp1an;;ion. The evidence strongly favours “the hypothesis that
suppression does not affect the error rates dramatically as a
function of any non-specific effects. A theoretical basis for the

selective effect of the slow rate on the false alarm data does not

©exist at this time. } ‘i

In conclusion, because ’ suppréssvon does not display any
dramatic effects on the error measures in the picture-picture task.
it seems safe to conclude that any effects of suppression which may
be found 1n either the Rhyme or B6mophcny tasks will not be due to

any non-specific dual task performance effects.

Rhyme task analysis.Following the elimination of trials on which the
€

RTs were greater than two standard deviations above or below the
mean, an average RT, combined error rate, miss error rate, and false
alarm error rate., for each condition per subject were computed.
Means Tfor all four dependent wvariables fpr<~each condit1on across

grade level are presented in Table 2 as wel1-3%
?

Reaction time data. The ANOVA summary table for RT 15 found 1n
Appendix L. A two-way analysis of variance produced main effects
for Grade, F(2,69)=27.40, MSe=40.88, p<.01, and Suppression,
F{2.138)=11.40, MSe=5.22, p-.01. The" interaction of Suppression X
Grade was not statistically significant, F(4,138)=2.10, MSe=5.22,

=

p-.05. ~
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S

TABLE 2
MEAN RT. COMBINEG. MISS, AND FALSE ALARM RATES AS
A FUNCTION OF GRADE. AND SUPPRESSION FOR THE RHYME TASK

_ GRADE
GRADE 2 GRADE 4 GRADE 8
/M“QQED:‘ZEQ:ZL
’ RT{SEC)”  16.48 14.65 13.30 10.13 9.73 8,56 7.30 7.30 6.64
(D) —- 6.92 6.79 5.46 2.26 3.25 2715 1.73 2.04 1.63

COMBINED(-}) 23.45 29.45 27.35 11.93 18.74 18.45 8.86 13.87 14.13
(SD) 17.47 12.93 18.81 11.47 10.63 11.40 7.96 10.77 8.82

MISS{x) 30.24 32.26 37.33 15.45 28.30 27.15 15.98 22.57 21.15
{SD) 19.61 12.95 22.89 14.14 16.98 17.68 14.83 16.89 16.43

FALSE ALARM 16.91 21.28 20.45 7.75 7.98 8.94 0.60 4.17 5.36
fob /7(SDy "21.75 24.15 26.37 13.32 13.48 12.52 2.92 8.92 8.23

SUPPRESSION CONDITION
———G=QUIET ~
S=SLOW
F=FAST
4
« SD=STANDARD DEVIATION
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Figure 2 Mean RT, percent combined errors, percent
miss errors. and percent false alarm errors
for the rhyme matching task as a function
of grade and suppression

y
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A Fisher LSD test was conducted for each main effect. The LSD
test on the Grade main effect indicated that performance by the
children at the grade 2 level was significantly slower than the
other two grade levels (14.81 vs. 9.47, 14.81 vs. 7:11, LSD=3.65}.
The difference between the grade‘/4 and grade 8 children was not

significant.

The Fisher LSD indicated that the Suppression main effect was
due to the fast condition producing a8 quicker RT than either the
slow suppression condition., orf quiet condition {11.30 vs. 9.50,

10.59 wvs. 9.50, LSD=0.75). There was no significant difference

v

-between the slow suppression and the guiet conditions.

These results are somewhat surprising in that the RT data was
not expe‘féd to reveal an mprovement n performance when the
children suppressed in the fast condition. zThe RT data for the slow
and quiet conditions 15 more in line with the results from other
studies. This interesting result 1in conjunction with the RT data
from the pictureaplgﬁure task ;111 be further examined in the

discussion. ¢

43

o

cror - combined. The percentage of errors for each
subject. under each condition, was calculated. the averdge
bercentage of errors per condition across grade levels are avatlable
in Table 2 and the upper tight panel of Figure 2. The ANOVA sdmmary

table for combined errors 1s found in Appendix M.
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An analysis of variance indicated main effects for Grade,
”f

E(2.69)=16.14, MSe=.027, p<.05, and Suppression, f=(2,138)=5.85,
g

MSe=.013, p<.05. The Grade X OSuppression 1nteraction was not
I

significant (E<}).

)

A Fisher LSD test 1ndicate& that the Grade main effect was due
to a significant difference in the number of errors made between the
grade 2 children and the grade 4 and grade 8 children (.276 wvs.
167, .276 vs. .125. LSD=.095). The difference between the grade 4
and grade 8 children Qas not significant. A Fisher LSD test for the
suppression main effect showed that when children were in the quiet
condition they made fewer errors than when they were in the slow and
fast suppression conditions “(.152 vs. .211, .162 ws. .205,
LSD=.039). The difference between the sSiow and fast suppression

conditions was not significant.

This pattern of results replicates those of Wilding and White
{1985) 1n adulis. The next two sections will determine 1f this
pattern of results changes when the errors are divided into two

categories.

Error data-misses. The total number of misses for each subject.

for each condition was summed and converted into a proport%on. The

average proportion of errors per condition across grade levels are
available in Table 2 and the lower left panel of Figure 2. The

ANOVA summary table for misses are found in Appendix N.
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, An analysis of varilance indicated main effects for Grade,
F(2.69)=9.21, MSe=.044, p<.01 and Suppression. E(2,138)=5.06,
MSe=.031. p-.01. The Grade > Suppression nteraction was not

statisticatly significant (E-1}).

~ A Fisher LSD test indicated that the Grade main effect was due
to a significant difference 1n the number of eg;ors made betgéen the
grade 2 and grade 8 chiidren (0.350 wvs. 0.205. L5D= 0.120). The
grade 4 children made neither significantly more errors then the
grade 8 children. nor significantiy less than the grade ¢ children.
& Fisher LSD for the suppressiorn main éffect showed that while there
was a difference between the Quiet and the Slow conditions. dnd
between the Quiet and the Fast conditions (0.21d vo. 0.286, 0.214
vs. 0.300. LSD=0.058) the differenc% between fhe slow and fast

suppression rates was not sigmificant. e

The pattern of results between,}he suppression and the quiet
conditions 15 dentical to that obser&kd 1n adults (Wilding and
White, 1985). Suppression 1ncredsgd“tne number of misies compared
to the guiet condition. however the difference between the ¢low dand

fast suppression conditions was not significant. The second part of

the error data. the false aglarms. must now be considered

r -fal lar The number of false aldrms  wds
totalled i1n each condition for each child. This tota¥'Q35 converted
intg proportions 1n the same way a5 the misses. The average

proportion of false alarms n each condition for each grade level 1s

3

S|
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&

listed n Table 2 and the lower right panel of‘gﬁjgure 2. As with
the miss errors. an arcsin transformation was wused on the false )

alarm proportions. These transformation values were used 1n all

?urther analyses. The ANOVA summary table for false alarms 1s found

wn Appendix 0.

An analysis of wvariance indicated a main effect for Grade
E(2.69)=8.58, Mge=.066, p<.01., but not for Suppression., F(2,
138)=1.58. MSe=.014, §>.05. The Suppression X Grade interaction was

not significant (ﬁll).

A Fisher LSD test indicated that the Grade”m91n effect was due
mainly to a sigmfi.ant difference between the grade 2 children and
the grade 8 children (0.212 vs. 0.040, LSD=0.147). The grade 4
children did not make significantly fewer errors than the grade 2

children. nor significantly more errors than the grade 8 children.

Homophopy task analysis. Once agawn. trials whose RTs were greater

than two standard deviations above or below the mean for both the
grade level and articulatory c;ndttlon. were elmminated. Mean RT.
and error proportilns were then calculated for each condition. per
subject. The means for each condition are presented 1n Table 3. as

) &
well as Figure 3. Arcsin transformations were used in the analysis

for both types of errors.
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TABLE 3

?

MEAN RT, COMBIMED, MISS. AND FALSE ALARM RATES AS

A FUNCTION OF GRADE. AND SUPPRESSION FOR THE HOMOPHONY TASK

GRADE
GRADE 2 GRADE 3 GRADE 8
Iagk Q 2 £ a o £ @ - = E

RT(SEC) 12.98 10.92 9.26 7.09 7.36 7.02 v.47 5.62 5.33

" (SD) 4.90 2.79 2.10 1.17 1.63 1.58 2.93 1.05 0.99
|

COMBINED(+) 15.12 14.57 14.15 4.15 7.21 10.25 4.42 5.53 6.92

(SDy . 14.08 11.72 11.69 7.03 8.55 12.90 5.06 7.26 8.89

MISS(%) 14.69 16.77 15.94 4.17 8.16 10.76 4.69 5.21 8.85

(5D) 16.09 15.40 15.32 8.77 12.74 12.58 8.09" 8.17 12.49

FALSE ALARM 15.92 11.91 11.62 4.17 5.96 9.53 4.17 6.25 4.77

(#) / (SD) 17.02 16.14 15.32 8.92 10.26 16.67 7.87 12.16 10.04

¢

SUPPRESSION CONDITION

Q=QUIET
S=5L0W
F=FAST

SD=STANDARD DEVIATION

i

v

~N

4
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o ~

Figure 3 Mean RT, percent combined errors. percent
miss errors, and percent falsé alarm errors
for the homophony matching task as a
functron of grade and suppression

/;é-:;-_;
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Regction time dgig. The ANOVA summsry table for RT 15 found in

Appendix  P. A two-way analysis revealed main effects for Grade,
E(2.69)=49.68. MSe=10.75, .pc<.01. and Suppression, F(2.138)=13.83.
Mges3.53, p<.01., a3 well as & Suppression X Grade interaction,

£14.138)=6.23. MSe=3.53. p<.0%.

A Faisher LSD test indicated that the interaction was due to the
faest suppression condition producing srgntfucantly faster RTs than
the slow suppression condition, which 1n tyurn. was faster than the
quiet condition (12.98 vs. 10.92. 10.92 vs. 9.26, LSD=1.07) at the
grade ¢ level All of these differences disappeared at the grade 4
level. At the g¢grade B8 level_ the" difference between the fast
suppresston condition and the qutet condition was the only one ghat

<

wds signifacant (5 .33 vs.-6.47, LSD=1.07).

-

The suppression facilitation effJect? in the RT data. seen 1n
the rhyme task is also evident in the homophony task. While this
result 1s somewhat surprising, there 15 some evidence that the
resylt  wn the RT data s not specific to the tasks at hand, but

instead a result of the suppregsion mantpulation 1tse1f";

Error data - combined, The percentages of combined errors per
condition across grade level in the homophony task are available n
e

Table 3 &nd the upper right panel of Figure 3. The ANOVA summary

table for combined errors 1s found 1n Appendix Q.

An  analysis indicated a main effect for Grade, £(2.“6§)-9058.

Mies«. 017, p<.05. A Fisher LSD test indicated that grade 2 children
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made more errors than grade 8 children (.150 vs. .060, LSD=.075).
The grade 4 children did not make fewer errors that the grade 2
cnilaren nor did they make more errors than the grade 8 children.
The Suppression main effect. [(2.138)=1.66. MSe=_.007. p:.05. and the
Grade X Suppr;551on interaction, [F(4.138}=1.1% MSe=.007. p>.05,

were not sigmificant.

ror -m1 . The calculation and analysis  of the
homophony miss data was conducted 'n the same manner oS the rhyme
miss data. The ANQOVA summary table for misses 15 found in Sppendix

R.

A two;wayR analysis ndicated a main effect for Grade.
Ei2.89)=7.76. MSe=.025. p.01, but not for Suppression,
F12.1387=2.45. #$e=.011, p-.05. The Grade = Suppression interaction

wdas not significant {f£-1).

A Fisher LSD test indicated that the Grade mdan‘fffe&t was due
to a signmificant difference betweeﬁ the grade 2 children dnd the
grade B8 children (.164 ws¢. .068, LSD=.690). The grade 4 children
did not make fewer errors than the grade ¢ children. nor did they

make more errors than the grade 8 children.

When the above pattern of resﬁits 1¢ compared to the pattern
observed 1n adults a striking swmilarity 15 apparent. In adults,
suppression increased the number of errors in a rhyme task (Wilding
and White. 1985). however suppression did not increase the number of

errors- 1n a homophony task (Baddele§ and Lewis, 1981). The results
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Both the total error analysis and the miss error analysis appear to
support the hypothesis that two separate phonological codes are
operatidﬁa1 in children. The implications of this result will be

further explored in the Discussion section below.

Error data-false alarms. As with the rhyme data, proportions
for the homophony false alarm data was calculated in each condition, )
for each ch1ld. In addition, the analysis was conducted;in the same
manner as the false alarm rhyme data. The ANOVA summary table for

—

false alarms is found 1n Appendix S.

The analysié displayed a main effect for Grade, F({2.69)=4.81,
M5e=.028, pe<.05. A non-significant result was obtained for the
Suppression  main gffect {E<1) and the Grade X Suppression
interaction. £(4.138)=1.37, MSe=.013, p>.05. The main effect of
Grade ref1§cts feyer false alarms at the grade 8 level compared to
the grade 2 1evelsj -The grade 4 children did not differ from either

—

the grade 2 children, nor the grade 8 children.

DISCUSSION
The pﬁrpose of the present study was to determine whether
children, like adults, have available to them two separate
phonological recoding procedures rather than a single process as has
previously been assumed. An alternative poessibility also examined
in the present study was that younger childrén might have available

only a single phonological code, wﬂ}ﬂe the older children might have
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availabie two such codes. That 1is, 1is there evidence of a
developmental trend from a single phonological code into two
separate phonological codes, or is there evidence of two

pnonological codes operating at a very young age?

In this discussion.qghe error data will be examined first, with
an interpretation of the misses followed by an interpretation of the
false alarms. Next, the RT data will be examined. The RT data
deserves 'some attention because of the suppression variable's
Surprig!hg facilitative effect 1n both the rhyme and homophony
tasks. The discussion will be concluded by an examination of the

role of suppression rate in studies with young children.

This study paraileled the Barron and Baron (1977) paradigm,
except for one critical change. In place of words, pseudohomophones
were used so that the subjects 1n the present study were assumed to
use a phonoloegical code to perfo;m the two tasks. ;p\%s possible
that in the Barron and Baron {1977) study. phonological recoding did
not occur since their use hof famihiar Qﬁfds ma; haLe aliowed the
children to read wusing an orthographic code. having learned
initially to read the words using a phonological cod%: This would
have led to the observed results in the Barron and<%aron (1977)
study. However, an alternative interpretation of their results may
be proposed:; if children have ava11ab1e two phonological codes. one

of which 15 not sensitive to suppression, then the lack of a

suppression effect in their data does not permit their conclusion

that phonological Fecoding was not playing a role in the children’s’
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performance in the semantic task. They may well have been using a
»

phonological code which is not affected_g§'suppress1on.

The rationale for the present study was as follows. There
would be strong evidence of two phonological codes 1n children 1f
they produced the same pattern of results as adults 1n a rhyme and
homophony task. The pattern-in the adult 1literature is straight
forward: suppression increased the number of errors when judging
whether or not a word pair rhymed {(Wilding & White. 1985). however
suppression did not increase the numbgy of errors when making a

homophony judgment (Baddeley & Lewis, 1981).

The pattern of the errors 1in this StUS; replicates the pattern
observed in the adult titerature. A main effect of suppression was
observed 1n the rhyme task 1n both the combined and miss error
rates. Further analyses determined that this difference was between
the quie% condition and the two suppression cynditions for gblh
error measures, although the error rates between the-fast and slow
suppression conditions did not differ. The homophony task provided
evidence that 1s crucial to the proposal that a phonological code
exists which 15 unaffected by suppression. For this task., the data
analysis for both combined and miss érror rates indicated that there
was no main effect of suppression. Further ther@ was no ‘interéctian”
between suppression and'grade. This latter result indicates that a
developmental trend did not occur, and that the child's ability to

use a phonological code unaffected by suppression was evident for

even the youngest children in the sample.

"

“
1l
I
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The implication of thi1s result 1§ apparent to the
interpretations of both the Barron and Baron (19%7). and Kymura and
Bryant (1983) studies. Their conclusions were based on the
assumption that readers have available only a single phonological
code which is always affected by suppression. Clearly, the results
of the present study imply thaﬁﬁchildren in the previous two studies
may have been utilizing a phonological code which is unaffected by
suppression 1n performing the semantic tasks. The conclusions of
the above two studies are therefore questionable. A critical
consequence of the present results 1s that the use of the
suppression technique as an experimental tool to dete%} the presence
or absence of phonological recoding fgna the purgase of lexical

access must be abandoned. ~

Until recently the suppression manipulation has been uti1lized
because of its assumed disruption of thekformation of a phonological
code. This method has been used extensively by numerous researchers
ggsed on the above assumption. However, the combined results of
both the present study and that of Besner et al. (1981), and Besner
and Davelaar (1982), provide evidence of the availability of a

phonological code unaffected by suppression in both adults and

ommm——

children. Consequently, the results of studies which have employedJ
the suppression technique with a view to disrupting phonological
recoding become uninformatgye. Specifically, a iack of a
suppression main effect in a reading study couldihe attributed to

pry

one of two possibilities; either subjects are using an orthographic
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code, or the subjects are using a phonological code unaffected by

suppression. A researcher will be unable to resolvg this conflict.

*

Until this 1ssue has been further examined, it 1s clear that it is

‘unwise to use suppression as a means of determining the presence or

absence of phonological recoding.
4

Why does the rhyming task show an effect of suppression in both
the combined and miss error rates while the homophony task does not?
Besner et al. (1981) and Besner (in press) propose that when mak ing
a rhyme or homophony J;nword Judgment, the phonological
representation of the letter string is first ;ssembleda The
difference between the two tasks occurs after the phonology 1s
assembled. A rhyme Jjudgment must rely on further segmentation and
detetion processes on the %honolog}cal whole so that a comparison
between letter strings can be conducted. Homophony judgments. on
the other hand. do not rely on theése processes. Besner (1n press)
proposed that suppression nterferes with tﬁe segmentation and
geletion processes, thereby 1ncreasing the number of errors of
ommission <committed in the rhyme task. Conversely, since these
processes are not required in a homophony task, the lack of a

suppression effect 1s not suprising.

The false alarm data provided a different pattern of results.
The main effect of suppression was not significant in either the

rhyme or homophony tasks. Since suppression does not seem to affect



Phonological recoding 1n children bC

the false alarm error rate, we need not consider these data further

here.

The RT data yielded rather unexpected results. In the
homophony task. grade 2 children were facilitated in performance by
the suppression manipulation as thewsfverformed the tasks. When
mak ing comparisons from the quiet condition to the slow to the fast
suppression conditions prigressively shorter RTs are indicated.
This facilitation was not observed 1n the grade 4 children, and only
in the fast suppression condition for the grade 8 children. By
contrast, in the Rhyme task the suppression main effect showed that
the fast suppression rate produced significantly qu;;ker RTs than

etther the slow rate condition or the quiet condition for 41l grade

levels.
¢

It is obvious from the above pattern of results that RT data in
children is not a consistent measurement. [t 15 interesting to note
in passing that while a large number of studies examined 1n this
thesi1s have shown eithg} a decremental or no effect at all on RT ot
suppression on a pr“ﬁary task, there 15 at least one study that has

shown suppression

}facnhtahqj the pramary task (e.g. Kinsbourne &

Cook. 1971).

[

One possible explanation for suppression facilitating RT may
lie in the use of pseudohomophones in place of words. The chiidren
in the present study were forced to assemble a phonological code.

and children probably lack the experience to form the phonclogy of
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an unfamiliar letter string without considerable effort. In the
quiet condition the children may have.taken extra time in an attempt
to ensure the proper assembly of the nonword's phonology. Coupling
suppression with the experimental tasks may have acted as an
internal metronome. quickening tﬁe» pace of the cﬁi'dren‘s
performance. Thus, the faster they counted, the faster they
performed the task.

If this process were occurring, one might expect a speed/error
trade-off due to the child not, allowing ﬁ1mself the tmme to properly
form the phonological representions, leading to an error. While the
results do show an increase in the number of misses in the rhyme
condition with suppression coupled with a decrease 1n—RLe the
possibility of a speed/error trade-off 1in the homophony data may be
discounted. While this task resulted in a decrease in RT with
suppression ~for grades 2 and 8, these two grades did not show a
parallel 1ncrease in missed targets or false alarms. In other
words, the grade 4 and 8 students displayed the same error pattern
as the grade 2 children; however, they did not display the same
facilitation effect wn the RT data. Had there been a speed/érror
trade-off, one would have expectgd that the grade 2 children would
have exhibited a significantly greater proportion of errors over and
above the number of errors due to suppression. as the child
progressed from quiet to slow to fast suppression conditions. Thas
did not occur. A speed/error trade-off therefore gannot account for

the céfibined pattern of results.
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An alternative explanation for the facilitation of RT by
suppression may be evident from the picture-picture results. AL/};f—
facilitat ion effect :of suppression was 4iso observed n this task.

Thus the quickening of RT may simply reflect an effect due to the
suppression manipuiation that 15 not specific to the reading tasks.
This might explain tﬂgvoverall results observed n the rhyme and .

homophony tasks, however further study will be needed.

A subsidiary 1ssue which this study attempted to address wao
the effect of varying the suppression rate on the children':
performance. Considering the results from both the RT dnd error
data. 1t seems that varying4 the suppression rate had no appreciable
effect. The error data showed that suppression did not affect the
proportion of false alarms for either suppression rate in either
task. nor did 1t affect the number of misses 1n the homophony task.
In the Rhyme task the number of misses d1d not significently aitfer
between the slow and fast suppression rates. Thus. suppressiun rutei
does not seem to pe 4 factor of concern when considering the error

rates.

The BRI dat? ggttern showed that varying tne suppression rate
only affected tﬁe grade ¢ children’s pertormance and only on the
homophony task. Here,K the fast condition was faster than the <iow
condition. Taken together, thee«RT and error data seems to suggest

that manipulating suppression rate has 1:ttle differential effect.
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Severalk mgthodoiogical considerations for future studies in
this area sh;uld be considered. First, a potential problem inherent
in  the use of pseudohomophones may be the operation of possible
strategy effeéts. Taft (1982) prgsented evidence that subjects used
grapheme-to-grapheme conversion rules instead of grapheme-to-phoneme
conversion rules in a lexical decision task. He proposed that a
strategy may be employed which allowed subjects to map a grapheme
onto a common phoneme (e.g.., PH=F, K«C). These mappings develop an
ability to activate each other, eventually eliminating any reference
vto a phonological mediator. In other words., subjects would
substitute a C for a ngn the pseudohomophone KAT, to make CAT,

Subjects would no longer need to form the phonology for the letter

string KAT but instead could use the visual code for lexical access.

—~— L

Besner, Dennis and Davelaar (1985), tested Taft's
grapheme-to-graphema theory n two experments. The results shoved
that while pseudohomophones facilitated responses to subsequently
presented words {e.g., GROCE--GROSS), nonword letter strings which
were translatable into words through the application of
grapheme-to-grapheme rules did not produce a facilitory effect
{e.g.. GLOCE--GLOSS). The latter results are 1nconsistent with the
grapheme-to-grapheme conversion hypothesis, 1t would seem uniikely
that such conversion rules would be used by the children n this

study.

Further, it wouid be useful to analyze the test items used 1n

such a study as this to determine f there are any patterns in the

&
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-
Pl
“~

error reponses of the children. Items that constantly elicit an
error response could be examined sothat 1t may be determined 1f
there 1s a fault in the construction of the paiwr (Note: this was not
a problem 11n the present study since the 1tems occured in all
conditvons). In relation to this point. a more extensive pretest of
the stimuly would be n order than was possible for this thesnsj‘due
to time constraints. Extensive pretesting would ﬂreduce the
possibility of faulty pairs being assembled; thus possu%iy reducing
patterné& er}or responses on specyfic items. Third., further
analysis of the miss/false alarm error type distinction 15 required.
The present iﬁesas 1s the only attempt to date to distinguish
between the two error types. Future researchers will determine if
the distinction between these two error types contributes to the

)

undefﬁtanding of the reading process in both children and adulits.

L

~

Finally. o more exdcting method of Rf‘ medsurement would be
) _

peneficial. The problem of control over the timing procedure wds

apparent for this study. While other studres {e.g.. Barron & Baron,

477} may also have suffered from o twming control probiem ¢ better
g

4

procedure 1s a challenge to future researchers.

o

. SUMMARY ©

In summary. tne results provide evidence thal children do

-

indeed have available two phonological codes at  ledst a5 early a5
the grade 2 level. The wmplications of two ohogoio;%CaT codes for
the work of Barron and Baron (1977). and Kimurda «nd Bryant {1983)

are- mmportant. Therr research was based on the assumption that

{
&

¢ o

0 *
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there 15 but one phonological code and that it is always affected by
Suppressrone In Tight of the present results, their data‘&ecomes
uninterpretable. Finally, perhaps the most wmportant conclusion to
be%&drawn from the. present results is that the suppression

manipulation, long used as a technique to determine the presence or

~ absence of a phonological recoding process. cannot be used to yield

data to address that issue.
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APPENDIX A " )

Copy of the consent form
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May 6, 1985

Dear Parent and Guardian:

A graduate student in our départment, Mr. Tom Yoannidis, will be conducting
a study with students in your child's class on reading. This Study has been
approved by the Waterloo County Board of Education, but the final decision about
participating in the research is up to you and your child. The purpose of the
research is to increase our understanding of the development of the reading process.

The children will be presented with lists of pictures paired with either other
pictures, or letter strings, which, whep pronounced, sound 1ike words (e.g., KAT).
The three tasks will be (a) to point to pictures paired together which are the
same, (b) point to the picture-letter string pairs which rhyme (e.g., picture of
BAT paired with the letter string KAT), and (c) to point to the picture-letter
string pairs which are the same (e.g., a picture of a cat with the letter string
KAT). Further, on some of the lists, the children will be asked to count aloud
from one to ten while performing the pointing task. It is hoped that these
procedures will give us some insight into the nature of the reading process.

The students are seen individually for about 20 minutes during class time at
the school. The scheduling arrangements are made through the Principal in coopera- -
tion with the teachers. In addition to parental consent, each child must be
willing to participate and may stop at any time during the proceedings. The
session is low-key, non-competitive, and is fun for the experimenter as well as
for the student. .

Although the results of individual children will not be made available, a
written report detailing the general findings will be given to you through the
school. .

If you have any questions about this research, I would be glad to talk with
you. Call me at 884-1970, Ext. 2314, and if 1 am not available, please leave a
message for a return call. Please. return the enclosed form to the school so that
we know whether or not your child is to participate in the research.

‘Yours sincerely,
£ileen Davelaar, Ph.D.

Tom* Yoannidis, B.A.
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I have agreed to have my child participate in the Yes

__research on reading which is being conducted by

Dr. Eileen Davelaar and Tom Yoannidis of the

Psychology Department at Wilfrid Laurier University. No

ES

I understand that my child has the right to withdraw from the

study at any time as well as the right to re%use to participate.

Parent or Guardian's Signature

Name of Child -
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“Appendi1x B

Incompiete Latin sguare counterbalancing
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INCOMPLETE LATIN SQUARE COUNTERBALANCING
Picture-pseudohomophone matches
Task
Rhyme Homophony
Conditvon
Subject # Quiet ‘EEOW Fast Quiet Stow  Fast
Suppression Suppression
51. S7. S13. 519 A B £ D E F
5S¢, S$8. Sle, 520 8 ¢ D £ £ A
$3. 59. 515, s21 C 0 £. F A 8
La
54,510, S16. S22 0 £ £ A 8 C
$5.511, S17, Sa3 (3 F A 8 € 0
$6.512, S18. 524 F A B € D £

A. B. C. D. E. F represents sets of stimuli, each of whizh

contains 7 positive matches, which were divided amoung 3 lists

er set. =
P /

51.52....528., represents the subject number who received the

speci1fied set under each condition.
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)

Picture-picture task counterbalancing

Condition
Sybject # - Quiet Slow Fast
Suppression
S, S4, S7. S10, S13, S16. 519, s22 A 8 €
S%, 5. 58. S11, S14, S17, S20. S23 + B o A
S%. S6. S9. S12, S15, S18, S2i, S24 c A B

S
~

A, B. C represent the three sets of ptctureapzctur? stimuly. each
oé@!g:ch contained 7 positive responses, which were divided amoung
3 lists per set.

$1.52....528 represents the subject number who received tgé

specified set under each condition.

[7
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. Appendix €

Pseudohomophones and their rhyme and picture pairs

L



/

i
W

I

k!

Psuedohomophones  Rhymes

KAR
GLOD
PARRET
BAIR
RAIK
SEEL
BALUNE
PHROG
KLAW
BoCK
KYTE
HOZE
NEE
NERSE
KORN
PHAN
ROCKIT
PHISH
KANDEL
WHAIL
PHLOOTE
PEEZ
KLOCK
PADEL

i

szaglﬁn
ﬁﬁginﬁ
CARRDT
_SQUARE
SHAKE
ﬁ _ HEEL
) RACOON
00G
AW
SOCK
LIGHT
T0ES
KEY
PURSE
HORK
CAN
POCKET
DISH
HANDLE
PAIL
8001
CHEESE
ROCK

SADDLE

Ph#noloqical recoding 1n children 8]

Pictures
CAR
GLUE
PARROT
BEAR
RAKE
SEAL
BALLOON
FROG
CLAW
BOX
KITE
NOSE
KNEE
NURSE
CORN
FAN
ROCKE T
FISK
CANDLE
WHALE
FLUTE
PEAS
cLock
PADDLE
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PYE ‘ EYE PLIE
FONE BONE o PHONE
TRANE CHAIK  TRAIN
KART HEART caRT’
BORE FLOOR DOOR
RIST F151 WR1ST
HONSE MOUSE " HOUSE
MEDEL PEDAL MEDAL
NIKEL PICKLE NIEKEL
PHORK - | STORK FORK
GAITE . SKATE GATE
TYRE FIRE TIRE
KAT © HAT 7Y
KANE PLANE CANE
PHIN PiN FIN
ARROE WHEELBARRON ARROW
SHALE HAIL SHALL
SKEE BEE - i

- WYCH SWITCH Wi ICH
TRUK OUCK TRUCK
KAGE STAGE CAGE
GOAST TGAST GHOST
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X

Appandix 0

Suppression Rate Instructions

G

a2
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SUBJECT INSTRUCTIONS:

The first thing we are going to do. 15 to find out how fast you
I want you to

can count because this will be wmportant for later:

count from one to ten over and over 45 fast as you cén for five
switch the timer on and you are to

seconds. When I say "G0* I wi'l}
After five seconds you will hear the timer make 4

start counting.
click sound and you will stop counting. (E demonstrates the clicking

[}

sound).

¢

Do wvou have any questions?

Are you ready to go?
For calculation of ‘he suppressioen rates to be used 1n the

Note:

o

erperment . see the Method section.

&

o
o
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Appendix £

Examples of Picture-picture. rhyme. and

homophony matching tasks lists

2
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pye g

kanew

trane

skwire]

fone
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Appendix F

Task Instructions
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. SUBJECT INSTRUCTIONS

a

ﬂow we are ‘QOIHQ to do'seme things that you will have fun
doing. What I am going to do 15 give youvsome cards that have
pictures on'. them. Some of these pictures wliiﬂhave other pictures
bes1de them, like this (E shows eéxample of o p1cture=p1cture-c$rd).
while the others will have some letters beside them (E shows an

example of a picture-pnonwe-d card).

When you are using these cards with the two picture-pairs I
want you to point to tne pairs that are the same. 50 on this caerd
vou would pick the pairs with the two baj]s (E points io the pair)
and the two cets (E poinit to ting parr). 1. am going to see how
fast you can go through a list so I am going to use this stopwatch
and time you on each ist. I will start tuming you ds Soon a5 you
flip over .the ‘tard like this (E demonstrates). and I will stop
timing you when you flip 1t over like this {€ demonstrates). You
will then wait for me to write dbwnytﬁe time 1t took you to go
through thé l1st before you start on the next list.- Do you have any

.questions?

®

When you “get the cards with the pictures end lette?& you will

have to look at the ptcturé and read the group of iettersy For one

. type of card, you will decide 1 the name of the object in the
picture rhymes with the sound the letters make.  1f 1t does you are. -
to pownt to the pair. So on thas carﬁ‘you would go down the 1ist (E

starts withhe first paiwr, 2 picgﬂre of a PLOW and the letters



Phonological recoding 1n children 91
- o “

K-0-W which sound like COW when you say it). You would not point to
this one because the sound the letters make (UNYUN) do not rhyme
with the picture object (TELESCOPE). A1l these letters will make
the sound of a -word when you say it aloud. Now look at the next
pair. Here there 15 a picture of a coat with the letters B-0-T-E.
If you say that aloud. you should pronounce 1t 1ike BOAT. Since
these two rhyme you would pownt to this Phir. Try the last three

pairs on this card. (€ fets child go through last three). Da you

have any qugstions?r
. N “
""" for the other type of cards Jyou will have to look at the

picture and read the letters and point to the pairs that have the

letters making the ‘same sound as the object in the picture. Look at

this card (E shows a card to the child). The first pair has a

’ Bvctune of a cat and the lettersuK-AeT which sound like “CAT" when
yoﬂosay 1t dloud. Because the Iett;rs sound like the object in the
plcture.‘yOu wou id point to this paiwr, Now.look at -the next pair
with auplciune of a MITTEN and the iette}s’ OASHUN which‘souné like
“OCEAN".  Because these two do not sound the same you wobid not
point to them. Try the other three pa{rs on the ligt (E lets chilg

go through the last three pairs). Do you have any questions?

For some of these 1ists you will have to count from 1-10 over
ind over while you are going through the pairs. Each{t1me you are
to go through a list where yaﬁ have to count w11l show you how
fast you are to count. It 1s‘1mport$nt that you only count as fast

as I tell “you. You should start counting béfore you flip the card

o s
R
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over, and you stop when you flip the card over again. Let me show

you (E demonstrates).

You are to°go through these lists as quickly as possible but
try not to make any mistakes. If you do make a mistake, don‘t stop,
Just finish the rest of the 1ist. You should also know that 1f you
don't want to continue you can stop and go back to class whenever

you want. Do you heve any questions?

Let*s get started. 1n the first set of lists you will go

through you will have to match...

\
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Appendix G

Raw data for RT

. misses and false alarms



Subjects

Average RT per condition. per trial,
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for grade two children

Picture-picture

Quiet
11.20
9.43

[ — —
omMNQNw@wﬂ
[«

(% )

—

Gt o)
Ob‘md\cr&u
—
L

U‘l
o.-
<

Slow
6.97
12.60
6.72

Fast
5.60
8.33
5.80
5.87
8.76
7.77
9.57
9.00
6.37
8.07

15 .80
7.33
8.13
7.42
12.00
5.10
8.490
5.43
6.37
7.00
8.30
6.43
7.87
6.77

Quiet
13.79
-18.40
s 40
11.47
19.60
12;E0
3:.20
13.?
15.
13.33
19.23
24 .80
25.79
b.53
33.50
12.93
18.23
10.43
20.20
i4.83
19.23
9.70
13.217

“11.73

Riiyme

$

17.

17

5.
6.
20.
15.
26.
16.
7 19.
1.
26.
12.
19.
5.
24.
9.
16.
9.
12.
22.
1.

5.
8.
8.

Task

10w
90
.03
23
00
02
10
40
37
37

50
13
43

Fast
2.87
15.07
4.97
14.80
11.87
i4.70
21.57
9.03
15.07
15.83
25.20
16.30
17.03
8.87
25.7%
6.80
11.87
13.7?
11.22
16.90
11.30
1.97
12.47
6. 20

9.70
8.23
13.83
12 23
10.40
8.60
16.80
9.80
10.10
113
8.23
8.27
6.83
7.13
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Averige RT per condition. per trisl,
for grade four children
Task
Picture-piiture Rhyme Homophony
Subject# Quiet Slow Fast (Quiet Slow Fast Quiet Slow Fast

} 6.57 9.80 8.10 12.77 11.73 1017 8.27 9.80 9.9%
Z 7.93 7.00 5.63 12.63 9.00 10.83 7.83 6.23 6.03
3 6.50 6.60 6.90 11.93 11.33 9.63 5.57 6.80 6.70
4 6.16 7.20 6.43 8.77 10.87 7.87 1.97 6.00 8.70
5 5.70 6.53 5.97 15.60 17.53 11.40  $.23 10.00 8.90
6 540 5.10 5.90 10.37 9.17 8.30 8.17 7.27 8.07
7 6.43 4.23 5.27 8.90 8.67 7.90 7.40 9.27 6.43
8 8.07 .6.50 5.40 10.03 10.63 9.93 8.23 6.25 6.30
9 6.9k 5.60 5. 47 10.77 7.60 7.00 1.70 6.57 6.47
10 53‘ 7.17 6.10 6.20 8.07 6.12 6.07 867 5.07
11 6.10 8.13 5.33 9.47 10.80 8.20 6.27 8.77 6.87
12 4.73 5.93 65.63 11.25 6.97 4.80 0 5.67 8.43 5.67
13 6.70 4.77 4.70 9.00 6.63 6.43 543 540 6.5
id4 7.60 5.00 5.33 7.87 £.723 8.13 $8.20 8.97 .23
15 510 5.80 5.40 9.00 6.20 6.07 6.73 6.47 5.2
16 | 6.95 §.13 5.23 1250 6.1716.67 §.57 6.27 5.65
17 7,&3 8.65 71.00 12.93 15.80 13.10  9.40 7.87 8.67
18 4.83 4.70 S5.87 10,63 6.13 6.10 587 5.00 483
19 6.17 6.27 6.37 8.77 15.85 J0.45 7.33 1.07 7.7
20 5.33 6.07 5.93 10.17 8.87 8.93 633 5.40 770
21 7.97 2,80 7.40 (" 11.05 11.37 11.93 7.43 11.00 11.10
.22 7.00 6.07 6.33 9.30 8.83 6.80 9.47 5.20 6.20
a3 6.80 6.53 6.07 1.37 12.40 5.60 6.40 5.97 580
24 4.25 4.67 4.00 593 6.10 807 573 6.97 &8

)
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Average RT per condition, per trigl,
for gradge eight children

Task
Picture<prctyre Rhme Homophon v
Subject*  Quiet Slow  Fast  Qutel llcw Fast  Qutet Slow Fast
! 356 3.85 3.97 5.3 4.27 5.0 3.82 4.1% &0
2 3.53 3.87 5.73 .77 &9 &6 5903 495 3.9
3 4.77 393 5.2 5.70 $.53 4.97 120 4.50 &3
4 3.67 3.67 3.93 6.57 6.70 $.27  4.60 *6.57 43
g 4.23 £.31 3.85 .63 550 6.63 30 T2} &5
5 5.85 4.47 £.83 8.40 . 92" .80 7.2 533 4 5
? 170 3.9% 3.90 $. 33 3.83 .40 417 855 Yy
8 3.07 3.80 350 533 7 4.87 307 4.5 S
3 3.10 423 &’ 583 240 4.80 4.7 ¥ o4
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by
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13

v .
. Number: of misses
. for grade Z-children
Condition E
Subject# P PS PF R RS RF H HS HF "

1 0 0 1 2 2 5 1 2 2

2 2 0 0 4 4 4 2/% 3 2

3 0 0 2 4 2 5 0 1 0 -
4 ] 0 0 2 2 3 2 2 3

5 0 0 0 2 1 2 1 0 0

6 0 0 1 3 2 3 2 12

7 2 1 0 0 2 8 0 1/5 0 -
8 0 0 0 1 3 1 0 0 0

9 0 0o 3 2 1 3 0 3/6 3

10 0 0 0 O 3 2 ¢ 10
11 0 1/3 0 2 U5 ligtie U5 0

12 0 0 0 1 1 4 0 2 2

13 1 0 0 4/6 5 2 4 4 3

14 __ Z 2 1 2 3 1 2 0 1

15 0 0 6 /3 3 2/5 0 _ 1 1/5

16 0 0 0 2 4 3 2 1 2

17 0 1 0o 5 4 6 1 6 0

18 0 0 1 3 3 1 0 0 0

19 0 0 0 0+« 3 10 2 1 &%
20 0 0 0 1 1/5 0 O 0 o
21 0 0 1 3 2/6 1 O 0 1
22 0 2 0 4 3 2 1 1 2
23 0 0 0 3 3 3 1 3 4
24 2 1 0 3 2 5 2 o1

Note: A1l errors are out of eight possibleschances
unless.gtherwise specified (e.g. 2/6 would
be two errors out of a possible s1x chances.,
the othe two chances having been eliminated
by the procedure describe in the Results
for eliminating certain trials)

g

P = Picture-picture task, quiet condition

PS = Picture-picture task, siow suppression condition
PF = Picture-picture task, fast suppression condition

R = Rhyme task. quiet condition \ )
RS = Rhyme task. slow suppression condition ‘
RF = Rhyme task. fast suppression condition

H = Homophony task. guiet suppression condition

HS = Homophony task, slow suppression condition

HF = Homophony task fast suppr9551on conditlon
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Number of false alarms' for
grade 2 children
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Note: 411 errors are out of seven possible chances
unless otherwise specified (e.g. 1/4 would be
one error out of four chances, due to trial
elimination through the method described in
the Results section)
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D

Number of misses for the grade 4 children
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Note: All errors are out of a possible eight chances

unless specified.
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Number of false alarms for grade 4 children
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Note: A1l errors are out of a possitle seven chances

unless specified.

%



L ¥

Phonological recoding n children 101

RF H HS  HF
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Number of misses for the grade 8 children
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unless specified.
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4

Number of false alarms for grade 8 children
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Appendix H

Analysis of variance

picture task Meaction time
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ANALYSIS OF VARIANCE
PICTURE TASK RT

SOURCE 55 df MS E
GRADE (G 441.87 2 220.94 41.7@&
ERROR 365.19 69 5.29
SUPPRESSION (S} 8.08 2 4.04 2.92
S X G ‘4.1 a 1.07 0.78
&

ERROR 191.06 138 “1.38

[ — #
*p<. 05

a
¢ p
2 — <
W ’ -

W

¥

E}w
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Appendix I
Analysis of variance e =

picture task combined errors
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ANALYSIS OF VARIANCE
PICTURE* TASK COMBINED ERRORS

SOURCE . 4 s df -
GRADE (6} o .no7 B .004 0.81
ERROR .311 69 .005
SUPPRESSION (S) .051 2 026 - 7.53%
G XS .017 4 .004 1.22
ERROR 471, 138 003
*p<.05 -
4
b
»
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L

Appendix J
Analysis of variance

picture task miss errors

3
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ANALYSIS OF ‘VARIANCE _ .
PICTURE TASK MISS ERRORS

-

SOURCE S ss df MS £ .
GRADE (G} :i 012 2 .006 .96

- N Ry Y @D ,
ERROR .433 9 - Boe .
SUPPRESSION (S) — 177 2 088 1.10

5,
G XS =~ .025 4 .066 1.05
ERROR 837 138 .006
*pe .05 -
E
) 9
L B
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Appendix X
Analysis of variance
picture task false alarm errors ¢
»
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4 .
. ANALYSIS OF VARIANCE =
i L
y PICTURE TASK FALSE ALARM ERRORS
SOURCE 22 gf . M2 E
GRADE (G, 012 2 .006 .68
, -
ERROR | 616 - 69 .009
Ry -
SUPPRESSION (53 17 2 088 14.15%
6 XS 016 a .004 64
ERROR 863 138 .006
“p .05
&
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Appendix L
Analysis of varignce

rhyme task reaction {ime
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9
ANALYSIS OF VARIANCE

RHYME TAIK RT

- SOURCE SS df MS E
GRADE (G) 2240.40 2 1120.20 27.40*
ERROR 2820.80 69 40.88
SUPPRESSION (S) 119.10 2 59.55 11.40+
S A6 43.86 4 10.97 2.10
ERROR 720.59 138 5.22
*p. .05
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Appendix M
Analysts of variance

rhyme task combined errors
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ANALYSIS OF VARIANCE
RHYME TASK COMBINED ERRORS

SOURCE sS df MS o
GRADE (G) 877 2 .439 16.14%
ERROR 1.875 69 .027
SUPPRESSION (S) .151 2 075 5.854
6 xS .005 4 © 001 .10
ERROR 1.776 138 013
*p« .05

i

4
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Appendix N
Analysis of variance
rhyme task miss errors
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4
Y

ANALYSIS OF VARIANCE

RHYME TASK MISS ERRORS
SOURCE : ss ¢ M £ —
GRADE (G) .805 2 .402 9.214
ERROR 3.017 69 044
SUPPRESSION (S) 310 2 .155 . 5.06%
6XS 112 a .028 92
ERROR 4.228 138 031
Ap..05 b -
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Appendix O

Analysis of variance

rhyme task false alarm errors
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ANALYSIS OF VARIANCE
RHYME TASK FALSE ALARM ERRORS

SOURCE 22 af M3 E
GRADE (G) 1.133 2 .566 8.58*
ERROR 4.554 69 D66

SUPPRESSION (S) .045 2 023, 1.58
G XS .014 4 .003 .25
ERROR 1.982 138 .014

*pe .06
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Appendix P o
Analysis of variance

homophony task reaction time
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ANALYSIS OF VARIANCE
HOMOPHONY TASK RT

=
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SOURCE % S df MS E
GRADE (G} 1067.73 2 533.86 46.68*
ERROR 741450 69 10.75 4
SUPPRESSION (S| o} 57 2 48.79 13.83*
G XS 87.90 4 21.97 §.23%

AN
ERROR 486.74 138 3.53
*pe .05

“g
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Appendix
Analysis of variance —

homophony task combined errors
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ANALYSﬁ VARIANCE

‘liOMUPHONY TASKSEEMBINED Eaaogs

o

* } L ) - LY
___SOURCE -89 - df M E
- ﬂ ¢
GRADE (G) , .330 2 . 165 9.58%
ERROR ’ 1.188 69 .017 ,
& ‘."1
SUPPRESSION (S) .022 2 611 1.66
6 XS .030 8 .008 1.13
ERROR .922 / 138 .007 _
*ne 05 ;/
J/I

&
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Appendix 8 ,
Analysis of variance Lo
homophony task misy errors
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HOMOPHONY TASK MISS ERRORS—
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ANALYSIS OF VARIANCE

4

SOURCE $9 af M3 E
GRADE (6 386 2 193 7.76%
ERROR 1.713 69 .02%

'SUPPRESSION (5) .056 2 T 028 2.4%
6 715 .02% 3 .006 .54
ERROR 1.583 138 011

*ne 05

¥
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N
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Appendix
,&a,&nalysts of wvariance
Nomophony -task false aldarm errors
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ANALYSIS OF VARIANCE
HOMOPHONY TASK FALSE ALARM ERRORS

SOURCE 39 af M £
GRADE (6) . 269 2 .135 4.81%
ERROR 1.932 N .028

SUPPRESSION (S} .002 2 .001 .07
6 XS .070 4 o .o018 1.37
ERROR 1.774 138 .013

*n. 05
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