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EXPERIMENTAL CHAPTER 1

In which the experimental stage is set -
populations of fast and slow reading under-
graduates, dyslexic undergraduates, dyslexic and
control children are tested - 1t is shown that
those subjects fast at processing & digits from
single fixations are similarly fast at process-
ing a wide range of visual information (reading
for comprehension, reading for gist, reading
with unhygenic typeface, visual search) - those
fast at processing from the VIS tend to have
a shorter post-exposure VIS duration - as speed
of processing § digit arrays from a single
flxation reliably differentiates the good and
the poor readers testad, it is concluded that
a profitable next step in experimentation is to
tnvestigate those functions involved in this
task.
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Introduction

It was argued in Chap.X that a functional_deficiency
at any of many levels could result in reading retardation.
Since, by definition, the dyslexic person's reading problems
cénnot be a result of intellectual impairment, and as his
vocabulary and comprehension of spoken language appears
within normal limits, it is probable that the proposed area
of study can be delimited to be the early information processing
stages of reading. Further evidence in support of this
comes from the fact that the dyslexic's reading problem
can be seen even at a single word level, where they find it
difficult or impossible to make the overt speech equivalents
of 'hard' written words. Thus it is considered promising
that this study should concentrate on these early processes
rather than those underlying the more complex reading skills
involved in sentence analysis and the reading of words in

context.

To substantiate this hypothesis it must be demonstrated
that there are differences between good and poor readers at
processing simple maferial from a single fixation. There
exists some support for this proposition in the work of
Gilbert, (1959 a,b) who investigated the differences between
good and poor readers in the student population, and
demonstrated that fast adult readers could process single
words or simple prose material more rapidly and efficiently
than slow readers when these stimuli were followed by a masking
stimulus. Thus the fast readers could process this simple

material in a shorter time (or stimulus onset asynchrony
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(S.0.A.) between test stimulus (T.S.) onset and mask stimulus

(M.S.) onset) than could the slow readers.

Unfortunately this study does not fully confirm the
proposal for the following two reasons:

(i) undergraduates were used as subjects and there is no evidence
that the same patterning of results would necessarily be found
with younger subjects who are still improving their reading
skills.

(i1) the simplest stimuli used were words. Word processing

has been demonstrated to be subject to:

a) familiarity/frequency effects (see e.g. Howes
and Soloman, 1%51 and Tulving and Patkau, 1962).

b) set size effects (see e.g. Miller, Heise and
Lichten, 1941, and Fraisse and Blanchetéag, 1862).

c) information content and the effects of sequential
letter probabilities (see e.g. Miller, Bruner and Postman,
1954 ; Shannon and Weaver, 1949; and Salzinger, Portnoy and
Feldman, 1962).

d) pronunciability effects (see e.g. Spoehr and
Smith, 1973 and Baron and.Thurston, 1973) .«

e) contextual effects (see e.g. Tulving and
Patkau, 1962 and Treisman, 1965).

f) grammatical effects (see e.g. Gibson and
Guinet, 1971 and Schlosberg, 1963).

g) meaningfulness effects, though this is a matter
of current debate (see e.g. Gibson, Bishop, Schiff, and

Smith, 1964 and Henderson, 1977).
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h) concreteness/abstractness effects (see e.g.
Riegel and Rjiegel, 1961 and Winnick and Kressel, 1965).

Thus the perception of a word is dependant upon its
famildarity, its information content, its pronunciability,
its degree of meaning, the context in which it is read,
whether it is a noun in a verb, and if it is a noun, whether
it 1s concrete or abstract. If, as in the Gilbert (1959 a)
study, there is a differential between good and poor readers
on word perception, any of these factors could play a

causative role in that differential.

Whilst some of these factors, e.g. pronunceability,
may be assumed to have their effect at the early stages of
information processing, the semantic and syntactic factors may
ke effective at more central or deeper levels of processing
yet might nevertheless have resulted in Gilbert's differential

findings.

There is thus a need for direct evidence that that
good and poor readers differ in their ability at processing
information which, if not completely devoid of these higher
level semantic or syntactic properties, contains them at a

much reduced level.

There is also considerable evidence that good and
poor readers differ in respect of almost all measures
of eye movements. Taylor (1957) showed that 6 year old
children with a measured average rate of comprehension of

75 words per minute (w.p.m.) had an average span of recognition
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of 0.42 words and an average duration of fixation of 0.33 sec.
Span of recognitian increases and duration of fixation
decreases pari passu up to the levels of college adults who
had an average rate of comprehension of -340 w.p.m., an
average span of recognition of 1.33 words and an average
duration of fixation of 0.23 sec. Similarly, Tinker (1965)
demonstrated that the number of regréssions decreases markedly

from the first to fourth grades.

Anderson (1937) compared the eye movements of 50 good
and 50 poor undergraduate readers. He found that there were
differences between the groups on i) duration of fixation,

ii) size of fixation, iii) mean extent of forward shift per
saccade, iv) number of regressions per line, and v) reading
rate. The good readers also showed a greater flexibility of

eye movements in ajusting to increasingly difficult material.

The eye movements of dyslexic children have also been
shown to differ markedly from those of normal readers. Lesévre
(1964) found that 22 dyslexics showed more ocular instability
than her controls, slower oculomotor reaction time; a greater
number of short pauses, and a greater number of 'mouvements
oculaires inutiles' (see Critchley, 1970). Dossetor and
Papaioannou (1975) similarly demonstrated that the saccadic
reaction time of 6-15 year old dyslexic children was significantly

longer than that of 10 age and sex matched control children. Finally



of relevance here is the work of Pavlidis (1978) who
demonstrated that the dyslexic's eyes move across the page
in a fashion which is unpredictable from the norms of

good readers. The eyes may regress to the beginning of the

line at any time, or they may jump forwards a whole line.

There is thus a correlation between reading ability
and efficient eye movements. This correlation is not enough,
however, to justify the claim of Hildreth (1963) that
'reversals of letter sequence in perceiving certain words
are due to faulty eye movements'. It is considered likely
that the causality arrow lies not in the direction of
'faulty eye movements' resulting in poor reading but in the
reverse direction: as the main differences between good and
poor readers in respect of eye movements are that the good
readers a) have a shorter duration of fixation, b) process
more material from that fixation, and c) make fewer
regressions (presumably because that information previously
fixated has been efficiently processed, and there is. thus no
need to re-fixate) it seems plausible that the fast reader
demonstrates these superior eye movements because he can
process the information from one fixation both faster and
more-efficiently than the poor reader. Because these studies
are essentially correlational in nature, the causality
question has not been definitely answered. Thus to forestall
any possible argument that differences in processing ability
between good and poor readers are attributable to the poor

readers having faulty eye movements or having a peripheral
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anatomical limitation, it is necessary to test that
information processing in situations where eye movements

do not play a large part.

Therefore, to delimit the area of study to be that
of the early stages of visual.information processing,
it is necessary to directly demonstrate that good and poor
readers differ at these stages. To fulfil this aim, |
information processing ability should be tested in situations
where:

1) no eye movements are possible,

2) stimuli are used which would not be preferentially
processed by subjects who were more efficient at the higher

level analysis of word characteristics.

It is proposed that this is possible if random arrays
of digits are used as stimuli. If these are presented
tachistoscopically at short exposure times, no eye movements

are possible.

Experiment la tested adult subjects for 5-digit
processing time and investigates whether there are
differences between 'fast processors' and 'slow processors'
in respect of reading speed, speed of visual search, and the
duration over which information is held in the VIS.
Experiment 1b investigated whether dyslexic and control children
differ in respect of the times they need to correctly process
5 random-digit arrays and the VIS duration of these subjects

was again measured.



EXPERIMENT la

Abstract

50 students were presented tachistoscopically
with arrays of 5 digits, followed by a masking stimulus.
They were also tested for speed of reading, for speed of
picking out a given digram (tg) from a passage of random
letters, and for the duration over which material was
held in the VIS. Similar tests were given to 4 students

who had been diagnosed as dyslexic.

It was found that those students needing a longer
time of digit presentation to respond correctly in the digit
task were significantly slower both in the reading tasks
and in the digram search tasks. The 4 dyslexic subjects
were the slowest of all. The slower digit processors
and readers showed a slightly longer mean VIS duration, but

this result failed to reach the 5% level of significance.

It is argued that speed of processing from the
VIS is one determinant of speed of reading. The results
are also compatible with the thesis that dyslexic-type
difficulties are a manifestation of some general limitation

in processing ability.



Introduction

In this experiment the claim is tested that one
determinant of speed of reading is 'speed of information
processing'. Following the lead of Sperling (1963, 1967) it
is assumed that, in any visual task, stimulus information is
held for a limited time in a 'visual information store'

(VIS) from which it is transferred in a suitable form to

some more central mechanism. It is argued that a pure measure

of 'speed of processing from the VIS' is the speed at which
subjects can correctly identify tachistoscopically presented

5 digit sequences. The subjects were 50 students with no special
history of difficulty over reading or spelling. 4 undergraduates
who had been diagnosed as dyslexic were also tested, the intention
being to confirm the hypothesis that dyslexic difficulties

are the result of slowness at information processing (see Miles
and Wheeler, 1974, 1977). Since Stanley and Hall (1973b) found
that VIS duration was longer in the case of their dyslexic
children then it was for a control group, figures for each of

the present subjects in respect of VIS duration were also

obtained.

The two main factors which this study investigates are
thus:
1) the duration over which material was held in the VIS, and
2) the speed at which information was processed from the VIS.
The theoretical standpoint is that these processes are

necessarily involved in reading. The experiment was designed



to investigate to what extent each of these processes can
determine efficiency at reading, and the part played by them

in visual search.
1) The duration over'which material is held in the VIS

The visual information store (VIS) is commonly under-
stood to be the store in which incoming visual information
is held before further processing takes place (see, for

example, Sperling,1963, 1967).

In reading, the duration over which information is held
in the VIS ('VIS duration') can be assumed to be determined
by two components. The first, under conscious control, is
the duration of the fixation pause; the second, which for
any given stimulus illumination condition appears constant,
is the rapidly decaying post-exposure duration. Eye movement.
studies have already shown that reading efficiency is related
to the former. 1In contrast, however, the role of the latter
in reading has so far not been demonstrated but only inferred

from the results of single fixation tachistoscopic studies.

The VIS is assumed to hold visual information both while
the stimulus is being fixated and for a brief period there-
after, perhaps around 200 ms. (see Sperling; 1967, and Haber,
1973). Readout processes, such as phonological encoding, visual

encoding and semantic analysis, are thought to operate upon the
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information in the VIS (see Sperling,1967; Coltheart, 1972,
and Allport, 1977). Since reading involves both the process
of making articulate the printed or written symbols and

the analysis of these symbols for meaning, it follows that
the information in the VIS constitutes the 'data-base' upon
which the reading process operates. VIS duration (i.e. the
time during which the information is held in the VIS) must
therefore be a relevant factor in the determination of the
efficiency of reading: if it is too short the result will

be incomplete information analysis; if post-fixation VIS
duration is too long, there will be storage of already pro-
cessed material (which is then effectively functioning as
noise) and this material will forwards-mask the next input

to the VIS. 1In other words, the readout processes will be
operating on a store which contains new, to-be-analysed in-
formation masked by noise residual from the last fixation.

It therefore seems likely, as Ellis and Miles (1978) suggest,
that there may be a general relationship such that the

faster a reader can process from the VIS, the shorter the VIS

duration.

To the extent to which the VIS duration is under central
control, this proposal has long been confirmed. The input to
the VIS is determined by the eye movements which the reader
makes, and the fixation pause in reading is the time during

which the VIS is being loaded.

The work of Taylor (1957) and of Tinker (1958) has shown
that as reading ability develcpmentally improves so both the
fixation span increases and the duration of fixaticn decreases.

Similarly Anderson (1937) has shown that fast undergraduate



readers had a larger fixation span and a shorter fixation pause

;than their peers who were slower at reading. There is
thus a trend such that, as reading speed increases, so a
larger amount of information is processed in a given fixation
pause; this imﬁlies that the speed of processing from the
VIS is faster. The mean fixation pause being shorter in
the fast readers implies that the VIS duration is shorter
for fast readers. In confirmation of this, Tinker (1965)
has shown that the fixation pause for prose which can be
processed easily is reliably shorter than that for harder
material such as thé prose in a scientific article (mean
fixation pauses of 217 ms. and 243 ms. respectively). It
follows, therefore, that in so far as VIS duration is under
central control it is directly regulated by the speed at

which the stored information is being processed.

In contrast there are no grounds for thinking that post-
fixation VIS duration is under direct conscious control.
After the offset of the stimulus, the VIS has a fast passive
decay (Sperling, 1963; Coltheart, 1972) which is affected,
not by the type of material being processed, but solely by
the illumination levels of the stimulus and post-exposure

fields. Post-fixation VIS duration seldom exceeds 300 ms.

While there is no evidence of within-subject control of

VIS duration, there is clear evidence of individual differences

in post-fixation VIS duration. Gummerman and Gray (1972)

determined the time needed by 2nd, 4th and 6th grade students
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and college adults to process simple stimuli which were followed
either by a homogenous white field or by a pattern masking
stimulus. The groups performed equally well when the white
field followed the stimulus,but the older subjects were more
accurate than the 2né and 4th graders when the pattern mask

was used. From the premise that the white field simply
degrades the stimuli, whilst the pattern mask stops processing
of the VIS stimulus representation, Gummerman and Gray (1972)
conclude that the young children's VIS duration is longer

than that of older children and adults, but that the young
children process the information from the VIS more slowly.

In addition Stanley and Hall (1973), by means of a technique
which involved the successive presentations of Z-part stimuli,
found that the VIS duration was longer in the case of dyslexic
poor readers than in the case of good readers. This finding
was confirmed by Staniey (1975) when he used the same technique

with both monocular and dichoptic presentations.

It should be noted, however, that in contrast to these
results, when the VIS durations of dyslexics and controls
was measured by Stanley and Molloy (1975) using a variant of
the Haber and Nathanson (1968) retinal painting task, no

significant difference was found between the 2 groups.

Two areas of the possible involvement of the role of post-
fixation visual information storage in reading can be
considered. At the end of each fixation the eye makes a saccadic

movement to the next locus of fixation. These saccades last on



average about 20 ms. which is the equivalent of 6-8% of
reading time (Tinker, 1958). While it had been thought
that the eye was blind during eye movements (cf. Ditchburn,

1955), some vision has been shown to be possible

during saccades. Volkmann, Schick and Riggs (1968) in-
vestigated vision for a dot pattern during voluntary sac-
cadic movements. They found that detection decreases to
50% for a flash occurring about 20 ms. before the onset of

a 40 ms. saccade and reaches a minimum such that vision of
the flash is almost completely absent when it occurs during
the saccade. Detection then begins to improve, reaching
the 50% point again for a flash occurring about 75 ms. after
the onset of the eye movement. Volkmann et al. (1968), in
reviewing the available literature on vision during eye
movements suggest that there is partial central inhibition
during saccades, and they speculate that this might be found
to be a result of presynaptic inhibition at the geniculate
level, The processing of the material over which the eye
is moving is certainly inhibited. Whether this is a result
of an inhibition of input to the VIS or-readout from that
store is unknown. However, it 1s possible that information
in the VIS resulting from the previous fixation survives
during the saccade and is thus available for further proces-
sing during this period. It is known from tachistoscopic
studies, where no eye-movements are involved, that subjects
do make use of the residual post-exposure infermation in the
VIS (Sperling, 1963). It is therefore plausible that they
will also make use of this information whilst reading;

otherwise 6 - 8% of the processing time available in reading

would be wastefully unemployed.

{9
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Be this the case or no, Haber (1973) holds another view

of the importance of visual information storage in reading.
He suggests that this mechanism ensures at least :; sec. of
processing time, a figure which he argues to be the minimum

sequential rate for any information processing task.

These possible roles for post fixation visual information
storage in reading have not been definitively demonstrated;
they are speculations resulting from the generalisation of
findings from single-fixation tachistoscopic experiments.

It is indeed difficult to imagine how they could be directly
tested. If, however, it were possible to replicate the
finding of Stanley and Hall (1973) that poor readers had
longer VIS durations and if the same poor readers were also
found to be slow at other tasks involving processing from
the VIS, this would support the claim that the VIS is in-
volved in an important way both in reading and in other pro-

cessing tasks.

2) The speed of processing from the VIS

The reasons for investigating this have already been
stated in the introduction to this chapter. To obtain estimates
of speed of information processing it was decided to measure how
quickly the subjects could correctly identify a 5-digit
sequence from a single fixation. This procedure was adapted
on the grounds that it would yield a .relatively pure measure
of-speed of information processing; in particular the results
would not be affected, as the reading of words is affected,
by individual differences in speed of eye movements, by
comprehension load, by familiarity with the material to be

read (since all subjects could be assumed to be familiar with



the Arabic digit notation), nor by chunkability.

Speed of processing, so defined, is thus the main
independent variable in this study. The subject population
is then split into fast and slow processers, whose ability

in reading and visual search is then compared.

The design was influenced by the following considerations:

(i) Digit Processing Time. It was important to ensure that

the results of this test could not simply be explained in

terms of eye movements. Since eye movements are involved

both in visual search and in reading, it could be a;gued, in

the absence of any control procedure, that any correlation

that occured between the two was the result of the ability

of the fast readers to make quicker or more efficient eye

movements. Now it is true that speed of eye movements bears

some relationship to speed of reading, but the main differences
between good and poor readers have been found to lie in

duration of fixation and in the span of recognition (Anderson,

1937, Tinker, 1946, Gruber, 1962); and these functions are

clearly of central origin. To forestall any possible argﬁﬁ;nt,
however, it was decided in the case of tachistoscopic presentation
of digits to use exposure times which, at least in the case of most
students; permitted only one fixation. In conditions designed to
approximate to the eye movements of reading with no information
uptake Walton, 1957 found that the mean reaction time cf the eye for
movements varied in the case of adult readers between 170 and 309 ms.,
with a group mean of 219 ms.; and as 90% of the subjects in the
present experiment were responding correctly at exposure times of

100 ms. or less, it follows that the processing of the digits

involved one fixation only, no eye movements being possible in this
time,



One of the advantages of using digits as stimulus
material is that, provided they are randomised, the subjects
can do little by way of chunking; and with this source of
learning overlay eliminated, the time taken to respond to
digit arrays csn be taken to be a relatively pure or basic
measure of speed of information processing in contrast with
reading or visual search. Therefore the terms 'fast
processer' and 'slow processer' (measured in terms of
performance on the digit task) are proposed as operational
definitions, and with these definitions it becomes an
empirical question whether fast and slow processers are or

are not fast and slow readers respectively.

A masking stimulus was introduced at various ISIs
after presentation of the test stimulus. In the light of
evidence supplied by Sperling (1963) it seems that, in the absence
of the MS, bne is studying what the subject can process in

exposure time plus VIS time.

There is controversy about the level at which the MS

acts, the two traditional theories being the integration

theory (Kahneman, 1968 and Coltheart, 1972) and the “

interruption theory (Sperling, 1963, 1967). More recent

work by Turvey (1973) has lead to the suggestion that the pattern
mask interferes with a central decision maker whose role is

to decide what information is being signalled by the more
peripheral systems which deal with simple physical characteristics.
The work of Marcel (1976) and Allport (1976) seems to accord

with this idea of the mask interfering with a decision maker or

comparator, and they suggest that the mask interferes with and

a8
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limits the formation of a conscious percept whilst having

no effect on unconscious dictionary access and linguistic/
semantic analysis. However this controversy may be resolved,
it is known that masking limits the processing of information,
at least at the conscious level. It follows that if one
determines the minimum SOA necessary for correct responding,
one is thereby obtaining an indication of the speed at which
the TS is being processed. Confidence in the reliability

of this procedure is increased by the finding of Dember and Neiburg
(1966) that individual differences in the susceptibility to
backwards masking are highly reliable; their test-retest rank

order correlations were found to be between 0.79 and 0.92.

(ii) Reading. It was decided to test speed of reading over
different types of material and different typographies. The
following conditions were therefore used:

Condition 1, light non-fiction, with reading for gist;

Condition 2, non-fiction, with reading for cecmprehension
at normal textbook speed;

Cendition 3a, light fiction with novel typeface;

Condition 3b, light fiction with novel typeface and 4
spaces between each word;

Condition 4, light fiction with very short (10 pica)
line widths.

Conditions 3b and 4 were introduced to impose extra
difficulty not through\complexity of reading matter (as in
Condition 2) but through typeface novelty and the necessary

increase in the number of saccadic movements.



£iii) Visual Search Tasks. These were devised on the basis

of procedures suggested by Neisser (1963, 1967) and Neisser
and Beller t1965). The subjects were required to search for
the digram 'tg' in passages of randomly generated lower case
letters. 6 passages were used, in which there was
systematic variation of a) typography and b) 'word length'
(i.e. the number of letters appearing together without a

space).

(iv) VIS Duration.. This was measured using a variant of

procedures devised by: Eriksen and Collins (1968): Haber and
Standing (1969); Haber and Nathanson (1968); Jackson and
Dicks (1969)}; and Stanley and Hall (1973b). The subjects
were presented with two distinguishable stimuli separated

by very small time intervals, and were asked to say whether
these two elements were perceptually continuous or

discrete.

SUBJECTS

50 students took part in the experiment. 26 were
Psychology undergraduates at U.C.N.W. and 24 were from the
local Technical College. 27 were female and 23 male, the

age range being 17-25 years.

The rate of reading of these subjects on a light
fiction article (Condition 1) ranged from 146 w.p.m. to
613-w.p.m. The group mean was 310 w.p.m. with a standard

deviation of 104,
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4 male dyslexic students were also tested. All 4 had
been assessed at the Dyslexia Unit attached to the University
Psychology Department. They were of University standard
intellectually but they still had considerable difficulty
at spelling as well as demonstrating many of the other typical
dyslexic symptoms described by Miles (1975). For these
subjects the rate of reading in Condition 1 ranged from 127
to 202 w.p.m., with a group mean of 152 w.p.m. and a standard

deviation of 35.

MATERIALS AND PROCEDURE

A. Digit Processing Time

Up to 30 different cards of 5 quasi-randomly generated
digits (no digit could appear more than once on any card)
were presented successively in an Electronic Developments
3-field tachistoscope. The digits were printed on white
card with 28 point Helvetica light Letraset. Cards were
presented at a distance of 508 mm. from the subjects' eyes,
which gave an illumination at the eye of about 1 lux. Each
trial was started with the word 'ready' followed by a fixation
cross (illumination at the eye of about 0.15 1lux) for
2 sec. The digits followed the fixation cross immediately.
On the first trials, where T.S. exposure time was determined,
the digits were followed by darkness. On later trials, where
5 digit processing time was determined, a pattern mask made up

of a jumble of overlapping digit parts .and with an



illumination at the eye of approximately 3.0 lux, followed
after a given ISI. The effectiveness of the mask was

established by the fact that when both mask and digits were
presented simultaneously for 2 sec. the digits could not be
reported. The subjects were instructed beforehand to report
as many of the digits as possible upon TS offset, or, in the

case of the masking trials, immediately upon MS offset.

The criterion for correctness was one of identity
only. No account was taken of the order of the items in the
response array, i.e. the subjects had only to report the
correct identity of the S5-item arrays. This decision was
taken since it is known that dyslexic subjects,who were to

be tested in both experiments 1la and 1b are %nown to suffer

299

a Temporal Order Perception (TOP) deficit (see e.g. Bakker, 1972),

and it was considered desirable at this stage of investigation
to study item processing without this possible confounding

source of variability.

To determine TS exposure time the subjects, after a
short practice, were tested with digit stimuli which were
presented for 100 ms. with no following MS. If they were
correct on 2 consecutive trials they were then presented
with the TS at exposure times of 50 ms. If they were again
correct on 2 successive trials at 50 ms. then TS exposure time
would be 50 ms. throughout the remainder of the experiment,

but if they were incorrect the exposure time would be set at
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100 ms. If their responses were incorrect at the initial
100 ms. presentations, they were presented %ith the TS at
exposure times increasing in 50 ms. steps (2 trials per step)
until the criterion of 2 correct responses on consecutive

trials was satisfied.

This procedure results in the TS exposure time being
set at 50 ms. for 70% of the subjects, 100 ms. for 20% of
the subjects, and:for only 10% was it exposed for over 100

ms.

The procedure for determining the subjects 5 digit processing
time was thereafter as follows: a masking stimulus was brought
in after an ISI of 100 ms., the ISI then being either
decreased in 10 ms. steps until there were 2 consecutive
errors, or increased in the same sized steps until 2 consecutive
answers were correct. When the results for all 50 subjects
were pooled, the median SOA was 128 ms. This was made up
of a 50 ms. exposure time, with an ISI of 78 ms. The durations

ranged from 50:10 (SOA 60) to 800: 100 (SOA 900).

B Speed Of Reading Tests.

For measuring speed of reading over different types

of material the following passages were used:
In Condition 1 the material was an adult level, light
non-fiction article of 337 words. The subjects were instructed

to read for gist at their normal reading speed.

In Condition 2 a more complex non-fiction article of



292 words was used, which discussed air pcllution. The
subjects were instructed to read at their normal speed

for textbook material and were told to expect a comprehension
test after completing the article. Any subject scoring

less than 60% on the comprehension test was excluded from

the study.

Both Conditions 1 and 2 were photocopies taken from
popular paperback books, they were of common line length,

typeface and leading.

For Condition 3 a passage from the Neale test
of reading was retyped on an IBM electric typewriter
with black carbon ribbon. The first half (Condition 3a)
was typed with 1 space and 1 degree of leading, the
second half (Condition 3b) with 4 spaces and 1 degree of
leading. Conditions 1 and 3a were similar light reading
material; and the correlation between these 2 tests was
.84. This indicates a reliability sufficiently high to justify

their use as group tests.

Another passage from the Neale test was used in
condition 4, retyped with 1 space and 1 degree of leading,
but with a maximum of 3 words per line: the maximum line

length was 10 pica.



In all the conditions the first and last words were
underlined and the subjects were instructed to read these
words aloud so that their reading could be timed. On this
basis, reading speeds, expressed in w.p.m., were calculated

for each subject in each condition.

C. Digram Search Test

There were 6 conditions in the visual search experiment.
Each subject was given a short practice session, which was
followed by the 6 conditions in random order of presentation.
They were instructed immediately after the command 'now' to
search through the passage counting to themseives the number
of 'tg's and to report how many there were as soon as they

had reached the end. Search times were measured with a stopwatch.

The 6 conditions all contained 240 randomly generated
letters, among which there were 10-15 target digrams. They
differed in respect of 'word-length' of non-target letters
among which the digrams were hidden, which ranged from

30-letter 'words' to 3-letter 'words', and typography.

Search times over all 6 conditions were calculated for

each subject.

D Procedure for Obtaining Estimates of VIS Duration

Two part displays - either a cross and a square
(Stanley and Hall, 1973b) or a man and a hat were presented

in a tachistoscope. They were presented in different fields



in such a way that, if both fields were on, the two parts
of the pair produced a spatially composite percept, i.e.

the cross was in the square or the hat was on the man.

For determining VIS duration, one of the pair was
presented for 20 ms., illumination at the eye being
approximately 1.5 lux. This was followed, after a period
of darkness during the ISI, by the other member of the
pair, which was presented at the same exposure time and the
same intensity. This sequence took place in a continuous
cycle. Initially the ISI was 10 ms., and at this exposure
time, when the subjects were asked if the parts formed a
composite (e.g. 'Is the cross in the square all the time
now?'), they all reported 'yes'. When the ISI was then
changed to 1000 ms. and the question repeated, all of them
reported 'no'. An ISI of 100 ms. was then used. If the
subjects answered 'no', it was decreased in 5 ms. steps, with
an approximate interval of 3 sec. in between each step,
the subjects being asked to report when the two parts became
a composite. Once this had been reported, the ISI was
then increased, the subject being asked to state when; for
instance, 'the cross was no longer in the square all the time'.
This latter procedure was repeated 3 times and an ISI mean
taken over all 6 observations. If, when the ISI of 100 ms.
was used, the subject answered 'yes'; the ISI was increased in
5 ms. steps until he reported that the two parts were no longer
composite. It was then decreased until the two parts again

appeared composite. This was also repeated 3 times and the ISI



mean taken over all 6 observations. The procedures used
in obtaining this mean consitute the operatiocnal definition

of 'VIS duration'.

This technique, which is a variation of the-
procedure adopted by Stanley and Hall (1973b), resulted in a
mean duration, in the two conditions and for all 50 subject,
of 70 ms., the range being from 27 to 140 ms. The correlation

between the scores of the two conditions was 0.81.

All subjects were tested singly in 40 minute sessions,
the tests being given in the following order: 1) 5 digit
processing time, 2) reading speed, 3) digram search, 4) VIS

duration.

RESULTS AND DISCUSSION

The reading speeds of the 50 subjects are given in

table 1:1.

The subjects were divided into 2 populations on the basis
of digit processing time. The 20 subjects with the fastest
digit processing time are referred to as 'fast processers', and
the 20 subjects with the slowest digit processing time are referred
to as 'slow processers'. For the purpose of this analysis the mid-
range 20% of students were considered to fall clearly into neither

of these categories and were therefore not included. Table 1:2 shows
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TABLE | s}

Reading Speed Data for the 50 Students

on Different Passages

Mean reading s.d.

ki R . yoxe PPEEE A0 W
1 Light non-fiction, reading for gist 310 ©104.2
2 Non-fiction, feading for comprehension 234 78.7

“3a  Light fiction, reading for gist o229 - 77.2

~ 3b  As 3a but with 4 spaces between words 199  49.7
4  Light fiction, 10 pica line width 238 61.8
Mean over all conditions ' 241 65.5

Spearman's Rank correlations:
Condition 1 :_Conﬁition 2 r. =0.77
Condition 1 : Condition 3a rg =0.84
Condition 1 : Condition 3b -rg =p.81

Condition 1 : Condition 4 rg =0.83
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Performance of fast and slow processers on 5~digit processing, reading, and digram search

TABLE 1:8

tasks, with figures for VIS duration

Mean 5-digit

Mean reading speed

Mean reading speed

Total digram

VIS duration

processing time in w.p.m, in w.p.m. search time in ms.
in ms. (gondition 1) (all conditions) in ms.

Fastest 40§ of X 82.35 X 359.05 X 27h.95 X 160.05 X 64.00
digit processers s.d. 15.11 s.d. 117.78 s.d. 80.01 s.d. 16.75 s.d. 28.59
N =20 : '
Slowest 40% X 264.00 X 260.00 X 204.20 X 188.k0 X 73.95
digit processers a.d. 167.12 s.d. 82.32 s.d. 50.15 §.4. 28.16 s.d. 22.92
N =20
Mean difference 99.05 T70.75 38.35 9.95

;- 3.083 3.351 3.603 1.557

P P < 0.005 p < 0.001 p < 0.005 ns

Correlation

.

between reading speed and digram search time: r = 0.49 (p £ 0.001)
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the reading speed in Condition 1, the overall reading

speed, the digram search time and the VIS duration for

both these fast and slow processer groups. In addition a
correlational analysis was performed on the results of al,
50 students participating in this study; the results of this

analysis can be seen in table 1:3.

From table 1:1 it can be seen that reading is fastest
in the case of gist light non-fiction material (Condition
1), and that it becomes slower if one increases the 'load'
with comprehension requirements (Condition 2) or if wasteful
eye movements are incurred by the introduction of a
'non-hygenic' (Tinker, 1963) and novel typography (Conditions
3b and 4).

However, the inter-condition correlations range from
0.77 to 0.84. These high values suggest that a fast
reader is in general a fast reader, whatever the materials to
be read. The highest correlation, that of 0.84, is between
conditions 1 and 3a - both light reading for gist. In addition
correlations of 0.83 and 0.81 are found between conditions 1
and 4 and between conditions 1 and 3b respectively; these
show that a fast reader relative to the general population
i still fast, whatever the typography. The lowest correlation,
0.77, is between reading conditions 1 and 2 (reading for gist
and reading for comprehension). This is not unexpected since
reading for comprehension places a large cognitive demand on the
subjects, and efficiency must depend on intelligence, familiarity
with the material, etc. These demands are less present in

reading for gist, and the 2 conditions can therefore be seen to
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TABLE 1:3

Spearman Rank-COrder Correlation Matrix for the performance
"of the 50 students on the various tasks.

A 1.00

B | 472 1.00

£ .482 .952 1.00

D .642 .472 .492 1.00

E 18 .32 ,37P 249 1,00
A B C D E

Tasks.

Az The time taken to process 5 digits
B: The time taken to read condition 1
: The time taken to read all the conditions
D: Total digram search time
E: VIS duration

Significance levels.

a: significant correlation at the .00l level
b: significant correlation at the .01l level
3 significant correlation at the ,05 level
d: Not significant correlation



tap different skills.

Table 1:2 shows that the results obtained by Stanley
and Hall (1973a, b) can be roughly generalised to the
adult non-dyslexic population, and that the results
obtained by Gilbert (1959a,b) are a foundation for new work,
in that not only are the fast processers fast at reading,
but they are also fast at processing a wide range of stimuli.
The top 40% of the subjects, as determined by speed of
processing 5 digits, are significantly faster at both
reading the condition 1 passage (pZ.0.00S) and at reading
all the passages (p<£0.005) than are the 40% of the subjects who
were the slower processers. They were also significantly

faster at the digram target visual search task (p i0.000S).

Although the trend is towards the faster processers
having a shorter VIS duration than the slow processers (64
ms. on average, as compared with 74 ms.), this difference
fails to reach the 5% level of significance; and the results,
though in the same direction as those of Stanley and Hall; 1873k,

must be regarded as inconclusive.

A similar picture is seen in the correlational analysis
in table 1:3. There are generally high correlations between
information processing ability, as measured by 5 digit processing
time, ana reading and digram search ability. Reading ability
and visual search ability also correlate. Once again, however,
VIS duration fails to correlate significantly with either digit

processing time or digram search time, and only just reaches a
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significant correlation with reading performance.

It might be considered surprising, however, if further
studies did not demonstrate an inverse correlation between
VIS duration and 'speed of processing from the VIS'. This
would be a compensation by nature whereby the slow
processers could hold information in the VIS for a relatively
longer period to allow their slower processing functions
sufficient time to work on this information. Indeed, this
is proposed as an explanation of the findings of Stanley
and Hall (1973b). Also if this were not the case, then
with the fast processers, there would be 1little advantage
resulting from being fast at processing from the VIS, since
new incoming visual information would be forwards masked
by that still held in the store, even though the latter had

already been processed.

A practical result follows from these findings.
Since the differences between fast and slow readers are still
found even in situations where no eye movements are possible,
it follows that any policy of training subjects to make quicker

eye movements appears to be misguided (cf. De Leeuw, 1965).

In table 1:4 the performance of the slowest 40% of the
digit processers is compared with that of the dyslexics.
Although the latter sample was small (since relatively few
dyslexic sufferers reach university) clear cut differences

are nevertheless seen. The slow processers are significantly
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TABLE 1l:k

Performance of slow processers and dyslexlic -students on

5-digit processing,

reading, and digram search tasks, with figures for VIS duration.

Mean 5-digit n»rocessing

Reading speed

Reading speed

Total digram

VIS durati

time in ms. (gondition 1] (all conditions) search time in in ms.
in w.p.m. in w.p.m. W.p.m.

Slowest 40% of ¥ 264.00 % 260.00 X 204.20 X 198.40 X 73.95%
digit processers s.d. 167.12 gy B2.32 8.d.. 50.15 s.d. 28.16 s.d. 22,92
N = 20
Dyslexic students X 450.00 X 151.50 ¥ 123.80 ¥ 250.50 ¥ '75.00
N = 4 s.d. 100.00 s.d. 34,56 ° s,d. 39.85 s.d. 15.78 s.d 22.92
Mean difference 186.00 108.50 80.40 52.10 1.05

t¥ 2.128 2.554 3.00 3.55

p p <(.025 p <0.01 . p <0.00f p <{.001 ns

* A variance

ratiogtest showed that the homogeneity

assumption was upheld in all four conditions.

of variance



(VA
L&)
VA

faster than the dyslexic subjects at 5 digit processing
(p. 0.025), reading in Condition 1 (p/0.01), reading over
all conditions (p<£ 0.005), and visual search (p< 0.C01).
VIS duration is slightly longer for the dyslexic subjects
than for the slow processers, but this difference once

again fails to reach an acceptable level of significance.

The results given in tables 1:2 and 1:3 are compatible
with the hypothesis that one determinant of reading speed
is speed of processing from the VIS. If-this conclusion were
based solely on the existence of significant correlations it
would, of course, be invalid. Reading ability, however, is
clearly the affect of many different subcomponents, and
whereas there can be no reading without processing from the
VIS, efficient processing from the VIS does not necessarily
result in ability to read. Since speed of processing from the
VIS correlates significantly with speed of reading, and as the
former is necessarily a component of the latter, it is plausible
that speed of processing from the VIS is one of the factors

which imposes a limit on speed of reading.

The results shown in table 1:4 are compatible with the
hypothesis that dyslexic subjects are handicapped by some
special limitations in the speed at which they can process
simple information from a single fixation. This being the case,
it follows that, to investigate the processes underlying
individual differences in reading ability, one profitable area
of study can be delimited to be those processes involved in the
simple information processing task used in this experiment, viz

digit array processing from a single fixation.
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EXPERIMENT 1b

Abstract

41 dyslexic boys between 10.4 and 14.4 years old and
41 chronological age and intelligence matched control boys
were tested for the speed at which they could correctly
report 5 digit arrays which were presented taCh.iSﬁf_escr;pi.'ca.J.ly
under backwards masking. The duration over which maferial

was held in the VIS was also determined for these subjects

The dyslexic children needed over 4 times the SOA of
the control children to correctly process the 5 digit test
stimuli (dyslexic mean SOA 1331 ms., control mean SOA 239
N5:f £ = 11.02;: d«fs BO; p {.001). In confirmation of the
results of Stanley and Hall (1973b), VIS duration was found
to be significantly longer for the dyslexic children (dyslexic
mean VIS duration 98.6 ms., control mean VIS duration 81.4 ms.;
t = 3.48; d.f. 80; p £.001).

It is argued that dyslexia involves some special 1imita£ion
in the ability to process information, and that the longer VIS
duration found in dyslexic subjects might be a compensatory
mechanism, holding the information in the VIS for a lenger period
to allow the leéss efficient read-out mechanisms more time to

operate.
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Introduction

For the reasons of homogeneity of sample already
detailed, the majority of experiments constituting this thesis

are to use dyslexic children as a group of reading retardates.

Whilst it might be expected that the findings of Expt.
la may be generalised to the child dyslexic population, one flaw
of Expt. la is its unfortunately small dyslexic sample. The
findings of this experiment must therefore be confirmed
in the dyslexic child population before it can be concluded
that in this sample the most profitable area of study is also

these functions underlying digit array processing.

Dyslexic children and chronological age matched
controls were therefore tested on the 5 digit processing

tasks and VIS duration tasks used in Expt. la.

Subjects
41 children who had fulfilled all the criteria of

dyslexia were tested. These were boys, between the chronological
ages (C.A.) of 10.4 and 14.4 years (mean CA: 12.35, s.d. 1.22),
with mean RA (Schonell -R1l) of 9.38 years and mean SA (Schonnel

S1) of 8.36 years. They all attended a private school which
specialised in the teaching of children with dyslexic handicaps.

A control group of children of normal reading ability consisted

of 41 boys also attending private schools. These children, matched
for CA with the dyslexic sample, were of mean CA 12.30 years

(s.d. 1.22), mean RA 12.33 years and mean SA 12.08 years. The

children in the two groups showed similar ranges cf intelligence,
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and no child in either group had an intelligence score of
less than 90 as determined using a recognised intelligence

scale (in the majority of cases the WISC was used)

Materials and Procedure

For the determination of digit processing time, the
procedure of Expt. la was unchanged except for the following
modification: in the phase where TS exposure time was
determined, since these children needed considerably longer
than the adults of Expt. la to process the 5 digit arrays,
if the subjects were still unable to correctly identify the
arrays at the 300 ms. TS exposure time, the exposure time
was thenceforth increased in 100 ms. steps rather than the

50 ms. increments used in Expt. 1la.

The procedure and materials for the determination

of VIS duration was identical to that previously used in Expt. 1la.

Results and Discussion

A) Digit Processing Time

Highly significant (t = 11.05, d.f. 80, p(f.OOl) group
differences resulted: the dyslexic children (mean SOA 1331
ms., s.d. 585) needed over 4 times the SOA of the control children
(mean SOA 289 ms.; s.d. 156) to process the 5 digit arrays. This
difference is mainly attributable to TS exposure time. Mean TS

exposure time was 815 ms. for the dyslexics (s.d. 605) and 118.ms.

for the control children (s.d. 111); t = 7.26, d.f., 80, p{L.OOl.
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This also demonstrates that the control children were processing
the arrays from one fixation. Adult readers, as shcwn

by Walton (1957), have a mean reaction time for the eye for
saccadic movement of 219 ms. (range 170-309) and this figure

is probably an underestimate for children. As the TS exposure
time for the control children was 118 ms., there was therefore
no time for these children to make saccadic movements. The
dyslexic children in contrast, with their mean TS exposure

time of 815 ms., can be assumed to be processing the arrays

from more than one fixation.

Whilst the procedure wused in ascertaining 5 digit
processing -time differs slightly between Expts. la and 1lb, it
is interesting to compare those SOAs which the different
subject populations required to process those arrays. These

figures can be seen in Figure 1:1.

The finding that dyslexic adults process the arrays
much faster than the dyslexic children supports the notion
of a maturational lag in dyslexia. It should however be
noted that the dyslexic UNDERGRADUATES still need more time
to process the arrays than the non-dyslexic CHILDREN. It does
appear from Fig. 1:1 that there is an inverse correlation
between reading ability and 5 digit processing time, and this
further supports the idea that those information processing
subsystems involved in the latter task (in preference to

those higher level functions involved in word or prose



Figure 1:1
Digzit Processing Times for the 5 groups of Subjects of differing Reading Ability
Tested in Expts la and 1lb.

5 digit T
processing
time (ms)
1400 h i
1l s.d.
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s
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Dyslexic Dyslexig Control Slower Faster
Children u'gs Children Reading* Reading*
(n=41) (n=4) (n=k1) U'gs U'gs

(n=20 ) (n=20)
SUBJECT GROUPS

* (for the purpose of this analysis, the 50 non-dyslexic adults tested in Expt la
were divided into 2 groups, the faster 20 readers and the slower 20 readers, on
the basis of reading speed over all Conditioms.)
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processing) should be further investigated to learn more of
the information processing deficits underlying reading
disability.

B) VIS Duration

Mean VIS duration over both conditions was 81.4
ms. (s.d. 20.3) for the control group and 98.6 ms. (s.d.
24.2) for the dyslexic group. These figures are significantly
different at the 0.1% level (t = 3.48, d.f. 80). Correlations
between the 2 tests were 0.63 for the control group and
0.67 for the dyslexic children. These figures are taken to
indicate that the tests are reliable. The finding of
Stanley and Hall, 1973b that the VIS duration for dyslexics

is longer than that for controls is thus confirmed.

Comparison of the VIS durations of the 5 subject
populations tested in Expts. la and 1lb (these figures can
be seen in fig. 1:2) supports the speculation proposed in the
introduction and digcussion of Expt. la that there exists
an inverse relation between speed of processing from the VIS
and VIS duration: the faster a subject can read-out from
the VIs; the shorter the time he needs to hold it there. To
investigate this in more detaii; the figures for all 136 subjects
participating in Expts. la and 1b in respect of VIS duration
and SOA at which they could correctly process the digit arrays
were subjectéd to a Spearman Rank Order Correlation. This
resulted in a significant rs of + 0.468 (t = 6.12; defe 134,
p(_.OOl]. Using the 5 digit processing time as the independent
variable, a regression analysis yields the following function:

VIS duration = 0.135 Processing time + 74.6 ms.



Figure 1:2

YIS Durations (ms) for the 5 subject populations of differing reading
ability tested in Expts la and 1lb.
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* (for the purpose of this analysis, the 50 non-dyslexic adults tested in Expt la
were divided into 2 groups, the faster 20 readers and the slower 20 reeders, on
the basis of reading speed over all Conditicns.)
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This relation can be seen in the scattergram (fig. 1:3).

There is some considerable variability about the fitted regressicn
line, and it must be noted that the correlation between the

2 variables is far from unity; but if these results are con-
sidered as a supplement to the evidence reviewed in the
introduction they lend further support to the view that post-
fixation storage of information in the VIS is utilised during

reading.

CONCLUSIONS

From the results of Experiments la and 1b, and a review
of other studies, it is concluded:

1) Dyslexic type difficulties are a manifestation of
some general limitation in processing ability.

2) Processing from the VIS, as operationally measured
by speed of recognition of 5 digit arrays, can be the rate
limiting step of reading ability.

3) This being the case, it is considered that those
functions involved in digit array processing can be profitably
investigated in the search for the functional deficits underlying
reading disability.

4) It is proposed that those subjects who are fast at

processing from the VIS tend to have a shorter VIS duration.

o
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CHAPTER 2

Dyslexic and control children's performance at
processing from 7 digit visual arrays presented

at short exposure times.

Dyslexic and control children's performance at
processing from 7 digit visual arrays presented
tachistoscopically under backwards pattern masking

at short exposure times.

Adult low literates and adult fast-readers compared

on the digit processing task of Expt. 2b.



EXPERIMENTAL CHAPTER 2

In which ability at processing from arrays
of digits is investigated over a wide range
of exposure times for dyslexie and control
children, fast undergraduate readers and adult
low-literates - there is a strong correlation
between reading ability and the rate of initial
stimulus aequisition-ability at visual and
lextecal encoding underlies this performance -
good readers differ from poor readers on one or
both of these functions.



Introduction

In Expts. la and 1b it was found that processing
time for S5-digit arrays was over four times as long for
dyslexic children as it was for matched controls, and that
there exists a correlation between visual information
processing speed and reading speed. It was therefore
suggested that dyslexia can be regarded as é deficiency
in information processing, and that it is the functions
involved in digit processing which should be investigated
to determine the functional deficiencies resulting in

reading disability.

- The next step is therefore to attempt to break down
the coﬂcept of 'digit processing'. Even in its present
state it is no doubt a 'purer' concept than that of
reading, where performance is likely to be more affected
by practice, by skilled guesswork, and by degree of
familiarity with the material, but clearly more is needed
by way of isolating its components. Expt. Za therefore
investigates the ability of dyslexic and control children
to process from 7-digit arrays at exposure times from
50-1200 ms. To study these children's processing ability
at very short expsoure times; a backwards masking paradigm
is used in Expt. 2b. Finally, in Expt. ZC; adult low-
literate and fast undergraduate readers are compared on this

task.

The suggestion that dyslexia can be regarded as a

deficiency in information processing is also reflected in

v
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the work of Stanley and Hall (1973 a,b), Miles and

Wheeler (1974, 1977), Wheeler (1977), and Ellis and Miles
(1977, 1978). In particular, Stanley and Hall (1973b) report
that dyslexic children perform less efficiently than

controls on a task involving recall from 6-letter arrays

presented for brief durations.

If the data of Stanley and Hall (1973b) are replotted
in terms of number of digits reported at each exposure
time for both groups of subjects, the results obtained

are those of fig. 2:1.

Since in this Expt. the letters were followed by a
blank field, the time scale of fig. 2:1 represents the
time during which the letters were exposed in the tachistoscope.
Since it is known, however, that subjects can hold
information in iconic memory far usable durations of
100-300 ms. (Sperling, 1963, Neisser, 1967, Stanley and Hall,
1973b), the x-axis scale can be regarded as representing
an effective exposure time made up of tachistocopic
exposure time plus iconic storage time. It can be seen
in fig. 2:1 that both groups of children improve in the
number of letters correctly reported as the exposure time
increases: the slope of their functions is ( aproximately)
0.00036 items per ms. for the control group and 0.00017
items per ms. for the dyslexic group. In terms of speed of
processing, however, there is another major difference between
the two groups. This is to be found in the ordinate
values: if extrapolated back they cross the y-axis at

3.35 items in the case of the dyslexic group and 3.84 items in
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Figure 2:1 Stanley and Hall 1973, Data from figs 2 & 3
replotted as number of letters correctly reported from
T item arrays by dyslexic and control children.




the case of the control group. One possibility therefore is
that dyslexic children regularly display a low level of
information pick-up during the exposure of any array of
symbols, and that they are deficient at both the initial
information acquisition and the later acquisition above

this level.

N



EXPERIMENT 2a

Abstract

41 dyslexic bgys between the ages of 10.4 and 14.4
years and 41 age and intelligence matched boys were tested
for recall from 7-digit arrays presented tachistoscopically
at exposure times between 50 and 1200 ms. It was found that
the control children reliably processed more digits than the
dyslexics at all exposure times used. The digits
correct/exposure time function for the control children was
of a slightly greater slope than that for the dyslexic boys,
’but the major difference between the two functions was the
ordinate values: if they were extrapolated back, the
dyslexic function crossed the y-axis at 3.3 items, the
control function at 4.7 items. These results are taken to
imply that the dyslexics are handicapped by a slowness at apn

early stage of information processing.

" Introduction

In order to investigate those functions involved

in digit processing, it was decided to carry out a variant of
the Stanley and Hall (1973b) Expt. with a modified technique

and with children who could be later tested on other tasks.

(N
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7-digit stimulus arrays were presented at a range
of exposure times up to 1200 ms. There are a number of
advantages if one uses digits as stimulus material as
opposed to the letters which Stanley and Hall (1973b)
used: in particular, each digit can be assumed to have the
same prior probability, whereas a child's responses to
letters or words may be affected by the extent to which he
has learned that some letters and combinations of letters

are more frequent than others; in addition digits lend

themselves less easily to chunking. It was again decided

to analyse the results in terms of correct identity only,

no account being taken of order. This was because of the
widely held view that dyslexia involves a deficit in temporal
order perception (see Bakker, 1972): differences in the

ability to order would therefore have been a confounding source
of variability. As a consequence it was necessary throughout
the course of the experiment that the subjects be strongly

discouraged from guessing.

Subjects
The 41 dyslexic and 41 control children tested in

Expt. 1b were also used as subjects in this experiment.

Materials and Procedure

12 different cards of 7 quasi-randomly generated
digits (no digit could appear more than once on any trial)
were the test stimuli (TS). They were presented

successively in an Electronic Developments 3-field tachistoscope.
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The digits were printed on white card using 28pt Helvetica
light Letraset and were presented at a distance of 508 mm from
the subject's eyes; this gave an illuminaticn at the eye of
approximately 1 lux. Each trial began with the signal

'ready' followed by a fixation cross (illumination at the eye
of approximately 0.15 lux) for 2 sec. Digit offset was

followed by darkness.

The children were first given a series of
practice trials, being told that immediately after the numbers
had disappeared they were to report as many of them that
they were sure that they saw, in correct order if possible.
During practice trials excessive guessing was discouraged
whenever this was necessary. For the test trials six
different TS exposure times were used, viz. 50, 100, 200, 400, 800
and 1200 ms., with two trials at each exposure time, the
presentations being made in a randomized order. The child's
response was recorded on each trial and scored as number of

digits correct, no account being taken of order.

Results and Discussion

The mean number of digits correct at each exposure
time is shown for dyslexic and control subjects in Table 2:1.

The functions, fitted by regression, are: dyslexic subjects,

y 3.3 + .0009x items per ms.; control subjects,

¥ 4.7 +40013x items per ms. (for regression lines see Figure 2:2).
An analysis of variance performed on the results of Expts. 2a and

2b shows that the group differences are highly significant
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Figure 2:2 Dyslexic and control children's
encoding functions derived from the data
of Expt. 2a.
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(for details see Table 2:2 and discussion of Expt. 2b).

The pattern is the same as that found by Stanley and Hall
(1973b): there is 1little difference between the slopes cf

the dyslexic and control children's functions although the
slope of the latter is slightly higher. The major
distinguishing feature between the two groups is in the initial
level of the two functions, which might iﬁply a slowness

at a very early stage of information processing.
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EXPERIMENT 2b

Abstract

Those subjects of Expt. 2a were tested at recail
from 7 digit arrays which were presented tachistoscopically
under backwards pattern masking at exposure times from
50 to 1200 ms. The dyslexic children's performance was
significantly inferior to that of the controls, and this
was especially reflected in the rate of initial stimulus

acquisition.

Literature was reviewed which suggests that both visual
processing (the visual code) and non-articulatory hn3ﬁs+t
(lexical) processing underlies this rate of initial stimulus
acquisition, and it is concluded that at one or both of

these functions, dyslexic children differ from controls.

An analysis of the Serial Position effects lends

further tentative support to this conclusion.

Correlational analyses were performed for all
82 subjects between efficiency at this task and i) the
child's CA, 1i) his RA; and ii) his SA. Whilst CA accounted
for only 5% of the variability of scores in Expt. 2b, RA and

SA accounted for 51% and 54% of the variance respectively.
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Introduction

The next requirement was to study in further detail how
much could be processed in very short exposure times. Now
if it is assumed that iconic storage time is approximately
200 ms., then the shortest exposure time in Expt. Za
(50 ms.) gives an effective exposure time of approximately
250 ms. It is known, however, that the introduction of
a pattern mask limits the processing of iconic information.
If therefore this mask is introduced immediately upon TS
offset the effective exposure time will become reduced by
about 200 ms. throughout. It follows that when the tachistoscopic
exposure time is 50 ms., the effective exposure time 1is

approximately 50 ms. also.

Materials and Procedure

The subjects were the same as those used in Expt. 2a.
The procedure, however, was changed in the following ways:
new TS were used, and TS offset was followed immediately in
each trial by a pattern mask which replaced the spatial
location previously occupied by the TS and which consisted
of a jumble of overlapping digit parts. The mask was exposed
for 200 ms., with an approximate intensity at the eye of
3.0 lux; and it was known to be effective, because when both
the MS and the TS were presented simultaneously for 2 sec.
no digits could be reported by the subjects. Practice,
instructions, and scoring procedures were identical to those

of Expt. 2a.



Results
The mean number of digits correct at each exposure
time is shown in Table 2:1. The resultant functions, fitted

by regression, are shown in Fig. 2:3.

The data from Expts. 2a and 2b were analysed as a
3 factor ANOVA: 2 groups (dyslexics, controls) x Z mask
(mask, no mask) x 6 exposure times, with subjects nested

within groups. The resultant F-ratios are shown in Table 2:Z.

All main factors were significant at the 0.1% level. The
group X time interaction demonstrates a greater
difference between the groups at the longer exposure times;
this is especially true in the mask condition, and there is
thus a significant GMT interaction. The mask x time
interaction is due to the mask having a greater effect at

the shorter exposure times than at the longer ones.
The primary conclusion to be drawn is that dyslexic
children are much poorer than control children at processing

the information in the digit arrays.

How Are These Results To Be Further Analysed?

The evidence of Sperling (1963) shows that the number of
items which an adult subject can report from a brief

tachistoscopic display of alphanumeric stimuli which are
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Figure 2:3 Dyslexic and control children's
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TABIE 2:1
Mean Number of Digits Correctly Reported in Expts. 2a and 2b

Experiment 2a Experiment 2b
(TS post-field dark) (TS post-field mask)
Exposure Dyslexic Control Dyslexic Control
Time (ms) Children Children Children Children
50 3.23 b.56 0.52 1.16
100 3.23 L.62 1.94 3.17
200 3.43 4,89 . 2.73 4,18
Loo k.20 5.56 2.87 b ks
8oo 3.92 6.01 3.66 5435
1200 4,35 5.89 4,13 5462
TABLE 2:2
Essential ANOVA Data of the Digits Correct Results of Expts.
28 and 2b.
Source F DF Probsability
1e©
Groups(G) 93.k4 1,983 .001
Mask(M) 551.1 1,983 001
oM 3.3 1,983 N.S.
Time(T) 366.9 5,983 .001
GT 8.L 5,983 .001
MT 135.0 5,983 001
GMT 345 5,983 205
Subjects within
Groups 17.8 80,983 001
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followed immediately by a pattern mask increases as an
approximately linear function of array exposure time at

a rate of 10-35 ms. per item; this function continues up to
about 4-5 items at 100 ms., where it levels off, thereafter

increasing at a considerably slower rate.

Coltheart (1972) interprets these results as
reflecting two processing strategies operating in parallel,
and sees the exposure time/items reported function as being
two-1limbed. The first limb is very steep with, apparently,
a capacity limitation (represented by the dog-leg point)
of around 4-5 items. The second limb is much less steep,
but appears capacity limitless over the first second
at least. In contrast Sperling (1963) draws a single

curvilinear function through the data.

For the data of Expt. 2b it is difficult to decide
between a 'two-limb' or 'logarithmic' function. 1If a
regression analysis is performed against log exposure time,

extremely good fits are obtained:

Controls: items correct -0.293 + 1.89 log10 exposure time

L[}

Dyslexics: items correct -0.683 + 1.47 log10 exposure time

Both groups:items correct -0.488 + 1.68 1og10 exposure time

pooled

These functions are extremely good predictions of the data,

explaining 98% of the variability.

I1f, however, the results of Expt. 2b are referred to,

where the effective exposure times are in the approximate



range 300 - 1500 ms., it can be seen that the linear-linear function:
are still rising (1.3 items/sec. for the controls and 0.9

items/sec. for the dyslexics) and this rate of increase appears

to be faster than that predicted from the asymptoting

logarithmic formulae. Even so, it is to be expected that

the functions will eventually asymptote at short-term

memory capacity is reached.

With so few exposure times used in Expts. 2a and 2b
it seems impossible to resolve this choice between 'two-limb'
or 'logarithmic'. The question is largely academic however,
and appears little to affect the arguments as to the
underlying cognitive functions. For the sake of uniformity,
however, the 'two-limbed' functions will be referred to

in data analysis.

With regard to the arguments of hypothetical underlying
cognitive functions, the following background is relevant.
Since the subjects are required to report verbally and since
pre-report storage in short-term memory has been found
to be subject to phonemic confusion; it has been argued that
some form of phonemic or articulatory encoding is involved
(Sperling 1963, 1967; Conrad 1964, 1972; Baddeley, 1966, 1968).
Articulatory encoding; however; is slow: Landauer (1962) has
demonstrated that its rate approximates to that of explicit speech
which is about 150 ms. per monosyllabic item. To explain the
relatively faster rate of initial encoding, therefore, it has

been necessary to postulate some kind of buffer store between



icon and articulatory code mechanism. According to this
view the rate of initial information acquisition reflects
the rate of readout from icon into buffer store and
the dogleg point where the function levels off indicates
the buffer store's capacity. Now since it is known that
initial rate of information acquisition is unaffected
by articulatory suppression -

(Experimental Chapter 7 ) the information in the
postulated buffer cannot be articulatory in character,
and the precise form of the storage therefore requires

discussion.

Sperling (1967) argues for a 'scan' of the visual
information contained in the icon which results in a code
representing the names of the characters in terms of
'programs of motor instructions'. These programs are held

in a 'recognition memory buffer' (rate of input to

332

the buffer 10ms.) item, rate of output from the buffer 150 ms./

item) until they can be executed. This proposal will
explain that the rate of first 1limb slope is much greater

than that of the rate of implicit speech,and if a buffer

capacity limitation of 3-4 items is assumed, as Sperling, 1967

proposes, it also explains why the dogleg point is reached.
The second function, above the dogleg point, is assumed to
reflect name coding direct from the icon since its slope

is in close correspondence to the rate of implicit speech,



150 ms./item. The Sperling, 1967 model can be seen in €ig.

The problem with this model is that it leaves the
iconic store, which is of very short term_duration, as the
ocnly visual sTcre in the system. As there is considerable
evidence for a longer term visual store (the visual code
of Posner, 1969, Phillips and Baddeley, 1971 and Phillips, 1974)
which can survive pattern masking (Phillips, 1974), Coltheart
(1972) has argued for a non-iconic visual code buffer, and
similarly Mitchell (1976) proposes that short-term visual
memory may act as the buffer store between icon and

articulatory encoding.

In more detail, Coltheart's hypothetical
organization of information processing subsystems underlying
the two-limb function data is as follows. The second limb
1s said to show items processed via the name code pathway.
Evidence for this comes from its close correspondence in
rate to that of implicit speech (approximately 150 ms.
per monsyllabic item; see Landauer, 1962) and also from
studies of prelingually deaf children who show an almost
horizontal second limb slope (Henderson & Henderson, 1973).
The slope of the first limb is obviously much too steep
to reflect name coding; and it is therefore proposed in the
Coltheart model that it chiefly represents processing through

a visual code pathway. The mechanism involved here may or

may not be the same as that studied by Posner (1969), who
found that responses of 'same' to physically identical letters

(AA) occurred more quickly than responses of 'same' to



Sperling's 1967 Approximation to a Model of Short-Term Memory
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physically dissimilar letters (Aa), and who distinguished
therefore between visual code comparisons and name code
comparisons. The visual code mechanism was believed by
Posner to hold information in terms of its visual features,
while the name code mechanism had the function of translating
the visual array into auditory information. Coltheart takes
the matter further by suggesting that these two encoding
processes occur simultaneously and that visual encoding

is fast up to its capacity limit, while name coding

is slower but less limited in respect of capacity. The model

of Coltheart (1972) is shown in Fig. 2:5.

Whilst the models of Sperling (1963, 1967, 1970) concentrate
on the aspects of grapheme-phoneme conversion to the exclusion
of visual short-term memory, that of Coltheart (1972) lacks
detail of name coding, having the reader believe that there
is only the motor articulatory code available to represent
linguistic stimuli. In contrast, Allport (1973, 1977, 1978)
reports that the masking interval function is essentially the
same for unrelated consonants as it is for arrays of unrelated
common words of 3-6 letters in length, from which he concludes
that the masking function does not simply reflect a capacity
in the processing of visual or graphemic features. He therefore
argues for a non—visual; abstract linguistic or 'lexical code'
buffer. According to this view the rate of information
acquisition may reflect the rate of preoduction of lexical codes

following logogen unit (Morton, 1969, 1970) activation, with
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Coltheart's 1972 Hypothetical Organization of Memory Sub-Systems involved in Visual Information Processing.,

FIGURE 2:5
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the dogleg point perhaps reflecting the number of outputs
from unrelated logogen units which can become available

concurrently.

What then of the present data? There are substantial
group differences of performance on this task. The
dyslexic children are significantly slower at processing
the arrays than are the controls, and this is particularly
evident in the rate of initial stimulus acquisition.
Regression lines in respect of the post-dogleg second
limb are as follows: dyslexic children y = 2.38 + 1.5 item/s.,
control children y = 3,91 + 1.5 item/s.: the dyslexic
and control children's functions run parallel after the
dogleg point. The slope of the first steep limb; however,
is approximately 30 item/s. for the controls compared
with about 19 item/s. for the dyslexic subjects, dogleg

points being at 4.1 items and 2.6 items respectively.

According to the alternative theories outlined above
the following interpretations seem prima facie possible:
(a) dyslexic children are slow at scanning iconic information
and creating 'programs of motor instructions' for the
graphemic stimuli; they have a 'smaller capacity'
recognition buffer; (b) they are slow or inefficient at creating
visual codes for the graphemic stimuli; they have a 'smaller
capacity' visual code; (c) they are slow at producing lexical

code representations and can hold fewer such representations

7
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available. These alternatives fall into two brocad classes:
naming/abstract linguistic (a and c) and visual (b)

deficiencies.

The dyslexia literature yields possible support for
both classes. For example dyslexic children typically confuse
b and d (Vernon, 1971; Critchley, 1970), which may reflect
problems with manipulating the visual representations of
stimuli; 5n the other hand they also show Slow reaction
times in naming colours and pictures (Denckla and Rudel,

1976) which may reflect problems at the level of naming.

We must ask therefore, what is the rate limiting
function underlying the first limb, since this differentiates
the dyslexic and control children. This question is addressed
in detail in Experimental Chapter'7, - .. however for the

present, a summary of some relevant literature should suffice.

There is a considerable body of relevant evidence
based on studies of the rates of processing of different types
of stimuli. Thus Mackworth (1963) presented arrays of colors,
digits, shapes and letters tachistoscopically at short
exposure times and demonstrated that the rate of stimulus
information acquisition increased from shapes to colors to
letters to digits. She concludes that speed of naming is an
important variable in rate of processing. Allport (1968)
showed that the rate of encoding of information of Landolt C's

occurs two to three times more slowly than for  numerals.



Visual features and ease of naming are discussed as being
potential independent-variables underying this effect. In addition,
after a series of experiments where stimulus characteristics
are manipulated, Allport (1973) concludes that

(i) the rate of acquisition from an array of letters or

words is determined not by the number of visual characteristics
to be processed but by the number of names into which they

are to be encoded. ‘

(ii) the rate of stimulus information acquisition is
independent of the pool size (4, 8 or 16 consonants) from
which the characters of the array-to-be-encoded are drawn.
(iii) the time needed to identify words of the same frequency
of occurrence is unrelated either to word length or to the
number of syllables in the name.

(iv) the backwards masking paradigm provides a direct measure

of naming latency.

In an unpublished Expt., Ellis has demonstrated that
the initial rate of processing 7 item arrays increases
according to the series: 7 nonsense symbols, 7 consonants,
7 letter arrays forming pronounceable nonwords, 7 letter
English words. In a second experiment subjects initially
tested for speed of processing the nonsense symbol arrays were
divided into four groups. Group I copies the symbols,
Group IV learned names for the symbols such that this code
would later allow translation of the symbol arrays into
English words. The subjects participated in these training
schedules daily and the groups were equated for exposure to

the symbols. On retest with the nonsense shape arrays one week



later a trend similar to that of the aforementioned
experimant was obtained. The Group I subjects who had
increased familiarity with the visual characteristics of
the stimuli improved from the session 1 levels where they
processes on average 2.2 items in 400 ms. to processing

3.1 items in 400 ms. in session 2; those Group IV

subjects who had both increased familiarity with the visual
stimulus characteristics and in addition learned names for
the symbols improved from 2.4 items/ 400 ms. session 1 to

4,9 items/ 400 ms. session 2.

Finally of relevance, Coltheart and Glick (1974) have
described the performance of Sue d'Onim, a subject who
when presented with a word or sentence was abnormally
proficient at spelling this material in reverse order.
She reported that she was able to do this by visualising
the material and reading off from this visual image. When she
was tested on the masked letter array processing task of
Merickle et al. (1971), the rate of initial stimulus
acquisition was exceptionally fast, approximately 120 items/s.
compared with adult control rates of about 35 items/s.
Coltheart and Glick (1974) interpret these findings in
terms of the Coltheart (1972) model and suggest that

her performance reflects a superiority in visual encoding.

These studies provide some clues to the factors
relevant to the initial rate of processing visual information,

viz. visual features, familiarity and nameability. Although
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the majority of these studies stress nameability in this
respect, whether the buffer is visual or abstract lexical

in nature has not been unequivocally resolved.

It seems therefore that both visual features and
nameability (ease with which lexical referents can be
accessed) can be rate limiting in the first limb slope,
and this indeed is the éonclusion reached in Experimental
Chapter 7. It must therefore be left open as to
whether the dyslexic child's limitation in the rate of initial
acquisition of visual information is to be found at visual or
lexical processing functions, but as the majority of the studies
stress nameability in a determinative role, lexical processes
must be considered to be most likely areas Qf dgficiency.

in dyslexia.

Serial Position effects

The conclusion that the dyslexic subjects show a
deficiency in the rate of initial acquisition of visual information
is based on the shallow lst. 1limb slope of the dyslexics'
data. Since Merickle, Coltheart and Lowe (1971) demonstrated
that it was the end serial positions of an array which are
preferentially first processed, it should also be that the
data of dyslexic children differ more from these of the control

children at the end serial positions. (S.P. 1,2,3,7) than at
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the mid SPs (4,5,6).

The results of experiments 2a and 2b were therefore
scored for serial position effects: the proportion of the
41 subjects in each group which was correct on any trial
was calculated. The serial position curves for experiment Z2a,
where no mask was used, can be seen in fig. 2:6; those
for experiment 2b where the digits, when followed by the

pattern mask, can be seen in fig. 2:7.

These serial position effects are shown in table Z:3
and analysed as a 4 factor randomized block ANOVA ( 7 serial
positions x 2 groups (dyslexics, controls) X 2 experiments
(mask, no mask) x 6 exposure times (50 - 1200 ms.) with
2 blocks of replications). This ANOVA data is shown in

table 2:4.

All of the main factors are again significant at the
.01 level. This analysis tells us nothing new about the group,
mask or time factors which were analysed in the previous ANOVA;
it does however, show that overall some serial positions
are more correctly reported than others, the serial positions
being reported correctly (over both groups and both' experiments)
the following proportions of the time: SP1: .89, SPZ; .71,
sp3: .70, SP4: .55, SP5: .37, SP6: .30, SP7: .38. The order

of positions in terms of statistical significance 1s:

1> 2, 3 4 ) s, 7> f,
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Exposure

Tize (ms)  °
50 1.00
100 .98
200 .98
400 1,00
800 1.00
1200 1,00
50 .85
100 .93
200 .93
400 1.00
800 1.00
1200 .98

Exposure 1
Timg (ms) - " ap
100 93
200 1.00
400 1,00
800 1.00
1200 1.00
50 30
100 .63
200 95
400 95
800 .98
1200 .98

Proportion Correct at Each Serial Position

95
.88
.83
.98
.88
1.00

«T1
« 73
56
.98
93
.85

.02
120
.20
1.00
1.00
098

.02
12
.10
76
.98
1.00

ZXPERIMENT 2a:

Postfield Dark.

RUN T
3 4 5 6 T X 2
68 .56 .29 .32 3L 1.00 1,00
93 .68 29 .32 W4l 1.00 .85
95 Bl 51 &l 61 1.00 .95
1.00 .68 .76 .66 .76 .98 .98
95 95 T3 .80 .76 1,00 1.00
88 .93 .73 .T6 .66 .98 1.00
«32 .39 .22 2k 20 .90 .80
B8 L3T 15 12 W12 93 A1
.78 .39 .20 L,10 .32 .98 .66
.59  JL9  JLL 3T .56 .98 1.00
S8 J61 20 2T 1T .98 .93
6 83 JLh6 W37 W22 95 .98
EXPERIMENT 2b: Postfield Mask.,
RUN T
3 L 5 6 7 i} 2
20 0T .00 .20 .22 £T i
00 b kb 29 B3 95 L9
90 46 71 42T 68 95 W41
l93 020 l3h .27 nsh 098 095
1,00 .85 .66 .59 .4k +98 1.00
1,00 .98 .78 L1 .37 1.00 .98
0 00 02 4OT7 12 12 0B
15 27 W12 .07 W46 68 .12
UST -ls 066 005 l39 088 llT
.66 0T 415 .00 .15 1.00 .63
|68 063 .lT |12 .lO 098 ¢95
1,00 .41 .39 .07 .O7 .98 .98
TARIE 2:3

RUN 2
3 b
95 .83
W93 .59
83 .76
100 93
95 .90
1.00 .93
.85 .54
59 .59
66 .56
98 L9
78 .59
95 4T3
RUN 2
3 b
29 .29
6 3D
54 .56
88 .51
85 .78
1.00 .95
015 022
LOT7 439
15 WU6
59 .15
63 <63
95 .83

5

51

56
20

.68

A7
.20
37
02
A7
27

.05
.68
29
W49
.56
.80

.02

+34
27
.15
b1

in Experiments 2a and 2b.
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TABLE 2:L4

Essential ANOVA Data of the Serial Position Results of Expts. 2a and 2b.

Source

Blocks
Positions(P)
Time(T)
PT
Groups(G)
PG

TG

PTG
Mask(M)
PM

™

PT™™

GM

PGM

TGM

PTGM
ERROR

TOTAL

58

0.0256
13,753
5.3134
2.9669
3.,6L479
0.5633
0,0963
0.,6313
2.,49L4L
0.8112

©1.5608

2.3443
0.,0288
0,1182
0.0479
0.2513
2.3050

36.960
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Not significant

Significant at the 5% level

M5

0,0256
2.2922
1.0627
0.0989
3.6479
0,0939
0.0193
0.0210
2.,49LL
0.1352
0.3122
0,0781
0.0288
0.,0197
0.0096
0,0084
0.0138

Significant at the 1% level

Significant at the 0.1% level

F

1.85
166,07
T76.99
T!lT
264,30
6.80
1.39
1.52
180,72
9.80 -
22.62
5 .66
2,09
1.43
0.69
0.61

Probability

N.S.
R

* %%
*H%
®H%
£ )
N.5.
*
*H%
¥
X%
R

N.Se
N.S.
N.S.
N.S,.



It can be seen from table 2:4 that the
fidjority of the interactions are also significant.

Those will not be discussed in detail here since the

Group, Mask and Time factors and interaction have already
been analysed and discussed for thesedata. What is of
interest here, is the  group x position interaction. The
mean proportions correct for the two subject groups

on each of the 7 serial positions are shown in table 2:5.
Whilst the null hypothesis in this respect is that there

is no significant G x P interaction, one alternative
hypothesis which was proposed was that, should the
interaction be significant, 1t would demonstrate that

the groups would differ more on serial positions 1,2,3

and 7 than on positions 4,5 and 6. This alternative
hypothesis can be elaborated. The dyslexics' function

in fig 2:3 doglegs at 2.6 items, and this is interpreted

as the processing capacity through the functional

pathway underlying the 1lst limb performance. The
equivalent figures for the control is 4.1 items. If a
left to right processing strategy is assumed, and if, as
Merickle et al., 1971 propose, the end items are those
preferentially encoded; this will predict that the controls
will be performing preferentially well on serial positions
1,2,3 and 7 (or perhaps 1,2,3,6 and 7: there is no hard
and fast rule as to the cut-off point between 'end' and 'middle’
items) since they have a capacity of 'lst limb processing',

as reflected by the dogleg point; of 4.1 items. The



TABLE 2:5

Group x Serial Position Interaction Means from Expts. 2a and 2b,

Serial Control Dyslexic Difference
Position Children Children

SP1 0.92 0.86 _0.06

SP2 0.78 0.64 0.1%4

5P3 0.80 0.60 0.20

SPL4 0.65 0.45 0.20

5P5 0.50 0.25 0.25

SPé 0.Lb 0.16 0.28

SPT 0.54 0.21 0.33

L.8.D. (T5%) = 0,067
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dyslexics, however, with their capacity of only 2.6 items
should equate with the controls on SPs 1 and 2 but should
differ from them significantly especially on SPs 6 and 7
since there is no remaining processing capacity to deal

with those items.

The results shown in Table 2:5 lend some
support to this claim. Apart from SPs 3 and 4 where the
difference between the two groups remain roughly constant,
the dyslexics do relatively worse than the controls as
serial position increases. At serial position 7, where both
groups improve (this perhaps being due to this serial
position being preferentially encoded) the controls improve
more than the dyslexics; indeed it is at this serial position
where the two groups differ most. It should be noted,
however, that these serial position means are taken over
all the exposure times used, and at exposure times above
200 ms. eye movement will be possible and the subject's
report will be the combination of items processed from more
than one fixation. The Group x SP x Time interaction is
barely significant, suggesting that the Group x SP means are
representative of the processing strategies operating at all
exposure times. However as a result of this assertion
it is necessary to examine serial position differences at

exposure times when no eye movements are possible.

In this light, if the serial position effects between

the two groups at 100 ms. exposure times are studied in fig. 2:7
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it does appear that there is again some support for the
proposition that the groups differ more cn the end serial
position than those in the middle, indeed there is a

cross over at SP4 where the dyslexic subjects actually perform

slightly better than the controls.

The analysis of the SP effects does then lead some
weak supportive evidence that it is processing through
the function pathway underlying 1st limb performance which is
deficit in dyslexics. This confirmatory evidence must be
Stressed as being highly tentative, the SP effects are
somewhat messy and inconsistent and are averages

over many trials for many children.

A practical implication of this finding ensues.
Firstly the fixation-span of the dyslexics is less than that
of controls which means that they will be incapable of
processing longer words from a single fixation. In addition
to this the ends-first processing strategy of the controls is
more an end-first processing strategy for the dyslexics: of
all the serial positions; SP7 was relatively worse for the
dyslexics than the controls - i.e. in reading it in the last
letters of the word which is most likely not to be processed
by the dyslexics. It is suggested however by Merickle et al. 1971
that the ends-first processing strategy of adults has developed
because the ends of the words are psychologically more important

than the middle portion, and that therefore reading strategies
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have developed which preferentially process these 'ends'.

They cite the 3 following lines of evidence for this:

1) Brunner & O'Dowd (1958)found that a reversal
of the positions of two letters in a word has a greater
detrimental effect on tachistoscopic identification when
the letters at the ends of the words are reversed than
when letters in the middle of the word are reversed.

2) Jensen (1962)in a study of spelling errors
found that the greatest number of errors occurs in the
middle of words.

3) In the much cited "tip of the tongue'" phenomenon
Brown & McNeill (1966), S's have the most difficulty recalling

the middle portions of words.

The dyslexic child therefore,-wifh ﬁis end first
processing strategy is at a handicap not only because he
can process less than the control from a single fixation,
but also because he is especially processing less of the
last few letters of words which carry relatively more

information than those middle letters.

One final conclusion can be drawn from the analysis
of serial position effects. The position x time two way

interaction is highly significant (F = 7.17, d.f. 30, 167, p<.001).



Analysis of this interaction by inspection of the 6 curves
of fig. 2:8 shows that the proportion correct increases for

all SPs up to 400 ms. Thereafter, however, the proportion

correct on SPs 1,2,6 and 7 does not increase (and presumably
therefore SPs 1,2, 6 and 7 are no further processed after
400 ms.) whereas the proportion correct on SPs 3,4 and 5
continues to increase above 400 ms., this is most markedly

. the case for the mid array S.P.4. This finding supports
that proposition of Merickle et al. 1971; Coltheart, 1972
that it is the middle items which are speech-motor encoded
and the end items which are processed through the preferential
fast pathway underlying 1lst limb performance: the end items
are processed through the fast pathway and this processing
is completed by 400 ms., speech-motor coding can still occur
after 400 ms. and it is SPs 3,4 and 5 which are still being
further processed by this mechanism. The 'second 1limb' of

fig. 2:3 must therefore be viewed in this light.

A Correlational Analysis

It has been demonstrated that dyslexics perform at a
significantly lower level than controls at processing from
tachistoscopically presented, backwards masked 7 digit arrays.
In Expts la and 1b there were also demonstrated reading group
differences in 5 digit processing time. In addition to these
between-group differences, it is of interest whether there are
within-group differences in processing time. For example, is it

the case that the slower a dyslexic is at processing from the

(VAY,
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7 digit arrays, the greater his degree of reading retardation?

The total number of digits correctly reported are
the twelve trials of Expt. 2p was calculated for each of
the 82 children who participated and correlations and
regressions were therefore performed against each of the 3
variables: CA, RA and SA. The resultant function can be seen
in the scattergrams, figs. 2:9, 2:10 and 23311, It can be
seen that, predictably, there is hardly any relationship
between score on Expt. 2b and CA; CA explains only 5% of the
total variance. RA and SA are much better predictors of the
Expt. 2b score, explaining 51% and 54% of the variance

respectively.

Therefore within either of the groups tested digit
processing ability correlates closely with reading ability,

and this again confirms that the correct processing areas

are being investigated to ascertain the functional deficiencies

underlying reading retardation.
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EXPERIMENT Z2c

Abstract

13 adult low-literates of mean R.A. 8.1 years and
10 of the fast reader undergraduate readers of expt. la
were compared for speed of proeessing from 7 digit arrays
pfesented tachistoscopically under backwards maskihg at
exposure times from 25-3000 ms. The main difference between
the two groups is again to be found in the slope of the
first 1limb of the items reported/exposure time function. It
is concluded that these two groups differ in terms of processing
ability through the functional pathway underlying preferentially
fast 1st limb performance, and that there is a correlation
throughout the population between speed of processing, as

measured using the digits task, and reading ability.

Introduction

A further question which arises from these findings
is whether the limitation in rate of initial stimulus acquisition
specific to those poor readers who are dyslexic or whether;
as is likely from the results obtained in Expts. la; 1b and 2b,

other slow readers alsc display a limitation at this stage.



Subjects

13 adult low-literates were tested. They were
within the age range 20-55 and were participating in evening
classes under the Adult Literacy scheme. All were backward
in reading, but for a variety of different reasons: there
were recent immigrants who were learning English as a foreign
language; in the case of some subjects the poor reading
appeared to be due to absence from school when they
were younger; there were ESN and SSN subjects and one case of
probable brain damage. Their one common factor was their
weakness at reading, the mean reading age, as measured by

the Schonell R, test,being.8.1 years.

1
10 first-year undergraduates were used as controls
(age range 18-24 years). These subjects came from the top
30% of a pool of 50 undergraduates and Technical College
students ranked for reading speed over 5 conditions in
Expt. la. 'For present purposes they will be referred to

as 'fast-reading undergraduates’.

Materials and procedure

Procedure and test stimuli were identical with those
of Exp. 2b, except for the exposure times used. The range
of exposure times best suited to the two subject groups
to give most information was determined in a pilot experiment,
the result\being a range of 25-800 ms. for the fast-reading

undergraduates and 30-3000 ms. for the adult low-literates.

TR
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Results and discussion

The resultant digit proeessing functions for the

two groups are shown in Fig. 2:12.

Again it seems that the major differences betweén
these two groups in terms of items processed per second
is found in first limb slope and dogleg point. In this
experiment, however, we also find a slightly lower second
limb slope for the adult low-literates and a scomewhat
atypical first limb slope which doglegs at about 300 ms. -
a considerably longer time than that found for the other
three subject groups tested, where the dogleg point was
nearer 100 ms. In any interpretation of these results it
is necessary to take into account the variety of subjects

who made up this group.

However, it seems that many slow readers, whether or
not they display the dyslexic pattern of difficulties, show
a limitation in the rate of initial stimulus acquisition.
Although it is still puzzling that some people (those
designated as 'dyslexic') should continue to show this
limitation despite adequate intelligence and opportunities for
practice; it is important to remember that slow processing
can also occur either if intelligence is relatively low or

if opportunities for practice have been limited.

If the digit processing functions for the four groups

of subjects tested in exps. 2b and 2c are shown together, as in
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Fig. 2:13, an interesting picture emerges. Second limb
slopes are similar in all cases, whereas first limb slopes

are in direct correspondence with skill at reading.

Now it has been found that, during reading, a single
fixation pause lasts, on average, for about 330 ms. in the
case of 6-year old children and for about 230 ms. in the
case of college students (Taylor, 1957); "and it has also
been found that for adults the saccadic movement time is
less than 50 ms. (Tinker, 1951). Thus if fixation time is
added to saccadte movement time, one can say, at a
conservative estimate, that the time between the onset of
one fixation to the onset of the next is about 400 ms. for

young children and about 300 ms. for college students.

If the control children, who in effect represent
the mid-range of reading ability in this study, are considered
in this light, some interesting observations emerge. It
follows from the last paragraph that the information from a
single fixation is processed in around 350 ms. According to
Fig. 2:13, the major contribution to items processed from
a single reading fixation (about 4 items) comes from that

process-underlying 1st limb slope. Although because of the

362

effects of chunking and of the pronounceability and meaningfulness

of verbal material there are important differences between
responding to visually presented digits and responding

to visually presented words, it nevertheless seems correct to
claim that rate of encoding underlying the fast rate of initial

information acquisition is a major factor in determining the
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amount of information processed from each single fixation
in reading; and it may therefore well be that individual
differences in the rate of this process contribute in an

important way to differences in speed of reading.



CONCLUSIONS

From the results of Experiments 2a, b and c it
is concluded
1) The difference between dyslexic and control children
in terms of visual information processing resides in the
rate of initial stimulus acquisition.
2) Visual encoding and lexical encoding are involved in
this initial rate of stimulus acquisition.
3) Dyslexic children differ from controls either at visual
encoding and/or at lexical encoding.
4) Reading age correlates more with processing ability than
does chronological age. In general, whether the subjects
be dyslexic or control children, adult low-literates,
or fast undergraduate readers, there is a large positive
correlation between reading ability and ability at these

functions underlying the initial rate of stimulus acquisition.
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EXPERIMENTAL CHAPTER 3

In which dyslexic children are shown to
be slower than control children at name-encoding
letters, but not at visually encoding them - they
are slightly less accurate but no less slow at
matching highly confusing letter like forms -
the rate of visual code production and matching
and the capacity of this system is the same for
dyslexie and control children - it is concluded
that there is no serious problem in dyslexic
children at dealing with the visual characteris-—
tics of alphanumeric stimuli, but that dyslexic
children are deficient in non-articulatory name
or lexical encoding.



Introduction

The findings in Experimental Chapter 2 suggest that
dyslexic children are slow at initial stimulus acquisition
and that this may reflect either deficient visual encoding
or lexical encoding. The experiments which follow are
aimed at investigating the performance of dyslexic and

normal ability children on tasks involving these functions.

By adapting the procedure devised by Posner (1969) it
is possible to test speed of production of the visual code
and speed of matching two visual codes without the necessity
of further processing or visual-auditory translation (exp. 3a).
This would be especially clear if nonsense shapes were used
as stimuli (exp. 3b), since in that case there is no auditory
'"tag' for the symbols and hence no visual-name translation
is possible. In expt. 3c, the decay rate of the visual code
is measured using the procedure devised by Posner and Keele( 19621
As this method yields immensely variable results, the capacity
and decay rate of the visual code is studied by means of a
procedure developed by Phillips and Baddeley (1971) and

Phillips (1974); these constitute expts,3d(i) and 3d(ii).
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EXPERIMENT 3a

Abstract

21 dyslexic children of mean CA 11.8 years and 21 control
children (mean C.A. 11.8 years), matched with the dyslexics
for intelligence,‘were tested on an adaptation of the Posner
(1967)paradigm. This investigated the speed at
which these children could make, 'visual code' and 'nmame code'
matches of two letters which were either the same or
different. Visual and name confusability of letters were
included in the experiment to test the assumption that
dyslexic chilﬁren have difficulty in distinguishing between

certain confusable letters, e.g. b/d.

In Posner's terminology the dyslexic and control children
did not differ on the rate at which they made 'visual code'
matches, but the dyslexics were reliably slower at making

'name code' matches.

It is concluded that the speed of visual encoding for letters

is as fast in the dyslexic as in the control children.



Introduction

Posner (1969) has demonstrated, in a letter matching
task, that responses of 'same' to physically identical
letters (AA) occurred more quickly than responses of 'same'
to physically dissimilar letters (Aa). He therefore
distinguished between visual code comparisons and name code
comparisons; and it is possible as a result of his technique
to collect speed and error data for the production and
matching of both types of stimulus representations. If
dyslexic subjects are slower or less efficient at encoding
the visual features of the stimulus independently of their
ability to name, then more errors and relative slowness as
compared with controls would be expected in situations of
visual code comparison. In contrast, if their deficiency
is primarily one involving the name-code, then they would
be slower and/or make more errors in name-coding conditions

than individual-coding conditions.

In the present experiment a variation on the Posner
procedure was introduced. This involved pairs of letters
which, though different, were either visually similar (e.g. OQ)
or phonclogically similar (e.g. Gd). These 'similar' conditions
were included since it is to be expected that a deficiency
in the production or comparison of a given type of stimulus
feature representation will be associated with slower and/or more

error-prone performance with letter pairs which are confusable



on that stimulus feature dimension. Thus, for example, longer
latencies or more errors may be expected for the
phonologically similar letter pairs if the subject has

difficulty at name encoding.

Subjects

Two groups of 21 boys were tested. The dyslexic subjects
were chosen from a private school which specialised in dyslexia.
A check was made of the school records so as to ensure that no
child was chosen as a dyslexic unless all of the following
conditions were satisfied: (a) reading age (RA) on the
Schonell R, test was at least two years behind chronological age
(CA), (b) spelling age (SA) on the Schonell S1 test was at
least two years behind CA, (c) there was no evidence of any gross
behavioural problem or of any gross organic disorder, and (d)
there was average intelligence or above, as determined by
recognised intelligence tests, usually the Wechsler or

the Terman.

Members of the control group were also chosen from
private schools. Inclusion was conditional upon (a) a score
of average or above on a recognised intelligence test and (b)

RA and SA not more than one year behind CA.



The CA, RA and SA characteristics of the two groups

are as follows

Chronological Reading Spelling
age age age
b s.d X s.d X s.d
Dyslexic Group 11.8 & s ) @45 8.5 0.6
(N = 21)
Control Group 11.8 1.0 12 .7 1.3 12.6 SE
(N = 21)

Materials and procedure

Six categories of test stimuli were used, each category

comprising pairs of letters. The types of pairs were as follows:

Same-case pairs

VI: visually identical
VD: visually dissimilar

VS: visually similar

Different-case pairs

PI: phonologically identical
PD: phonologically dissimilar

PS: phonologically similar

For the VD condition the pairs were chosen so that
they were as far as possible neither physically nor phonologically

confusable, while for the VS condition the letters, though



VAl
+
N

different, were designed to be visually but not phonologically
similar. Visual similarity was achieved by the presentation

of two upper case letters, choice of letter pairs being
influenced by the findings of Townsend (1971). For the PD
condition the letters were designed to be neither visuaily
nor phonologically confusable, while for the PS condition

the letters were designed to be phonologically but as far

as possible not visually similar. Guidelines for choice were

taken from the confusion data of Conrad (1964) and Wickelgren (1965)
The resultant test letter pairs are given in Fig. 3:1.

Letter pairs, printed centrally on white card with 28pt
folio light letraset were presented in an Electronic Developments
3-field tachistoscope. Each trial began with the warning
signal 'ready', followed by the presentation of a fixation cross
for 1000 ms. at an intensity at the subject's eyes of
approximately 0.15 lux. The offset of the fixation cross was
followed by the exposure of a test letter pair for 2000 ms,
at an intensity at the subject's eyes of approximately 1.8 lux.
The on-set of the letter pair started a Dawes digital meter,
counter and timer; type 3000A, accurate to 1 ms., and the
subject's vocal‘response stopped the timer by means of a

voice key.

Testing occurred in a quiet, dimly 1it schoolroom. The

subject was told that he would be seeing pairs of letters printed



SAME CASE PAIRS

Visually Visually 1Visually [Visually
entical lldentica issimilarSimilar
runi run2

V) VD VD) VS)

— 0 0 OB 0
RR_ RR RM RP
FE =2 5 FE
il CC CT CQG

DIFFERENT CASE PAIRS
anologicallylPhanologicallylPhonalogically [Phonologically
Identical Identical Dissimilar Similar

un i run?

(PD (P1) (PD) (PS)
Bb Rb Ba Bd
Mm Mm Mb Mn
Dd Dd Ds Do
(g Gg Gw d

FIGURE 3:1 .

Test Letter Pair Stimuli Used In Experiment 3a
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on cards held in front of him and that these pairs

would consist either of two capital letters or of one
capital and one small letter; if the two letters were

the same (i.e. of the same name) he was to say 'yes', and
if they were different he was to say no, and he was to give
his answer as quickly as possible. He was then given eight
practice trials with flash cards; this was done under close
supervision, and he was corrected if he made a mistake or
was confused. He was then moved to the tachistoscope where,
under the same instructions, he received 8 further practice
trials. None of the different letter pairs in any of the

practice trials were either acoustically or visually confusable.

After the practice trials, he then participated in 32 test
trials with the stimuli shown in Fig. 3:1; these were
presented in quasi-random order and were counterbalanced
for both condition and response-type in such a way that the
sequence of 'yes' and 'no' trials waried randomly, with the
constraint that no sequence of any one kind was longer than

three trials.

A record’'was kept of the time between the onset of each

letter pair and the child's response. Errors were also noted.

A baseline reaction time measure was also taken for
each child. As the experiment involved two responses ('yes'
and 'no'), a two-choice reaction-time procedure was used rather

than a measure of a simple reaction time: the child was



instructed to say 'yes' as soon as possible after the onset of
a solid blue circle and 'no' after the onset of a faint
circle outline. Practice was given with a series of flash
cards until he was sure of the appropriate responses.

Four practice trials were then conducted using the
tachistoscope, followed by eight test trials. Each trial
consisted of a warning signal - a fixation cross, exposed
for 2000 ms. at 0.15 lux - and then one of the two circle
stimuli, exposed for 2000 ms. at 1.8 lux. The baseline
reaction time was measured by means of the same timing
arrangement as that used with the letter pairs. Reaction
time was recorded for the eight test trials and a mean

two-choice reaction time baseline was calculated for each child.

Results
The mean condition reaction times and errors for
the dyslexic and control children are shown in table 3:1 and

Fig. 3:2.

The 2—choice'reaction time baseline means do not
differ significantly (t = 1.5, df = 40). The remaining data
were analysed as a 3-way factorial with subjects nested ﬁithin
groups: 2 groups (dyslexic; control) x 2 types (visual,
phonological) x 4 conditions (totals for each subject of 'run 1
identical', 'run 2 ideﬁtical’; 'dissimilar', 'similar'). The
"type' (F = 51.84; df 1,280) and 'condition' (F = 50.9; df 3,280) -

factors were significant at the 0.1% level. The 'group' x ’'type'’



TABLE 3:1.

Mean RT (ms) and total errors for the dyslexic and control children in the 6 conditions of Experiment 3a,

CONDITIONS

SUBJECT GROUP 2-Choice RT Visually Visually Visually Phonologically Phonologically Phonologically

Baseline Identical Dissimilar Similar Identical Dissimilar Similar

(ms) (Vi) (VD) (vs) (P1) (PD) - (PS)

Control Children
Mean RT 780 933 1023 1200 1039 1059 1188
Number of Errors = 0 0 0 4 1 2
Number of Trials - 168 84 84 168 84 84
Dyslexic Children
Mean RT 838 960 1065 1219 1156 1159 1304
Number of Errors = 3 1 8 5 0 13
Number of Trials - 168 84 84 168 84 84
Group RT Difference: 58 27 42 19 117 100 116

3%
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interaction (F 9.01, df 1,280) and the 'type' x 'condition'

interaction (F 8.38, df 3,280) were significant at the 1%

level. The ANOVA table is shown in Table 3:2.

Discussion

The 'condition' means are consistently higher in the case
of the dyslexic group. Since the inter-subject variability
within each group is large, however, the 'groups' factor

(F =1.59, df 1,40) does not reach the 5% confidence level.

Within the present framework, the 'group' x 'type' interaction
is the most interesting and significant one. It can be seen
from Table 3:1 and 3:3 that the dyslexic subjects do not respond
more slowly than the controls on the same case letter pairs
which are considered to be adjudged same or different on the
basis of their visual characteristics, but they are slower at
adjudging the different case pairs where the comparison is one
of name codes. Supramanian and Audley (1976) have found a

similar pattern of results with poor reading subjects.

There are a number of possible conceptualisations of the
processes and the order of operation of processes involved in
such tasks where stimuli are sometimes visually identical (RR)
requiring a 'Same' response, sometimes phonologically but not
visually the same (Mm) requiring a 'Same' response, and
sometimes different both visually and in name (RM or Ds) requiring

a 'Different' response.



TABLE 3:2

ANOVA Data For the Results of Experiment Za

V2
Ul-n

yurce of Variation

D. 7.

S55q. MSq. Var::.ance Probabilit
Ratio

-oups (G) 1 6702311 6702311 1,59 NS
bjects within G Lo 168739290 4218482 16,02 *%
rpe of Response (T) 1 13645984 13645984 51,84 *%
ndition (C) 3 40203604 13401201 50,91 bl

3 6621065 2207022 8,38 *
; 1 2370648 2370648 9,01 e
: 3 7038 2346 0.01 NS
G 3 195979 65326 0.25 NS
ror 280 73710115 263250
‘tal 335 312196034

NS: Not Significant
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TABLE 3:3

Group X type interaction response time means obtained in

Experiment 13a,

352

Dyslexic Control
Latter palr type subjects subjects
Same case 1051 ms 1022 ms NS
Different case 1194 ms 1081 ms t = 5.69

p & .01
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All the models assume that letter stimuli can
be both encoded for their visual features and for their
name representations. Another common assumption is that
the production of name codes takes longer than the production
of visual codes (c.f. Posner, 1969; Coltheart, 1972}. These
assumptions fit the present data since the 'type' factor is
highly significant: the different case pairs which are
assumed to involve name code comparisons take on average
101 ms longer to adjudge than the same case pairs (reaction

times 1137 and 1036 ms respectively).

The models differ in the temporal ordering of
these processes. A parallel encoding possibility assumes
visual code comparison operates in parallel with name code
comparison (see e.g. Cohen, 1969). With visually identical
@R)stimuli, visual code comparison .indicates a 'Same' response,
which is rapidly produced. However, when visual code
comparison indicates a difference between the two stimuli
these models predict that no response can be made since the
visual-code system cannot tell whether the stimuli are
of the 'Mm' type (requiring a 'Same' response) or of the 'MbT"
type (requiring a 'Different' response); both are different
as far as visual comparisons are concerned. The subject must
then await the ocutcome of the slower name code comparison

process which is able to differentiate between 'Mm" and 'Mb'.

Alternative serial encoding models assume that

in determining whether two simultaneously presented multi-
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dimensional stimuli are the same or different, the two stimuli
are compared dimension by dimension, one comparison after another
(see e.g. Egeth, 1966). Thus visual comparisons are first

made. If these indicate the stimuli are the same, the 'Same'
response 1s made, otherwise name comparisons are initiated

to distinguish between 'Mm' and 'Mb'. In this scheme visual

and name comparisons do not operate in parallel but are

organised in series.

On the parallel view visual codes affect the response
times only when two stimuli are physically identical; in all other
circumstances the stimuli are dealt with by the name code
system; and in this case visual similarity or dissimilarity
would not be expected to influence the 'Different' latencies.

On the serial view, however, it will take longer for visual
comparisons to reach a 'Different' decision when stimuli are visually
similar and hence the implication of name matching will begin

later for such stimuli. This would result in longer 'Different’

latencies for visually similar stimuli.

The parallel view thus predicts similar latencies
for the 'Different' response to VS and VD stimuli; the serial
view predicts slower 'Different' response latencies to VS
stimuli than to VD stimuli. The present data (Table 3:;1) are
more consistent with the serial view: the average VS latency
was 1210 ms; the average VD latency 1044 ms (p £.01, Duncan's

Multiple Range Test).
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Both the serial and parallel views, as stated,
assume that the 'Different' response to same-case different
stimuli (0Q, RP, EF, CG, 0B, RM, ES and CT) requires the
comparison of name codes. Such responses could not be
a result of visual code comparisons since when visual code
comparisons reveal that two stimuli are visually different
a 'Different’ responsé may not be warranted because the
stimuli may be of the 'Mm' kind: visually different but
requiring a 'Same' response. The data Fig. 3:2) demonstrated,
however, that the dyslexic children are reliably over 100 ms
slower than the control children in responding on the basis
of name code comparisons with the different case stimuli.
If name code comparisons were also involved in the production
of 'Different' responses to the same case stimuli, a relative
slowness on the part of the dyslexic children would
again be predicted. It can be seen from Tables 3:1 and 3:3
that this is not the case: dyslexic and control children do
not differ. significantly in the latency at which they adjudge
same case stimuli to be Same or Different. It is therefore
concluded that the physical characteristics of the large upper
case second letter of the same case pairs are, as a class,
so distinctly different from those of lower case second
letters of different case pairs that 'Different' responses to
visually different upper case letters are warranted without
recourse to name code comparison. This does not seem

implausible at an introspective level: inspection of Fig. 3:1
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shows the same and different case pairs to be clearly visually
distinct, and this distinction occurs at a lower spatial
frequency than that necessary to distinguish between an 'a' or
a 'b' when paired with a 'B'. There is good evidence that low
spatial frequency information is processed faster than high
frequencies (Breitmeyer & Ganz, 1976; Broadbent, 1977).

If this is indeed that case then comparison of the
latencies of the 'Different responses to VS and VD stimuli is

no longer relevant to the question of. serial/parallel encoding.

Now from the data in fig. 3:3 it might be suggested
that any differences which exist between dyslexic subjects and
controls in the three 'physical' conditions can be explained
solely in terms of initial baseline differences between the
two groups in a 2-choice reaction time situation. These
differences in fact fail to reach the 5% level of significance,
though they are significant at the 10% level (t = 1.5, df = 40).
If the data of exp. 3a are re-analysed by subtracting from each
subject's score in a particular condition his mean baseline
reaction time in a Donderian fashion (which in the ANOVA affects
only the group and subject-within-group factors), the group factor
F-value drops from 1.59 (ns) to 0.09 (ns). These computed
data; shown in fig. 3:4, demonstrate clearly that the major
differences between the two groups lie in their responses

in the 'name' condition.

With respect to the main theme of this expt., it must
be concluded that the speed of production and matching of visual
codes for letters is as fast and efficient in dyslexic children

as in control children. The production and matching of name ccdes,
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however, takes on average 113 ms longer for the dyslexic
subjects than for the controls. This between-group difference
on the phonological pairs may reflect either differential
speeds of name encoding, differential speeds of name-code

comparison, or both.

Regarding name codes, a distinction needs to be
drawn between an articulatory code (i.e. a code of implicit
or explicit speech) and the precursor of such a code where
the stimulus information is represented in a non-articulatory
form before any mechanism for articulation comes into play.
Thus Sperling (1967) has suggested that as a result of a 'scan'
of the visual information store there arises a 'programme
of motor instructions' for later articulation, while Allport
(1978a, b) postulates the production of a 'lexical code' as

a consequence of input logogen activation.

The question then arises as to whether it is the non-
articulatory or the articulatory (or conceivably both) type
of name code which is the locus of deficiency in dyslexia.
Experiment 7e was performed to throw light on this question
by using articulatory suppression (which can be assumed to
interfere with articulatory encoding).in Posner-type tasks with
undergraduate subjects; it was found; that neither 'visual code’
or 'name code' matching were affected. It seems, therefore,
that at least for undergraduates the name code used in such
tasks is non-articulatory. Thus the most likely candidate
for the functional deficiency in dyslexic children which
underlies their slower name code matching in the present

experiment is the production (or matching) of non-visual and



non-articulatory codes. This issue, however, remains open

for the present. Although the same different-case letters

(Bb) are traditionally discussed (e.g. Posner, 1969)'as
requiring name code matching, these letters, albeit different
visually, share the same name, represent the same language
element, and share the same meaning (if it makes sense to

talk of letters having associated meaning). The 'Same'
response to such letter pairs may strictly therefore be the
result of the matching of either non-articulatory name, lexical

or semantic codes.

Now it is regularly claimed that young dyslexic children
show confusion in both the reading and the writing of certain
letters (see for example, Critchley, 1970; Vernon, 1971;
Liberman, Shankweiler, Orlando, Harris and Berti, 1971). This
is especially the case when the letters are reversible,

e.g. b/d and p/q.

It can be seen from Table 3:1 however, that although
the VS letter pairs are responded to as being different more
slowly than VD pairs; this trend is seen to an equal extent
in both the dyslexic and the control children. Thus the letter
confusions so often seen clinically in dyslexic children cannot
simply be due to a limitation at the visual code -level. On
the contrary it is necessary to push back the level at which these

confusions occur at least one step further towards the centre; and



from the present evidenﬁe it 1s possible that the producticn of
the non-articulatory name code or lexical representation is

the 1locus of the fault. The same pattern is also found in the
phonological conditions: the addition of confusability appears
to slow down both dyslexic and control subjects equally. It
should be noted that dyslexic subjects make more

errors than controls, especially in the 'confusable' conditions
but this result must be seen in the framework of very low

error rates overall, viz. approximately 1% for the controls and

4% for the dyslexic subjects.

Mackworth and Mackworth, 1974 performed a similar matching
experiment on good and poor readers(from 7 to 12 year olds)
using letter and word stimuli. The subjects were asked to
judge whether pairs of pictur;s, letters, or words looked
or sounded the same. This test measured 1) the coding of
written letters or words with sounds; ii) the detection of small
visual differences and iii) the speed of processing. The letter
matching stimuli were all of the name code type (the test
pair used were Hh, Ce, Db, Ga, Ee, Bb, Hg, Dd, Nn and Bd), and
the good readers (as in the present experiment) reliably

responded faster .- than the controls (over all 6 grades the mean

R.T.s for the pair were 2.58 sec. for the controls and 2.74 sec for

the poor readers). For the word stimuli there were three categories
i) identical e.g. felt-felt 'yeg response
ii) homophoges e.g. Bare-bear ‘yes. response
iii) different e.g. Hot-got ‘no' response

and the children had to respond by preSSngthe'samé button
if the words looked or sounded the same and were otherwise

{ L}
to press the different button.



The mean reaction times (sec.) for the two groups

are as shown in table 3:4.

In confirmation of the present results, the homophone
and different categories (which are name matches) are made
slower by the poor readers than by the fast readers.

In addition, however, Mackworth and Mackworth; 1974 also find
a small difference between the good and poor readers on the
identical matches which could be made by visual code
comparisons. There are two problems with this
interpretation, however. i) there is no 2 choice control
reaction time figure for each child, ii) the experiemnt
is designed so that visual code matching is in fact biased
against: for 30/40 stimuli the children have to make

name comparisons before making their decision (with

homophone and different categories): it is possible therefore
that they are carrying this strategy over on the remaining

10 identical category trials. This was not the case in
experiment 3a where all the physical trials (which consitute
50% of the trials) could be made on the basis of visual

code matches since even in the case of the Physical Different
pairs (e.g. OB) the two letters being-both upper case is a
cue for a visual matching strategy. For those reasons; and
in addition because the Mackworths demonstrated that there was
no relation between reading ability and performance in a
non-verbal pictorial task which must has involved visual

code matches, the finding that their good and poor readers differ



TABLE 3:4

v

Mean Reaction Times for the Good and Poor Readers on the 4 conditions
of the Expt. of Mackworth and Mackworth, 19Th.

R

Material Example Good Poor Difference
Readers Readers
RT (sec) RT (sec) (sec)
Letters Ce 2.58 Pl 0,16
Identical many-many 2.71 3.62 0.91
Homophones real-reel 3.90 5.23 1.33
Di fferent chain-chair 3.66 5.2L 1.58

Adapted fram Mackworth,J.F. and Mackworth,N.H., 'How children read: matching by sight
and sound.' Journal of Reading Behaviour, 1974, 6(3), 301.
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on the identical pair:s cannot be taken to contradict the
present findings. Their other conclusion of

the superiority of good readers and poor readers in making
name responses both accord with the present

findings and also demonstrate that this name match problem

is to be found in poor readers who are not necessarily dyslexic.

Vellutino, Steger and Kandél (1972) and Vellutino,
Smith, Steger and Kaman (1975), presented their subjects
(good and poor readers in the range between second and
sixth grade) with tachistoscopic exposures of both verbal
and non-verbal stimuli and asked them to identify and/or
reproduce these stimuli both orally and in writing. The poor
readers manifested considerably greater accuracy in copying
and naming letters in words than they did in pronouncing
these same words. The poor readers also differed from the
controls in the types of errors which they made, but this
occurred only in the case of oral responses, not in the
case of written ones. Here, too therefore, the same general
pattern of results is found, in that poor readers perform
normally in dealing with graphemic stimuli as such but once
they are set a task which requires graphemic to phonemic

translation they perform less well.

It appears that the 21 10.7 to 12.7 year old dyslexic
children tested here behave uniformly as a group in that
they show no impairment in the speed or accuracy with which
they can adjudge letters on the basis of their visual features,
and in that they are consistently slower than the controls in

comparing letters on the basis of name or lexical features.



Additional support for the interpretations
proposed for these data can be found in the following
studies. Calfee, Chapman & Venezky (1970) have shown that
visual matching tests (Posner task, same case letter
matching) are uncorrélated with tests of verbal performance
(e.g., knowledge of the alphabet). Moreover, letter
identification, which involves both visual and name factors,
shows intermediate correlations with both visual and
verbal tests. A related finding with brain-damaged
adults is that physical matching is relatively or completely
unimpaired in patients suffering from aphasia, while there
is a severe loss in name and meaning level matches

(Boies, 1971).
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EXPERIMENT 3b

Abstract

To further investigate whether there is a visual
code problem in dyslexic children, the same subjects of
Expt. 3a were tested for the speed of matching non-verbal,
non-alphanumeric stimuli. Since these stimuli were both
not-nameable and novel, the task tests visual code matching

in the absence of any possible learning overlay.

The dyslexic and control children did not differ
in the speed with which they could make these visual
code matches, and it 1is therefore concluded that the
speed of visual code production is the same in both
these subject groups. The dyslexic children did tend to
make more errors than the controls (10.4% vs 5.0% respectively),
and this implies some slight accuracy problem with dyslexics

on visual code matches.

Introduction

It does not follow from expt. 3a that there is no
visual code problem in poor readers. Any such deficiency
which occurred in the dyslexic children of expt. 3a may have
been masked by learning overlay: the children tested with the
Posner task has long mastered the skills necessary for correct
identification of single letters. This may have resulted
in dyslexic and control children performing at a similar level

on the 'visual' letter pairs at the age range tested, but it



may also be the case that the dyslexic children mastered these
skills with more difficulty than the controls and at a later

stage in their ontogeny.

To test the matter further, a visual matching task was
devised which involved the use of confusable non-alphanumeric
stimuli. Since these stimuli were new to the children there
was no possibility of the immediate results being affected by
learning overlay, and since they were not nameable (or at least
not nameable at first glance), there could be no competition
between visual and name coding. Letter-like forms were
presented in pairs, the children being asked to say 'yes'
if the two stimuli were identical and 'no' if they were
different. Each pair always consisted of graphic shapes which
were either identical or, if not identical, different in
only a small number of features. The second stimulus of the
pair was transformed in ways similar to those devised by Gibson, -
Gibson, Pick and Osser (1962). In these experiments it was
found that young children, aged 4 to 8, when shown rotated or
reversed versions of previously presented shapes, made
many errors in'reporting whether they had seen these shapes before;
and although the number of errors decreased with age; even the
8-year-olds made mistakes about 7% of the time. Now Gibson and
Levin (1976) claim that the 'increase in specificity of
correspondence between discriminations and stimulus information
is critical for the development of reading skill'; and,if this
is correct,the prediction is that poor readers, whatever their
age, will be weak at this kind of task and that improvement will
occur pari passu with increasing reading age rather than with

increasing chronological age.
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Now the dyslexic children who took part in expt.3a
had a mean reading age of 9.0, compared with a mean reading
age for the controls of 12.7; and if discrimination of
visual features is an important component of reading, as
Gibson and Levin (1976) imply, one would predict that
these children would be more prone to error than controls

matched for chronological age.

It is obvious, of course, that individuals can learn
to identify shapes with practice; for example, a Western
European can without too much difficulty learn to read
Hebrew, Greek, or Japanese. It is also obvious that what
are called 'nonsense shapes' need not remain as nonsense
indefinitely, since once they have been named they are no
longer nonsense. In the present experiment, however, no
such learning had taken place with either group. The
experiment can therefore be regarded as a test of visual code

production or visual matching independently of naming.

Subjects
The subjects (21 dyslexic children and 21 controls)

were the same as those who took part in expt. 3a.

Materials and procedure

The procedure was basically the same as that of expt. 3a.

Baselines for Z-choice reaction time were determined for
each child. He was then told that he would be seeing pairs
of shapes, the two shapes being exactly the same or different;

if they were the same, he was to respond 'yes' and if they

—



were different he was to respond 'no', and he was to give
his answer as soon as he could. 16 letter-like pairs
were then shown sequentially on flash cards for

practice and all errors were corrected. Next came

8 practice trials on the tachistoscope, followed by

32 test trials. Exposure sequences on the tachistoscope
and timing procedures were identical with those used in

the previous experiment. The test stimuli are shown in
Fig. 3:4. The four basic stimuli were chosen to be examples
of simple and complex straight and curved features:
stimulus 1, simple straight lines; stimulus 2,

simple curves, stimulus 3, complex straight lines; stimulus
4, complex curves. The transformations used included
rgversed and rotated versions of the basic stimuli, since
these might be expected to create special difficulties

for dyslexic children in view of their alleged difficulties
over 'left' and 'right' and over 'up' and ‘'down'. The
presentation order of the stimuli was counterbalanced

in respect of both response type ('yes' or 'no') and in
respect of the different variants of the basic stimuli.
Times were noted between stimulus onset and the onset of

the subject's verbal response and all errors were recorded.

Results and discussion

The mean reaction times and the standard error of
these means for the two groups of subjects are shown in

Table 3:5, as are the total group x condition errors.



FIGURE 3: 4
Test Letter-Like-Form Stimuli Used in kExperiment 3b.
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TABLE 3:5

Mean Condition Reaction Times (ms), Standard Errors of these

Means, and Total errors for the Dyslexic and Control subjects
in Experiment 3h

Condition Mean Reaction Times Total Errors
Dyslexics Controls Dyslexics Controls
Same Run 1 1185 1117 3 1
Same Run 2 1296 1160 3 2
Same Run 3 1266 1217 1 0
Same Run 4 1269 1173 13 1
Different 90° Rotation 1263 1182 2 0
Different YD Reversal 1317 1251 9 1
Different LR Reversal 1422 1269 14 5
Different Mutation 1427 1356 28 24

Standard error of the means = 34.3 Total no. trials/group,
condition = 84

Group mean RTs over
the whole exp. 1306 1216

Standard error of the means = 56.3
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The data were analysed as a 3 factor ANOVA with
subjects nested within groups : 2 groups (dyslexic, control)
x 8 conditions (runs 1, 2, 3 and 4, where the required
response was 'Same', and the 90° rotation, updown
reversal, left-right reversal, and mutation where the

response required was 'Different') x 4 letter-like forms.

The main group factor (F = 1.28, d.f. 1,40) failed

to reach the 5% level of significance.

The subjects within groups factor (F = 21.57, d.f.
40,1240, p <€ .0001), the conditions factor (F = 10.06,
d.f. 7,1240, p £ .0001), the letter like form factor
(F = 42,25, d.f. 3,1240, p £.0001), and the condition x
letter 1ike form dinteractien (F = 2.86, d4.f. 21,1240,

p €.001) were all highly significant.

No other factors or interactions reached the 5% level
of significance. As the interactions with groups were
insignificant it must be concluded that the dyslexic and
control children were affected by the differing conditions

and letter like forms in a similar manner.

Total error data (see Table 3:5) were analysed as their
angular transformations in a 2-factor ANOVA: 2 groups X
8 conditions, with letter-like forms as blocks. The groups

factor (F = 24.1; d.f. 1,45; p €.01) and conditions factor



(F = 18.7; d.f. 7,45; p{.01) were significant. Thus
although the dyslexic subjects were not significantly
slower at the present task they did tend to make more

errors than the controls (10.4% vs 5.0% respectively).

The condition factor is significant at the .01 level
(F = 10.1, d.f. 7,1240). Mean reaction times for each
condition are shown in table 3:4 a Newman Keuls test
shows that all conditions are significantly different
from all other conditions at the .05 level at least,
except for the '90° rotation' vs 'up-down reversal' and
'up-down reversal vs 'left-right reversal' conditions. The
condition producing the longest response times is
that of 'mutation different. This result seems at variance
with those of Gibson, Gibson, Pick; and Osser (1962), where
fewest errors were made by the younger children on the break
and close conditions. The result, however, is not
surpriging in. the present experiment; where the subjects; being
older than those in the Gibson study, are used to
accepting a stimulus as being a letter, even though it is
written in one of many different handwritings or typefaces:
the presence of a 'small crack' in an 'a', for example,
might not be enough to cause these children to question its
identity. It seems likely that this strategm of pattern
recognition was carried over to the present test; indeed
in the flash card practice session several children showed
concern with the mutated 'different' stimuli, in some
cases suggesting that the two stimuli were the same but that
the letraset had cracked; for this reason they may have

been under a miéapprehension as to what response they were



expected to give.

Rotations and reversals, however, are transformations
which are important in the pattern recognition of letter
stimuli: an up-down reversed 'u' means something different
from the original 'u', and a left-right reversed 'b' is
notoriously different from the original 'b'. For both
groups of children the second slowest condition was left-
right reversal and the next slowest was up-down reversal.

The 90° rotation produced the fastest reaction times of the
'different' conditions, while 'run 1 same' produced the

fastest condition of all. Over all four 'same' runs

the mean reaction time was 1268 ms., compared with a mean reaction
time of 1253 ms. for the 'different' run, the difference

between the two means being insignificant. A likely

explanation of the relatively fast times for 'run 1 same'

is that once the subjects encountered the confusing features

of the"different' conditions they became slower at responding

when the stimuli were the same.

There was a significant condition x letter-like
form interaction (F = 2.86, df. 21,1240, p £.001). For
example, form 2, whilst producing the fastest mean reaction
time overall, requires longer time than either .forms 1 or 3
to be determined as different when paired with its up-down
reversal, being almost symmetrical about its horizontal axis.

Similarly form 1, being almost symmetrical about its vertical
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axis, is easy to distinguish from its up-down reversal but
much more difficult to distinguish from its left-right
reversal. It must again be stressed that the group x
condition % letter-like form interaction fails to reach any
‘level of significance: both groups of subjects were reacting

to the increasing difficulties in the same way.

The other significant factor is that of letter-like
form (F = 42.3; df. 3,1240; p<€ .0001). Mean reaction time for
each form is as follows: Form 1, 1226 ms., Form 2, 1206 ms.,
Form 3,1237 ms., Form 4, 1447 ms. A Newman Keuls test
demonstrates that form 4 produces significantly longer reaction
times than the other forms, and it seems in general that an
increase in complexity of the stimulus produces slower

processing and comparison times.

From the analysis of response times it can be
seen that there is considerable variability of subjects within
groups, and, as a result of this, the mean response times of
the dyslexic and control groups do not differ significantly.
The lack of significance of the group x condition interaction
implies that this is also the case when the condition means
of the two groups are compared. Thus; even though these
means in Table 3:5 follow a reliable trend where the condition
mean of the dyslexic group is consistently larger than that of
the control group; the large subject within group/condition

variability results in the group condition mean difference being
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insignificant. As groups, therefore, the dyslexic and control
children do not differ significantly in the mean time with
which they can match two highly confusing letter like forms

of the type used in this experiment.

The féct that dyslexic children made more errors
at equivalent response times, however, invalidates any
statement about their being able to process these letter-like
stimuli as well as controls. One possibility is that the
results are due to different speed-accuracy trade-offs
in the two groups. Panchella (1974) has shown that only
a very small difference in accuracy could be evidence of
a major speed-accuracy trade-off, and it is plausible to
suppose that because of long-standing educational pressures
it has become a habit with some dyslexic subjects to

sacrifice accuracy for speed.

O
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EXPERIMENT 3c

Abstract

To investigate the rate of decay of the visual
code, a variant of the procedure described by Posner and
Keele., 1967 was used to test 19 control children (mean C.A.
11.84 years) and 19 dyslexic children (mean C.A. 11.83 years).
Letter pairs, (either visually identical (AA), phonologically
identical (Aa), or different (AF,AL) were presented
tachistoscopically as in Expt. 3a, and the reaction time
for the children to decide whether the letters were the same or
different recorded. In contrast to Expt. 3a, the letters

were separated by ISIs of either 0, 1 or 2 sec.

At all ISIs the dyslexic children show a
greater advantage of 'visual code' matches over 'name code'
matches. When the data are analysed as either Name same
RT =~ Physical same RT, or Physical Different RT - Physical
Same RT for each subject at each ISI, methods which Posner
and Xeele- (1967) suggest allow the derivation of estimates
of the rate of decay of the visual code; there is no
significant group x time interaction. Due to the limitation
of the design and analysis; nothing can be concluded about
the differential rates of decay of the visual codes of dyslexic

or control children.
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Introduction

One of the conceptualizations of cognitive functions
unherlying visual information processing detailed in Expt.
2b, that of Coltheart (1972), suggests the visual code to be
the 'buffer' which stores the representations prior to naming.
Dyslexic children are deficient at visual information processing,
and one possibility in the causation of this deficiency is that
the visual code representation, the main date-base for naming,
decays away too rapidly thus preventing adequate further processing.

This experiment attempts to test this hypothesis.

Posner and Keele (1967) describe a method by which,
they suggest, the rate of decay of the visual code may be
ascertained. This method is an adaptation of that used in Expt. 3a.
Letter pairs are presented which are either physically identical
e.g. AA, or name identical e.g. Aa, or different e.g. AF or Ah.
In contrast to the procedure used in Expt. 3a the letters are
not always presented simultaneously, but are presented separated
by ISIs of O, 1 or 2 sec. Posner and Keele (1967)
used ISIs of O, .5, 1 and 1.5 sec. and demonstrate that by
1.5 sec. there is no RT advantage of visual identity matches
over name identity matches (they calculate this by 2 matches:
egither (i) name same RT-physical same RT, or (ii) different
RT-physical same RT. The logic of these operations is that
the former element in both equations reflects name-code matching
whilst the latter reflects visual code matching; thus if the
resultant equation value is positive, visual code matches are
made faster than name code matches). Their results, beautifully

neat, can be seen in Fig. 3:5.



FIGURE 35
Decay Functions for Visual Information obtained by the use of 2 different subtracticr
ethods: N-P is name identity minus rhysical identity, D-P is different minus physical
dentity (see text). From Posner, M.I. and Keele, S.W. 1967 'Decay of Visual Information
rom a single letter' Science, 158, p 137.
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If their interpretations are correct, it should therefore
be possible to investigate the rate of decay of the visual
code in dyslexic and control children. 19 dyslexic and
19 control children were therefore tested using a variant

of the Posner & Keele( 1967)procedures.

Subjects

19 dyslexic children (dyslexic criteria as stipulated)
of mean CA 11.83 years (s.d. 0.73), mean RA of 8.92 years
(s.d. 0.30) and mean SA of 8.27 years (s.d. 0.38), and
19 control children of mean CA 11.84 years (s.d. 0.96),
mean RA of 12.74 years (s.d. 1.15) and mean SA of 12.54 years
(é.d. 1.00) were tested in Expt. 3c. These children were
all of average of above average Intelligence, as measured
using recognized intelligence tests, and all attended private

schools.

Materials and Procedure

The procedure was identical to that of Expt. 3a
except for the following modification:
i) new test stimuli were used. These conditions were:

Physical same: AA, HH, FF, GG.

Physical different: AF, HG, FH, GA.

Name same: Aa, Hh, Ff, Gg.

Name different: Ah,Hg, Fa, Gf.
ii) each stimulus pair was presented three times; the two
members of the pair being separated by ISIs of either 1 ms.
(which is effectively O sec.),l1 or 2 sec. The individual

letters were presented for 3000 ms. at 3.0 lux,
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A 2 choice baseline 'reaction time was
taken for each child as in Expt. 3a. The child was then
given practice using 'flash-cards' before performing on
the tachistoscope a further 8 practice trials. There were

then 48 test trials where the stimulus type and condition

were randomized, with ISI changing &F every 4£ﬁ trial.

Results

The mean RT for each group; condition and ISI
are shown in table 3:6, as are 2 choice RTs for the
groups. These are also shown graphically in fig. 3:6
-These results were analysed as a four factor ANOVA using
the four letter pairs in each condition as replications:
2 groups x 2 identity types (physical/name) x 2 response types
(same/different) x 3 ISIs,with subjects nested within groups.
The ANOVA data is shown in table 3:7. It can be seen that
the groups do not differ significantly. Responses to the
name letter pairs are made reliably slower than those to the
physical letter pairs (F = 37.6; df 1,396; p <.01), and
same responses are made faster than different responses
(F = 58.3; d.f. 1,396; p.01). The group x response type '
interaction is significant (F = 5.15; d.f. 1,396; p €.05)
demonstrating that the dyslexics are significantly slower
thén the controls at making 'name code' matches. The ISI
factor is highly significant (F = 175.8, d.f. 2,396; p <.01):
as the ISI between the two letters minimizes so the speed of

making the matching responses minimize.
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TABLE 3: &

Mean ISI/Condition Reaction Time Means For The Dyslexic and Control Children Participating
' In Experiment 3c.

CONDITION ISI (sec) DYSLEXIC CONTROL
MEAN RT (msec) MEAN-BT (msec)

- Physical Same 0 895 884h
1 736 759
2 690 748
Physical Different 0 1005 940
1 827 806
2 80T 797
Neme Same 0 1013 966
1 TTL TTh
2 TT5 801
Name Different 0 1067 999
1 867 848
2 853 81k
2 Choice RT Baseline: 752 716




FIGURE 3: 6
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TABLE 3:%

LABLE SiF
ANOVA Data for the Raw Data Analysls of Experiment 3¢ (see text).

i3

Source of Variatico B SSq. MSq. Verience Pronability
Ratio
Groups (G) 1 375017 375017 0.16 NS
Subjects within G 36 831TL6T3 2310408 16.16 *H
Physical/Name (P) 1 5381391 5381391 37.63 ]
Response type (R) 1 8340597 8340597 58,32 %
PR 1 135516 135516 0.95 NS
IST (I) 2 50279710 25139855 175.8 b
PI 2 684545 342272 2439 NS
RI 2 69472 34736 0.2 NS
PRI 2 242700 121350 0.85 NS
PG ;8 268690 268690 1.88 NS
RG 1 735934 735934 5.15 *
PRG J, 54409 5LL09 0.4 NS
IG 2 1081857 540928 3.78 NS
PIG 2 L0689 20345 0.1L NS
RIG 2 149921 TU961 0.52 NS
PRIG 2 13428 671k 0.05 S
Error 396 56633119 143013

NS: Not Significant

* 3 pd .05

*»#: p{ 01




If the speed of visual code decay is to be
investigated, the subtraction methods of Posner and Keele
@96? must be performed. For the purpese of this analysis,
a mean figure for the Name-same minus physical same judgement
times was calculated for each subject at each ISI. A similar
calculation was performed for the physical different minus
physical same matching times. The results are shown graphically
in Fig. 3:7. If these results are compared to those of Posner
and Keele{ 196ﬂ (Fig. 3:5) it can be seen that in the present
experiment neat linear visual code decay functions were not
obtained. The difference 1in RT which reflects the advantage
of 'visual code' matches over 'name code' ones decreases up to
1 sec. ISI and then increases again. Figure 3:7 is deceptive,
however, in that it implies there are differences to be
analysed. If the calculated differences are analysed as a
3 factor ANOVA (see table 3:8): 2 groups x 2 calculation
methods x 3 ISIs with subjects nested within groups (see
table 3:9) it can be seen that the variability of scores is
so great that the only significant factor is that of subjects
within groups (F = 2.42; d.f. 36,180; p¢i.01). It is therefore
meaningless to discuss for example, rates of decay since the
ISI factor is insignificant. The same 1is true of any group
differences, although this only just fails to reach the 5%

level of significance.

It therefore appears that this is a poor method of
determining rate of visual code decay (should there be any).
As to why this is the case,one possibility is that Posner and

Keele (1967) used highly practised adult subjects) thus
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FiGURE 3: I
Estimates of the Decay of Visual Information from a single letter derived frem the
of Expt.3c using the 2 different subtracticn methods of Posner and Keele, 1967.
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ANOVA Data for the Es‘tmates of Rate of Decay of Visual Information

TABLE 3:8

Derived frcm the Raw Data of Exnenment 3¢ (see text).

Gle

urce of variation D.F. SSq. T MSq. Variance Trobebility
Ratio
oups (G) i 1697832 1697832 3.89 NS
bjects within G 36 15707160 463310 2.42 Lid
lculation Methed (C) | 1 161441 161441 0.9 NS
I (1) 2 1199508 599754 0.03 N3
2 545663 272831 1451 pifs!
1 138775 138775 0.77 NS
2 50535 25267 0.1k NS
G 2 16152 8076 0.0k NS
ror 180 32450134 180279

NS: Not Significant

#*: pd .01




decreasing the amount of variability present.

There is an important theoretical debate as to
whether this method of Posner and Keele (1967) does indeed
measure the rate of decay of visual information. While in
their experiment they do find that the advantage of physical
identity matching and name-identity matching decreases with
increasing ISI up to 1.5 sec.,it is not necessarily the case that
this quantitatively reflects visual code decay. Phillips,
and Baddeley( 1971) suggest that this decrease in physical-
identity matching over time may instead reflect both the decay
of the visual code record and the subject using name codes,
of which a 1 sec. ISI allows production, in preference to the

decaying visual code:

'

Once the name code has developed to a point at
which it allows faster RTs than the visual code, S will
presumably use it in preference to the visual trace
continues to be available. Since S need no longer use
the visual trace, the RTs will no longer reflect its
strength. In short, Posner's technique confounds the
fading of the visual trace with the development of the
name code, and as such cannot give a valid indication
of the time course of visual STM.

This suggests that the method of Posner and Keele
(1967) may give an underestimate of the duration of
visual STM, and that the longer times suggested by

the other experiments are more accurate.” (Phillips &
Baddeley, 1971, p.73).

Similarly Parks, Kroll, Saltzberg andrParkinson( 1972)
used the Posner and Keele( 1967)task filling the ISI between the
two letters with a shadowing task to prevent name coding.

They found, in contrast to the Posner and KeeleL 196ﬂ study,an
advantage of physical identity matching speed over name identity

matching even at ISIs of 8 sec. They concluded that subjects could



continue -to maintain the visual code provided there

is an incentive to do so. It might in the present experiment
be the case that the dyslexics show a greater advantage of
visual matching over name matching at all ISIs (see fig. 3:7)
since, as is shown in Expt. 3a, they are considerably

slower at making name matches, and thus visual matches

are optimal.

There is now a body of evidence re the use
of strategies in coding tasks (c.f. Tvesky, 1969), and in
any area where the subjects can choose strategies, variability

of performance is bound to be high.

It is concluded that Experiment 3c fails to either
confirm or reject the hypothesis that visual code decay in

dyslexic children is faster than that in control children.

& 1%
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EXPERIMENTS 3d(i) and 3d(ii)

Abstract

To investigate the relative capacities
and decay rates of the visual codes of dyslexic and non-
dyslexic children the matrix match procedure devised by
Phillips and Baddeley( 1971)was used. 61 dyslexic children,
22 control children and 26 undergraduates were tested
for their ability to match 4 x 4 and 5 x 5 cell matrices
which were either identical or which differed by one
cell only. The two matrices were presented separately

by ISIs ranging from 1/24 sec. to 9 sec,

The results demonstrate no significant
differences between the 3 groups on either the 4 x 4 or
the 5 x 5 matrices. It is therefore concluded that visual
code capacity and decay are similar in dyslexic and

control children and undergraduate adults.

Introduction

Having failed to do so in Expt. 3¢, it is
necessary again to attempt to compare dyslexic and control
children in respect cf the capacity and decay rate of

the visual code. One possibility, for example, is that the



code decays more rapidly in dyslexic children, with the
result that name-cading is impeded. It will also be
recalled that Coltheart (1972) views the dogleg point

of the two-limb function obtained in Expts. 2b and c

to reflect visual code capacity, and thus accerding

to this interpretation dyslexic children differ from controls
in respect of visual code capacity. Although there are
alternative interpretations (Sperling, 1967; Allport, 1973)
Coltheart's suggestions should be put to an independent

test: 1if the visual code is not the locus of deficiency

in dyslexia, then all such possibilities need to be excluded.

In these experiments two further tests of visual
code production and visual matching were therefore given. In
brief, what was involved was the presentation of either two
4 x 4 or two 5 x 5 matrices, with varying inter-stimulus
intervals (ISIs) between them; the second matrix had either
the same number of cells filled in as the first, or one cell
more, or one cell less, and the subjects were required to say

whether the two presentations were 'the same' or 'different'.

During the ISI there was either a blank field or a pattern mask.

This procedure is in effect a variant of that used
by Phillips and Baddeley (1971) and Phillips (1974).
Like that of exp. 3b it excludes the possibility of learning
overlay; since the material was unfamiliar to the subjects

and had no symbolic significance. Unlike the procedures



of exps. 3a and 3b, however, it has the advantage of making
possible the determination of the rate of decay of the visual
code. As described in Expt. 3c, Posner (1969) did in fact
claim that this could be done if one determined the duration

‘with the two letters presented sequentially at which

physical-match reaction time was no quicker than name-match

Ce ?

reaction time. It is possible, however, as Phillips and Baddeley

(1971) have pointed out, that in this case there may have

been both visual code decay and increased use of name code,
since the subject may use the name code in preference to

the decaying visual code even though there is still some
information in the latter. In contrast, the present procedure

is not open to this cbjection.

Subjects

These were (i) 61 male dyslexic children
(diagnosed by the same criteria as before) with a mean CA
of 12.3 years (s.d. 1.0), a mean RA of 9.9 years (s.d. 1.5)
and a mean SA of 9.0 years (s.d. 1.3), (ii) 22 male control
children with a mean CA of 11.9 years (s.d. 1.0), a mean RA of
1.28 years (s.d. 1.3); and a mean SA of 12.5 years (s.d. 1.1),
and (iii) 26 first year undergraduates with a mean CA of

approximately 19 years.

Materials and procedure

Exp. 3d(i) 4 x 4 square cell matrices were constructed

on white cards with half the cells blacked in at random.

[



A new pattern was used on each trial. The matrices were
photographed with a Bolex cine camera on 16 mm Kodak High
Contrast negative film 7457. Each trial consisted of 120
frames of fixation cross followed by 24 frames of the
randomly filled 4 x 4 matrix. There was then a variable
ISI (either 1,2,5,10, 48 or 143 frames) before the

second matrix appeared, again for 24 frames. The second
matrix was either identical with the first or had one cell
more or one cell less filled. During the ISI there was
either a blank field (dark when projected) or a pattern
mask consisting of a larger matrix with cell size linear
dimension half of that used with the test matrices,
approximately half of the cells of the mask matrix being
filled randomly. Each trial followed the sequence shown

in Pig. Ji8.

The film was constructed so that after 6 practice
trials there were 48 test trials (4 trials at each ISI
with ISI blank, 4 trials at each ISI with ISI filled
by a mask) with order of presentation of trials counter-
balanced for ISI; mask/no mask, and same/different, matrix
1 being identical with matrix 2 in half the trials and in

half the trials differing from it by one cell.

The subjects saw the film in large groups 1in a
dimly lighted room and were instructed to mark an 'S' on

their score sheet if the cell arrangements in the two matrices

ol

I3



FIGURE 3:8

Exposure Seguence of a Single Trial from Experiment 3d(i),

Time

120frame
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were the same, and a 'D' if they were different. The subjects
were questioned during the practice trials so as to ensure
that they understood the instructions and that they did not
'get lost'. The number of each trial was spcken before each
pair of presentations. There was a break of approximately

five seconds between each trial.

The film was projected on to a white screen at
a speed of 24 frames per second by means of a Bell and Howell

644 projector. The complete procedure for each trial was thus:

Fixation cross 5000 ms
Matrix 1 1000 ms
Variable ISI 42,83,208,417,2000, and 6006 ms
Matrix 2 1000 ms

The percentage of subjects in each group correct

on each trial was then calculated.

Exp. 3d(ii)

After a break of approximately 10 minutes the subjects
took part in a further experiment. The equipment,
instructions and method of projection were identical with
those of exp. 3d(i). More complex matrices were used, however,
consisting of 5 x 5 cells. Exposure time was increased

for both matrix 1 and matrix 2 to 48 frames (approximately



25
2 sec); the same ISIs were used but no ISI was filled by a mask.
The film was constructed so that after 6 practice
trials there were 36 test trials, 6 trials being presented

randomly at each ISI and randomised for same/different.

Results and discussion

The percentages of dyslexic children, control children
and undergraduates giving correct answers in the different

conditions are shown in table 3:9.

These results are shown graphically in Figs. 3:9

and 3:10.

The results of experiment 3d(i) were analysed as a
4-factor ANOVA: 3 groups (dyslexic children, control children,
undergraduates) x 6 ISIs x 2 mask (mask, no mask) x 4 blocks.
The mask factor (F = 4.15, d.f. 5,105, p <\.01) was
significant; no other factors or interacfions reached the

5% level of significance.

The significant mask factor demonstrates that the
presence of a mask in the ISI decreases the likeliness
of correct responding: mean percent correct with the ISI
blank is 87.1%, whereas with the mask the percentage falls

to 76.7%. This finding replicates that of Phillips (1974),




TABLE 3:9 ™
Percentage of subjects correct in the different conditions of 5

Experiments 3d(i) and 3d(ii)

4 x 4 Matrix, ISI blank 4 x 4 Matrix, ISI mask 5 x 5 Matrix, ISI blank
ISI frames Dyslexic Control’ Undergraduate| Dyslexic Control Undergraduate Dyslexic Control Undergraduate
subjects subjects subjects " subjects subjects subjects " subjects subjects subjects

1 88 91 94 77 69 87 78 86 90

2 ) 83 83 72 74 81 87 86 82

5 97 99 97 80 82 83 82 59 83

10 90 98 85 77 74 90 81 71 80

48 86 91 91 73 69 81 61 78 69
143 70 72 69 60 70 85 68 72 12

92h



FIGURE 3:9
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who found that the presence of a mask resulted in fewer
correct responses, especially at ISIs less than 100 ms.

A possible explanation is that the matching task in this
experiment has two components, viz. (i) matching of
information in sensory (iconic) stprage and (ii) matching of
information in the visual code. The former, (i), can occur
as long as the ISI is shorter than the time taken by the
iconic trace to decay, which is approximately 200 ms (see
Neisser, 1967; Eriksen and Collins, 1968; Haber and Standing,
1969). Since the iconic trace is highly susceptible to
masking, the mask can be expected, as in Phillips (1974),

to affect performance only at ISIs less than iconic trace
decay time. Although in the present experiment the mask X
ISI interaction fails to reach significance, it can be seen
from Fig.3:9 that the mask does seem to be having its

greatest effect at the shorter ISIs.

With regard to (ii), Phillips (1974) found that
information in short-term visual memory is not necessarily
masked by subsequent stimulation and that there was no
loss of effieciency over the first 600 ms but a slow loss over at
least the first 9 sec. In the present experiment; too;
the results show a loss of information with increasing
ISIs the mean percent correct responses over all conditions in

experiment 3d(ii) are as follows:

ISI frames Mean % correct
1 84
2 78
5 89
10 87
48 82

143 71



Once again, therefore, there is the typical slow loss of
information from the visual code with increasing ISIs.

The group factor is again insignificant, as is the group x
time interaction. From this it follows that, even with these
more complex matrices, there is no significant difference
between the three groups in respect of either capacity or

decay rate of the visual code.

The results of expts. 3d(i) and 3d(ii) therefore
seem to strengthen the argument that the production and
capacity of the visual code is as fast and efficient in

dyslexic subjects as it is in controls.



CONCLUSIONS

When 10-13 year old dyslexic and control children
are compared as groups for ability at functions assumed
to be involved in the single fixation array processing and
the reading at which dyslexic children are relatively poor:

a) With alphanumeric characters dyslexic and control
groups do not differ with respect to speed or accuracy
with which they can encode and .match visual features.

b) The dyslexic group is reliably slower than the control
group at encoding-and-matching name features of letters.

It is likely that this deficiency is to be found at the
level of non-articulatory name or lexical encoding.

c) There is no.significant group difference in the speed
at which highly confusable letter-like forms can be compared
for their .visual features, but the dyslexic group 1is
significantly less accurate.

d) There are no significant mean differences in either
the capacities or decay characteristics of visual codes in
the two groups as determined by the chequerboard techniques

of expts. 3d(i) and 3d(ii).

Vernon (1979) says that "much of the confusion which
has arisen as to the nature of dyslexia is because retarded
readers have so frequently been studied as if they formed
a qualitatively homogeneous group', and her discussion implies
that any of a number of individual difficulties in information
processing may result in reading retardation. After Rourke
(1976) she suggests that deficiencies in visual analysis may be

of great importance in the early stages of 1learning to read but
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that children may grow out of these. Deficiencies in
auditory-linguistic processes and graphéme-phoneme conversion
are considered to appear later and to be of importance in the
causation of reading retardation in the older child. The
present study is concerned with older dyslexic children and in its
search for a possible homogeneity of functional disorder

treats them as a group of dyslexic children rather than
individuals. One of the prime aims of such an approach is to
guide diagnosis, to answer the question: 'In a school

population of older dyslexic children, what skills relevant to
the reading process are most likely to be deficient?' While it
may be the case that any of several classes of information
processing deficiency may result in reading retardation, perhaps
some are more likely than others. To use an analogy: whilst
there may be many reasons for a car failing to start in the
morning, if the weather is damp the best place first to look is
the distributor (or, to use a functional approach, investigate
the 'electrics'). With this in mind two main areas of function
have been investigated in this chapter: visual encoding and name
encoding. From the results of expt. 3a (where, as in reading,
the stimuli were letters) it can be seen that; as a group,
dyslexic children are not deficient in dealing with the visual
features of letters but that they are deficient at encoding or

matching name or lexical features.



From these results it is possible to assess relative
probabilities of functional deficiency. For the analysis of
variance it was assumed that the data of the control and dyslexic
samples came from normal distributions with similar standard
deviations but perhaps different group means. Using the group
means and the EMS from the ANOVA, estimates of the population
mean and standard deviation parameters of the normal distributions
can be derived. Z tables can then be used to produce an estimate
of the probability that upon taking at random one dyslexic child
and one control child from the sample, the dyslexic child will
be slowér than the control child. If the group means for
the performance on the same case letters are used (visual code
production and matching) the probability that the dyslexic child
will be slower is 0.58. In contrast if the different case data
are used (name code production and matching) this probability
rises to 0.73. With these older dyslexic children in the
10-13 year old age band, it follows, as in the findings of
Rourke (1976), that the more likely of the two functional
deficiencies studied here is that of name encoding. Whilst it
appears that there is no visual encoding and analysis
deficiency in dyslexic children when the stimuli to be processed
are the letters used in reading; this is not the case with
novel and highly confusable letter like forms (expt. 3b) where
although the dyslexic child is no more likely to be slower than
the control child (p = .50) he is far more likely to be error

prone (p = .81).
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EXPERIMENTAL CHAPTER 4

In which dyslexic children are shown to be
slow at naming single letters, pictures, words and
non-words — 1t is suggested the dyslexic child's
reading 18 primarily orthographic - acquired and
developmental dyslexics are compared in respect of
ability at phonological encoding - in the light of
adequate visual processing in dyslexic children 1t
s argued that the dyslexic child is either (i)
slow and inaccurate in accessing linguistic
(phonological or lexical) representations for
visual stimuli or (i1) slow and inaccurate in
articulatory encoding(for rehearsal, concatenation/
chunking, or outpuﬁ)f?om the preceding lexical re-
presentation.

In considering the 'two-limb';rate of initial information
acquisition data of Experimental Chapter 2 two broad classes
of interpretation were discussed: first limb slope reflects
either speed of visual encoding or speed of accessing non-arti-
culatory name referents; with dogleg point reflecting either
the capacity of the visual code or the number of unrelated
logogens which can be active at any one time. In Experimental
Chapter 3 there was repeated failure to find any difference
between dyslexic children and control children in respect of
either visual code production-speed or capacity, and the dys-
lexic child's difficulty in creating linguistic representations

wd
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was evident. Yet dyslexic children (and poor readers more
generally) show consistently low rates of initial information
acquisition and low values in respect of buffer capacity
(Expts. 2b and 2c). That the 'buffer' is non-motor linguistic
in nature rather than visual is thus the most consistent inter-
pretation.

The findings so far thus lead to the proposition that the
dyslexic child's reading handicap may be attributable to de-
ficiencies at one or more of the following stages or strate-
gies of information processing:

(1) slow rate of lexical encoding from visual representation.
(ii) a limitation in the number of lexical representations
which may be active at any one time (recognition buffer capacity).

(iii) slow articulatory encoding from lexical representations.

If the problem were solely one of a limitation in the
number of lexical representations which might be active at any
one time (a capacity limitation of the 'recognition buffer'),
with normal speed of lexical encoding up to that capacity limi-
tation, then it would follow that the dyslexic child would be
just as fast as his normal reading peer in processing items
which are within the capacity of his recognition buffer. From
Expt. 2b it can be seen that, if the dogleg point is taken to
reflect 'recognition buffer capacity', the capacity of the 10-
14 year old dyslexic child's recognition buffer is about 2.6

digits. Therefore if single itemé such as letters or simple
pictures are used as stimuli to be named; items which can be
assumed to be within the recognition buffer capacity, it is
possible to investigate whether recognition buffer capacity is the
only deficit in dyslexic children. If this hypothesis is true it
s predicted that dyslexic children will be just as fast at

naming simple stimuli as control children. If this result is
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M



_{: ~
A
LA

not found, however, i.e. if it is found that dyslexic children
are slower than controls at naming these stimuli, then this
will demonstrate the presence of either a relatively slow 'scan'
process (Sperling, 1963, 1967) (or in other words, slow lexi-
cal encoding) or slow articulatory encoding from this lexical
representation for output.

It has also been suggested by Seymour and Porpodas (1979)
that any deficit in dyslexic children is restricted to the
graphemic channel. This contradicts many findings of slow
objects and colour naming in these children.

To assess the relative merits of these claims the follow-
ing experiments are performed:

Expt. 4a: dyslexic and CA control children are tested for
their speed of naming single letters.

Expt. 4b: dyslexic and CA control children are tested for
the speed at which they can name the Oldfield and Wingfield
(1965) picture stimuli.

Expt. 4c: dyslexic and CA control children are tested for
the speed at which they can read words of differing frequency
and word length.

Expt. 4d: the phonological encoding deficiency of develop-
mental dyslexics is compared to that of acquired dyslexics using
the non-word homophonic effect in a lexical decision task.

Expt. 4e: efficiency at phonological encoding in dyslexic
children is compared with that of CA and RA matched controls
in performance at reading orthographically regular nonwords.
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EXPERIMENT 4a

Abstract

19 dyslexic children (mean C.A. 13.4 years) and 19 mat-
ched control children (mean C.A. 13.4 years) were tested for
the speed at which they could name single letters presented
tachistoscopically. The control children reliably named the
letters in a shorter time than the dyslexic children, the mean
RTs being 637 ms. and 763 ms. respectively.

It is concluded that the dyslexic children are relatively
slow at accessing the lexical representations of single letters,
or that they are slow at articulatory encoding for output.

Introduction

To test whether the 'recognition buffer' capacity
is the only deficit in the visual information processing of
dyslexic children,single letters (which are within the capacity)
can be presented and the time taken to name those letters as-
certained.

Subjects

19 dyslexic children (standard criteria) of mean C.A. 13.43
years, mean R.A. 9.97 years and mean S.A. 9.04 years constituted
the reading retardate sample. They all attended a private school
which specialises in the teaching of children with dyslexic-type
difficulties. The control sample consisted of 19 children who
also attended private schools. These were of mean C.A13.40
years, mean R.A. 13.74 years and mean S.A. 13.37 years. All



the children were of average or above average intelligence.

Materials and Procedure

For each child a basic reaction time measure was taken.
The child was seated before an Electronic Developments 3-field
tachistoscope and instructed that as soon as the light came on
he was to say 'now'. He was to do this as fast as he possibly
could. The onset of the light (which was a white card presen-
ted at an intensity which approximated to 3.0 lux at the
subject's eyes) started a Dawes timer type 3000A which was
accurate to 1 ms. The child's response, 'now', stopped
the timer by means of a voice key, the microphone of which
was situated directly in front of the child's mouth. Ten
such trials were conducted of which the data for the first
four was discarded, these trials being for practice, and a

mean RT 'now' figure was taken for each child over the last 6
trials.

The child was then instructed that letters would be shown
on the machine and that he was to name these letters as quickly.
as he possibly could. The exposure sequence on any trial was:
the verbal warning signal 'ready', followed by 2 sec. fixation
cross with an intensity at the child's eyes of 0.15 lux., this

was followed by the lower case letter printed on white card using

26 pt folio light Letraset which was presented at an intensity
at the child's eyes of approximately 3.0 lux. The onset of the
letter started the timer, and the child's response stopped it

_,{_\

by means of the voice key, No practice sessions were given since

the child had by now participated in the RT 'now' procedure and

had therefore had experience at fast tachistoscopic recognition,

and since the perception and naming of letters is a highly practiced

skill. Ten letters were chosen for this experiment, these were,

in order of presentation: b, t, a, w, i, n, z, e, X, S.

Oy



Results

The mean baseline RT 'now' did not differ significantly
across the two groups of subjects. For the control children
the figure was 335.3 ms. (s.d. 50.0), for the dyslexic children
it was 342.8 ms. (s.d. 66.9).

The mean group naming time for each letter is shown in
Table 4:1. The letter naming data was analysed as a Z factor
ANOVA: 2 groups (dyslexics, controls) x 10 letters with 19
subjects nested within each group. This ANOVA data can also
be seen in Table 4:1. The Groups differed significantly in
the time they took to name the letters (F = 12.48; d.f. 1,36;
& 00] % The letters also differed significantly in the time
taken to name them (F = 2.68; d.f. 9,324; p& .01). The group x
letter interaction (F = 1.52, d.f. 9,324) was insignificant.

Discussion

The insignificant difference between the two groups on
the RT 'now' baseline procedure demonstrates that when only
one response ('now') is required to one gross change in stimu-
lation (a bright flash of 1light), dyslexics respond just as
fast as controls. When, however, the overlearned letter graphe-
mic stimuli are used the dyslexics are reliably of the order of
126 ms. slower at naming than are the controls.

The former RT 'now' baseline result ceontradicts those
of Wheeler (1977) who investigated the verbal reaction time
for 12 dyslexic and 12 control children to either a light stimulus,
a sound stimulus, or both stimuli combined. He obtained the
following results:

dyslexic children Control children
mean RT (ms.) mean RT (ms.)
light 699 422
sound 478 255

light and sound 692 ' 267



TABLE L4:1

ANOVA Data for the Letter Naming RTs obtained in Exveriment La

_.F\.
-.‘F\.
|

~ SOURCE OF VARLATION D.F. SS5q. MSq. TARIANCE | PROBABIIIT
RATIO
Groups (G) 1 1517053 1517053 12,48 *
Subjects within G (S) 36 k3717050 121585 10,50 e
Letters (L) 9 279761 31085 2.68 ®
LG 9 158572 17619 152 NS
Error 324 3752925 11583
NS: Not Significant
*%: pd .01

Mean Letter Naming Time (ms) for each Letter and Croup of Expt.ha

“LETTER DYSLEXLC CONTROL
CHILDREN'S CHILDREN 'S
RT. RT,

b Tho 612

% 713 658

a T26 629

W 767 64T

i 732 652

n 46 615

z 8Lz 633

e Tho 599

x 836 675

s 785 648
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I can propose no explanation for the fact that in his study
the dyslexics were 277 m. sec. slower than the controls to the
light stimuli, whereas in the present study no significant
defferences were obtained.

The insignificant letter x group interaction demonstrates
that the two groups of children are similarly affected by
-increasing letter naming difficulty. This difficulty is con-
sidered to be one of frequency since a Duncan's Multiple
Range test on the letter differences demonstrates that the
letters x and z differ significantly from the remainder in
terms of their nameability: the only significant letter
contrasts are: x vs i, x vs t, X vs n, X Vs a, X vs b,

X Vs e, zvsn, ZVvs a, zVvs b, and z vs e. This latter
hypothesis is proposed since i) the letters x and z do not
clearly differ from the remainder in terms of physical charac-
teristics such as angularity, and ii) frequency effects in
recognition thresholds and recognition speed have long been
demonstrated (c.f. Oldfield and Wingfield, 1965, Howes and
Solomon, 1951, and Tulling and Patkau , 1962). The frequency
argument appears reasonable since if the average naming time

of the dyslexic and control children is compared to letter
frequency (an average from the counts of Pratt (1939) and that
in Nature (1960) was used), a significant correlation of - 0.71
is found (p «.02). It should be noted, however, that other
hypotheses are possible, e.g. x and z differ from the remaining
letters by the fact that they occur at the end of the alphabet.

Stanley and Hall, 1973(b) compared the SOA 33 dyslexic
children and 33 control children needed to correctly identify
single letters in a masking paradigm. Single letters from the
set, H, J, R, M, K, S, F, C, U and 0, were presented for 20 m sec.
and was followed after an ISI by a mask (a static rectangular
array of dots). The ISI was initially 20 m sec. and this was
increased in 20 m sec. increments until a criterion of 3 cor-



rect identifications at a given I[SI was reached. The mean ISI
for correct identification (verbal response) was, for the con-
sonants, 56 m sec. for the controls and 64 m sec. for the
dyslexics. For the rounded vowels O and U these figures are

92 m sec. and 122 m sec. respectively. An ANOVA indicated

a significant group difference, a significant task difference
(vowels vs consonants), and a non significant interaction.
Stanley and Hall, 1973(b) conclude from this that the dyslexics
are slower at processing the letters than the normals. When
Stanley, 1976 repeated this experiment using single digit stimu-
1i (O through 9) and a manual response he actually found the
reverse pattern - over all the experimental trials the dyslexics
identified significantly more of the digits correctly. He

also found no significant differences in the response reaction
time between the two groups. This is in contrast to the re-
sults of Blank, Higgins, and Wagner, 1971 who indicated that
dyslexics may have a slower reaction time than controls.

Whether or no there are significant differences between
dyslexic and control children in the SOA required to correctly
preceive single alphanumeric stimuli, these differences, when
present in the Stanley and Hall 1975 experiment are very slight
(8 ms. in the case of consonants and 30 m sec. for vowels) if
compared with the much larger differences (of the order of

126 m sec.) when the naming time for letters are compared for two
similar groups in the present experiment. One possible explanation of
this is as follows: the SOA required to correctly identify a letter

might be thought of as that time x intensity of stimulus exposure
necessary for the subject to set up the data base upon which

processing may occur. For simple single-name stimuli it is
possible that, as long as a sufficient visual code is produced,
the stimulus will be further processed. The retention of that
visual code is then to a large extent a property of the subject
rather than the stimulus (Tyersky, 1969). The naming reaction
time however reflects the time to completion of the whole pro-

cessing chain. In contrast to the SOA, it includes such elements



the 'scan' and the execution of the recognition buffer. motor
instructions to use Sperling's terminology, or, in other words,
the accessing of the lexical representation and the articula-
tory encoding and output from this representation.

The evidence that there is a large differential between
dyslexics and controls in terms of naming RT, whilst there is
little if any in terms of SOA for correct naming, might be taken
as further evidence that whilst speed of visual code production,
the data base for further processing is the same in dyslexic
and control children, the processing from that base in terms

of scan and execution of the result of the scan is slower in

dyslexics. Legein and Bouma (1980) come to similar conclusions from
similar data: there were no differences between dyslexic and

control children in terms of recognition threshold from foveal and
parafoveal presentation, but the dyslexics were slower at naming

letters.

As the stimuli used were within 'recognition buffer capacity',
then a capacity limitation of the buffer cannot be the only
limitation in the processing cof dyslexic children. The specula-
tion proposed when the alternative deficit areas were being
outlined in Chapter is again of interest - it is possible that
the limitation in recognition buffer capacity is the result of
the slower scan: from a decaying data base, the visual code,
the rate of readout determineswhat is held in the next store,
the Trecognition' buffer.

The case of letter naming is especially interesting from a
terminological viewpcint. It has been argued that there are
two available strategies in reading aloud: a whole word or
lexical route and an orthographic route where known grapheme-
phoneme correspondences are utilized to produce a phonological
representation of the stimulus. It is agreed that there is a
visual input logogen, a pattern reccgnizer for symbols such as £,
with referent lexical entries (boundB see e.g. Baron and Strawson
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(1976). It must also be agreed that there is a logogen for the
word a with a similar lexical referrent. Yet when the letter a
appears in the middle of a word, it is said to be subject

to a process of grapheme-phoneme conversion. For these and
other reasons detailed elsewhere, the lexical/orthographic
distinction in this sense seems of little value - that non-
articulatory linguistic representation accessed in reading

as a result of the 'scan process' can apparently interchangeably

be called a lexical code or a phonological code.



EXPERIMENT 4b

Abstract

The subjects of Expt. 4a were tested on the Oldfield and
Wingfield 1965 picture naming task. The dyslexic children
were slower than the controls at naming all the pictures, and
this difference between the groups increased as the word-
frequency of the picture names decreased. The dyslexic
children also named fewer words correctly, this again being
truer for the less frequent stimuli.

It is again concluded that the dyslexics show a deficit in
either the rate of 'scan' or in the execution of the recognition

buffer's program of motor instruction (to use Sperling's
terminology). In other words, the dyslexic children are relatively
slow in accessing the lexical equivalents for pictures, or in

articulating from this data base.

Introduction

It has been shown that with kindergarten children, in the
early stages of reading acquisition, there is a high correla-
tion between reading ability and speed of picture naming.

For example, when Jansky (1972) used with young children the
procedures described by Oldfield (1966) she found a correlation
pf 94, This is not surprising: naming a picture and naming
an alphabetic array have several processing stages in common.
Jansky herself in fact says that 'reading, like picture naming,
requires reading elicitation of spoken equivalents' (ibid.).
If, therefore, the deficiency in dyslexic subjects found at

the phoneme translation stage is a global problem and not one
which occurs solely with alphanumeric stimuli, then dyslexic
subjects would also be expected to be slower at picture naming.
Denckla and Rudel (1976) used thestimuli and procedures of the
Oldfield and Wingfield (1965) experiments in order to test pic-
ture naming response latencies in dyslexic, minimally brain-
damaged, and normal subjects. They found, as predicted, both
that dyslexic children named fewer pictures correctly and that
those pictures which they did succeed in naming were named more
slowly than they were by the other two groups of subjects.
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Unfortunately, this study, though admirable in its rigorous pro-
cedure for the inclusion of subjects, measured naming res-

ponse latencies with a stopwatch , and thus individual pic-
ture naming latencies were not reported. For this reason,

and because it was considered desirable throughout the present
thesis to keep both the properties of the dyslexic sample and
the age range tested constant, it was decided to test the
subjects of Expt. 4a on the Oldfield and Wingfield, 1965, task.

Subjects

Those children participating in Expt. 4a were also tested
hegps.

Method

Line drawings of the stimuli used by Oldfield and Wingfield,
1965, were prepared using indian ink on white card. For prac-
tice, these drawings in order of presentation were: bed, tele-
phene, scissors, toothbrush, piano, and comb. The test stimuli,
in order of presentation were: clock, typewriter, glove,
horseshoe, syringe, dice, metronome, key, octopus, anchor,
gyroscope, tuning fork, anvil, chair, drum, screw, stethoscope,
bagpipes, cigarette, book, xylophone, tap, basket, windmill,
microscope and shoe. (Thanks to Mike Bagshaw for drawing these).
The Thorndike-Lorge (1944) frequency count for the names of
these pictures ranged from Book (AA) to Xylophone (.33 occurrences
per million words), and the order of presentation ensured ran-
domization of position of high/low frequency words. The ex-
posure sequence for each trial was as follows: the verbal
warning signal 'ready' was followed by presentation of a fixa-
tion cross on the tachistoscope for 2 sec. at an intensity at
the S's eyes of approximately 0.15 lux} this was followed im-
mediately by the picture stimulu which was exposed for 4 sec.
at an intensity of approximately 3.0 lux. The child was in-
structed to name the picture as quickly as he could, and that
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there was a one word answer for each picture which was most
appropriate. For all the pictures except one, the only ac-
ceptable answer was that label used here. This exception
was xylophone, for which glockenspiel was also accepted.

The onset of the picture started the Dawes timer, the child's
verbal response stopped it by means of a voice key. If a
response was not forthcoming within 6 seconds after the onset
of picture presentation, the child was told to forget that
picture and to get ready for the next trial.

Results

The stimuli names, T-L frequency, log T-L frequency,
number of children within each group correctly identifying
the stimuli, and mean response latency over those children who

correctly identified the stimuli are shown in Table 4:2.

It can be seen, as in the Denckla and Rudel (1976) study,
that dyslexic children were able to name significantly fewer
of the pictures (Wilcoxon test, n = 15,z = 2.84, p<.002,

1 tailed). This appears to be especially the case with the
less frequent picture-names, although ceiling effects with the
high frequency names may mask a potential group difference.

To further investigate this a 2 factor ANOVA (2 groups x 10
pictures with 19 subjects nested within each group) was per-
formed on the response time data for those pictures where
all 19 subjects in each group found the correct name (these
being the high frequency pictures:  book, chair, shoe, basket,
clock, key, glove, cigarette, typewriter and windmill). The
ANOVA table can be seen in Table 4:2. Due to high subject-
within-groups variability the group differences (X dyslexics =
993 ms, x control = 930 ms; F = 2.15; d.f. 1,36) are insig-
nificant. It must be concluded that the dyslexic and control
groups do not differ significantly in their mean naming latency
for these 10 high-frequency-name pictures, although the trend
is that the dyslexic children are slower (T = 10, L = O,
p<.002, sign test).



* TABLE L:2
The data of Expt. Lb: the number of dyslexic and control
children correctly naming each stimuius, and the mean
naming time (ms) for these children.

DYSLEXIC CHILDREN | CONTROL CHILDREN
STIMULUS T LOG 10 T-L NUMBER MEAN TUMBER MEAN
NAME FREQ. FREQ. OF HITSY RT (ms) | OF HITS*| RT (ms)
Bock AA -4 ,000 19 960 19 821
Chair AA =1,000 19 849 19 808
Shoe AA -4,000 19 854 19 8Ls
Basket A ~4,301 19 1019 19 870
Clock A =4.301 19 999 19 86L
Key A =4,301 - 19 895 19 890
Glove 43 -4,367 19 1019 19 875
Drum L0 -4,398 17 851 19 808
Tap 32 =4.495 18 850 19 866
Anchor 26 -4,585 17 1101 18 1104
Cigarette 22 -4,658 19 1240 19 1229
Screw 20 -4 ,699 18 1204 18 1037
Typewriter 12 4,921 19 1086 19 107k
Windmill 1% -14.959 19 101k 19 953
Microscope 9 =5.046 10 2162 17 1583
Dice 8 =5.097 17 1112 19 951
Anvil T =5.179 0 - 16 1286
Horseshoe 4 -5,398 16 1564 19 1130
Octopus 2 -5.699 18 1384 19 1173
Bagpipes 1 -6.000 17 1106 19 1111
Tuningfork 9L =B 02T I3 1957 9 2073
Stethoscope .88 -6.056 4 1863 12 1653
Syringe .83 -6.081 8 1084 10 1261
Metronome .38 -6,420 h 1843 3 1152
Gyroscope 33 -6.481 L 2535 6 1663
Xylophone «33 -6.481 5 1623 13 160k
Number of children per group was 19

ANO ] i RTs where both eroups scored 100% hits
SOURCE OF VARIATION D.F. SSq. MSq. VAR%%NCE PROBABILIT
BAT
~ Groups (G) 3 361658 381658 2.15 NS
Subjects within G (8) 36 6387879 17T7hL1 L.56 *%
Pictures (P) 9 4799263 533251 137 b
GP 9 297888 33099 0.85 i
Error 32l 12611344 38524

NS: Hot Significant
% p(0L




FIGURE L:1
The Picture Naming Response Times For the Dvslexic and Control Children Tested

in Expt. 4b. The x-axis represents the Loz 10 Thorndike-Lorge Freguency of the
Picture Name,

Neming Response Time (msec)

2350 m
x
- % L
2650
N % > 3 Dyslexics: y = =382x - 661
x %
. = Controls : y = =29Lx - 356
1750 - \.
150 1
1150 -
850 .
550 -
-7 .00 -6.00 -5.00 -4,00 LOG 10 T-L Frequency of

Stimulus Name.



Because of the high number of missing values, the re-
maining respocnse latency data is unsuited to an ANOVA. For
this reason the analysis used by 0ldfield (1966) was performed:
group mean latency was plotted against logip: Thorndike-

Lorge picture name frequency, and regression analyses were

performed. The resultant functions (see Fig. 4:1) are dyslexics:

naming latency =-382 x log g frequency - 661 ms; controls:
naming latency = - 294 log g frequency - 356 ms. These regres-
sion coefficients do not differ significantly (z = .727;

p = .22, 1 tailed), but it should be noted that the error term
here is a function of residual variation from logjp Frequency.

If the group mean response latencies for each of the 26
pictures are compared using a Wilcoxon test, highly significant
group differences can be seen (N = 26, Z = 3,12, pe .001).

Discussion

It is concluded that dyslexic children as a group are re-
latively slow at producing overt name referents for picture
stimuli. When the picture name is of low frequency in the
language fewer dyslexic children than control children can find
that name at all.

This difficulty might lie in either of the two broad func-
tional areas of(l) picture analysis or (2) the finding and
production of the lexical. referents. However, Mackworth and
Mackworth (1974) showed that while poor readers made more errors
than good readers in letter naming and in recognizing homophones
(e.g. 'sew' and 'so'), there was no relation between reading
ability and performance in a non-verbal pictorial task where
the children had to compare a picture with one which they had
just seen. In other words the poor readers appear to perform at
the same level as good readers in dealing with the visual aspects
of pictures. It is therefore considered more likely that the
dyslexic children's handicap lies at the stage of name-referent
access and overt articulation rather than at the stage of picture
analysis or pattern recognition.

Y
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EXPERIMENT 4c

Abstract

19 dyslexic children (mean C.A. 13.4 years) and 19 age
matched controls were tested for the speed at which they could
name single words presented tachistoscopically. The words

varied in length, orthographic regularity, frequency and image-
ability.

The dyslexic children were considerably slower at naming
words than at naming frequency matched pictures in Expt. 4b.
The reverse pattern was true for the control children. The
dyslexic children's naming time was well predicted by word
length (r = + 0.93) increasing at 268 ms/letter, the control
children's less so (r = + 0.51) increasing at 16 ms/letter.

It is concluded that the dyslexic child's reading is pri-
marily orthographic, the lexical channel being severely im-
paired in respect of vocabulary and slow in translation time,
~and that this orthographic strategy in dyslexic children is
slow and less accurate than in control children.

Introduction

Having shown in Expt. 4b that dyslexic children are slow at
naming pictures, their naming of words can be similarly investi-
gated. Dyslexic children are, of course, as a nature of their
disability, deficient at reading words aloud, but this study is
a preliminary investigation into this deficiency as a function
of word frequency and length. To compare word naming times with
picture naming times 26 nouns were chosen which matched word
frequency with those picture names used in Expt. 4b. Beside
the noun and frequency restraints there was no control for other
variables such as word length, imageability, -concreteness , or-
thographic regularity etc. The stimulus words can be seen in

Ty
i
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Table 4:3. These stimuli were to be presented tachistoscopi-
cally as was the picturesof Expt. 4b and naming times recorded.

Subjects
As Expt. 4b.

Method

The words, printed on white cards using 26 pt. folio light
letraset, were sequentially presented in a randomized order
using the tachistocope. Methods of stimulus presentation
and response recording were identical to those of Expt. 4b.

Results

The group mean naming liatencies can be seen in Table 4:3.
It 1s not surprising that the dyslexic group managed to read
fewer of the words, this being especially the case with the
less frequent and longer words (Wilcoxon test, N = 21, z = 4,01,
p e +Q0L1) . The dyslexic group reliably read the words more
slowly (sign test, T = 26, L = 0, p«.0001), and this was the
case even with those words (bird, eye, boat, apply, orange)
which all the children could read successfully and without ap-
parent difficulty.

If word frequency is taken as an independent variable,
dyslexic group naming time follows the function: naming time =

- 455 loglo TL frequency - 398 ms. The corresponding function for
the control group is naming time = - 48 ;oglo TL frequency + 461 ms,
These functions can be seen in Fig. 4:2. The regression co-

efficients differ significantly (z = 3.53, p .001).

If picture and word naming times are compared for the
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TABLE 4:3
The data of Expt. 4c: The number of dyslexic and contrcl
correctly reading each word, end the mean reading time
(mseec) for these children.

DYSLEXIC CHILDREN | CONTROL CHILDREN
STIMULUS Tl LOG 10 T=L NUMBER | MEAN - NUMBER | MEAN
NAME FREQ, FREQ. OF HITS*| RT (ms) OF HITS*] RT (ms)
Bird AA -4,000 19 9C0 19 592
Eye AA -4,000 19 91k 19 619
Boat AA -4.000 19 892 19 582
Apple A -k4,301 19 886 19 615
Orange A -4,301 19 1042 19 586
Evil A -4,301 13 1806 19 626
File 43 -4,637 16 1312 19 698
Swift Lo -4,398 17 1754 19 638
Survey 32 =k ,495 13 1630 19 €84
Prairie 26 -4,585 T 2567 16 G69
Ankle 22 =-4,658 12 1410 19 632
Drama 20 -L,699 10 1943 19 617
Gallon 12 =-4,921 15 1592 19 622
Notch 14 -4.959 16 1640 19 623
Orator 9 -5,046 6 2373 19 824
Turret 8 -5.097 11 2740 19 ygnn
Rainfall 7 =5,155 18 1582 19 662
Antler L =5.398 T 1967 19 787
Faggot 2 -5.699 1k 2081 19 763
Turbine 1 -6,000 10 2435 19 T07
Joiner Nl -6,027 15 1976 19 734
Rambler .88 -6,056 13 2367 19 666
Digit .83 ~-6,081 8 2308 19 748
Eyeshade .38 -6.420 8 2khko 19 85l
Popgun +33 -6.481 - 18 2351 19 870
Washbasin «33 -6.481 13 2627 19 639
mber of children per group was 19.




FIGURE h:2
The Reading Response Times For The Dyslexic and Control Children Tested in Expt.lc.

ord Naming Time (msec).
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dyslexic group (picture naming time = - 382 logqg

word naming time = - 455 1oglo TL freq - 398 ms.) it can be seen

TL freq -661 ms.,

that while the regression coefficients do not differ significantly
(Z = .50), the dyslexic group is significantly slower at

naming words than at naming pictures when the names are matched

for frequency. (Sign test, T = 26, L =4, p .001). In

contrast, for the control group there is a distinct advéntage of
word naming over picture naming (picture naming time = 294 loglb TL
freq - 356; word naming time = -48 logyg TL freq + 461; these
regression coefficients differ significantly, z = 3.06, p .0l;

a sign test shows controls' word naming to be significantly faster

than picture naming, T = 26, L = 0, p .001).

Word lengths may also be extracted as an independent variable,
there being 1 3-letter word, 4 4-letter words, 6 5-letter words,

9 6-letter words, 3 7-letter words, 2 8-letter words and 1 9-
letter words. If a mean group/word length naming time is

taken, the dyslexic group naming time = 268L + 230 ms. where

L is the number of letters in the word. The naming time and
word length correlate + 0.93, word length explaining 87% of

the variability. The control group naming time = 16L + 587 ms.,
the correlation being only + 0.51 with word length explainig
only 27% of the variability in naming time. These regression
coefficients of 268 ms./L for the dyslexic group and 16 ms./L
for the control group differ significantly { Z = 5.:29, p<.001).

Discussion

3T Dyslexic children are most certainly both slower and less

accurate at word naming. It is certain that orthographically
irregular words (such as 'eye') must be read through a whole

word (lexical) route, since graph-phon rules simply will not work,
as must the letters used in Expt. 4a. As the dyslexic children
are slow at naming all these stimuli, a deficiency in lexical

reading in dyslexic children must be concluded.
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Orthographically regular words, however, may be read either

lexically if the child has a visual input logogen for that
word, or orthographically using grapheme-phoneme conversion
Fules . One can only be sure that an orthographic strategy

is in use if the stimuli constitute orthographically regular
non-words for which there cannot be a whole-word pattern re-
cognizer. Thus in this experiment it is uncertain whether
orthographically regular word stimuli (e.g. 'file') are read
through an orthographic or a lexical route. It is known,
however, that use of an orthographic strategy produces strong
word length effects. For example Seymour and Porpodas

(1979) had dyslexic and control children reading orthographi-
cally regular non-words; for the control children naming

time increased 63 ms. for each letter in the word, for the
dyslexic children this increment was 721 ms. per letter. Al-
though in the present experiment frequency and word length are
confounded, the dyslexic children show very striking word
length effects (a correlation of + .93 between word length

and naming time), the control children do so to a much smaller
degree (the correlation being + .51), and it therefore seems
likely that the dyslexic children are primarily reading the
words through an orthographic route. This suggestion is
strengthened by the findings of Seymour and Porpodas (1979)
that when using an orthographic strategy with non-words the
dyslexic children's naming time increased 721 ms./letter in
non-word; a similar increase of 774 ms./letter in the word
was obtained when the stimuli were orthographically regular
words: the dyslexic children, in contrast to the controls,
showed little or no advantage of stimulus wordiness (which
allows for lexical reading) except in the case of a few high
frequency words.

The fact that the control children show a striking advan-

tage of word naming over picture naming whilst the reverse is

the case for dyslexic children also lends support to the idea that

the controls' reading is primarily fast and lexical whilst the



the dyslexics' is comparably slow and presumably orthographic.
Gleitman and Rozin (1977) suggest that the evolution of ortho-
graphic systems proceeds 'in a single direction: at every
advance, the number of symbols in the script decreases:
concurrently, and as a direct consequence, the abstractness

of the relations between the written symbols and the meanings
increases” ., It also follows that, as orthographies evolve,
there become many more phonemes than graphemes, and consequently
these systems become more phonologically irregular. Thus

while a dyslexic child shows a significant but comparatively
slight deficiency in the 0ldfield and Wingfield (1965) task,

in which stimulus-name correspondence is unitary for the
majority of the stimuli (except in a few cases, e.g. glochenspiel/
xylophone), the same child when presented with English written
sentences as stimuli, where there are many more phonemes to be
determined from poorer graphemic predictors, shows a marked

decrease in performance level.

It is concluded, as in Seymour and Porpodas (1979), that
(a) the dyslexic child's reading is primarily orthographic;
(b) that this orthographic channel is somewhat impaired as is
demonstrated by (i) the slow reading times and (ii) the failure
in word naming; (c) there is some operation of the lexical
channel; (d) this lexical channel is impaired with respect

both of translation time and vocabulary.



EXPERIMENT 4d

Phonological coding in word reading

Abstract

Using the techniques applied by Patterson and Marcel
(1977) to adult acquired dyslexics, a group of 15 boys suffer-
ing from developmental dyslexia was compared with 15 controls
of the same age. Patterson and Marcel's patients were able
to perform a lexical decision task but showed no evidence of
phonemic encoding of the nonwords; the dyslexic children
performed this task very slowly and showed clear evidence
of phonemic coding of the non-word items. It is concluded
that there is some phonological encoding ability in develop-
mental dyslexic children (in contrast to the acquired dyslexics
but that this encoding is slow and inefficient in comparison
to that of CA matched controls.

Introduction

It was suggested in Expt. 4c that the reading of dyslexic
children occurred primarily through a somewhat defective ortho-
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graphic strategy. This orthographic strategy utilizes grapheme-

phoneme conversion rules with the concatenation of resultant
phonological codes, and as such must be assumed impossible
without phonological coding.

In recent years experimental psychologists have shown a
growing interest in the process of normal reading. This has
been accompanied by an attempt to apply the concepts of cogni-
tive psychology to disorders of reading, both when these are
acquired as a result of brain damage (e.g. Marshall and New-
combe, 1973, Patterson and Marcel, 1977, Shallice and Warring-
ton, 1975), and developmental dyslexia, the difficulty that
certain children experience in learning to read and spell (e.g.



Barron, 1979; Ellis and Miles, 1979; Liberman, Shankweiler,
Liberman, Fowler and Fischer, 1977). In the case of acquired
dyslexia, a great deal of theoretical attention has been
given to a relatively small number of carefully selected
patients by investigators who tend to share basic theoretical
assumptions. As a result there has been a good deal of
theoretical development in this area (e.g. Coltheart, Pat-
terson and Marshall, in press). One of these common theore-
tical assumptions is that acquired dyslexics show an almost

total inability in phonological encoding. Evidence for this
can be found in a study of lexical decision in acquired
dyslexics by Patterson and Marcel (1977). When normal sub-
jects are required to decide whether a string of letters is
or is not an English word, they are slowed down if the non-
words are phonologically similar to actual words (e.g. stane,
frute), which suggests that the material is being encoded
phonologically prior to the decision. Patterson and Marcel
observed that their dyslexic patients were slightly slower
and a little less accurate than controls but proved able to
do the lexical decision task surprisingly well. They did,
however, show no evidence of the phonological similarity ef-
fect, which suggests that phonological coding was not playing
a role in their performance.

In contrast to the research on acquired dyslexia, develop-
mental dyslexia has been studied by a much more wide-ranging
group of investigators, typically rooted in educational rather
than cognitive psychology. Perhaps for this reason there
appears to have been remarkably little interaction between the
two groups, and it is far from clear to what extent the syn-
drome resemble each other and to what extent the techniques
and concepts from one may usefully be applied to the other.

It has been suggested that acquired dyslexics are totally
impaired, and that developmental dyslexics show some impairment
in phonological encoding. Is it plausible to assume that a
related syndrome is involved in the two types of dyslexia?
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Although there will clearly be differences between the
reading of a child whose disability leads to slowness in ac-
quiring reading skill and an adult who was previously a fluent
reader, the possibility remains that the defective component
might be the same and that considerable qualitative similari-
ties might exist.

Upon Alan Baddeley's suggestion it was therefore decided
to take a series of tasks which had been shown by Patterson
and Marcel (1977) to give rise to interesting differences be-
tween normal readers and acquired dyslexics and to apply these
to the reading performance of a group of boys attending a
school for developmental dyslexics. The performance of these
boys was then compared with that of a group of boys of comparable
age and general intelligence.

Subjects

This experiment used 15 dyslexic boys and 15 controls.
The dyslexic boys came from a residential school for children
with dyslexia and the controls were boys from a residential
private school. The dyslexic group were of mean CA 12 years
10 ms., with mean RA (Schonell Ry) 10 years 3 ms. The CA
Controls were of mean CA 12 years 10 ms. and mean RA 13 years
3 ms. All subjects were of average or above average intel-
ligence as measured using one of the well established intel-

ligence tests, usually the Wechsler or the Terman.

Method

The material used was that devised by Patterson and Marcel
and comprised three- to six-letter, single-syllable, familiar
nouns, verbs and adjectives (minimum frequency of occurrence,
10 per million, Kucera and Francis, 1967) and three- to six-

letter single-syllable non-words that were orthographically
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regular and easily pronounceable by a normal person. 0f
these, half were homophonic with real words (e.g. stane,
frute), and half were non-homophonic (e.g. dake, selt).
Subjects were tested on four lists, each comprising 17 words
and 17 non-words. The lists were printed in lower case
letters on a sheet of paper with order of words and non-
words randomized. In the case of two of the lists, the non-
words were homophonic with real words, and for the remaining
two they were non-homophonic. The lists were presented in
an A B B A design, with the first and last list always being
non-homophonic. Subjects were asked to respond by under-
lining the letter strings they recognized as being real
words. The time taken to complete the list was recorded by
s topwatch.

Results and Discussion

Table 4:4 shows the mean reading time per word and the
mean number of occasions on which a word was mis-classified
as a non-word and vice versa. While there is a very clear
tendency for overall reading rate to be slower in the dyslexic
group (U = 15.5, n1 = np = 15, p «.001, Mann Whitney), the
dyslexic subjects show as clear a tendency to be influenced
by the phonological nature of the non-word as do the controls.
Homophonic non-words lead to slower performance for 12 of the
15 dyslexic subjects (p< .02, sign test) and for 13 of the 15
control subjects (pg .001, sign test). Dyslexics were 8.0%
slower, and controls 9.7%, a difference which does not approach
significance (p> .05). In the dyslexic group, 13 of the
subjects show an overall tendency to make more errors on lists
containing homophones, with one subject showing the opposite
(p<.0l, sign test), while 11 of the control subjects show a
similar effect, with two showing the reverse (p< .02, sign test).
Subjects from both groups are somewhat more likely to mis-classify
a non-word than a word; this is significant in the case of the



~TABLE L:L-

Speed and accuracy of lexical decisions by dyslexies and controls of the same C,A.

Mean Reading Time per Mean Error Rate (%)
Item (sec)
Falsely Rejected Words Falsely Accepted Words
Nonhomophoniec  Homophonic Nonhomophonic  Homophonic Npnhomophoni e Homophonic
Lists Lists Lists Lists N" Lists Lists
DYSLEXIC 1.78 1.9k 8.2 10.6 151 274
SUBJECTS
CONTROL 0.77 0.85 0.6 2.2 2.0 53
SUBJECTS

]
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dyslexics (T = 7.5, N = 12, p<.02), but does not reach sig-
nificance for controls (T = 18, N = 12, p< .05). Homophonic
non-words are more likely to be mis-classified as words than
are the non-homophonic letter strings for both controls (L =
6, N =13, p..01) and dyslexics (T = 6, N = 14, p<.0l).

Overall therefore, the dyslexic subjects are slower and
less accurate than controls of the same age, as one might ex-
pect in view of their reading difficulty. More importantly,
however, the general pattern of reading times and errors is
comparable for the two groups; both groups show a consistent
tendency for homophonic non-words to lead to slower and less
accurate decisions, indicating the use of phonological coding
in both groups. This contrasts with the results of Patterson
and Marcel (1977) whose acquired dyslexic subjects showed no
evidence of such coding.

Although the results are internally highly censistent,
they differ from those obtained by Barron (1979) using a
comparable task and comparing good and poor readers. He also
observed an effect of the phonological characteristics of the
non-words on the reading rate of good readers, but the effect
was not significant for his poor readers, and he concludes that
they do not show clear evidence of phonological coding in this
task. He does however find an effect comparable to ours when
performance is measured in terms of errors, and it seems pos-
sible that his subjects may have been maintaining their speed
by reducing accuracy on homophonic non-words. In line with
the present results, a decrease in speed and increase in errors
on lexical decision has been observed by Seymour and Porpodas
(1979) who also used severely dyslexic subjects. Hence, al-
though the pattern for Barron's group is somewhat unclear, the
balance of data suggests that developmental dyslexic subjects
do use some phonological coding in performing the lexical
decision task. As such they differ from Patterson and Marcel's



phonemic dyslexic patients who showed no evidence of such
encoding, but show a similarity to the phonemic dyslexics in

that they show some deficiency as reflected by their slowness
on this task.



EXPERIMENT 4e

The phonological encoding deficiency in

developmental dyslexia revisited

Abstract

To investigate further the phonological encoding deficiency
in developmental dyslexic children and its potential similarity
to that of acquired dyslexic children, dyslexic children, CA
controls and RA controls were tested for ability at reading
orthographically regular non-words. Patterson and Marcel
(1976) observed that their acquired dyslexic patients could
not read out orthographically regular non-words. The develop-
mental dyslexic children, like those of Seymour and Porpodas
(1979) were markedly slower and somewhat less accurate than
children of comparable reading age, but were by no means in-
capable of such reading. The conclusion, as that of Expt. 4d,
i1s that whereas phonemic dyslexic patients appear to have a
gross defect in the operation of the grapheme-phoneme component
in reading, the developmental dyslexic children appear to have
some capability of using such a route, albeit more slowly and
less efficiently than either CA or RA controls.

Some speculations are detailed as to the nature of the
differences between acquired and developmental dyslexics.

Introduction

To compare further the phonological encoding deficiency in
acquired and developmental dyslexic subjects,a further test was
administered to the developmental dyslexics to investigate
their ability at reading orthographically regular non-words (c.f.
Seymour and Porpodas, 1979).

One of the more striking features of the performance of

467



phonemic dyslexic patients lies in their inability to read out
non-words, even though these are orthographically regular and
easily pronounceable by normal subjects. This defect was il-
lustrated very clearly by Patterson and Marcel (1977) and
again on Dr. Baddeley's suggestion it was therefore decided to
attempt to repeat their experimental procedure using exactly
the same material with the developmental dyslexic children.
The test was run on the two groups of 15 subjects tested in
Expt. 4d who were matched for chronological age (CA) and as
far as possible for IQ but differed in reading age (RA). In
this experiment however a second RA control group was also
tested. These comprised 15 boys who were normal in their
reading development, but matched the dyslexics in reading age,
being approximately three years younger in chronological age,
again matched as far as possible for IQ. As in the case of
the other two groups they were pupils at a private boarding
school; they had a chronological age of nine years eleven
months, a reading age of ten years and three months and were
of average or above average intelligence. (Viv Lewis ran this
control group down in Cambridge).

The materials and procedure were based on that used by
Patterson and Marcel (1977) and involved presenting the subject
with two sheets, each comprising 17 words and 17 non-words
randomly arranged in two columns. The subject was instructed
to work down the column reading each item, and the correctness
of his response and total time per sheet were recorded.

Results and Discussion

The mean reading time and error rate for the three groups
is shown in Table 4:5. There is a very clear tendency for the
dyslexics again to be slower than either of the control groups,
(U =20, n1 = n2 = 15, p¢ .001 in each case) which do not differ
significantly from each other (U = 74.5, n1 = n2 = 15, p>».05).
Overall error rate is clearly much lower in the CA control than



TABLE 4:5

Speed and accuracy of reading words and nonwords by dyslexic

DYSLEXIC
SUBJECTS

C.AC
CONTROLS

RuA.
CONTROLS

And control subjects.

Mean Reading Time
per item (secs)
2.00

0.85

0.94

Mean % Errors

WORDS NONWORDS
6.3 41.6
O.h 6.7
5.9 32,4

£
qﬂb
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in either of the groups of lower reading age for both words
and non-words. The dyslexic group shows about the same error
rate as the RA control group for words, as one might expect
since the groups were matched on ability to read single words
(U=91, n1 = nz =15, p> .05). In the case of non-words
however, the dyslexics do show a significantly higher error
rate (U = 47.5, nj = np = 15, p<.02). Even so, the RA con-
trols seem much more similar in accuracy to the dyslexics than
to the other controls who differ only in being two and a half
years older. Using a similar task, Seymour and Porpodas (1979)
found dyslexics to be slower but no less accurate than RA con-
trols in non-word reading. Considered overall therefore,
dyslexics do not appear to be qualitatively different from
their RA controls in their pattern of reading errors. In all
three groups, subjects make more errors on non-words than on
words; this tendency is shown by all subjects in the dyslexic
and reading age control groups, and by 13 of the 15 chronolo-
gical age controls, although the latter group clearly showed

a very much smaller overall error rate.

Once again, the dyslexic group was substantially slower
than controls of comparable age, and indeed were very much
slower than even the children of a similar reading age who were
virtually three years younger. The dyslexic group also made
substantially more errors than controls of the same age in the
case of non-words, although the difference between these groups
is far from dramatic in comparison with the disproportionate
difficulty in reading non-words displayed by phonemic dyslexic
patients.

It is again concluded that developmental dyslexic children,
in contrast to phonemic dyslexic patients who appear to have a
gross defect in the operation of the grapheme-phoneme component
in reading, appear to have
some capability of using such a route, albeit more slowly and
less efficiently than either CA or RA controls.
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With regard to the similarities/differences between
developmental and acquired dyslexics, while these results are
reasonably clear-cut, scme caution should be used in making
generalizations. First, it is logically possible that the
phonemic dyslexic patients and the dyslexic boys may have
suffered from the defective operation of the same component in
reading, but that the pattern of performance is changed either
because the patient has a much more dramatic and complete im-
pairment, or because an impairment during the stage of learning
to read has a different effect from a similar impairment in a
previously fluent reader. A further complication arises from
the fact that the dyslexics were all attending a school which
explicitly aimed to train them to cope with their dyslexia and
develop normal reading. It is hence conceivable that children
trained in some other way might show no evidence of using the
grapheme-phoneme route. This suggests that this study should
be replicated using dyslexic children from a range of sources
before concluding that some utilization of the grapheme-phoneme
route is typical of dyslexic children. It can however be
concluded from the present group that the pattern of disabili-
ties associated with dyslexia in children is not necessarily

associated with a gross inability to use the grapheme-phoneme
route, and in this respect it appears to differ from the phonemic
dyslexia studied in Patterson and Marcel's adult patients.

At a speculative level, the difference between the acquired
and developmental dyslexic syndromes might be explained as fol-
lows. When a child starts to read, he already has a substantial
vocabulary of words he has heard, which can be accessed through
the activation of an auditory input logogen (c.f. Morton, 1969,
1878 ) . In learning to read he is likely to be taught grapheme-
phoneme conversion rules which allow him to say the words to him-
self and thus activate the necessary auditory input logogen and
hence understand the written word. It seems likely that the

process of learning to read, with multiple presentations of
particular words, will create a separate set of visual input



logogens, which will allow the meaning of the word to be
accessed without the necessity of going through the auditory
logogen system.

Acquired dyslexics could read before their accident, and
had thus presumably developed an extensive visual input logo-
gen system. As a result of their accident there seems to
be damage in the system translating the visual input into a
phonological code via grapheme-phoneme conversion rules. It
is this phonological code which allows activation of auditory
input logogens, and as there is a deficiency in the system
responsible for phonological encoding, the acquired dyslexic
is forced to rely heavily on the direct route to meaning
through the visual input logogen system. Hence they are able
to produce a semantically appropriate response for words which
they are unable to read out loud. Such semantic errors are
not characteristic of developmental dyslexics, who are more
likely to make 'visual' or 'phonological' errors. It seems
likely that developmental dyslexics are slow in operating
and developing the grapheme-phoneme conversion route, the link
between the written word and the auditory input logogen system.
If the visual logogen system develops from the auditory system,
then it seems likely that this will also be underdeveloped,
and will not be available for use as an alternative to the
phonological encoding process. Hence developmental dyslexics
will tend to show visual or phonological rather than semantic
errors and produce a reading performance which resembles that
of younger children, who are still in the process of building
up the lexical route, viz. visual input logogen system via the
grapheme-phoneme conversion route.

43
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General Discussion of Expts. 4a - 4e

It has been concluded:

a) Dyslexic children are relatively slow at naming single
letters. This deficiency appears not to reside at the level of
pattern recognition or dealing with the visual aspects of the
letters since the same children are as fast and as accurate in
letter matching according to visual characteristics (00, 0Z, 0Q) in
Expt. 3a. The deficiency is thus assumed to be at the translation
into a phonological or lexical representation, or in articulatory
encoding from that representation.

b) Dyslexic children are relatively slow and inaccurate at
naming pictures. Again this deficiency is not thought to reside
at the pattern recognition stage since similar poor readers perform
normally in a non-verbal pictorial task (Mackworth and Mackworth,
1974). This present finding, and those of Denckla and Rudel (1976),
Spring and Capps (1976) and Audley (1976), of slow picture and colour
naming in dyslexic children is of interest since it contradicts
adequate object naming for the four dyslexic children studied by
Seymour and Porpodas (1979) who conclude that any visual or naming
deficits of dyslexic children are specific to the graphemic system.

c) Dyslexic children are relatively slow and inaccurate at naming
words. They show large word length effects and are slower at naming
words than pictures. Their reading is primarily orthographic and
they are slow and inaccurate in using the grapheme-phoneme translatio
route in reading. The limitation may occur either in the creation of
the phonological representation or in articulatory encoding from that
representation.

d) In contrast to phonemic dyslexic patients, developmental dyslex
children show a non-word homphone effect in lexical decision. There-
fore, whereas the phonemic dyslexic shows a gross deficiency in

phonological encoding, the developmental dyslexics have some
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capability in using the grapheme-phoneme route, but are relatively
slow and inefficient. It is again unclear whether the phonologicai

representation in question is non-articulatory or articulatory.

e) In comparison to both CA and RA matched controls
dyslexic children are relatively slow and inaccurate at the
orthographic reading of non-words but do have some capability

of using the grapheme-phoneme conversion route.

Over a broad range of visual stimuli (letters, pictures,
words, non-words) dyslexic children typically demonstrate
capability in dealing with the visual stimulus characteristics
but appear slow and inaccurate in either accessing phonological
or lexical representations of these stimuli, or in articulatory

encoding for output.
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EXPERIMENTAL CHAPTER 5

In which the short-term memory span for
verbal material is tested for dyslexic, CA
eontrol and RA control children - dyslexic
children are demonstrated to be quite capable
at articulatorily encoded rehearsal strategies -
the dyslexic child appears 'normal' in his
understanding of spoken speech - the lexical
system is suggested to be deficient in the
poor reader.
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Introduction

The deficiency in dyslexics is not visual and is
concerned with linguistic stimulus representation,
manifesting itself in naming tasks, and in tasks involving

the short-term retention of verbal material.

It is evidence of this type that has prompted
the present thesis and that of a number of investigators
to suggest that the poor reader differs from the good reader
in his capacity for phonological encoding and that it
is this disability which underlies both his poor reading
and STM span (Conrad, 1972a; Baddeley, 1978; Baddeley
and HItch, 1978; Ellis and Miles, 1978; Liberman et al.,
1976). 'Phonological' is a blanket term, however, encompassing
all internal representation of language sounds, be they either
'auditory images' (c.f. Conrad, 1972b; Sperling, 1967) or
speech-motor (articulatory). It is important for clarity
that this distinction between articulatory and non-articulatory
linguistic representations be made. Within the context
of the phonological deficit in dyslexia, Baddeley (1978)
has been specific in suggesting it to be articulatory in
nature; in contrast Ellis and Miles (1978; 1979) propose
that it is a non-articulatory name or lexical code precursor

to articulatory encoding.

It is the aim of this chapter to test these alternative
possibilities with regard to the processing ‘deficits underlying

the poor memory span and poor reading found in dyslexic children.
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Experiments 5z and 5b test the ability of these children to
use articulatory encoded rehearsal, Experiments 5¢(f) and
S5c(iitheir speed of articulatory encoding from an auditory
stimulus 1input, and Experiment Sd‘ their ability to understand,

retain, and act upon spoken instructions.

Perhaps the most easily testable interpretation of the
relationship between memory span and dyslexia is that of Baddeley
(1978) who has suggested that dyslexics are defective in their
utilization of the articulatory loop. The articulatory loop
is a concept devised by Baddeley and Hitch (1974) to account
for the close association between memory span and speech
coding. The loop is assumed to be one component of a composite
short-term or working memory system. It is a system whereby
the central component of working memory may supplement its
limited storage capacity by subvocalization. The articulatory
loop is assumed to be responsible for the phonemic similarity
effect (poorer memory span for material that is phonemically
similar), the word length effect (poorer span for longer words)
and the “effect of articulatory suppression (poorer span when
the subject is prevented from rehearsing by the need to
articulate some irrelevant item). Further evidence for the
concept of the articulatory loop comes from the observation
that in the case of visually presented material if the subject
is prevented by means of articulatory suppression from using
the articulatory loop this abolishes both the phonemic similarity
and word length effects. Baddeley (1978) has suggested that
the articulatory loop is important in learning to read since

it allows the temporary storage of phonemic information during
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the reading process. If the articulatory loop is not used,
Baddeley suggests that the central executive must be  used
both for storage and for decoding subsequent graphemes in the
word being read. When the central executive becomes overloaded
the reader must sacrifice either retention of what he has
already decoded or his capaéity for continuing to decode the
remaining letters in the word. Such an interpretation is
consistent with the previously cited relationship between
speech coding, memory and dyslexia. It is also very easy to
test since it produces a number of straightforward predictions.
If dyslexic children do not use the, articulatory loop, then
pre-empting the loop by articulatory suppression should not
affect their memory span. Similarly, they should show :no
evidence of either phonemic similarity or word length effects.

Experiments 5:1 and 5:2 test these predictions.
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EXPERIMENT 5a

Abstract

To investigate the use of articulatory encoded
rehearsal in groups of 20 dyslexic, CA and RA matched
control children, a digit span task was administered
with and without articulatory suppression. The short-term
memory (STM) span of dyslexic children was less than that
of CA matched controls but was similar to that of younger
children of a similar reading age. This limitation in
memory span is not attributable to an inability on the part
of poorer readers to use rehearsal strategies involving
the articulatory loop since the three subject groups were

equally (proportionately) affected by articulatory suppression.

Introduction

Articulatory suppression is a procedure whereby the
subject is required to repeat continuously some redundant
but irrelevant sound such as '"the'" or "hiyah', it has
frequently been used to study the role of subvocal
articulation in cognitive tasks (Baddeley and Hitch, 1974;
Murray, 1967; Sokolov, 1972) and has tygically been found
to reduce memory span (Levy; 1971). The present experiment
uses articulatory suppression to study the utilization -of
articulatory coding in performing the memory span task by
dyslexic children and controls -of either the same age or the

same reading age.
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Subjects
20 dyslexic boys, 20 chronological age (CA) matched

control boys, and 20 reading age (RA) matched control boys
were chosen from private schools. The dyslexic boys were
attending a school which specialized in dyslexia and all
met the criteria for dyslexic group membership as outlined
before. All the subjects were of average or above average

intelligence determined using a recognised intelligence test.

The mean CA for the Dyslexic group was 11 years
11 months (s.d. 0.65 years), the mean RA was 9 years 1 month
and the mean spelling age (SA) was 8 years 3 months. The
mean CA for the CA Control group was 12 years O months
(s.d. 0.81 years), the mean RA was 12 years 10 months and the
mean SA was 12 years 9 months. The mean CA for the RA
Control group was 9 years 5 months (s.d. 0.72 years), the

mean RA was 9 years 5 months.

Method

Arrays of random digits were presented on cards.
The first card contained 3 items. Two seconds after a 'ready'
signal, the card was exposed manually for a period in seconds
which was equal to the number of items on that card. Two
seconds after the card had been removed, the word 'now' was
spoken, at which the child was to report the digits he had
seen in the same order as they were in the array. There were
three trials using different cards at each array size, after

which the array size was incremented by one. This sequence was

N
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repeated until the child's responses were incorrect on three
consecutive trials. Digit span was then calculated as being:

2 + (number of trials correct/3).

Each child was tested under the above control
candition and under articulatory suppression, where he was
to repeatedly recite the sequence "a b c,d", at the fastest
rate compatible with clarity of pronﬁnciation, continuously
between the 'ready' and 'now' signals. The order of presentation

of the 2 conditions was counterbalanced across subjects.

Results
The mean memory spans for the three subject groups

on the two conditions are shown in Table 5:1.

A two factor ANOVA (3 groups x 2 conditions with
subjects nested within groups) demonstrates that the groups
factor (F = 32.67; d.f. 2,38; p{ .01) and the conditions factor
(F = 111.35; d.f. 1,76; p {.01) are significant. A Newman-Keuls
test between groups showed that the CA Controls performed
significantly better than both the RA Controls and the Dyslexics
uw<.01); but that the performance of these latter two groups did
not differ significantly. The condition x group interaction
failed to reach significance (F = 0.91; d.f. 2,76) suggesting
that the performance of all three groups was similarly impaired

by articulatory suppression.



TABLE 5:1

& %5

Tne mean memory srtan of the Dyslexic,CA control, and

T
REA control croups tested under the 2 conditiocns cf

Emm.SQ.
CA Controls Dyslexics RA Controls
CONTROL 6.70 537 5.48
CONDI TION
ARTICULATORY
SUPPRESSION 5.17 3.70 L,27
CONDITION
d 1.53 1.67 1.21
X 5.94 4.5k 4,88
ANOVA Results
SOURCE OF VARIATION dats SSq MSq F D
GROUPS (G) 2 42,62 21.32 32,67 Ly
SUBJECTS WITHIN G (8) 38 24,79 0.65
CONDITIONS (C) 1 65 .02 65,02 111,35 #
e 2 1.07 0.53 0.91 us
ERROR 76 Ly ,38 0.58
L p(.Ol

NS : ot Significant.
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Discussion

Children's memory span is reduced in this experiment
under articulatory suppression, a finding which supports
the claim of Levy (1971) and that of Baddeley, Thomson
and Buchanan (1975) that articulatory encoding is involved
in performance of some memory span tasks. This interfering
treatment does not, however, totally prevent any stimulus
memorisation, and this fact suggests that other non-articulatory

codes are also used.

The lack of a significant condition x group
interaction suggests that all the subject groups tested in
the experiment were using articulatory coding. This implies
that the low memory span that is typical of dyslexic
children is not the result of a lack of articulatory encoding
and rehearsal. Rather, as the groups still differ markedly
in their span under articulatory suppression, this suggests
a limitation for the dyslexic children in this 'other coding!'
used in the span task. The possible nature of such coding

will be discussed later.

Although the memory span of the dyslexic group
is significantly lower than that of their CA matched control
group, it equates to that of younger children of similar
reading - ability. This accords with the findings of
Baddeley, Thomson and Buchanan (1975) that memory span correlates
with both the speed with which the subject can read the stimulus
material and the speed with which a given type of material

can be read. This suggests that the 'other coding' used in

the memory span task may also be involved in the reading process.
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EXPERIMENT 5b

Abstract

Expt. 5b is a further "test of the articulatory loop
hypothesis. Since Baddeley and Hitch (1974) attribute
both the phonemic similarity effect and the word length effect
to the operation of the articulatory loop, if dyslexic subjects
fail to utilise the loop, they should show no evidence of
either of these effects. 20 dyslexic and 20 CA controls
were therefore tested for memory span of control, phonemically
similar, and long-word-length items. The STM span of the
dyslexic children was reliably less than that of the CA Controls,
but the two groups showed equivalent detrimental effects of
word length and phonemic similarity. It is concluded that the
STM limitation of dyslexic children is not attributable to an
inability to use rehearsal strategies involving articulatory

encoding.

Introduction

Although the results of articulatory suppression eliminating
word length and phonemic similarity effects are consistently
found, there is some suggestion that rather than simply
disrupting articulatory encoding, the effects of articulatory
suppression are by no means simple or clear cut. For example
Routh, Frosdick, Eddowes and Livesey (1979) demonstrate that
a camponent of the interference effect of articulatory
suppression originates in auditory feedback, and suggest that
suppression tasks primarily generate interference by disrupting

elaborative rehearsal and not by inhibiting articulatory processes



or the formation of a phonological representation.

Since, therefore, there is some doubt as to the
effects of articulatory suppression upon articulatory encoding,
other tests of the use of articulatory encoding in dyslexic

and control subjects should additionally be used.

Short-term memory span has been shown to be reduced when
the stimulus items are phonemically confusable (Baddeley, 1966;
Conrad and Hull, 1964). As phonemic confusability and long
syllable length slow rehearsal rate (Chase, 1977; Clifton
and Tash, 1973) it might be the case that the reduction in
memory span for items of this nature is a result of this
retarded rehearsal. Wickelgren's (1965) finding that phonemic
similarity primarily disrupts the retention of order information,
which is thought to be heavily dependent upon articulatory
encoded rehearsal (Baddeley and Hitch, 1974), supports this
notion. Baddeley, Thomson, and Buchanan (1975), using
articulatory suppression, have demonstrated that word-length
does indeed affect the rehearsal component of working memory,
viz. the articulatory loop, and Murray (1968) and Estes (1973)
have similarly shown this to be the level of the phonemic
similarity effect, since there is no such effect if subjects
are required to count during the presentation of the to-be-

remembered items.

The present study uses the findings that word-length and
phonemic similarity effects operate at an articulatory encoding

level to further investigate the respective use of articulatory
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encoded rehearsal by dyslexic and contrcl children: if the
dyslexic children are unable to utilize articulatory
encoding in the memory span task they should be less or not
affected by stimulus word length or degree of phonemic

similarity.

Subjects
The 20 dyslexic boys and 20 CA Controls of expt. 5a

also served as subjects in this experiment.

Method
Four pools of stimulus items were prepared. A pool of

short words (owl, crab, snake, chick, clown, sledge,

branch, whale) was matched for frequency with a pool of long

words (telephone, octopus, elephant, butterfly, parachute,

kangaroo, envelope, crocodile). A pool of phonemically

similar words (mat, bag, rat, tap, cat, man, hat, bat) was

matched for frequency to a pool of phonemically dissimilar

words (hand, fish, girl, spoon, train, horse, bus, clock).

Lists, which varied in length from 1 to 7 items, were constructed

from within these item pools.

For each of the four conditions the child was instructed
that he would hear a list of words and that, on the command 'now!,
which followed list presentation, he was to repeat these words
in the order in which he had heard them. Words were read to the
child at a rate of one per second. The first trial for any
condition was always of list length 1 item. There were three

trials per list length, after which the length was incremented
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by one item. This procedure was repeated until the child

made three consecutive errors. His span for that condition
was then calculated as being: (number of trials correct/3).
Each child was tested under all four conditions, the order

of condition presentation being counterbalanced.
Results

Table 5:2 shows the mean span on each condition

for the dyslexic and CA Control subjects.

A 2 factor ANOVA (2 groups x 4 conditions with subject
nestéd within groups) showed significant group differences

(F

5.77; d.f. 1,38; p{ .05), and condition differences

[}

(F 72.83; d.f. 3,114; pJZ .01). The interaction of groups
and conditions was not significant (F = 0.88; d.f. 3,114).
Analysis of the conditions factor using a Newman Keuls test
shows that the phonemically dissimilar words are recalled
significantly better than all other word types (p ¢ .01), the
short words are recalled significantly better than either
long or phonemically similar words {p{i.Ol), and that recall

of phonemically similar words does not differ significantly

from that of long words.

Discussion
A similar patterning of results has been obtained

to that of Experiment Sa. The Memory span of dyslexic children



TABLE 5:2

The mean memory sten of the Dvslexic and CA Control Groums

tested wnder the four conditicns of Exot. S¥2

AN
e
C\

DYSLEXIC GROUP

COUTROL GROUP

NS: Not Significant.

Short Words 3.88 4,28
Long Words 3.33 3465
d 0.55 0.63
Phonemically Dissimilar Words 4,25 4,70
Phomenically Similar Words 3.23 3.42
a 1,02 1.28
X Span 3.68 4,01
ANOVA Results
SCURCE OF VARIATION 8afs SSq MSq 7 ®
GROUPS (G) 1 4,56 4,56 5eTT *
SUBJECTS WITHIN G (8) 38 30,01 0.79 510 %
CONDITIONS (C) 3 33.96 11.32 T2.83 n
GE 3 0.408 0.1k 0.88 NS
ZRROR 114 17.72 0.16
**: nd,01
* 3 {05




is consistently less than that of CA matched controls.

The detrimental effects of word length and phonemic similarity
O memory span havg again been demonstrated, and are

present for dyslexic and control groups alike. The dyslexic

child's smaller memory span is net, therefore, solely the

result of an inability to use articulatory encoded rehearsal.

Further support of this finding comes from Cohen
and Netley (1977) who compared two groups of reading disabled
(RD) children with controls on a modified running memory test
which used long lists of auditory digits presented at high
rates. Both RD groups performed significantly worse than their
controls at this task where effective use of a rehearsal

strategy is, if not impossible, extremely difficult.

Given, therefore, that a rehearsal explanation is not
valid in explaining span differences between good readers
and poor readers (whether or not they be dyslexic), alternative
explanations must be proposed and evaluated. Cohen and Netley
(1977) suggest that 'the RD children have an encoding deficit
in the sense that they are slower than control children in
identifying the incoming items'", this idea will be assessed

and expanded in the general discussion of this chapter.
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EXPERIMENTS 5S¢ (i and ii)

Abstract

Two separate experiments were performed to compare
dyslexic and control children for the speed with which they
could repeat auditorily presented words. The dyslexic
children did not differ significantly from the controls in
the speed or accuracy with which they made the words
articulafe. It is argued that this task involves articulatory
encoding for output, yet by-passes the need to create non-
articulatory lexical codes from visual input. It is concluded
that dyslexic children are as efficient as controls at

articulatory encoding single words after auditory input.

Introduction

The repetition of auditorily presented words must
surely involve articulatory encoding for output. A comparison
of dyslexic and control children on this task must therefore

tap the articulatory encoding skills of these children.

In this situation the need to create a non-articulatory
name or lexical code from graphemic stimuli is by-passed, but
the stimuli still require articulatory encoding for output.
Davis, Moray and Treisman (1961) used this task and concluded
from data which showed no stimulus set size effects in highly
skilled subjects that such imitative responses are produced

"automatically" with little attentional demands.



EXPERIMENT 5 c(i)

Subjects

The subjects were 13 dyslexic boys (mean CA 11.8 years
(range 11.0-12.9), mean RA 8.9 years and mean SA 8.0 years),
from the same school as those of the earlier experiments,
and 13 control boys of mean CA 11.8 years (range 10.9-13.0),
mean RA 12.8 years and mean SA 12.8 years. The criteria
for dyslexic and control group inclusion (average or above

average intelligence etc.) were those detailed in Chapter 1.

Method

The following words were pre-recorded on a tape
récerder: Thet', *hig', 'celd', "huge', 'bright", "square’?,
'high','red', 'wrong', 'regular', 'purple', 'afternoon',
'rectangular', 'dangerous', 'transparent', 'elliptical',
'miscellaneous', and 'professional'. The first 9 are considered

as being 'short', the latter 9 as 'long'.

The child was told that he was to hear some words
on the tape recorder and that he was to repeat the words
as quickly as he could. The onset of each word started a
Dawes timer by means of a voice key, while the onset of
the child's response stopped the timer by means of a second
voice key whose microphone was positioned directly in front
of his mouth. Errors and response times accurate to 10 ms

were recorded.

It should be noted that the time taken to activate

a volce key varies as a function of the initial phoneme of



the word being spoken. Since the 'short' and 'long' words
were not matched with respect to initial phoneme, comparisons
of repetition latencies between 'short' and 'long' words

are net strictly lagitimats.

Results 3
For the dyslexic children there were 5 mispronunciations
out of 234 trials, for the control children there were 3.

The response time data were analysed as a 3-factor ANOVA:

2 groups (dyslexics, controls) x 2 word lengths x 9 words,

with 13 subjects nested within each group. The groups factor
(F=2.63; df = 1,24) was insignificant, the mean response times
on the 'short' words being 820 ms for the controls and

850 ms for the dyslexics, and on the 'long' words being 1010 ms
for the controls and 1110 ms for the dyslexic subjects.

The word length factor (F = 299.8; df = 1,408),words factor

(F = 14.6; df = 16,408) and subjects-within-groups factors

(F =9.2; df = 24,408) all reached the .01 level of significance.



EXPERIMENT 5c(ii)

There is some hint in the results of Expt. 5c(i)
that there is a trend, albeit far from significant, that the
dyslexic children are slower on the longer words (X response
latencies of 1010 ms for the controls and 1110 ms for the dyslexics).
For this reason it was considered advisable to replicate the

study. (Thanks to Rob Lenzie for running this replication).

Subjects
The subjects were 11 dyslexic boys (x CA 11 yrs. 5ms.

s.d. 0.88 yrs.; x RA 9 yrs. 10 ms., s.d. 0.99yrs.) and 11 control
boys (x CA 11 yrs 4 ms., s.d. 0.85 yrs.; x RA 12 yrs. 3ms.,
s.d. 2.08 yrs.). All subjects were of average or above average

intelligence, were attending preparatory schools, and fulfilled

the criteria for group membership outlined in the introduction.

Method

The method was identical to that of Expt. 5c(i)
except different stimuli were wused. Three conditions of
8 words were used: these were 5-, 3- or single-syllable words
matched to a frequency of 1:1 million on the Thorndike and

Lorge (1944) count. The stimuli were as follows:

5-syllable words 3-syllable words l-syllable words
Bibliography Legislate Brusque
Capitalistic Juryman Leach
Hallucination Inductive Marl
Geometrical Election Quirk
Abbreviation Bivouac Prong
Ecstatically Obdurate Gist
Scholasticism Jollity Null
Versatility Hebrides Kurd

The order of presentation of conditions was randomized

for each subject.



Results

The group mean response latencies on each of the conditions
can be seen in Table 5:3. These data were analysed as a
3 factor ANOVA (2 groups x 3 word lengths x 8 words) with
11 subjects nested within each group. The Groups factor
was insignificant (F = 0.73; d.f. 1,20). The Condition factor
was significant (F = 13.33; d.f. 2,21; p<f.01). A Newman Keuls
test on this word-length difference demonstrated the
S5-syllable words to have a longer response latency than either
the 3-syllable words (p< .05) or the l-syllable words (p<f.01),
and the 3-syllable words to have a longer latency than the
l-syllable words (p <.Ol). The Groups x Conditions interaction
was not significant (F = 1.44; d.f. 2,230).

Discussion of Expts. 5c(i and ii)

In both of these tests of articulatory encoding for
word repetition the Groups factor has failed to reach significance,
there being large subject-within groups variability. In other
words, when single words are presented auditorily the dyslexic
children did not differ significantly from the controls in
the speed or accuracy with which they made the words articulate.
Whether this articulatory encoding is the same process as that
involved in reading is a matter of debate: in adults its
initiation is certainly very fast, automatic, and with practice,

apparently independent of vocabulary size for nonsense syllables



TABLE 5:3
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Mean Naming Resvonse Latencies for the 2 Subject

Groups (dvslexics, controls) tested on the 3

Conditions of Exnt.Sc{i;}( Latencies in sech)

DYSIEXIC SUBJECTS CORTROL SUBJECTS

i-Syllable Words LeXT 0.94

3-Syllable Words 1.27 1.13

S=Sylleble Words 1.40 1.22

e T e SR R P e o AT
ANOVA Data
SOURCE OF VARIATION d.f. SSa. MSq. F D
GROUPS (G) 1 4,899 4,899 0.73 S
SUBJECTS WITHIK G 20 133.6 6.68
CONDITICHNS (C) 2 5,447 2.72 13,33 %
WORDS WITHIN C 21 4,286 6,204
GC 2 0,10k 0.052 1.4 s
ERROR 230 8.303 0.036
*##%; pd,01

NS: Hot Significant
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(Davis, Moray, and Treisman, 1961). These findings may or

may not apply with articulatory encoding in the postulated
grapheme to lexical code to articulatory code pathway. There
is, however, no doubt that articulatory encoding is necessary
for speech output whether the input be visual or auditory,

and the experiment shows that when the need to create a
non-articulatory name or lexical code from graphemic stimuli is

by-passed dyslexic children perform no differently from controls

at articulatory encoding.



EXPERIMENT 5d.

Abstract

The possibility that dyslexic subjects are defective in
the comprehension of spoken language was tested using the
short form of the Token test (Warrington, Logue and Pratt,
1971). The dyslexic children showed a small deficit in
performance, but their scores resembled those of children of
the same reading age. The magnitude of this deficit implies
that it is more likely to be a secondary result of impaire&
memory span rather than being primary evidence for a general

comprehension deficit.

It is concluded that the dyslexic children under test
have an adequate vocabulary development of their auditory
input logogen system, and thus this area of possible deficiency
is discounted as a possible cause of the dyslexic chiid's

reading and verbal STM span problems.

Introduction

While addressing the verbal STM span deficiency in
dyslexia; there is one possibility which remains open to
test. This is not that the dyslexic children are deficient
at articulatory encoding and use of the articulatory loop,
but that the problem occurs at the stage of "loop unloading”;
where the articulatory encoded data is fed back into the
working memory system refreshing the trace (c.f. Baddeley
and Hitch; 1974). In other words, it is possible that the

reduced memory span of dyslexic children may be a result
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of a 'receptive disorder': the children may show an impairment

in understanding spoken speech and therefore the words, being

less meaningful, will be less susceptible to grouping or

chunking and thus less memorable. In formalized terminology

this may be expressed as the dyslexic child having a less

well developed auditory input logogen system (Morton, 1970;

1978). This concept might also carry explanatory power for

other typical dyslexic symptoms such as their poor reading.

The parallels between dyslexia and aphasia have
often been stressed. MacMeeken (1939, p.27) states that
with dyslexia "There can be no doubt whatever that we are
in touch with a pattern of difficulty aphasic in type".
Rabinovitch et al. (1954) found receptive, expressive and
nominal types of language difficulty such as occur in adult
aphasics to be present in some of the dyslexic cases whom they
studied, and De Hirsch, Jansky and Langford (1966) found
auditory perceptual and oral language deficiencies in all their

sample of children who subsequently failed at reading.

This point, however, appears to be in conflict with
the anecdotal reports made by teachers who often say of
a dyslexic child that he is one of the brightest in the form
except when it comes to dealing with written material. Similarly
there are many experimental studies which have failed
to establish a relationship between impairment in the

understanding of spoken speech and impairment at reading.



In reviewing 13 studies which compared good and poor readers
on the subtests of the Illincis Test of Psycholinguistic
Abilities (ITPA, McCarthy and Kirk, 1961), Spache (1976)

finds there to be typical group performance differences on

the auditory sequential memory (digit span), visual sequential
memory, grammatic closure (sentence completion according

to actions specificed in pictures) and auditory-vocal
association (completion of incomplete analogies) subtests.

In contrast the auditory decoding task (where simple sentences
have to be answered 'yes' or 'no')failed to differentiate
between the groups in 11 of the 13 studies. Silver (1968)
similarly failed to find backward readers deficient in the
understanding of word meanings as measured by ability to match
pictures to spoken words. Vernon (1971) in reviewing

studies of the relationship between linguistic impairment

and reading disability concludes that the findings depend on
both the sample tested and the degree of backwardness, and
such a relationship will not appear in all cases of reading

disability.

One aspect of comprehension which often does appear to
be defective in dyslexic children lies in their ability
to obey complex commands involving right-left discriminations.
For example, dyslexic children often appear to make errors
or at least hesitate in obeying an instruction such as 'point
to my left ear with your right hand" (Miles, 1978). This is

typically attributed to problems of lateralization, but could
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also be attributed to a more general defect in comprehension,
nossibly based on reduced meﬁory span. Patients with reduced
memory span such as ﬁhe patient K.F., described by Shallice

and Warrington (1975) also show an impairment in comprehension
when this is measured by means of the Token test. This test,
which was originally developed by De Renzi and Vignolo (1962),
involves presenting the subject with an array of shapes

varying in size and colour and instructing him to perform various
operations. These range in complexity from simple comménds
such as "Point to the green circle" up to much more complex
instructions such as "Touch the large red circle with the small
green triangle'. While this is typically regarded as a test

of "comprehension'", patients such as K.F. may be grossly
defective on this test and yet show no evidence of comprehension
failure in either conversation or in processing normal prose.
The most parsimonious interpretation of such results would

seem to be to argue that the Token Test is particularly
dependent on short-term memory. It is characterised by a very
rapid input of information which must be interpreted very
precisely. In the case of a normal subject he/she probably
stores the input sentence while processing the semantics,

in contrast to normal prose, which tends to be much more

predictable and redundant.

What might one expect of dyslexics in a Token Test? If
it is assumed that they are suffering primarily from a
comprehension deficit, then one might expext a dramatic
impairment. On the other hand, if one assumes that any

deficit in comprehension is a result of their somewhat
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impaired memory span, then a much smaller decrement would

be predicted. Finally if one attributes comprehension deficits
such as those observed by Miles to left-right confusion
resulting from inadequate lateralization, then a test which
involves no left-right discrimination might be expected to
produce no decrement in performance. A sample of dyslexic
children was therefore tested and their performance was
compared to that of the CA and RA control groups using the
shortened form of the Token Test (Warrington, Logue and

Pratt, 1971):

Subjects

The three groups of subjects were those used in Expt. S5a.

Results

The mean number of correct responses made by the CA
control group was 14.25 (s.d. 0.79). The corresponding
figures for the dyslexic group was 12.25 (s.d. 1.89) and
for the RA control group was 1.200 (s.d. 1.86).

A Kruskal-Wallis one way ANOVA performed on these data
demonstrated significant group differences (H = 17.84;
d.f. 2; p<.001). Repeated Mann-Whitney U tests at the .001
significance 1level showed that whilst the CA controls answered
significantly more questions correctly than both the RA controls
and the dyslexics, the latter two groups did not differ

significantly from each other (p >.32).
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Discussion

On the token test there is a small but significant
difference between the performance of the dyslexics and age
matched controls. The mean difference in performance is however
only in the order of two questions correctly answered and on
a test which was originally designed to be a '"sensitive tool
to reveal slight disturbances in the understanding of speech"
(our italics, De Renzi and Vignolo, 1962, p.667), this hardly
suggests a major comprehension difficulty. A more plausible
interpretation is offered by the short-term memory
hypothesis: the dyslexic groups performed at the same level
as the RA controls;'who it will be recalled from Expt. 5a,
have an equivalent memory span. The fact that a small but
reliable effect was observed suggests in addition that the
impaired ability of dyslexics to follow complex directional
instructions may be attributable to a limitation in storage
of the verbal instruction rather than to left-right confusion

as such (compare Miles and Wheeler, 1974).

It is concluded that the dyslexic :sample under test
shows no major difficulty in the comprehension of spoken speech,
and it therefore appears unlikely that the dyslexic child's
verbal STM span deficiency is attributable to an ill-developed

auditory input logocgen system.



General Discussion

-The experiments in this chaﬁter continue to suggest that
there is a clear association between developmental dyslexia
and memory performance. The results of Expts. Sa,b,c(i and ii)
clearly rule out the relatively peripheral articulatory loop
as the source of the problem: the dyslexic child is quite
capable at articulatory encoding and the use of articulatory
encoded rehearsal strategies. The results of Expts. 5d suggests
adequate understanding of spoken language and normal
development of the auditory input logogen system(within the limits
investigated in the experiment).

Given that deficiencies in articulatory encoding or
the auditory input logogen system do not underlie the dyslexic
child's poor reading and relatively poor STM spén for
verbal material, some other coding that is wused in these
tasks must be deficient. It is argued in Chapters 3 and 4
to be heuristic to view verbal short-term memory as the
interaction between lexical and articulatory representation,
and it is thus suggested (c.f. Chapters 3 and 4) that it is
the lexical component of the working memory system which is

deficient in dyslexic children.
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Introduction

Dyslexic children's 'word finding' (i.e. lexical and
articulatory encoding) skills have been investigated with
visual input (letters, wofds, non-words, pictures, colours
etc.) in Experimental Chapters 2,4 and 5 and with auditory
input in Experimental Chapter 5. There is another common
situation of word-finding which warrants investigation, however,
and that is spontaneous word finding in order that speech
might reflect thought. In terms of the model (Chapters Z and
3) this reflects lexical and articulatory encoding from
'cognitive' or 'semantic' sources. (Alan Baddeley first

suggested that this should be investigated).
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EXPERIMENT 6

Experiment 6 therefore examines the performance of dyslexics
on a verbal task involving no immediate input, namely that of
category generation in which subjects are required to produce
as many items from a given category as they can within a one-
minute interval. This task has been studied extensively,
typically using taxonomic categories such as birds or colours
(e.g. Bousfield and Sedgwick, 1944; Indow and Togano, 1970).

It probably involves at least two components, one being a

semantic search of long-term memory for instances, the other

being the access to the appropriate name code. In order to try

and separate these, three types of category were used, one in

which the conventional procedure was used of asking for items

from taxonomic categories (e.g. birds), a second in which the
category was defined phonologically (e.g. words rhyming with

dog) and a third where the category was visually defined (e.g.

green things). Any difference between these three types of category

would have implications for the nature of the deficit.

Subjects

A sample of 18 dyslexic children from the same sourcelas
the earlier studies was tested. Their mean chronclogical age was
12.0, their mean reading age 9.2 and their mean spelling age 8.3.
Contrecl subjects were also boys and were taken from the same
population as those used in the previous experiments; the
chronological age control group had a mean age of 11.9, a mean
reading age of 12.9 and a mean spelling age of 12.6, while the
18 boys in the reading age control had a mean age of 9.5 and a

reading age of 9.4. All children tested were of average or



dbove average intelligence.

Method

Each child was instructed to generate and call out as many
category members as he could in one minute from the category.
name given. Nine categories were tested in all, three
taxonomic: "birds'", "boys' names', 'animals'; three phonological:
"words rhyming with dog'" , "words rhyming with may', "words
beginning with a g'": and three visual: "green things'", ''red
things", and "three-letter words'". The order of presentation of

the 9 categories was counterbalanced.

Results

The mean number of items generated for each category by the
three subject groups are shown in Table 6:1. A two factor
ANOVA (3 Groups x 9 categories, with subjects nested within

groups) shows significant effects of Groups (F = 12.8; d.f.

I

2,51; p&.01), of Categories (F = 168.6; d.f. = 8,408; p {.01),

3.72; d.f.

and of the Groups x Categories interaction (F

= 16,408; p £.01).

A Duncan's Multiple Range Test on the Groups shows that
whilst the CA Controls reliably generate more category items
than both the Dyslexics and the RA Controls (p .01), the
performance of these latter two groups does not differ significantly
The presence of a Category effect is of little theoretical
significance since there is no reason to suppose that the
various items are equally difficult. Of more apparent interest
is the Category by Groups Interaction. Unfortunately, however,

inspection of Table 6:1 suggests no obvious pattern of behaviour;



Categories CA Control Group Dyslexic Group RA Control Grot
Birds 15.4 10.5 9.6
Boys' names 13.9 10.0 13:«5
Animals 17.7 14.2 15.96
X "Semantic Categories" 157 11.6 12.6
'Dog' rhymes 4.9 2.9 3.6
'May' rhymes 8.2 4.7 510
'G-' words 97 A 6.2

X "Phonological Categories" 7.8 5l |
Green things 4.6 4.0 4.1
Red things 2.9 2.4 2.6
3 letter words 1d+4 9.2 7.4
X"Visual Categories" 6.6 5l 4.7
N 10:.0 7.3 7.5

Table 6:1

The mean number of items generated in one minute by each
subject group for the 9 category names used

in Experiment 6.
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certainly there is nothing which would appear to merit drawing
any very strong theoretical conclusions about qualitative

differences between the various groups.

Discussion
The pattern of results suggests that dyslexic children
are less fluent at category generation than normal readers of
the same age. Their level.of performance appears to be
roughly what one would expect of younger children with
similar reading ability. How should this be interpreted?
One might suggest that it reflects an impoverished semantic
memory in dyslexic children. While this is possible it seems
to be inconsistent with reports of normal vocabulary in dyslexics,
and might furthermore be expected to lead to a much more

general pattern of decrement in performance.

An alternative explanation, which is more consistent with
the results of the other experiments reported here, is to
attribute the slow performance of the dyslexics on category
generation to impairment in the generation or utilization of lexica
or name ccdes. One feature of all the category generation tasks,
whether based on phonological, semantic or colour criteria is
that ultimately the subject must generate a word. If this process
were in some way defective, then it follows that the performance
would be impaired. Furthermore, since the hypothetical defect is
in a final common path shared by all the generating tasks, one
would not expect a clear difference between impairment on
semantic, phonological or visual tasks; such an explanation is

therefore consistent both with the positive differences between



dyslexics and their chronclogical age controls and with the
absence of a systematic relationship between type of item

generated and amount of impairment.
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EXPERIMENTAL CHAPTER 7

In which the interaction between the
functions involved in visual information processing
and short-term memory are investigated - item proces=
sing for short-term retention does not, but item-and-
order processing optimally does, involve articulatory
encoding - a static verbal memory preload interferes
with the visual information processing of verbal material
but a concurrent, running memory preload does not — it is
suggested that digit array processing and the short-term
memorization of verbal material compete for storage re-
source at a level of lexical representations - a nonsense
visual preload also interferes with the visual informa-
tion processing of verbal material and this is consistent
with the two tasks competing for visual storage resource -
those 'buffer processes' underlying the initial fast rate
of acquisition for verbal material involve both post-
teonie visual and lexical encoding - letter comparison by
name in Posner type tasks involves non-articulatory name
or lexical representations — a view of working memory 18
adopted which includes both storage and executive capabili-
ties.

Introduction

The interpretation of the experiments which compare dyslexic
and control children on performance at visual information pro-
cessing to some extent rests upon some assumptions of the func-
tions involved in the tasks used - digit array processing and
letter matching in Posner tasks. The primary assumptions con-
cerned are that (i) neither of these tasks involve articulatory
encoding to any great extent and (ii) that the initial rate of
information acquisition in digit array processing may reflect
either visual encoding or lexical encoding operationg, Although
further experimentation with the dyslexic and control children
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results in data which are consistent with, anéiwhich further differen-
tiate between these assumptions (e.g. Experimental Chapter 5
which shows dyslexic children to be adequate at articulatory en-
coding even though their performance differs from controls on
the digit array processing task), it is important to test these
assumptions more thoroughly.

Similarly, in Chapters 3 and 4 a model is developed to account
for some of the functions involved in single fixation reading and
short-term memory as a result of an extensive literature Treview.

It would be useful to put some of the suggestions and predic-
tions of the model to the test.

The following experiments are designed to, at least in
part, fulfil these aims by investigating the functions involved
in the visual processing and short-term memory of verbal and
visual information.

The experiments in Experimental Chapter 7 assume that func-
tion specific interference is to some extent possible. The use
of interference tasks is one of the primary tools ‘in the investi-
gation of cognitive functions yet, to be realistic, there is
nothing sure in the interpretation of experiments which use inter-
ference. If there is an interference effect, is it because the
experimental and interference tasks compete for (i) attention,
(ii) mental mechanism or processor or (iii) mental representa-
tion or code?

Yuille and Ternes (1975) in their analysis of interference
in short-term verbal and visual retention found retention losses
due to competing attention demands to be comparable in visual
and verbal coding conditions regardless of the modality of an
interpolated interference activity. In addition, however, re-
tention losses were larger when the same modality was involved



in the processing of the memory and interpolated tasks. From
their series of careful experiments which were designed to
separate out attention and modality specific demands of inter-
ference tasks they thus conclude that interference treatments
cause short-term retention losses both due to (a) attention
diversion,and (b) modality specific interference, but with atten-
tion diversion accounting for the larger part of the total reten-
tion loss. The notion of attentional processing introduced by
Yuille and Ternes (1975) appears synonymous with that of a central
processing resource or central executive (c.f. Atkinson and
Shiffrin, 1968; Baddeley and Hitch, 1974) and as such the argu-
ment becomes more specific: is there (i) one processing resource
capacity which is responsible for guidance of behaviour, deeper
levels of processing (c.f. Craik and Lockhart, 1972), and main-
tenance of information by rehearsal, which can operate on dif-
ferent modalities of stored coded data (with interference treat-
ments competing for either modality of store and/or central
processing resource) or (ii) modality specific processors opera-
ting on data stored in one particular representation (with inter-
ference treatments competing for mpdality specific processor and
storage)? As Phillips and Christie (1977b) state:

"The question as to whether there are separate mental
mechanisms for thinking in words and pictures is sometimes ap-
proached by treating it as identical to the question as to whether
words and pictures have separate forms or representation. This
approach is attractive because there is a very large body of
evidence for this latter distinction. The identification of
the two issues, however, seems quite invalid. A single processor
can operate upon different forms of representation, and many pro-
cessors can operate upon one form of representation'.

(Phillips and Christie, 1977, p.638’

Certainly there are.many examples of modality specific inter-
ference, i.e. situations where tasks a priori assumed to involve
storage or functions in one modality are more affected by inter-
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ference tasks involving that same modality than those tapping
other processes. Thus: '

(i) den Heyer and Barrett (1971), Meudell (1972), and
Murray and Newman (1973) have shown that visual interference
tasks have a greater disruptive effect upon memory for spatial
information than memory for item or verbal information.

(ii) Kroll, Parks, Parkinson, Bieber and Johnson (1970)
have shown that if single target letters are presented either
aurally or visually, with an interference task of shadowing an
auditory message there is poorer report of the aurally-presented
letters but not of the visually presented letters.

(iii) Lowe (1975) and Merickle (1976) demonstrate that if
the partial report cue in a visual array processing task is
presented visually, performance is inferior to that when the
cue is auditory. In other words the visual cues produce modality-
specific interference which operates (demonstrated by further

experiment) at a post-iconic visual representation.

(iv) Segal and Fusella (1970) have shown that visual signal
detection is more disrupted by imaging pictures than imaging
sounds, while acoustic signal detection suffers more during audi-
tory imaging.

(v) Brooks (1968) demonstrated that a task requiring visual
imagery could be performed more easily while speaking than while
pointing, whereas a verbal task could be performed more easily
while pointing than while speaking.

(vi) Finally there are many cases where there is a greater
retention loss when the same modalities are involved in both
short-term memory and interference tasks (Cohen and Granstrom,
1970; Parks, Parkinson and Kroll, 1971; Wickelgren, 1965).

So yes, there are many instances of modality specific inter-
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ference. What is difficult to determine, however, is where

this is interference of modality specific code or modality
specific processor. It might be argued that a static memory
preload would answer this question since it will result in only
code interference, however, this will not be the case since

the maintenance of such preloads in memory appears to involve
active rehearsal and associated processing or executive activity
whether the preload be verbal (Peterson and Peterson, 1959;
Atkinson and Shiffrin, 1971; Craik and Lockhart, 1972) or visual
(Kelly and Martin, 1974; Tuersky, 1969; Phillips, 1974;

Tversky and Sherman, 1975; Phillips and Christie, 1977a; Posner
and Konick, 1966). It is only by very careful use of instruc-
tions (do not rehearse the prebad/do rehearse it) or better

still by careful manipuiation of the experimental conditions

with regard to active processing/static code retention (Yuille
and Ternes, 1975) that such questions can be approached.

Lest the reader conclude from the above collection of read-
ings that the principal interference effects are generally moda-
lity specific, there are similarly many examples of general,
across the board effects of interference tasks whatever the
modality. Thus:

(i) Posner and Konick (1966) found that the ability to
remember the location of a point on a line (a priori a short term
visual task) was interfered with by the requirement to process
digits in the retention interval. The more demanding the proces-
sing, the greater the forgetting.

(ii) A verbal interference task interferes with short-
term visual memory (Yuille and Ternes, 1975; Phillips and
Christie, 1977a, b; Kelly and Martin, 1977) although there is a
suggestion from the Kelly and Martin work that this occurs pri-
marily with to-be-remembered shapes which were verbally codable.



Those experiments which specifically address the nature of
interference (Yuille and Ternes, 1975; Phillips and Christie,
1977b) conclude that there is some modality specific interference
(typically attributed to the modality coded data sbre) but
that the major interference effect occurs through competition for
central processing capacity ("Hence, STM phenomena can be inter-
preted as reflecting the results of the central processing capa-
city utilizing modality specific coding process to maintain in-
formation'" ..." It is proposed that the maintence of informa-
tion for short intervals relies on the avalability of central
attentional processes, with modality specific coding processes
determining the most appropriate coding mode for a given stimu-
lus situation'" Yuille and Ternes, 1975, pp.372 and 360; "It
is concluded that visualizatién requires general purpose resources 'y
"The kind of resources for which visualization and '"(visual)"
perception are in competition is not yet clear, but is seems pos-
sible that they are in competition for general purpose rather
than special purpose resources'". Phillips and Christie, 1977b,
pp.637 and 649).

In the present chapter, we are to investigate functions
underlying the visual perception of verbal material. One of
the primary tools of investigation is the use of 'specific inter-
ference tasks'. The underlying hypothesis is that the cogni-
tive apparatus of man can be subdivided with each subsystem devo-
ted to a particular type of mental operation; these subsystems
can operate without conflict and independently of each other
(see e.g. Coltheart, 1978). It has been demonstrated that this
is not entirely true, there appears often to be competition for
attention and central processing resource between apparently dis-
parate tasks, but it is typically the case that the more the a



priori similarity of process or code involved in the primary

and interference task, the more the interference effect. As
such, therefore, the use of interference tasks can be considered

a useful tool when the effects of different interference tasks are
compared, but the use of one interference task alone is considered
relatively useless since any effect cannot be definitely attribu-

ted to modality specific effects or general resource competition.

Those experiments in this vein which have been relatively
successful (e.g. Phillips and Christie, 1977b; Yuille and Ternes,
1975; den Heyer and Barret, 1971; Allport, Antonio and Reynolds,
1972) have all, therefore, compared the effects of interference
treatments which tap different functions. Even when this is
the case, it is éxtremely difficult if not impossible to a
priori equate the attentional demands of disparate interference
treatments, and the general resource /general resource plus
specific resource distinction is thus only approximated to at
best.

Making the best of a bad job therefore, the visual informa-
tion processing of digit arrays will be compared under articula-
tory suppression (Expt. 7a), static and running 6 consonant pre-
loads (Expts. 7b and 7c), and visual preloads (Expt. 7d) to in-
vestigate the roles of articulatory, lexical and visual encoding
functions in visual information processing. The nature of
visual and name encoding in Posner type tasks will be investigated
using articulatory suppression (Expt. 7e). Even with this
design which compares interference effects there arise problems in
differentiating between general and modality specific interference
effects, this being especially the case in Expt. 7d, but some
speculative conclusions are eventually reached.



Experiment 7a

The Effect of Articulatory Suppression on digit processing

Abstract

The possible role of articulatory encoding in the visual
information processing of verbal material is investigated by
comparing digit array processing under backwards masking under
a control condition and a condition involving articulatory
suppression. The processing of items from the visual array is
unaffected by the subject having to articulate concurrently a
redundant message, but there is a detrimental effect of articula-
tory suppression'on the processing of item-and-order informa-
tion. Other evidence is reviewed which suggests a view of
partially non-contingent short-term processing and memorization
of item and order information, with item information accurately
performed using lexical and visual representations whereas item-
and-order retention additionally calls for articulatory encoding.

Introduction

Articulatory suppression (A.S.) (see Experimental Chapter 5)
requires the subject to vocalize overlearned sequences e.g. ''the,
the, the ... " or "abcdef gabcd... ", Levy (1971)
found that subjects in a probed recall task which used visually
presented lists as stimlus showed reduced accuracy of performance
under A.S., such that they were performing almost at chance level.
This did not occur with auditory stimulus presentation.

This pattern of results is a common one: A.S.,,effective
with visual presentation, has much less effect with auditory pre-
sentation (see e.g. Baddeley, Thomson and Buchanan (1975) on
A.S. and memory span; Richardson and Baddeley (1975) on A.S.



and Free Recall; and Baddeley and Hitch (1974).

Baddeley, Thomson and Buchanan (1975) therefore suggest
that A.S. prevents usage of the Speech-motdr component of work-
ing memory, the articulatory loop. It is thought to do this
by preventing the articulatory encoding of visual stimulus in-
formation in the central executive. This articulatory encod-
ing is a necessary precursor to articulatory loop loading for
visual stimuli; with auditory stimulus presentation, however,

this articulatory encoding step appears. not to be necessary.

Be this the case, the use of A.S. as an interference
task whilst the subject is to process from 7 digit arrays at
short exposure times should provide data which would allow in-
terpretation of the role of the articulatory loop in the visual
information processing involved in this task.

It is interesting that the data which lead Baddeley,
Thomson and Buchanan (1975), to tentatively suggest that the
articulatory rehearsal loop has '"a capacity of about 3 items"
are derived from span tasks which involve both the retention of

item and order information. As Baddeley (1976) stressesthe

involvement of the articulatory loop in retention of order of
verbal stimuli, the role of the loop in item retention alone 1is
less clear. Richardson and Baddeley (1975) did find a decri-
mental effect of A.S. upon Free Recall performance where scoring
is for item information only, however these experiments involve
list presentation times ranging from 8 to 20 sec. thus involving
considerable retention intervals. Therefore these findings

may well not apply to the situation of visual information pro-
cessing where retention intervals are to be minimized.

The role of articulatory coding in situations of visual in-
formation processing where arrays of items are presented simul-
taneously, processed from a single fixation, and reported im-
mediately is thus less clear and warrants investigation. Some



investigations into the role of implicit speech in visual in-
formation processing have been performed (Scarborough, 1972;
Henderson, 1972; Scarborough and Scarborough, 1975) which
suggests that generally it is not involved. The most thorough
investigation, that of Scarborough (1972), is difficult to
interpret, however, since shadowing constituted the implicit
speech interference: treatment and this task may well involve
considerable 'processing' in addition to an articulatory sup-
pression effect (see Baddeley and Hitch, 1975, where the less
redundant the string used for suppression, the more the inter-
fering effect). Similarly this study fails to investigate
memory for order of visual stimuli, concentrating solely on
LEEn Fetention.

There is, however, general agreement that in verbal symbol
array processing under backwards masking the steep first
limb obtained in the items correct/exposure time function cannot
reflect implicit speech since its rate is much too fast (see
discussion Experimental Chapter 2; Sperling, 1967; Colt-
heart, 1972; Allport, 1973). In contrast, since the rate of
the second limb above the dogleg point approximates to that of
implicit speech at 150 ms/monosyllabic item (Landauer, 1962),
there is a similar agreement that articulatory encoding may well
be involved in this function (Coltheart, 1972; Scarborough,
1972).

In an attempt, therefore, to untangle these conflicting views,

the role of articulatory encoding in single fixation array pro-
cessing is investigated using A.S. as the interference treat-
ment. Both 'limbs' are studied using a backwards masking para-
digm at exposure times from 40-400 ms., and item and order re-
tention subjected to independent scrutiny.



Method

7-quasi-randomly generated digits (no digit could appear
more than once) constituted the test stimuli (T.S.) for any
trial. These were printed on white card using 28 pt. Hel-
vetia 1light letraset and were presented in an Electronic
Developments 3 field tachistoscope at a distance of 508 mm.
from the S's eyes giving an illumination at the eye of approxi-
mately 1 lux. Each condition invelved 6 practice trials
followed by 32 test trials. For the control condition a trial
consisted of: the warning signal 'ready' followed after ap-
proximately 2 sec. by the fixation cross (1000 ms., 0.15 lux.
subjective intensity), seven digit T.S. (exposure time either
40, 60, 80, 100, 150, 200, 300, or 400 ms., 0.6 lux. subjec-
tive intensity), pattern mask stimulus (M.S.) (1000 ms., 2.4
lux. subjective intensity). The M.S. was made up of randomly
spaced and overlapping digit segments with a black: white
ratio of approximately 50% which occupied the same spatial
position as the previous T.S. It was known to be effective
as when both M.S. and T.S. were presented simultaneously for
1 sec., no digits could be reported by the subject. Each con-
dition used 4 trials at each exposure time presented in a ran-
domized order.

In order to investigate the role of the articulatory loop
in 1) item and 2) order processing the experiment must allow
the subject to report items he has seen even though he is unsure
of the order of those items. For this reason, subjects were
required to report as many digits as they were sure they saw,
in the correct order if possible, upon mask offset. It was
stressed that if they knew they had seen an item but were un-
sure of its position they were to report it anyway. Excessive
guessing was discouraged if necessary in the practice trials.

For the control condition the subjects were silent during
the trial sequence. In the experimental condition, however,



they were asked to say aloud the sequence '"a b c d e £ g"

at a fast rate starting upon the ready signal and to continue
{Eanjj this sequence until M.S. offset when they were

then to report the digits. Six first year undergraduates were

the subjects, three were run: control condition then experimental

condition, and three: experimental condition then control con-

dition. The two conditions were separated by a rest-period

of 5 minutes.

The subjects' verbal responses were recorded for each
trial and scored under two different procedures viz. 1) Iden-
tity scoring: the number of digits correctly reported was

calculated for each trial: no account was taken of the order

of items in the response. 2) Order scoring: a simple scoring

system was used: starting at the beginning of any trial res-
ponse one point was given if the first response item was the
first test item, and additional points were added scoring
through the response until the first error either of identity
or of order.

Thus, for example, the response 7 6 2 O 4 9 1 given to

the stimuli 7 6 2 4 0 8 1 would score 6 points under identity
scoring and 3 points mnder order scoring.

Results and Discussion

1) Identity Scoring. The results were analysed as a

three factor ANOVA (6 subjects x 8 exposure times x 2 condition
with 4 blocks of replication). The subjects factor (F = 80.1,
d.f. 5,288 p<.0l1), time factor (F = 62.8, d.f. 7,288 p<.01)
and S x T interaction (F = 4.39, d.f. 35,288 pg .01) were
significant. No other factor or interaction was significant.
There was a possibility of non-normality of the data, thus a
similar analysis was performed on the angular transformations.



This analysis, however, leads to the same patterns of signifi-
CANCE

Thus the condition factor (F = 0.12, d.f. 1,288) failed to
reach significance - articulatory suppression has no effect on
the processing of digit identity, as can bé seen in Fig. 731,

2) Order Scoring. The order-scored results were analysed
in the same fashion as the identity scored results. The sub-
jects factor (F = 29.8, d.f. 5, 288, p«<.0l), time factor (F =
32.4, d.f. 7,288, p/.01 and condition factor (F = 6.44, d.f.
1,288, p<.05) were significant. No other factor or interac-
tion was significant except the S x T interaction in the angular
transformation analysis (F = 1.68, d.f. 35,288 p«g .05).

Thus while articulatory suppression has no effect on the
processing of digits for identity, it can be seen from fig. 7:2
that the memory for order of the items in the stimulus array
is disrupted by this procedure.

Discussion

It appears that with immediate response, articulatory en-
coding is not involved in the processing of visual item informa-
tion. In the terminology of Baddeley and Hitch (1974), one
would say that the'central executive' of working memory was thus
involved in item processing. If, more speculatively but also
in more detail, we grasp the nettle and interpret in terms of
the heuristic developed for short-term memory and reading de-
tailed in Chapter 4, it would be concluded that either the
information can be held in the non-maskable visual code prior
to output, or that as a result of a scan process lexical codes
for the items can be activated, and these representations can
remain active and true over the short-term retention intervals
involved without rapid decay and the need for refreshing by use
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of the articulatory loop for rehearsal.

In contrast to processing items, the visual processing
of item-and-order information does appear to involve articu-
latory encoding: if the use of implicit speech (presumably
as articulatory loop rehearsal) is prevented by A.S., so
processing and retention of item-and-order information de-
termamates . Baddeley (1976) has suggested that the articu-
latory loop appears to be particularly useful in remembering
sequences-of-items in memory span tasks which use sequential
stimulus-item presentations, and from the present data it
appears also té be a useful strategy in visual information
processing of arrays of verbal stimuli.

This is especially interesting since it might have been
expected that with visual arrays of symbols, order informa-
"tion would optimally be visually encoded.

A number of studdies (e.g. den Heyer and Barrett, 1971;
Meudell, 1972) have been carried out in which subjects are
asked to report items (which letters or digits did you see?)
and positions (in which locations did they occur?) from a two-
dimensional matrix array. During a retention interval fol-
lowing exposure,subjects were given alternative 'load' tasks.
In the den Heyer and Barrett study, for example, they either
had to add up five digits (verbal task) or match dot-matrix
patterns (visual task). Differential report deficits were
found; the verbal task disrupted the report of items more than
it did the report of positions; the visual task disrupted
position report more than item report. These data suggest that
items and positions are stored separately in memory, and so
are open to interference from different kinds of competing
material.

These results are in direct contradiction to those obtained
in an earlier experiment by Cumming and Coltheart (1969) on the

visual information processing of items and positions. They also
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used a matrix array. This was exposed for only a short time
(70 and 80 m.sec.) and was followed by a mask. Subsequently
subjects were shown a cue array and were asked to decide
which of two cued digits occurred in the stimulus, and in
which of two marked positions that digit had been located.
Cumming and Coltheart examined response frequencies of

items correct irrespective of position, positions reported
correctly irrespective of item, and items correctly reported
in the correct position, and their analysis of these data led
them to conclude that item and position information is stored
in an entirely contingent manner.

A study which pulls these findings together was per-
formed by Stainton Rogers (1978). Subjects were asked to
report item and position information from a visually displayed
matrix array. The pattern of results obtained rejected both
the model of full contingency and the model of full indepen-
dence of item and position encoding. Instead, subjects seem-
ed to alter their encoding strategies according to the res-
ponse demands of separate and simultaneous report. Item and
position are encoded together in acoustic-verbal form via the
recognition buffer, but additional position reports can be
derived from a post-VIS visual store. In other words it
seems that position of items in an array (order information)
can be represented either in a visually coded form and/or in
a verbal form.

From the present results it can be seen that this verbal
strategy for order retention is used in the digit processing
task, and that, in terms of the model proposed in Chapter 4,
it constitutes a lexical code/articulatory code interaction
since A.S. decreases its effectiveness.

The retention of item information was discussed in terms
of the activation of lexical representations and as such selec-
tion of remembered items might (in the traditional cognitive

5
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psychology format) be seen as a decision process of trace
strength against a criterion threshold value. In memory
span tasks the articulatory loop is involved in either re-
freshing the trace strength or in the maintenance of order
retention, these processes are confounded. In Free Recall
tasks the articulatory loop is involved in trace strength re-
freshment over relatively long retention intervals. The
item scoring results of the present experiment demonstrates
that decision of which items were seen is unaffected by pre-
vention of articulatory encoding, in other words the trace
strength of visual or lexical representations of seen items
remain sufficiently strong without articulatory loop re-

freshment for accurate memorization over short time intervals.

For item retention the seen/not seen decision process 1is
relatively simple - is the trace strength above a criterion
value? The same mechanism would become much more complex,
however, if order information were coded in this lexical
fashion - one possibility, for example, is that in this
case relative between-item lexical representation trace
strengths would have to be assessed, and response output
order ranked accordingly. Such considerations are highly
speculative, however, and further discussion of the options
for order retention is located in Chapter 4.

Certainly it is the case that item-and-order retention is
more difficult than item retention alone. Certainly whereas
visual or lexical representations are sufficient in short term

retention of item information, they are relatively inaccurate

in item-and-order retention and are supplementarily represented

in articulatory form.

There is a vast amount of research into separation of
item and order information in short-term memory and often the
findings are at best equivocal, however it shall now be argued
that the (short-term item retention = lexical representation,

short-term item-and-order retention = lexical and articulatory

i
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representation interactions) view carries explanatory power
for many of these findings:

1) It is argued in Experimental Chapter 2 and Chapter 4
that lexical encoding is fast (= rate of 1st limb in the
masking experiments), articulatory encoding is slow (150 ms./
monosyllabic item). As presentation rate is increased in
memory span tasks both item and order errors increase, but
the rate of increase in order errors is much faster than that
of item errors (see Mathews and Henderson, 1970). Articula-
tory encoding for order retention is slow and so is greatly
affected by fast presentation rates; lexical encoding for
item retention is fast and thus less affected.

Similarly Kclers and Katzman (1966) and Scarborough and
Sternberg (1967) both report that if 6 digits are presented
sequentially, at the same spatial locus of the visual field,
at rates much higher than the estimated rates of implicit
speech, subjects can report most of the symbols but are in-
accurate in reporting the order in which the symbols were
presented.

2) Phonemic similarity effects are thought to
operate at an articulatory encoded level (see Experimental
Chapter 5, expts. 5a, sb) since they are reduced by A.S.
Wickelgren (1965) demonstrated that acoustic similarity between
to-be-remembered items in a short-term-memory task severely
disrupted serial (order) recall but, if anything, improved
item recall. In other words short-term item retention is
not affected by a treatment which operates at an articulatory
encoded level but short-term item-and-order retention is.

3) Hitch and Baddeley (1977) and Baddeley (1978)
view the processes of chunking, grouping and sound blending
to involve the articulatory loop. In contrast the view pro-
posed in Chapters 3 and 4 is that the primary unit of lexical re-
presentation is the word. Wickelgren (1967) had subjects



rehearse in .non-overlapping groups of various sizes and found
that group size significantly influenced order errors (groups of
3 being the optimum size) while item errors were unaffected.
Similarly, Ryan (1969) presented lists interrupted by pauses
splitting the 1list into groups. This would presumably not
greatly affect lexical code trace strength, but would affect

the initiation of a fluent articulatory rehearsal strategy.
Grouping improved performance compared to ungrouped lists, but
the difference showed only in the order errors.

4) While it is difficult to come up with a plausible explana-
tion of the findings, order and item errors are clearly differen-
tiated in their serial position (SP) curves, the typically bowed SP

curve ‘appears to be, typical only of order errors, the item errors
showing little variation with SP (see Fuchs, 1969; McNicol,
1971; Aaronson, 1968).

All these findings support a view of non-contingent ST
memorization of item and order retention, and 'fit' the sugges-
tion that the short-term item retention involved in visual
information processing can be accurately performed using lexical
and visual representations, whereas item-and-order retention
typically involves visual, lexical and articulatory representa-.
tion. Although for completeness this discussion has jincluded both t
lexical and visual representation options for item recall, since
short-term memory span is greater the more easily nameable the
stimuli (Chi, 1976), it is considered that the major contribution
of verbal item ST retention comes from lexical rather than visual
representations.

To recapitulate: (i) Item-and-order processing and very
short term retention is more difficult than that for items
alone. (ii) The very short term item retention involved in
this visual information processing task does not involve articu-

latory encoding and is considered to involve lexical representa-
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short-term memory task where

are used and there would be considerable
is reason to believe that articula-
refreshment is involved, but this is

difficulty to ascertain since item and order retention are
confounded (Baddeley, Thomson and Buchanan, 1975). (iii) The

item-and-order processing and retention involved in this task

involves articulatory encoding in addition to those represen-

tations involved in item retention alone.
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Experiment 7b

Effects of a 6 consonant static memory preload on digit processing

Abstract

The interaction between the visual information processing
of verbal material and short-term working memory is investiga-
ted by comparing digit array processing under backwards masking
under a control condition and under a static memory preload
condition where subjects were to remember a 6 consonant, audi-
torily presented, preload whilst processing the digit arrays.
Fewer digits are consistently reported in the consonant preload
condition. The need for consonant preload storage also re-
duces the number of digits remembered in the correct order.

The results are interpreted in terms of the two tasks compet-
ing for lexical representations.

Introduction

If interested in the interrelations between the visual per-
ception and processing of verbal material and verbal STM, one
method of investigation is to pre-empt some STM 'capacity' and
see how visual processing is affected. STM, or more specifi-
cally, the short-term store (STS), has often been viewed as a
working memory, an executive system controlling many subroutines
of information processing involved in tasks such as problem
solving, language comprehension and long term learning (Hunter,
1964; Rumelhart, Lindsay, and Norman, 1972; Atkinson and
Shiffrin, 1968, 1971). With such a view the speculation of its
role in the control of the visual information processing of
verbal material follows naturally. To test this hypothesis,
the most obvious approach is to limit available STS.
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Baddeley and Hitch (1974) performed a number of experi-
ments investigating the role of the STS in reasoning, free
recall, memory span, and comprehension. To interfere with
the STS they used a variety of interference treatments based
on a definition of the STS which included the statements that
the STS can hold material in memory span tasks, is limited in
capacity, is concerned with the retention of order information,
and is closely associated with the processing of speech. To
pre-empt STS capacity they had subjects retain a concurrent
memory preload while performing tasks under investigation such
as reasoning, language comprehension or learning. The con-
current memory load ranged from one to 6 verbal items (letters
or digits), and they found a consistent pattern of additional
memory load effects on all the tasks, thus inferring that each
of these tasks involves a span-like component which they refer
to as working memory. These interference techniques have a
sound theoretical basis and have been shown to be a useful tcol
in the investigation of the role of the STS in information pro-
cessing tasks, and thus seem suitable for use in the present
investigation which questions the role of the STS in the visual
information processing of verbal material. Digit array pro-
cessing under backwards masking will thus be compared with and

without the subject having to hold a six consonant memory preload.

Baddeley and Hitch (1974) note that subjects can use dif-
ferent strategies in remembering the auditorily presented pre-
load. One possibility was that "Ss dealt with the memory pre-
load by quickly rehearsing the items, to "consolidate'" them in
memory before starting the reasoning problem'" (Baddeley and
Hitch, 1974, p.53) in which case there appears to be initial
rehearsal followed by non-rehearsal of the preload during the
reasoning task, there being static preload retention: this will
be called the static preload condition. An alternative is that
the subjects continuously rehearse the preload throughout the
reasoning task: this will be called the concurrent or running
preload condition. In the statif condition, with subjects not
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rehearsing while reasoning, the preload must be held as a non-
articulatory representation, and in terms of the model proposed
in Chapter 4, this representation can be seen to be primarily
lexical. In the concurrent preload condition the preload can
be seen to be held as lexical/articulatory code interactions.
Baddeley and Hitch explicitly investigated the effects of a
concurrent preload by comparing reasoning under no interference,
simple articulatory suppression (articulation of overlearned

and simple sequences such as 'the, the, the ... ' 'one, two,
three ... ') and concurrent preload (articulation of a random
6-digit number). They found an effect of articulatory suppres-
sion, and this effect was much greater in the concurrent pre-
load condition. They conclude that interference in verbal
reascning is not entirely to be explained in terms of competi-
tion for the articulatory system, rather there is a much more
important factor: the availability of spare short-term storage
capacity determines the rate at which verbal reasoning processes
are carried out. Again to rephrase in terms of the Chapter 4
model, it would be concluded that the more the retention of
lexical code representations, the greater the interference
gffect, If, as the models of Baddeley and Hitch (1974) and
Chapter 4 suggest, the articulatory loop can be used to store some
short-term memory span items and to refresh their non-articulatory
(lexical) representations, the static holding strategy, with no
articulatory loop rehearsal, will necessitate a greater involve-
ment of lexical code representations than will the concurrent or
running strategy where some span items are held as articulatory
representations (Baddeley and Hitch suggest that approximately
three items can so be held) and the use of this articulatory
""'slave' system for rehearsal will cause refreshment of those
lexical representations used (in contrast to the static strategy
where the activated lexical codes are not refreshed and are

thus subject to passive trace decay].

Since there are, at least, these two available strategies
for preload retention, and since they appear to be tapping dif-
ferent functions, they will be independently investigated: digit



array processing will be studied under a static preload in
Expt. 7b and under a running preload in Expt. 7c.

It should be noted that, although this introduction started
with the notion of interfering with central processing or cen-
tral executive resource, this idea has been refined and the
discussion is now phrased in terms of specific interference of
code and function: the memory preload is not viewed as inter-
fering with central executive resource in working memory but
rather as interfering with the functions involved in the main-
tenance of lexical and/or articulatory representations depend-
ing upon whether the preload is static or concurrent.

Procedure and Subjects

" The method was identical to that of experiment 7a for the
control condition. For the experimental condition, however,
the warning signal 'ready' was replaced by the experimenter
reading aloud six randomly chosen consonants at a rate of one
consonant per sec..2 sec. after the last letter the fixation
cross, the test stimulus-mask sequence was started.The subjects
(six undergraduates different from those used in Expt. 7a) had
been instructed to remember the consonant sequence throughout
the trial and to report them, in the correct order, upon mask
offset. Having reported the consonants they were then required
to report what digits from the T.S. they had seen, again in
the correct order if possible. Different 6 consonant sequences
were used on each trial. Three of the subjects were first tested
on the control condition and then the experimental condition;
the other three subjects were run under the reverse order of

condition presentation.

Upon conclusion of the experimental condition the subjects
were asked their strategies in this part of the experiment. All
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the subjects reported memorizing the letters by subvocal naming.

They all used chunking procedure;

these, however, were not

constant across S's - the most popular chunkings of the six

letters being 3:3 or 2:2:2 or 4:2.

When questioned further

about their strategies they all reported that, upon the experi-

mental reading the last consonant, they would cycle the six

consonants either one or two times (depending on subject) AND

THEN 'SHELVE' THEM whilst the T.S. appeared.

the consonants were then retrieved and reported before T.S.

digits were similarly

produced.

Upon T.S. offset

In no case did the subjects,

using a remembering strategy which they had chosen themselves,

articulate the consonants right through the T.S. exposure to

remember them.

Thus the reported introspective sequence appear-

ed to consist of the switching strategy of storage as previously
reported for static preloads by Baddeley and Hitch (1974).

This was:

Exptal. consonants -
sequemnce presented
Subject's

strategy

fixation
Cross
2 sec.

2 sec -

cycle the 6 conson-
ants subvocally once
or twice. Then allow
consonants into a
storage mechanism
which requires no
active subvocal
processing

- T8 - M.S.

var, e.t. 1 sec.
"look at" retrieve
the 7 digit conson-
T.S. Then ants from
allow digits storage

into storage
mechanism
which re-
quires no ac-
tive subvocal
processing

and report

The subjects'responses were again scored under both the

retrieve
digits
from
storage
and report

identity and the order scoring procedures described in Expt. 7a.
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Results

1) Identity scoring

Results were analysed as in Expt. 7a. The Subjects
factor (F = 60.9, d.f. 5,288, pg .01), Time factor (F = 67.2,
d.f. 7,288, p«<.01) and Condition factor (F 65.7, d.f. 1,288,
p<.01) were all significant, as were the S x T interaction
(F=1.8, d.sf. 35,288, p<.01l) and the § x C interaction (F =
58 defy 5,288 pail), No other interaction was signirficant.

Again, due to the possibility of non-normality of the data, an
angular transform of the data was also used. This yielded the
identical pattern of significance to the raw data ANOVA and
thus will not be discussed.

Thus the condition factor is highly significant. It can
be seen in fig. 7:3 that fewer digits are consistently reported-
in the consonant preload condition than in the control condi-

tion.

2) Order scoring

The same ANOVA design was used for the order scored data.
The Subjects factor (F = 18,7, d.£f. 5,288, p«0l), Time factor
(F = 25.5, d.f. 7,288, p< .01) and Condition factor (F = 30.1,
d.f. 1,288, p <.01) were again significant. The only signifi-
cant interaction was the T x C one (F = 3.0, d.f. 7,288, p<0.1).

The analysis of the angular transformation of the data again
produced the identical patterning of significance.

Thus the storage of a consonant preload also reduces the

number of T.S. items remembered in the correct order, as is seen
in fig. 7:4.

3) Error rates on consonant sequences

The experimental condition consisted of 32 trials. The
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subject scores for correct consonant sequences using this
storage switching strategy were (out of 32): 31, 27, 27, 25,
15, 245 This yields an error rate of 24%. Thus this switch-
ing strategy, which it must be stressed the subjects chose for
themselves as optimal, not only leads to a decriment in recall
performance of the digit T.S. but also is a relatively ineffi-
cient means of remembering the consonant preload.

Discussion

In order to store the preload the subjeﬁfs have adopted
what is presumably the most natural strategy‘adopted by the
subjects of Hitch and Baddeley (1974).

In terms of the model developed in Chapter 4, the consonant
preload is held initially (in the rehearsal stage) primarily
in terms of a lexical code/articulatory code representation
interaction. The subjects then stop rehearsal with the stimu-
1i being held primarily as activated lexical representations
(with presumably some contribution from the PAS, Crowder and
Morton, 1969). The level of activation of these lexical re-

presentations is presumably subject to trace decay.

The subject is then required to process as many digits as
he can from 7-digit arrays presented at short exposure times
under backwards masking. The fact that he/she is already hold-
ing in short-term memory the representations of 6 consonants,
presumably as lexical codes, results in a significant reduction
in the number of digits processed at all exposure times. It
is concluded that the maintenance of activated lexical represen-
tations in short-term memory interferes with digit processing,
and this may either be a result either of the two tasks compet-
ing for central processing resource, or a result of both tasks
requiring a number of independent lexical representations to be

Vi



activated, with a 'capacity limitation' of the number of such
representations available at any one time, and thus the two
tasks compete for lexical code representation.

If it is speculated that the only way in which a lexical

representation can be rehearsed or maintained activated is by
refreshment by cycling through the articulatory loop, it follows
that in this situation there is no active processing involved

in the maintenance of the lexical representations of the preload
stimuli, and thus the tasks compete for lexical code represen-
tation. If we further speculate quantitatively with a simple
version of this notion, it follows that the maintenance of
(primarily) lexical representations for the 6 preload stimuli
causes a reduction in the number-of digits processed at 400 ms.
from (roughly) 5 items to 4 items. 6 consonants stored at a
cost of one digit certainly doesn't tally at a 1:1 correspondence.
Whilst, at this extreme level of speculation, it is possible

to construct many possible explanations for this lack of quanti-
tative correspondence, one possibility is that the digit stimu-
1li can be held in a post iconic, pre-lexical, visual or graphe-
mic buffer representation, and there is some support for this

to be found in Expt. 7d.

The processing of item and order information is also re-
duced by the static preload treatment. It is unclear whether
this represents loss of order information, or.simple loss of
item information with concomitantly fewer items to be recalled
in their correct order.

The levels of speculation in this discussion have become too ex-
treme for comfort. In Expt. 7c, which follows, the effect of a concur

rent, running memory preload is investigated.
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Experiment 7c

The effect of a concurrent memory preload on digit processing

Abstract

The interaction between the visual information processing
of verbal material and short-term working memory is investiga-
ted by comparing digit array processing under backwards masking
under a control condition and under a concurrent memory preload
condition when subjects had to cyclically utter a randomly
chosen, 6 consonant, auditorily presented, preload whilst pro-
cessing the digit arrays. There was no detrimental effect
of preload on the processing of items. The results are similar
to those found with articulation of a redundani:?ggﬁ%gd and
suggest that the processing demands and functions involved in
lexical code/articulatory code rehearsal of the preload do
not compete with the functions involved in digit array proces-
sing.

Introduction

To compare static and running preload effects upon the
visual processing of verbal material, digit array prccessing
was investigated under a control condition and under a running
memory preload condition where the subject was to repeatedly
whisper a randomly chosen 6 consonant sequence throughout the
digit array exposure.

Procedure and Subjects

The control condition was again that of Expt. 7a. The ex-
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perimental condition used the same consonant sequences and

T.8: &s that of Bxpt. 7b. However, a processing strategy was pre-
determined for the subjects in order to prevent the storage switching
behaviour which was chosen by the subjects in Expt. 7b. Thus

as soon as the experimenter had finished reading the consonant
sequence the subjects articulated the sequence in a whisper and
continued this articulation cyclically. After two cycles of
articulation the fixation cross, T.S., M.S. sequence was started.
Upon M.S. offset the subjects finished articulation, their final
cycle of consonants being recorded, and then the subjects re-
ported what digits they saw in the T.S., in the correct order

if possible. Six new undergraduates were the subject who were

run under this procedure which is otherwise identical to that

of Expt. 7b.

Results

1) Identity scoring

The data were analysed as in Expt. 7b. The subjects factor
(F = 114.9, d.f. 5,288, p«.01),; Time factor (F = 101.1, d.f-:
7,288, p« .01) and Condition factor (F = 14.7, d.f. 1,288; p« .01)

were all significant. The only significant interactions were
SxT(F=2.4; d.f. 35,288; p« .0l) and S x C (F = 2.7;
d.f. 5,2B8; p& .05). Analysis of the angular transformation of

the raw data yields the same patterning of significance.

The Condition factor is significant. However, it can be
seen in fig. 7:5 that the condition means differ in the opposite

direction to that expected. Concurrent articulation of the 6

consonant preload certainly does not impair performance on the
digit processing task (c.f. results of Expt. 7b). Whereas in
Expt. 7b the subjects remembered more T.S. items in the control
condition (mean = 3.90 items over all trials, exposure times and
subjects) than in the static preload condition (mean = 3.14



items), in Expt. 7c the subject remembered more T.S. items in
the concurrent preload condition (mean = 4.31 items) than in the
control condition (mean = 3.96 items).

2) Order scoring

The same ANOVA design was used for the order scored data.
The Subjects factor (F = 23.6; d.f. 5,288, p<.0l1), Time factor
(F = 46.6, d.f. 7,288, pg .01) and S x T interaction (F = 2.26,
d.f. 35,288, p«.01) were the only significant sources of
variance. This pattern of results is also found with the
angular transformed data. The order scoring results can be
seen in fig. 7:6.

Thus there is no significant difference between the number
of items in the correct order reported in the control condition
(mean = 2.08) and that in the experimental condition (mean =
1,97). However, when it is noted that there was a significant
difference between item information reported in the experimental
condition (mean = 4.31) and that in the control condition (mean =
3:96), It can be seen that there is indeed a loss of order
information relative to the number of items reported in the

experimental condition.

3) Error rates on consonant sequences

The subject scores for correct consonant sequences in the
concurrent articulation of the memory preload were (out of 32):
225 27, 32, 28, 29, 31, This yields an error rate of only
125 Thus the concurrent articulation strategy appears more
accurate as far as remembering the consonants than the strategy
adopted by the subjects with the static preload in Expt. 7b (error
rate 24%), although this difference fails to reach significance
(Mann Whitney U test, n] = nj; = 6, U= 8.5, p = .07).
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FIGURE 7:6
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Discussion

The patterning of results with respect of effect of inter-
ference treatment is much more similar to those found with
articulatory suppression (Expt. 7a) than those found with a
static memory preload (Expt. 7b). There is no detrimental
effect of a constantly rehearsed 6 consonant concurrent memory
preload on item processing from digit arrays but there is some
reason to believe that the articulation of the preload reduces
item-and-~order processiﬁg from the digit arrays.

In terms of the Chapter 4 model, the difference between
the static memory preload and the concurrent memory preload
in terms of retention function is that the former is held
primarily statically in terms of lexical representations whilst
the latter is held actively as lexical code/articulatory code
interactions. As such it may be suggested that the static
preload results in greater competition for lexical representa-
tions than does a concurrent preload. Since the concurrent
preload incurs less competition for lexical representations,
and since it has no detrimental effect upon item processing
from digit arrays, this strengthens the argument that at some
stage the visual information processing of verbal material
makes use of lexical representations. Since the concurrent
preload incurs competition for articulatory representation,
and since it has a detrimental effect upon item-and-order pro-
cessing from digit arrays, this strengthens the notion that
the articulatory loop is involved in the maintenance of the
order of representations of otherwise discrete verbal stimuli.

Hitch and Baddeley (1974) tested verbal reasoning ability
(speed of sentence verification e.g. A is not followed by B,A.B.—>
‘Fa&e‘ response) under a control condition and under experimental
conditions where the subject had to remember a six item memory
preload. When the subjects were instructed to give equal stress



to the span and verification tasks there was no effect of pre-
load; in contrast those subjects instructed that their sentence
verification performance could only be considered if they re-
called all six letters of the preload correctly (memory stress
group) showed a large effect of preload on verification speed.
The subjects under the memory stress instruction all reported
that they quickly rehearsed the memory items before attempting
the verification trials, presumably not rehearsing during veri-
fication. In contrast none of the'equal stress' subjects re-
ported tackling one task before the other. It is unclear
whether these subjects continuously rehearsed the preload during
reasoning. In order to test the effects of static/running
preload retention strategies in Expt. III verification perfor-
mance was investigated under control, simple articulatory sup-
pression, and concurrent articulation of a 6 digit preload, con-
ditions. Rapid articulation of well-learned or simple mes-
sages have little effect on verification speed. However, the

6 digit running memory preload slowed verification considerably.
This result contrasts with the 'equal stress' performances in
Expt. II where perfect recall of a 6 item preload was not asso-
ciated with any slowing of verification. Since one important
difference between the two procedures is that the static pre-
load technique does not force the subject to process the pre-
load and verification tasks simultaneously, Hitch and Baddeley
conclude that the "processing oeprations associated with STM

storage rather than storage per se are critical in producing

interference'" in the verification task (Hitch and Baddeley, 1974,

p.616). Since memory span for letters is between six and
seven items (Cavanagh, 1972), it would appear that the short-
term storage requirement of the verification task is minimal.
Since the preload only had an effect on verification when it

was actively processed, Hitch and Baddeley conclude that the
storage demands of the verification task are much less important
than its processing demands, and in this context working memory
is seen as a limited capacity executive processing system rather
than a scratch-pad store.



In contrast to these findings the opposite pattern of
results of effects of different preload condition has been
found here: the static memory preload had a consistent
detrimental effect on digit processing whereas the concurrent
memory preload (which required active processing but less
lexically represented scratch-pad store) had none. It should
be remembered, however, that the main experimental tasks dif-
fered: whereas the verbal reasoning task made little storage
demands but large processing demands, the digit processing
task is, from introspection, highly automatic and as such may
be considered low in cognitive processing demand, but does
involve considerable short-term storage. It appears, there-
fore, that a processing demand task (sentence verification)
is being interfered with by a processing demand interference
treatment (concurrent preload), whereas a storage demand task
(digit processing) is being interfered with by a storage de-
mand interference treatment (static preload).

To view working memory as either a scratch-pad store in-
volved in memory span tasks or a central executive processing
system involved in practically all else appears misguided.

The older views of Baddeley and Hitch (1974) of working memory
as a highly flexible limited-capacity system having both
storage and executive capabilities is here favoured over the
updated Hitch and Baddeley (1976) analysis which favours work-
ing memory as a limited capacity central executive system.

Support for the generality of the present findings can be
drawn from Scarborough (1972). Performance on an auditory
retention task (mean sequence length 7.5 numbers) and on a
tachistoscopic report task (6 letters or digits presented under
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backwards pattern masking for 250 ms.) when administered
separately, was compared with performance when the two tasks
were combined. In the combined task the subject first heard
a sequence of numbers (auditory load). Shortly after the
last number, a visual display was presented (visual load), and
this was followed by an auditory signal (cue) that designated
either the auditory load or the visual load for report.

When the report cue immediately followed the visual display
there was no interaction between the two visual modalities:
report of either the visual input or the auditory input was
about as accurate as report of either input when presented
alone.

When the report cue was presented 2 sec. after the visual
display offset, report of the auditory symbols was still un-
affected although report of the visual display dropped by
20%.

Scarborough assumes that the auditory load is stored as
implicit speech and thus concludes that since about four visual-
display symbols could be reported after a 2 sec. delay without
affecting auditory report visual symbolic material can be re-
tained without recoding the visual display symbols into im-
plicit speech (articulatory representations). Besides con-
cluding that the visual display symbols are not retained
iconically in his experiments, Scarborough does not address
the question whether these symbols are stored as visual code
representations or as abstract, non-articulatory name code
rperesentations (lexical referents or 'programs of motor-
instruction'), It cannot be determined from his article
whether the subjects in these experiments were consistently
cycling the auditory preload in implicit speech, or whether
they were'shelving' them as in Expt. 7b, but since Scarborough
gives evidence of implicit speech coding of the auditory load,
and since there is little or no interaction between retention



of the auditory and visual loads, a repeated implicit speech
rehearsal strategy seems more likely, as in Expt. 7c¢ here.

Chow and Murdock (1976) again asked the question '"does
memory load affect the rate of readout from iconic memory?'".
The subjects were presented with a string of alphanumeric
items immediately followed by pattern masks, and had to re-
call as many items as they could under different memory pre-
load conditioms. Memory preloads affected rate of readout
from iconic memory in a systematic manner, with pictorial
(nonsense geometric forms) and verbal memory items producing
the same effect. The preloads were presented visually prior
to the alphanumeric arrays. The method of recall of the
preload stimuli was to verbalize the verbal stimuli or to
draw the geometric patterns. There was no overt rehearsal
of the preload stimuli during the array processing task, and
it appears, since the verbal and non-verbal preloads both pro-
duced an effect, with these effects being quantitatively simi-
lar, that the preload stimuli were held using the 'switch and
shelve' strategy of Expt. 7. Since verbal and non-verbal
preloads produced essentially the same effect, it follows that
the preload effect is not necessarily language specific (lexi-
cal or articulatory) and suggests in this case either (i) the
interference is due to the preloads being held as their visually
encoded representations or (ii) the effect of a verbal pre-
load is due to interference at a lexical level, that of a non-
verbal preload is due to interference at a visual ievel, with
the two treatments causing a similar amount of competition for
central processing capacity resource.

Since, however, similar levels of interference are found
in Expt. 7b where the preload is presented auditorily, it can



be concluded that the interference does not solely reside
at a visual level, and the maintenance of non-articulatory
linguistic stimulus representations also reduce the rate
of readout from iconic memory.

The post hoc conclusion which is most consistent
with these findings appears to be that memory preloads
which have large storage demands interfere with digit
array processing, those which incur little non-articulatory
storage demands but high processing demands have no
effeet. The interference effect can operate due to
competition for visually encoded storage (Chow and Murdock,
1976 and Expt. d following) or lexically encoded storage
(Expt. 7b), but, unless the alphanumeric stimuli are to
be remembered in order, not articulatory encoded storage
(Expts. 7a, 7c, and Scarborough, 1972).



Experiment 7d

The role of the visual code in the initial acquisition of

stimulus information

Abstract

The effect of a visual code interference treatment upon
digit processing is investigated. In conjunction with a re-
view of pertinent literature it is concluded that there is
considerable reason to believe that visual encoding is one
of the functions involved in 'buffer processing'.

Introduction

To repeat in synopsis some of the arguments already out-
lined (see especially Chapter 4 and Experimental Chapter 2}
In the development-of cognitive models with an aim to represent
the functions involved in the initial information acquisition
for visually presented verbal stimuli the debate has primarily
concentrated upon the nature of the 'buffer'. It is widely
agreed that there is a precategorical visual information store
which is of short duration (of the order of ! sec.), which is
subject to masking, and from which the subject can choose to
preferentially process items on the basis of simple physical
characteristics such as physical location, colour, size or
shape (Sperling, 1960, 1963; Clark, 1969; Turvey and Kravetz,
1970; wvon Wright, 1968, 1970). This is the starting peint of
the functional pathway. As an end-process it is commonly as-
sumed that the stimulus information is represented in an articu-

latory form in "short-term memory". But the initial rate of
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acquisition of stimulus information is considerably faster
than the rate of implicit speech and this it is argued (Sper-
ling, 1963, 1967; Coltheart, 1972: Allport, 1973] that
there is some intervening process or store of information:
the buffer store.

Since there appears to be a visual short-term memory
system, the visual code,which is of longer duration than the
iconic store and which is not subject to masking (Posner, 1969;
Mitchell, 1972, Phillips, 1974; Phillips and Baddeley, 1971;
Phillips and Christie, 1977), theorists such as Coltheart (1972)
and Mitchell (1976) have argued that the visual code, a rep-
resentation of the visual features of the stimulus, may act
as this buffer store, with articulatory encoding eventually
acting directly upon this data base. In contrast Sperling
(1967) has suggested that the 'recognition buffer' might hold
representations of the stimuli in terms of 'programs of motor
instructions' for later articulation - a sort of non-motor
or abstract name code, and in a somewhat similar vein Allport
(1973, 1977) discusses an abstract name code buffer of lexi-
cal representations.

There is no denying that the naming process must make use
of the visual features at some stage, but the following alterna-
tives must be evaluated:

(i) The only language representation involved is motor
articulatory and occurs from a visual code representation.
It is these processes: fast visual codihg followed by rela-
tively slow speeéh motor encoding from this visual representa-
tion which underlies the rate of initial stimulus information
acquisition.

(ii) The stimuli are encoded in an abstract linguistic or
lexical form prior to speech-motor encoding. Lexical encoding
operates directly upon iconic information.



(iii) Stimuli are represented lexically prior to articu-
latory encoding but lexical encoding operates on visually en-
coded information. This alternative is, in effect, a merger
of the different views whereby visual encoding and lexical
encoding both underly the properties of the 'buffer'; viz.
iconic information = visual code —» lexical code~—> articulatory
code. Such a conceptualization has previously been suggested
by, for example, Seymour and Porpodas (1979), who envisage
a post iconic visual code for graphemic information, the gra-

pheme register, prior to semantic or phonolgical encoding.

How might these alternatives be investigated or evaluated?
Since tasks involving short-term memory (i) typically result
in better performance for verbal items than for non-verbal visual
forms, (ii) result in performance which is superior the more
nameable the stimuli are, (iii) result in considerable memoriza-
tion performance even under articulatory suppression and,
this being the case also from auditory stimulus presentation
where, presumably, visual encoding is not involved (or if it
is, is involved to a lesser degree than when following visual
stimulus presentation), we can be fairly sure that there is a
non-articulatory linguistic representation. But does the pro-
duction of this lexical code occur direct from an iconic rep-
resentation or from a visual representation? Perhaps it is
possible to test this by interfering with the visual code whilst
asking the subject to process visually presented verbal material.
"If remembering in visual imagery utilizes somewhat the same
central mechanisms as are used in visual perception, competition
for this limited capacity will result when the person must
both visually guide his hand (to indicate answers to various
questions about the memorized diagram) and simultaneously re-
member the spatial diagram in visual imagery. The general idea,

therefore, is that two activities in the same modality will

compete for a limited analyzer or processing capacity, whereas

two activities in different modalities will tend to be 1less




competitive, less disruptive and less interfering." (Bower,

1970, my italics). Following this line of reasoning, just

as digit processing has been investigated under articulatory
suppression (to investigate the role of articulatory encod-

ing in this task) in Expt. 7a, and just as it has been investi-
gated with static and cycled memory preloads (to investigate
the role of the CPU and lexical representations) so digit pro-
cessing can be studied under a visual interference treatment

to investigate the use of visual encoding.

What sort of task should be used to interfere with the
visual code? Brooks (1967, 1968) performed a series of ex-
periments investigating the interference between visual imagery
and visual perception, demonstrating, for example, that a task
requiring visual imagery could be performed more easily while
speaking than wile pointing, whereas a verbal task could be
performed more easily while pointing than while speaking.

His tasks have since been used as standard visualization
interference tasks (see e.g. Baddeley, Grant, Wight and Thomson,
1975), and include presenting the subject with a block capital
letter, removing it, and the subject visualizing it whilst
working in a clockwise direction classifying the cerners 1into
'coming from top or bottom of the figure' or otherwise. It
would be neater and clearer cut, however, if a standard 'visual
code' task were used itself as a visual code interference
treatment. For this reason the paradigm of Phillips and Badde-
ley (1971) and Phillips (1974) was initially chosen: a random
chessboard (4 x 4 cells with half the cells filled in at raﬁdom)
was to be shown at the top of the tachistoscope field for a
short exposure duration (1000 ms.) so as to allow no time for
verbal encoding, this was followed by the digits array midscreen,
and then a third card was presented which had a pattern mask mid-
screen occupying the spatial location previously filled by the
digits, and a second matrix was shown bottom-screen. A visual
code representation had thus to be created for the first matrix,
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held whilst the digits were presented, and then compared with
that of the second matrix. When, and only when this judge-
ment had been performed could the digits be reported. It
seemed like a good interference task since it was certain
that the visual code was preloaded throughout digit presenta-

tion. This technique was thus piloted on six subjects and
the flaws became apparent. Only three of the subjects could
report any digits at all. In addition this result may have

been a result of overt inattention since eye-movements were
involved - subjective reports were that they looked high for
the first stimulus then low for the second matrix. There
were reports of non-fixation of the digits since the visual
code task was stressed as the first priority.

The technique was promising, but in need of modification,
simplification,and elimination of eye movements. The pro-
cedure outlined in the method section was the replacement.

This involved the midscreen presentation of two nonsense forms
which were difficult to name. This was followed by the digit
arrays (also midscreen) which were in turn replaced by a central
pattern masking stimulus which was surrounded by eight nonsense
forms. The visual code task was to judge whether the two
nonsense forms of card 1 occurred adjacently anywhere in the
array of 8 such forms on card 3. The advantages of the modi-
fied Phillips procedure still hold, the forms of card 1 had to
be visually encoded and this representation had to be held
throughout digit presentation. The new procedure had the addi-
tional advantage: of no eye movements being necessitated. This
unfortunately carried the disadvantage of considerable masking:
backwards masking of card 1 by card 2 (the digits); forwards
masking of the digits by the card 1 forms; lateral masking of
the nonsense-forms arrays on card 3 by the central pattern mask
(Visual Noise Causes Tunnel Vision; Mackworth, 1965). How-
ever, 1f the trials remain the same over the three conditions

to be used (visual code matching only (VC Match),. Report digits
only (Digits alone), and Visual code matching and digit pro-



cessing (VC Match and Digits)) the amount of masking will
remain the same across the three conditions, and the effects
of task demands can be compared directly, uncontaminated by
potential masking independent variable.

Subjects
Six first year undergraduates acted as subjects. Each
subject served under all three conditions.

Method

There were three conditions to the experiment, each condi-
tion constituted 6 practice trials followed by 30 test trials.
Each trial followed the following sequence: verbal warning
signal 'ready': 2 sec. delay: card 1 presented on Elec-
tronic Developments 3 field tachistoscope at 508 mm. from the
subject's eye, 0.9 lux intensity, 1000 ms.: card Z presented
on the tachistoscope, 0.9 lux intensity, variable exposure
time (either 50, 100, 150, 200, 400 or 600 ms.): card 3 pre-
sented on the tachistoscope, 2.7 lux. intensity, 2000 ms.:
subject's report.

Examples of cards 1, 2 and 3 can be seen in fig. 7:7.
Card 1 always contained two nonsense forms printed centrally
in blué ink. These forms were of the size shown in fig. 7:7
and each form subtended approximately 0.759 visual angle.
Card 2 always contained an array of 7 quasi-randomly generated
digits. These were printed in black 28 pt. Helvetica light
letraset with the whole array subtending approximately 4.10
visual angle. The digit array replaced and overspread that
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visual space previously occupied by the nonsense forms on card
i [ Card 3 cbnstitgted a central masking stimulus: a jumble
of digit parts generated from that same letraset used on

card 2. This mask occupied the spatial location previously
containing the digit array of card 2. Above and below

the mask were arranged an array of four visual nonsense forms
printed in blue ink. The pool of nonsense forms can be

seen in fig. 7: 7.

Throughout the condition the stimulus cards varied. The
only otehr variable was card 2 exposure time, there being 5
trials at each exposure time, these being presented in a
randomized block design.

The three conditions were identical with respect to the
stimuli and stimuli presentations. They differed only in
respect to the instructions given to the subjects.

In the VC Match condition the subject was instructed to
concentrate on the nonsense forms. At the end of the trial
he was to report 'yes' if the array on card 3 contained in
adjacent positions the two stimuli shown on card 1. Other-
wise he was to report 'no'.

In the Digits Alone condition the subject was told to
concentrate on the digits. At the end of the trial he was to

report as many of the digits as he was sure he saw in the cor-
rect order if possible.

In the VC Match + Digits condition the subject was instruc-

ted to report firstly whether the array on card 3 contained in
adjacent  positions the two nonsense forms of card 1 (VC Match
instructions). This was his first priority. Then he was

to report as many of the digits as he was sure he saw on card
2. * (Digits Alone instructions).

Three subjects were run under the following condition

4
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presentation order: VC Match, VC Match + Digits, Digits
Alone. The remaining 3 subjects were run Digits Alone, VC
Match, VC Match + Digits

Results

The VC Match error rate was 7.8% under VC Match instruc-
tions and 19.4% under VC Match + Digits instructions. These
means differ significantly if rates are compared across sub-
jects (T = B,4& =10, p&£,05, Sign test).

The digits data were scored as number of digits correctly
reported regardless of order. The average number of digits
correctly reported at each exposure time under Digits Alone
and VC Match + Digits instructions can be seen in Table:7:l
and Fig. 79v8. These data were analysed as a 3 factor ANOVA
(2 Conditions (Digits Alone, VC Match + Digits) x 6 Exposure
times x 6 Subjects) with 5 blocks of replications. The ANOVA
data can also be seen in Table 7:1. The conditions factor
was highly significant (F = 524.0; d.f. 1,288; P <0010,
the average number of digits correctly reported under Digits
Alone and VC Match + Digits instructions being 4.34 and 2.27
respectively. The Time factor was highly significant (F =
118 .23 d.£. 5,288; pe& 001}, The Conditions by Time two-
way interaction was insignificant (F = 0.99; d.f. 5,288).

The subjects factor, subject x condition and subject x time
interactions were all significant at the 1% level.

The digits data werealso subjected to a serial position
analysis: they were scored as the proportion of the 5 trials
correct at each serial position for each exposure time/subject.
The mean proportions correct for each serial position under the
Digits Alone and VC Match + Digits instructions are shown in

Fig. 7:8, These data were analysed as a 4 factor ANOVA (7
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TABLE 7:1

MEAN NUMBER OF DIGITS CORRECTLY REPORTED UNDER THE
DIGITS ALONE AND VC MATCH + DIGITS CONDITICNS OF
EXPERIMERT /4.

Uy

s

¢ Not Significant

EXPOSURE TIME (ms.) DIGITS ALONE VC MATCH + DIGITS
50 2.30 0.63
100 35T 1.37
150 4,37 217
200 L,63 217
400 55T 3.40
600 5.63 3.67
ANOVA DATA FOR THE DIGITS CORRECT DATA OF
EXPERIMENT 7d.
.SOURCE OF VARIATION SSq. af MSq. F
Condition (C) 386,47 1 386.47 524,0
Time (T) 439,55 5 87.91 119.2
cT 3.65 5 0.73 0.99
Subjects (S) 254,63 5 50493 69 .05
cs LL,65 5 8.93 12,11
s 47,09 25 1.88 2,455
cTsS 26.34 25 1.05 1.43
ERROR 212,40 288 0.Th
®% . pd,01

¥
EXS
NS
£
®%
%

NS



Serial Positions x 2 Conditions x 6 Exposure times x 6
Subjects). All the main factors were significant at the 1%
level. The Serial Position x Condition two way interaction
was insignificant as were the Serial Positon x Time and
Condition x Time interactions. The ANOVA Table and Serial
Position Data can be seen in Table 7:2.

Discussion

From the visual code matching results it can be seen that
instructions to process the digits causes a reduction in visual
code matching accuracy: there is competition between the two
tasks. In a similar experiment which concentrated upon inter-
ference with visualization by the processing of visually pre-
sented verbal material (rather than as here the interference
of visualization upon visual processing) Phillips and Christie
(1977b) had subjects compare two successiveiy presented 4 x 4
'random chessboard' separated by ISIs up to 4s. If 5 single
digits were visually presented successively during the reten-
tion interval with the subjects reading them aloud, there was
a non-significant performance decrement on the visual matching
task. I1f, however, the digits had to be held and summed,
with the subject stating the result of this addition, the per-
formance decrement on the visual matching task was significant.
There was no difference between the decrement caused by adding
visually presented digits and that resultant from adding audi-
torily presented digits. If, however, the ISI between the
Ist and 2nd matrices was filled by the presentation of two
more to-be-compared matrices, there was a large and significant
performance decrement, this being especially the case if the
two intervening matrices were separated by an interval (750
ms.) greater than iconic storage duration, in which case these
intervening matrices themselves required visual code comparison.
From these results Phillips and Christie conclude "Visualiza-

tion was greatly interfered with by adding five digits but not



TABLE 7:2

MEAN PROPORTION OF TRIALS CORRECT ON EACH SERIAL
POSITION OVER THE 6 EXPOSURE TIMES AND 6 SUBJECTS
OF EXPERIMENT 7d. DIGITS ALOWE AND VC MATCH+DIGITS

DATA.,

SERIAL POSITION DIGITS ALONE VC MATCH+DIGITS® d
1 0.96 + 0,63 D33
2 0.70 J 0.38 0.32
3 0.70 0.38 0.32
N 0.64 0.29 0.36
5 0.39 0.23 0.17
3 0.k0 0.17 0.23
T 0.5k 0.20 0.3k

ANOVA TABLE FOR THE SERIAL POSITION DATA OF
EXPERIMENT 74.

SOURCE OF VARIATION SSq. af MSgq. F D
SERTAL POSITION (P) 13.23 5 2.20 3.1 #H
CONDITION (C) 10.98 1 10,98 215.2 **
PC 0.54 6 0.09 1.7 NS
SUBJECTS (S) T+23 5 1.45 28 .4 *%
TIME (T) 12,51 5 2,50 49,0 L
PT 2.56 30 0.09 1.7 NS
CT 0,10 5 0.02 0. NS
PCT 3.06 30 0.10 2.0 *%
Errer 21,18 L4is 0.05
L p(.Ol

NS : Not Significant



by reading them. Presentation modality of the digits did
not affect the interference they caused. Where the inter-

vening activity involved processing patterns similar to those

being visualized, the amount of interference depended upon

whether the subject had to form and use representations that

outlined the icon. Perception caused interference when it

involved formation of a maintainable representation, but not
when it required only sensory storage.

It is concluded that.visualization requires general
purpose resources, and that interference between visualization
and perception could be due to competition for these resources,
(Phillips and Christie, 1977b; my italics).

They interpret the findings almost entirely in terms of
competition for general purpose, central-executive-type re-
sources; and these would apply to the current findings.
However, so would the proposals outlined in the short-term
memory heuristic developed in Chapter 4. Simple reading
of single digits (one at a time) in their experiment caused no
significant visual code performance decrement, but holding of
those 5 digits and addition which must presumably involve the
manipulation of lexical and articulatory representations (see
Hitch, 1978; Ellis and Hennelly, 1979; Ellis and Kettle, in
preparation) did interfere. Since this occurred with auditory
digit presentation as well, the competition for CPU resources
does seem the most obvious conclusion. In the present ex-
periment, however, it is shown that processing as many digits
as possible while visualizing does result in a visualization
performance decrement. Is this a result of the digits being
held as lexical/articulatory representations (the lexical
buffer notion) with CPU resource competition similar to that

U

found with the cognitive task of mental addition in the Phillips

and Christie experiment? Or is it a result of the digits
being held as visually encoded representations (the visual
code notion)? The nonsense form stimuli are of similar size

[
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and feature complexity and the digits, and the digit processing
intervening activity thus fits with Phillips and Christie's
visual code interpretation, "when the intervening activity
involved processing patterns'" (digits) 'similar to those being
visualized" (nonsense forms) " the amount of interference
depends upon whether the subject had to form and use represen-
tations that outlined the icon",

So the present findings fit those of former studies.
Unfortunately they fit too well (!) in that they are compatible
with both the notions of a lexical code buffer and that of
a visual code buffer and the main purpose of the present ex-
periment was to differentiate between these options.

If, however, attention is turned to the effect of visual
matching task upon digit processing the picture becomes clearer,
since, in contrast to the digits which can be both visually
and lexically encoded, the visual nonsense forms can only,
presumably, be represented according to their visual represen-
tations.

From the ANOVA on the digit processing data (Table 7:1)
it can be seen that there is a severe decrement in digit pro-
cessing caused by having to perform the visual coding of non-
sense_forms task. It is also apparent (see Table 7:1 and
Fig. 7:8) that the condition x time interaction is insignifi-
cant - having to do the visual coding task causes an 'across
the board' of exposure times digit report decrement of roughly
two items (yes, two items: the number of visual nonsense forms

to be visually encoded; but surely this must be a coincidence).

Storing the nonsense forms in the visual code thus interferes
with processing of visual digits the lack of treatment x time



interaction is consistent with the idea that, in the digit proces-
sing task, the digits are held at some early stage as their visually
encoded representations: if the visual code is preloaded with two
items (nonsense forms) there is then a decre'int in visual code
resource available to the digit processing. Arguments concerning
treatment X time interactions have been formalized in Chow and Mur-
dock (1976): "The Baxt paradigm could be helpful in determining

how memory load affects the rate of readout from iconic memory.

Four alternative ways can be anticipated and they are diagrammati-
cally represented in Fig.l., If visually presented memory load taxes
the visual system or the central processor in a way analogous to
using visual noise in the preexposure field, one would expect that
the onset of the readout process would be delayed when there is
memory load (See Figure 1(a)). If memory load reduces the number of
items which can be read into short-term memory, one would expect that
the recall function would have a lower asymptote when there is memory
load (see Figure 1(b)). If memory load reduces the rate of readout,
one would expect a shallower slope for the recall function when there
is memory load (see Figure 1(c)). Finally, if memory load affects
both the number of items that can be transferred into a short-term
memory store and the rate of readout, one would expect a recall func-
tion like the one in Figure 1(d). To test these four alternatives,
various amounts of memory load were imposed upon the subjects when
they were given the Baxt-type task".
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In a similar fashion, but interpretingraccofding to the
heuristic developed in Chapter 4, the argument runs as fol-
lows: consider interference in memory storage, rather than
'central executive resource', with the following available
storage functions: iconic - visual code - (lexical code -
articulatory code). The lexical and articulatory encoded
representations are bracketed together since, as in Chapter 4,
the interaction between these two representations is considered
to be a useful way of considering verbal short-term memory.

If an interfering treatment affects a stage in the functional
process which is after the preférential 'buffer' functions, it
is to be expected that the initial rate of processing which is
a result of the 'buffer' functions will be relatively unaffec-
ted (see e.g. the effects of articulatory suppression on item
and order processing, Expt. 7a). I1f, however, the interference
treatment affects a function at a stage early in the processing
chain then the limitation in resource should be found at all
exposure times since the treatment interferes with one of the
buffer functions as well. It is this latter result that is
found in the present experiment, and this lends support to the
notion that visual encoding is one function underlying prefer-
ential buffer performance.

Can we be sure, however, that the nonsense form interference
treatment is a result of visual code preload rather than a
more general central executive resource limitation which is a
result of having to visualize, with the nonsense form visualiza-
tion using a system independent of that used in digit processing
(itself perhaps iconic - (lexical code - articulatory code))?
There is certainly abundant evidence to support the idea that
a visual interference treatment has a greater effect upon visual
information processing than interference treatments which in-
volve, presumably, auditory and lexical-articulatory processes.
Thus Merickle (1976) tested probed report of single letters from

s
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centrally fixated, seven letter, target rows presented for

100 ms. The probe cue was either a visually or an auditorily
presented digit which indicated the spatial location of the
to-be-reported letter. Over a series of experiments, report
was always better with the auditory cues. He concludes that
the visual cues produce modality-specific interference which
operates at a level of processing beyond iconic representation.
In the heuristic developed in Chapter 4 the only verbal short-
term memory system which is specific to the visual modality and
which is post iconic is the visual code. It appears, there-
fore,from Merickle's experiments that the analysis of visual
probes requires at least part of the limited information-
processing capacity underlying the storage of information in
the visual code.

In addition to these conclusions Chow and Murdock (1976)
found that memory preloads of either 5 non-verbalizable geo-
metric patterns or 5 alphanumeric stimuli equally affected
alphanumeric processing under masking: the two types of memory
items had the same effect quantitatively as well as qualitative-
ly on slowing the rate of readout from iconic memory. To
rephrase, this suggests that the visually encoded preload for
the geometric patterns has the same effect as the alphanumeric
preload: is this because the alphanumeric preload is similarly
visually encoded? Again the results are consistent with the
notion that visual encoding is a function involved in the
'buffer processes' underlying the fast initial rate of informa-
tion acquisition. '

Relevant also are the experiments which investigate item
and position information processing from visual arrays (den
Heyer and Barrett, 1971; Meudell, 1972; Cumming and Coltheart,
1969; Stainton~Rogers, 1978; seeée review in discussion of
Expt. 7a). In her series of experiments investigating the
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item and position processing contingent/non-contingent debate,
Stainton-Rogers concludes that "item and position are encoded
together in acoustic-verbal form via the recognition buffer"
(lexical representation in the present terminology)'but
additional position reports can be derived from a post-VIS
visual store' (the visual code) (Staihton-Rogers, 1978; my

italics). Whether, however, this post-iconic visual store
can act as a data base for either lexical or articulatory
encoding is unclear from Stainton-Rogers' results - in her
model of STM (Fig.4) whereas VIS (iconic store) and scan/
recognition buffer processes (lexical encoding) are linked . by
thick, firm arrows, as are the VIS and post-iconic visual
store (visual code), the links between post-iconic visual store
and scan and between post-iconic visual store and translator
(articulatory encoding) are more tentative arrows bisected by
question marks. Such, I fear, is the nature of conclusions
from experiments such as these. The present experiment
similarly suggests that visual coding is one of the buffer
processes, but the possibility of visualization competing

for pcentral executive resources' and thus interfering with
digit processing which doesnot use this visual code system
cannot be totally disproved.

To address the visual code buffer model of Coltheart (1972)
more directly, the serial position effects will be considetred.
When a row of eight letters is presented for 100 ms., followed
either by a pattern mask or a blank white field, and subjects
are asked to report as many letters from the row as possible,
performance is worse in the mask condition than in the no-
mask condition. However, Merickle, Coltheart and Lowe (1971)
showed this to be true only for letters near the centre of
the row; the report of the letters at either end of the row
is unaffected by the mask. Merickle et al. (1971), and
Coltheart (1972) suggest thatthis is a result of the ends-of-
the-row items being visually encoded. Further support for

‘ﬂ.



his idea comes from Merickle and Coltheart (1972) who demonstrate
that the end-items are selectively more affected by forwards
masking: the first, preferentially fast rate of information
acquisition is assumed to reflect visual encoding, forwards
masking is assumed to affect more the early processing
functions, the end serial positions are assumed to be selec-
tively processed by the preferential early processing func-
tions. This is certainly evidence that the ends-of-the-row-
items are first processed, but does not prove that this first
process is visual encoding. If, however, the results cf the
present experiment are scored for serial position we can go
some way in evaluating whether the end-items are indeed visu-
ally encoded. Does the visual code preload (the nonsense
forms) selectively affect the processing of the ends-of-the-
array digits, as would be predicted by Coltheart's hypothesis?
The ANOVA (Table 7:2) for the serial position data shows a
significant effect of visual preload (F = 215,2; d.f. 1,415;
P« .001), a significant serial position effect (F = 43.1;

d.f. 6,415; p< .001), but an insignificant serial position by
treatment and interaction which suggests that over all ex-
posure times the visual preload affects the processing of all
digit serial position equally (even so, inspection of the d
scores in Table 7:2 does suggest a trend which accords with the
prediction with the Coltheart (1972) model whereby mid serial
positions 5 and 6 seem less affected by the visual code inter-
ference than are end serial positions). The hypothesis of
Coltheart (1972), however, leads to the more .

specific prediction that it is the end serial positions that
will be more affected at short exposure times when 'visual
encoding' is supposed to be occurring. The three way inter-
action of treatment by serial position by time is relevant,
therefore, and this is indeed significant (F = 2.0; d.f.,
50,415; p<.0l1). If Figure 7:10 is considered there is some
tentative support for this prediction: certainly in comparison
with the other serial positions, serial position 1 is drasti-
cally affected by the visual code interference treatment at
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at the two shortest exposure times, This is shown more

clearly in Figure 7:11 where the proportion correct decrement

as a result of the interference treatment is shown over the

7 serial positions at the shortest exposure times where visual
encoding is speculated to be occurring and the effect at the

200 ms. exposure time is also shown, Some tentative support

for serial position 1, but no support from the other end,

serial position 7. No firm theoretical conclusions can be drawn,
however, from the serial position effects. '

Overall therefore, the results of Expt. 7d lend some
support to the role of visual coding - functions in the 'buffer
processes'. This support is at best tentative, but in the
light of evidence (Phillips and Christie (1977, Chow and
Murdock (1977), Merickle (1976) and Stainton-Rogers (1978)
which is reviewed here, it can certainly be concluded that
the possibility of visual encoding being involved in the
initial assimilation of visual information cannot be discounted.

Finally, with regard to the digit processing data for
the dyslexic and control children of Experimental Chapter 2 .
it can be seen that the functions with and without visual
code interference closely mimic those of control and dyslexic
children respectively (as did the functions with and without
a static memory load, Expt. 7b). This parallel might suggest
a visual code deficiency in dyslexic children, but, in the
light of the follow up experiments (Experimental Chapters 35 4
and 5) which demonstrate adequate visual encoding ability
but deficiencies in the production of lexical referents in these
children, it must be concluded that while one of the processes
underlying the initial rate of information acquisition may well
be visual encoding, lexical encoding is also involved, and it
is a deficiency in this latter function which limits the dyslexic
child's visual information processing ability.
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Experiment 7e

Is articulatory coding involved in Posner tasks where

letter matching is by name?

Abstract

Eight undergraduates were tested on the Posner letter
matching task used with dyslexic and control children in
Expt. 3a. The procedure was modified, however, such that
response was by button press rather than verbal, and the ex-
periment was run both with and without articulatory sup-
pression (A.S.). A.S. had no effect on response latencies for
any of the conditions. It is concluded that the representa-

tions used for letter comparisons by name are non-articulatory.

Introduction

In Expt. 3a, the Posner letter matching task, the dyslexic
children performed at the same speed and accuracy as control
children with letter pairs to be matched according to their
visual characteristics (00, 0Q, OB) but were significantly and
reliably over 100 ms. longer in aljudging letters to be same
of different on the basis of name or lexical features (Gg, Gd,
Gw) . It was concluded that either (i) dyslexic children are
relatively slow at accessing non-articulatory name or lexical
representations of letters, or (ii) they are relatively slow
at accessing articulatory representations of letters. This
indecision of conclusion was a result of a lack of clarity
about whether the internal representations used in letter
matching by name are articulatory or otherwise. This question
is addressed in this experiment with the use of articulatory
auppression which is assumed to prevent articulatory encoding

for visual stimuli (See Expts. 5Sa; 7a; Baddeley and Hitch,

S$2
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1975; Baddeley, Thomson and Buchanan, 1975).

If letter-matching by name utilizes articulatory
representations then either response latencies should increase
on these conditions under A.S. or, alternatively, A.S. will
result in an increased error rate.

Method

The stimuli and method of presentation were identical to
those of Expt. 3a. The method of response was charged from
verbal yes/no to button press yes/no to allow for articulatory
suppreséion. The subject sat before the tachistocsope with
a button in each hand. The 'yes' button was placed in his/her
‘non-dominant hand.

Eight undergraduates served as subjects. They were in-
structed to press the 'yes' button if the letters were the same
and the 'no' button if different, and they were to make their
responses at the fastest rate compatible with low error rates.
Each subject performed under two experimental treatments, viz.
control and + A.S. Four subjects were run under the A.S.
condition first, four under the control condition first.

Each treatment used those 8 practice stimuli and 32 test stimuli
af Expt. 3a. The test stimuli constituted the following pairs:

B, response
8 Visually identical letter pairs 00 'yes'
4 Visually different letter pairs OB 'no'
4 Visually similar letter pairs 0Q 'no'
8 Phonologically identical letter pairs Gg tyes !
4 Phonologically different letter pairs Gw 'no'
4 Phonologically similar letter pairs Gd 'no!'



In the A.S. condition the subject was to whisper the
sequence 'l, 2, 3, 4, 5, 6, 7, 8, 9' cyclically and repeated-
ly at the fastest rate compatible with clarity of pronouncia-
tion starting at the ready signal which preceded each trial
(ready - 1 sec. fixation cross - start timer, 2 sec.
letter pair) and finishing after response production which

stopped the timer.

Results

Mean condition/treatment response latencies can be seen
in Table 7:3. They are shown graphically in Fig.,7:12.
These data were analysed as a 4 factor ANOVA (8 Subjebts X A
Treatments (control, + AS) x 2 Letter pair types (visual,
phonological) x 4 conditions (run 1 identical, run 2 identical
different, similar)) with four replications per condition.
The ANOVA table can be seen in Table 7:4.

The treatments factor is insignificant (F = 0.117; d.f.
1,384), the mean response latency under the control procedure
being 643 MS., that under suppression being 647 ms. The
subjects factor (F = 21.3; d.f. 7,384; p<.01) was signifi-
cant as was the subjects/treatments interaction (F = 6.82,
d.f. 7,384; p<«.0l). The conditions factor was significant
(F = 14,17, d.f. 3,384; p<«.0l), as in Expt.3a the similar
condition produced the longest latency (704 ms.), next were
the different and run 2 same latencies (634 ms. and 638 ms.
respectively); the shortest latency was that of the run 1 same
condition (604 ms.). The letter-pair-type factor was signhifi
cant (F = 60.15; d.f. 1,384; p« .01l), the visual pairs mean
latency being 601 ms., that for the phonological pairs being
689 ms. The condition/letter-pair-type interaction was signi
ficant (F = 4.54, d.f. 3,384; p< .01) such that phonlogical
pairs produced considerably longer response latencies (653 and

L



TABLE 7:3

Mean Treatment/condition Response Latencies in Experiment Te

CONTROL TREATMENT

VISUAL PAIRS PHONOLOGICAL PAIRS
Run 1 Identical 5497 658.1
Run 2 Identical 577.8 T1T.3
Different 609.,L 638.1
Similar 668 .8 725.9
ARTT CULATORY SUPPRESSION TREATMENT
VISUAL PAIRS . PHONOLOGI CAL PALRS
Run 1 Identical 559 .8 647.8
Run 2 Identical 547.1 708 .9
Different 611.0 678.3
Similar 687.6 735.3




TABIR 7:h

ANOVA Table, Experiment Ze

SOURCE OF VARIATION SSq. DF . MSq. F P

TREATMENTS (Control, A.S.) (T) 1898.82 1 1898.82 0.117 NS

SUBJECTS (8) 2419950.6 T 345707 .24 21.30 xx

TS T75217.46 T 110745.35 6.82 %%

CONDITION &R}"%ere 2 éilﬁlil ical, ) (c)] 689583.35 3 229861.11 1k,17 i

TC 30764 ,08 3 10254 .69 0,63 NS

sc 658398 .96 21 31352.33 93 e

TSC 216336.32 21 10301.73 0.63 NS

L}:,'l’TER PAIR Typgorgoioglcal) 976153.78 1 976153.78 60,15 *%

TL 1906.5k4 1 1906.,54 0,12 NS

SL 86511.,87 T 12358 .84 0.76 s

TSL LhoTh .15 T 6296.31 0.39 s

CL 220771.78 3 73590.59 b5k *x

TCL 18021.80 3 6007 .27 0,37 NS

SCL 227137.81 21 10816.09 0.67 NS

TSCL 251453,82 21 11973.99 0.7k s

ERROR 6230971,5 384 16226.L48 -
S
Vo

o



The Effect Of Articulatory Suppression Upon Letter Matching In A Posner Tyve Task.

FIGURE 7:12

R.T

(msec)

7501 S

700

6501

N

control

e-oplus AS.

CONDI TION
VISUALLY IDENTICAL PAIRS
VISUALLY DIFFERENT PAIRS
VISUALLY SIMILAR PAIRS

; FPHONOLOGICALLY IDENTICAL PATIRS

PHONOLOGICALLY DIFFERENT PAIRS
PHONOLOGICALLY SIMILAR PAIRS

35

{



Al
"
ot

713 ms.) than visual pairs (555 and 562 ms.) on runs 1 and 2
same conditions, but only slightly longer response latencies
on the different and similar conditions (phonological pairs
658 and 731 ms. respectively, visual pairs 610 and 678 ms.
réspectively) . There was a significant subjects x conditions
interaction (F = 1.83; «l.f. 21, 3843 p£.01),

No other factors or interactions reached the .05 level
of significance.

Error rates were 6% under the control treatment and 10%
under A.S. These are not significantly different (Wilcoxon
test, N =8, T = 6.5).

Discussion

The discussion of Expt. 3a with regard to the condition
and letter-pair-type factors also applies here.

With regard to the main theme of this experiment, the
treatments factor is insignificant: articulatory suppression
has no significant effect upon response latencies in this task.
The treatemnts/letter-pair-type factor is also insignificant:
there is no hint that A.S. has any more effect on phonological
pair matchng than on visual pair matching performance.

It is concluded that articulatory representations are
used neither in letter matching to visual features nor in letter
matching to name features. Phonological letter pair matching
is carried out using non-articulatory name or lexical repre-
sentations.

Scarborough and Scarborough (1975) performed reaction time

experiments where subjects searched visual displays of one to



three letters for the presence of one or two auditorily
presented target letters. Since implicit speech conditions
(where the subjects named the visual arrays to themselves
prior to lever pressing) showed a function of lever response
times against di5play size of about twice the slope of that
found in the target search conditions, they conclude, as in-
the present experiment, that the memory comparison process in
" this and related (Posner type) tasks does not involve implicit
speech representations: '"The 'name code' in the Posner paradigm
and in the first four sessions of the present experiment does
not involve implicit speech" (op. cit. p.696). They discuss
the representation used in the ''name code" conditions in
terms of Anderson and Bower's (1973) distinction between
the mnemonic representation of a spoken word or symbol and the
concept represented by that symbol. That is the representa-
tion of a letter that is involved in the memory comparison
process may be independent of the way in which the symbol is
presented, i.e., visually or auditorily. This proposed ab-
stract code representing the concept of the symbol and being
intermediate between visual input and vocal report shares all
the properties of the lexical code representation suggested
to be involved in this task both in Expts. 3a and 7e and in
Chapters 3 and 4.

This being the case, we have a problem! Both in Expt.
3a, and in those of Dainoff and Haber (1970) and Dainoff (1970)
there is evidence that acoustic similarity of letter names
has an effect on response times in such tasks: if letter pairs
are presented with different, but similar sounding, names
'(e.g. Gd, Bt), subjects are slower in responding than if the names
of the letters are acoustically dissimilar. However phonemic
similarity effects are supposedly occurring at an articulatory
level (it is the deaf children, who are rated 'good speakers'
or 'articulators', who make the 'acoustic errors' in Conrad's
1570 experiments; Murray (1968) and Estes (1973) have shown
acoustic similarity effects are eliminated if subjects are re-
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quired to count (AS) during presentation of the to-be-remembered
material in span tasks). Contradictions are rife: AS eli-
minates phonemic similarity effects, yet such effects on res-
ponse latency are seen clearly in the pfesent experiment

under AS (Fig. 7:12); the code in question in the name-

matches of the Posner task are non-articulatory yet clear
phonemic similarity effects are seen.

I'm really not sure how one argues one's way out of
this one. It might be suggested that the lexical represen-
tations used in name-matching do show phonological proper-
ties and are subject to some phonemic confusability effects;
or alternatively that AS is not totally efficient in the pre-
vention of implicit speech. If the former hypothesis ap-
plies, it suggests that there is a pre-articulatory phonolo-
gical store which can be directly accessed from visual in-
put. Indeed maybe the 'lexical code' is not as abstract as
we may believe, but rather is more phonological in nature,
our word-knowledge in the lexicon initially having been
acquired auditorily. This idea is incompatible, however,
with the body of evidence for the lexical code's abstract-
ness (e.g. no visual word-length effects under A.S., Baddeley
et al., 1975; no word length effects in lexical decision,
Frederiksen and Krell, 1976) and with the evidence from
the aphasics that the phonology necessary for orthographic
reading cannot be accessed in patients with expressive
speech disorders (Sasanuma and Fujimura, 1971, see Chap.4).

No firm conclusions are proposed therefore, except that
the weight of the evidence suggests that the internal repre-
sentation used in 'name-matching' in Posner-type tasks is ab-
stract, non-articulatory and perhaps lexical in nature. Since
dyslexic children are relatively slow at such tasks (Expt.3a)
and since there is abundant evidence that they are proficient
at articulatory encoding (Experimental Chapter 5) there are
thus further grounds for believing that they are deficient in
creating, manipulating or comparing lexical representations.



CONCLUSICNS

The experiments detailed in this chapter investigate
the interactions between those functions involved in visual
information processing and short-term memory.

Expt. 7a demonstrates that articulatory encoding is not
involved in symbol array processing for item information when
retention intervals are short, Order information, however,
seems optimally to involve articulatory encoding. A view of
partially non-contingent item and order processing and short-
term retention is thus suggested.

Expt. 7b demonstrates a reduction in the amount of pro-
cessing of visual information when a static verbal memory load
has to be retained in short-term memory.

This is shown not to be the case in Expt. 7c when the
preload is concurrently articulated. It is thus suggested
that verbal memory preloads and the visual processing of
verbal information compete primarily for storage rather than
central processing resource. This storage competition is

suggested to occur at a level of lexical representations.

The results of Expt. 7d show that a non-verbal visual
preload can interfere with the visual information processing
of verbal material. Although the results might be a result
of competition for central processing resource, they are again
more consistent with the notion of the two tasks competing for
storage. This storage competition is suggested to occur at a
level of post-iconic visual representations.

It is thus demonstrated that visual information processing,
the rate of readout form iconic memory, can be interfered with
by prempting visual or lexical storage resource but not articu-
latory storage resource. It is suggested, therefore, that



the 'buffer processes' underlying the initial fast rate of
information acquisition for verbal material involves both
post-iconic visual and lexical functions. This is considered
far from surprising. The functions which interface the iconic
representation of a visually presented verbal stimulus and

its articulatory representation must surely include a pattern
recognition stage where the visual representations are

analysed (logogen or LLL activation), and; as a result, the
acceSsing of non-articulatory name or lexical representations.

In Expt. 7e it is concluded that the name representations
used in letter pair comparison by name characteristics in
Posner type tasks are non-articulatory or lexical.

Since there is considerable evidence of visual informa-
tion processing and working membry competing for storage re-
soﬁrce, the view of Baddeley and Hitch (1974) of working
memory as a highly flexible limited -capacity system having
both storage and executive capabilities is adopted.
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'I can't read and I can't write

And I don't know my left from right

I can't tell if the sun's gonna shine
And I don't know if you'll ever be mine

But I'll make love to you any old time'.

J.J. Cale, 1979,





