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ABSTRACT

Six separate experiments were undertaken to test the
hypothesis that poor readers in first, second, and third grade would
have more difficulty with simple perceptual discriminations than
would good readers in the same grades. Various tasks were used in the
experiments, including discrimination of line orientations, checking
letters in three-letter words against a fourth letter, discrimination
of letter pairs occurring in various contexts, auditory-visuai
integration, and letter matching and word-to-picture matching under
different cueing conditions. Results in general indicated that
differences between good and poor readers at these grades lie in the
reaction times required to perform the discriminations, and sometimes
the patterns across various tasks, rather than in error rates. It was
hypothesized that proficient processing reaches an asymptotically
equal reaction time for simple, well-rehearsed discriminations, but
that poor readers even by third grade have not reached this level.
(Author/AAR) .
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The six experiments reported here are aimed at demcnstrating in children
from Grades 1, 2, and 3 that those designated by their teachers as being
"poor" readers show considerably more difficulty with simple parcéptual
discriminations than do "good" readers. This greater difficulty is not
reflected in differences between the two groups in their error rates, but
rather in the general level, and sometimes the patterns across various tasks,
of the reaction times required *o perform the discriminations.

Experiment 1 examined reaction times in three tasks where line orientations
were to be discriminated. First, second, and third grade good, medium, and
poor readers were compared to college-level readers on the tasks. For the
éh;ldfen, task and grade produced significant main effects, but reading
level did not. Task produced a significant main effect for college-level
readers. The pattern of latencies acorss the three h:ze!dlscrmmtmn tasks
was not clear, although the task requiring discrimination of two lines slanted
to the right at two different angles was most difficult for all subjects.

Experiment 2 ccmpafedthe reaction times of good and poor readers to a
three-letter word and its component letters in a paradigm which required
checking each letter against a "catch" letter. Poor readers were significantly
slower than good readers, ard there were also main effects for grade and
task. Two simple processing models’ predictions were compared to the
observed reaction t:mes, and it was concluded that both good and poor readers |
show, with increase in grade, reaction times increasingly close to those
predicted by the model hypothesizing parallel processing of the letters when
grouped into a word.



Experiment 3 compared good and poor readers', again from Grades 1, 2, and

3, reaction times to discriminate letter pairs occurring either by themselves (a),

in the context of a W:srﬂ (b), or in a word appearing in a phrase (c). In
view of the difficulty first grade poor readers showed with the three-letter
word in Experiment 2, it was hypothesized in Experiment 3 t}ati%m grade
poor readers would show long reaction times when the letters appeared in
contexts (b) and (e¢), but that no other children would show similar "context
inhibition." On the three letter-pairs tested, both first grade good and first
grade poor readers showed context inhibition. Overall, poor readers were
slower than good readers. In the analysis pooling reaction times across the
three 1&ﬁ:er—pa;r.—:., only first grade poor readers showed context inhibition.

Experiment 4 compared the reaction times of good and poor readers to a
simple auditory-visual integration task, in which a button press was
required if the letter presented auditorily matched that presented visually.
Although error rates for good and poor readers were approximately equal,
poor readers were mich slower than good readers, and the differences, in fact,
in the two groups increased across grade. In addition, both second and third
grade poor readers were slower on this simplest of tasks than were first
grade poor readers.

Experiment 5 compared first through third grade good and poor
readers' reaction times to match letters and to match a line drawing with a
word when cued correctly for the tasks, and when cued for one of the tasks,
but presented with the other. There were significant main effects for
reading level, grade, and task, and a significant interaction between task
and reading level. Poor readers were only slightly slower than good readers

on the letter-matching tasks, but much slower than good readers on the word-
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picture mtc’lung task. The differences were greatest between first grade
Experiment 6 was a replication and expansion of Experiment 1. Five
additional line-orientation pairs were added to the original three in order
to further compare relative difficulty of discriminating horizomtal, vertical,
and slanted lines. First through third grade good and poor readers and college-
level readers were compared. College-level readers showed much smaller latencies
than good readers, and good readers were faster than poor readers. In com-
tended to show fairly equal latencies, except in the task requiring discrim-
ination between two lines slanted in the same direction at slightly different
slopes. (This task é.lsci: produced the slowest reaction times in Experiment 1.)
Poor readers, on the other hand, showed large and variable differences in
latencies across the eight tasks. It was hypothesized that the latter difference
lends support to the hypothesis that proficient processing reaches an as@tstmaﬂy
equal reaction time for simple, well-rehearsed discriminations, but that poor

readers even by third grade are far from reaching this level. .



Introduction to the Experiments

Th~ experiments reported here were designed for ﬁac: general purposes.
One was to demonstrate that there are significant differences in Vﬁie way good
and poor readers process simple perceptual discriminations. It was expected
that these dlfféren:as would be reflected in the fact that the perceptual
tasks presented to the children would be differentially difficult for them,
depending upon whether they were good or poor readers. The differences were
hypothesized to be other than just those whereip third grade poor readers
show different react;m time patterns from third @ade good readers but that

latter finding would support a "developmental lag" hypothesis without giving
any indication that poor readers were learning any different processing pro-
cedures than good readers. Only in Experiment 6 was there, however, the
kind of pattern difference shown, and it could, of course, be argued that
if older poor readers were tested, fhe pattern difference would d;sappear
The second main pm‘pﬁse of the present studies was to demonstrate clearly
that poor readers perform less well than good readers on even the simplest
perceptual discriminations. Sn::-pﬂsmgly, Pt:!:fr‘ readers have often been
shown to perform equally as well as good readers on such sinple tasks (e.g.,
Biack, 1973; Leslie and Calfee, 1971). The results of each of the six
studies reported here show s:gmf;eant differences in good and poor readers
in grades one through three. The important point to note is that in nearly
all the Studies, the error rates do not discriminate between good and poor
readers. The differences appear only in the reaction times. Apparently,
then, reaction times are often a preferable measure to error rates, since

they continue to reflect differences in good and p@ readers, past the time
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that they are indexed by error rates.

The im > of speed in performing simple perceptual discriminations

Posner and Snyder, 1974), in information-processing are currently examining
the role of automaticity in processing. They generally define automaticity
as the ability to perform a perceptual discrimination with little or no
conscious attention to it. A main index of automaticity is speed. Clearly,
automaticity in processing many and various kinds of information is necessary
in efficient reading. The studies reported here all seem to indicate that
good readers are making much greater progress toward maximal speed on simple
discriminations than are poor readers, even on tasks so simple as discrimina-
ting line orientation, and in children as old as third graders.

The present reaction time results then, can be argued to support the
position that remedial reading classes should spend considerable time on
simple perceptual discriminations. But not just accuracy should be stressed
(Samuels, 1973). Instead, the goal on these tasks should be toward "over-

learning" on the part of poor readers. They should be able to make dis-
criminations accurately but also at a speed equivalent to that shown by
good readers. In fact, it does not seem unreasonable to suggest moving
toward measurement of reaction times on practice tasks in remedial classes.

Such a procedure could be easily and cheaply accamplished. In light of

highly warranted.
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Experiment 1

Discriminative Processing of Line

Orientation by Good and Poor Readers
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Gibson (1965) has emphasized the importance of analyzing distinctive
features as a key to good reading. LaBerge (1973) and Samuels (1973) have
suggested that Eff;LtZlEITt reading requires not only the ability to use
distinctive features, but further, an ability to analyze distinctive
features automatically, autamaticity being defined as that process which
does not require consciocus attention during the time it is being carried cut.

In acquisition of skills in analyzing distinctive features, "efficiéncy"
in processing should show at least three major theoretical characteristics.
First, analysis must take a very small amount of time. Second, a discrimi-
nation should use the smallest number of features logically necessary to
characterize the difference. And third, a consistent rather than variable
,strategy should be used.

Numercus recent studies suggest that children who have reading difficulties
but who have no apparent sensory or motor dysfunctions may have problems in
basic perceptual processing functions. For example, Edelstein (1971) showed
that better readers exhibit more accurate perception of time than poor readers,
and suggested that time processing is important in such aspects of reading
as perceived sequential arrangements of words and regulating fixation
pauses during reading. Reilly (1971) demonstrated in children Grade 1
through 4 that auditory-visual integration is s;gnlf;caﬂtly correlated with
reading level. Noland and Schuldt (1971), showed that retarded readers
exhibited less accurate vigilance behavior than did normal readers:’: Spring
(1971) demonstrated differences in the speec of "central processing" of
letters by good and poor readers. What these and other similar data
suggest is that many children with reading difficulties may actually be

using perceptual processing modes that are less efficient in terms of both
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speed and accuracy, than modes used by normal readers. Is it possible to
demonstrate that poor readers show deficits in perceptual discriminations
requiring seemingly the simplest kinds of analysis of distinctive fer *ures?

To test this possibility, the present study focuses on a set of distine-
tive features that has proved itself to be of theoretical importance in at
least three disparate areas of psychological research. That set of distine-
tive features includes those involved in orientation, in its simplest form,
the slant of lines. Perception of slant has been of importance in physio-
1§giéal and camparative psychology, in perceptual development, and in
cognitive development.

In the tradition of Hubel and Wiesel (1959) and Lettvin, Maturana,
McCulloch and Pitts (1959) it has become clear that there exist neural cells
differentially sensitive to orientation. In the cortex of kittens (Pettigrew,

Nikara and Bishop, 1988) there_ is ev;deme tl’at cells respans;ve to vertical

and hc:sngﬁtal orientations are, in fa::t, more rumerous than cells responsive

to other crlantatiens; There is behavioral evidence in s
species that certain orientations are easier to discriminat

For example, Sutherland (1957) demonstrated that octopi can handle verftlcal—
F@ri_;ontal discriminations, but not diagonal ones. In humans, Goldstein
(1967, 1968) showed that in stabilized Vimagesfﬁ diagonal lines are more

likely to disappear than are horizontal or vertical lines. Wade (1972)

showed that although there were no differences in fading in diagonals,
verticals, and horizontals m:mcularly, there was more fading binocularly

of diagonals. Essentially, then, there is a suggestion fram the physiological
and comparative literature of organismic advantage in dealing with vertical
and horizontal orientations, and relative disadvantage for slanted orien-

tations.




T - deve lopment al- perce] ptlénstu:llesthere .re are.similar_findings..

and Teuber (1963) s}med very 111‘:1% difficulty vzith discriminations between

e

‘horizontal and vertical lines mc:m,lch"an 3 to 8 years old. But discriminating
tremely difficult for 3-,

, 4=, and 5-year olds, becoming easier for 6-, 7-, and 8-year olds. Olson (1970)
in an extensive study of ability to deal with diagonality showed that even when
children aged 4 and 5 could discriminate diagonal lines, they gaier\ally could
not reproduce a diagonal pattern of checkers on a checkerboard. Strayer and
Ames (1972) demonstrated that although children had especial difficulty
matching diagonally oriemted shapes, with practice which en:cmraged attertion
to orientation, marked improvement was shown in drewing geometric figures
containing diagonals, i.e., a rhombus, and diamond. Interestingly enough,
McGurk (1972) was able to show that infants as young as six months can dis-
criminate orientation of lines. He suggests that it may.be an adaptive
strategy for object and shape constancy, for the infant to attend more to
identity between different crientati@ns of forms and leave orientation

\ differences themselves relatively unatfaﬁed. L

The problem of slarmt perception stf'e‘tches also into the study of devele
opmental cognition. Actually, as Olson (1970) andc:thers point out, percep-
tual and cognitive processes are probably part of a continuing analytic
process, and the distinction is maintained largely for pragmatic reasons.

Mackay, Brazendale, and W:.lscn (1972), in examining conservation tasks,

or verticals apprc:pr:.atély lagely depand on the "é;.ff:.cl.zlﬁr“ of the situation
in which ecnservatmn must be carrled out. Beilin, Kagan, and Rabinowitz (1955)
had p’ﬁ’zv;cusly a;ggested the same ]-:I.nd cf notion, but had placed more s@haas

on conceptual abilities than on perceptual ones.




of distinctive feature to examine. If it is assumed that poor readers are
poor, at least partially because they lack efficiency in analyzing distinctive
features, will it be the case that even with an elementary feature like orien-
tation of line, they will show either slower processing or evidence of a mode
of processing different from that of good readers? Probably by early grade
school, there will no longer be accuracy differences in discrimination of |
orientation, but there may exist latency differences and, for that reason,
reaction times were examined in the present study.

Specifically, three orientation tasks were examined. Task 1 required a
button-press response to a line tilted 30 degrees to tl'na right (30R), and no
response ‘tc a line tilted 45 degrees to the right (45R) (the catch stimalus).
Task 2, EI'KZMH by Rudel and Teuber' (1963) to be the most difficult one of
those which combines }prizmtéls, verticals, and diageonals, required a
button-press to 45R , and a vertical line was the catch stimulus. In Task
3, the response was to be made to a 1ine tilted 45 degrees to the left (45L)
and a line tilted 45R was the catch stimulus.

Theoretical Predictions

The theory under which predictions are mﬁe conbines Gibson's (1965)
notion of perceptual differentiation into distinctive featm‘es with the
assxj@tmn that processing Elzrateg;.es go ;n a pafsmsmms direction tawaﬂ
use of the smallest mumber of distinctive features r;eaassay to make a '

correct choice. In Task 2 of the present experinent, 30R vs. vertical,
one feature ("slanted") is sufficiemt. In Task 3, "slanted to the left"”
(the top of the line) vs. “slarﬂfed to the right" is'a suff‘;c:.ertt feature.

Task 1 is clearly more difficult, at least in terms of a semantic description

14
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thlch as pcmted out by Dlsan (19'70) may well reﬂect perceptual distinctions. |
The go gtn.rm;lus is at a “le,ss acute slantﬂ " _In Gthe.r' mrds, p;:bably at . 7
least two features, "slant" and "less acute" must be distinguished. Predictions
are then, that Task 1 will show the slowest latency, Task 2 and 3 being faster.
Tf it is the case that verticals are easier for the human perceptual system to
handle than are diagonals, then the vertical catch stimulus in Task 2 should
make it an easier discrimination than that in Task 3. Ca*tamly good readers
and adults should show the predicted pattern. Poor and "medium" readers are
expected to show variation in patterns, a finding which would indicate they

have not established optimal strategies for dealing with even such elementary
distinctive features as orientation of line.

Subjects

Three groups of children were selected from each of Grades 1 through 3.
designated as "readers with severe dlfflcultles" (poor), "readers with non-
severe difficulties" (medium), and "advanced readers" (good). The designations
were made for the school reading program on the basis of teachers' ratings. |
'In addition, five college students with no known read;.ng deficit were run on
Tasks 1-3. |
Materlals and Appar\ams

The stmulus lines for the three tasks were presented by readout
tubes-with 2" x 2" screens. Preceding the stimilus line by 500 msec was

a circle flashed on the screen. Thech;ldresparﬂedtaasmglel:uﬁaﬁs

"

vertical. Onset of the line st;m;lus in the screen mt;ate:l ocnset of a

Standard Electric timer. The button press fram the child produced a

15



13-

o _stimilus_offset_and_stopping of the timer, Qiﬂer of go ard catch s‘Emul:.L vas -

controlled by hand by E who sat beside the child. Response times were recorded
manually from the timer and ‘the timer was reset before each trial.

Experimental Design

Each S was given all three tasks, with the order of task presentation
counterbalanced across subjects. Each of the younger S's received 25 trials
of each task, 17 "go" trials and 8 "catch" trials. College S's were given

on each of the three tasks 15 "go" trials, and 10 “catch" trials.

~ Each S was run individually. Each § sat 2 feet in front of the screen -
and was instructed to keep his index finger on the response key at all times.
All three tasks were run at one sitting. Before the tasks were begun S
received 20 trials of practice on & horizontal (go) vs. vertical (catch)
discrimination. Also, before each task, E showed S the two different lines
that would be used, explained which one he should respond to, and ran five
additional practice trials on that task to ensure that S understood the task.
No Ss were eliminated for lack of ability to perform the task. Child 58 were
run in a quiet room in the elaneﬂta:cy school. College Ss were run in a
1ab room in the University psychology department. All Ss were instructed
to respond as fast and as accurately as possible.
Results

The results of the analysis of variance fer the ch:l@al's data is shown

in Table 1. -There are significant main effects for grade and task The results
of an analysis of varlance on the college students' data are shown in Table 2.

As can be seen, tas}cagampmdueesas;@ﬁmaﬁt effest. ‘
Table 3 allows camparison of mean reaction _»tmes for each reading level

_in each grade, pooled over the three tasks. There is little difference in the
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reaction times in the three groups for Grades 1 and 2, but in Grade 3, the good

readers are considerably fasfer than the ned:mm ar pacr' rfeadarsi Adults were -

faster than all children. Grade 3 good readers came closest to adult mean

latency. |
Figure 1 allows comparison of the pattern of pooled latercies across

the three tasks in each grade and reading level, as well as the pattern of

latencies across the three tasks for the adult Ss.

As predicted, good readers and college students were slower than on Task 1
and, except for Grade 2, were slowest on Task 3. Although this same pattern

held for poor readers, Grade 2, the latency patterns across the three tasks

were somewhat different for the remaining groups. Also, instead of showing
decreased latencies with each mx:::ease in grade, as was expected, medium and
poor readers showed slowed latencies in Grade 3.

The probabilities of an error are given in Table 4. Medium readers
appeared to make slightly more errors than good or poor readers. College
students made many fewer errors than any of the children.

Discussion |

Counter to predictions, poor and medium readers are not slower in
responding except in Grade 3. In Grade 3, in fact, medium and poor readers
showed alower reaction times than the:,:e counterparts in Grade 2. This is
surprising, especially in view of the seeming simplicity of all three iiﬁéi :
discrin tlcsn tasks.

In terms of relative difficulty of the three tasks, only the good

readers in Grades laiﬂs,arﬁthepaarreaders in Grade 2.show the predicted

pattern. The reason or reasons far the variety of other patterns of latencies

across the three tasks is not clear. Looking at response patterns from individual
' , B

=%
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__Ss only middies the picture. Task 1 does, for nearly all children and college

students appear the most difficult task. The relative difficulty, however, of

The present study does allow several interesting generalizations to be

made. First, as suggested by LaBerge (1973) and Samuels (1973), even after

_ the child has learned to use simple distinctive features, he continues to

move toward faster, and presumably more efficient processing of those features.
By college age, there is considerably more speed on these simple tasks than has
been attained by good readers in Grade 3. Whether the same sﬂategy is being
used by the children and college stﬁdents ard the camponents getting faster,
or whether the strategy actually changes, is unclear from the present data.
Second, there is a clear drop in speed on these very simple orientation
discriminations for Grade 3 medium and poor readers. Although one would
expect these children to make slower progress toward "automaticity" or at
least great efficiency with distinctive featmgs, it is surprising to see

that they seem actually to lose ground.
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TABLE 1

Summary of Analysis of Variance for the

Grade x Reading Level x Task Interaction (Grade School Children)

Source

L x T
G x T
L x G x T

rror (b)

Between _hs . -
Levels 2 .1327 1.90
Grade 2 .3656 5.24*
LxG L .0912 1.31
lerror (a) 37 .0697
_Mithin _ 92z — —
Tasks .1088 25.30%%

.52
.88
1.65

* significant at .01 level

%% significant at .00l e
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TABLE 2
Summary of Analysis of Variance
for the College Students
Source i} _ df _ M __F
- Between groups 2 26306.0 7.58%
Within groups 12 3468.3

* significant at .01

level




Grade

Adults

TABLE 3

Mean Latencies (msec.) for Children
and College Students, Pooled Across Tasks

W,Egad'ffr — Med lum Poor
695 737 713
257 781 809
443 - -

.20 -



TABLE 4

Mean Probability of an Error
for Children and College Students

Reading Level

21

Good Readers Medium Readers -
Tasks | tasks S —

Grade

College
Students

-Gz
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Flgure 1: Mean latencies for college-level readers, and for grade school level readers as

a functlon of grade, task, and reading group
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Reaction Times of Good and Poor Readers
to a Word ard its Component letters
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The study reported here is part of a series aimed at dete:mmmg
whether poor readers use information-processing strategies demonstrably
different fram those of good readers. E.J. Gibson suggests (1965) that
in learning to read, ﬁ-i:c:f the most- important initial steps are:

(1) learning to discriminate the dl,stmctlve features of letters, and

(2) learning to discriminate the distinctive features of vt:rds Both

of these abilities c:learly involve basic kinds of perceptual processing,

and it is toward these basic processing activities that the present research
is aimed. Whether slow readers have trouble processing distinctive

features of letters seems to depend on what kind of task must be per-

famed on the letters. Katz and Wicklund (1971) showed, for aﬁmple, that

Spring (1971), however, showed that in matching capital letters, slow
readers are slower than fast readers.

A question related to that of reaction times to single letters concerns
what happens to the perceptual processing mechanisms of slow readers when
letters are put together into words. Without taking a position on whether
letters are identified by matching templates or by matching distinctive
features, there are three logically p:ssiblé temporal alternatives for
carrying out the processing of the word. It must be noted, however, that
there exists a limitation to these three possibilities only when a
situation is anwanged 50 that it is necessafy to check eaah letter before
deciding what the word is. Altermative 1 is where the reader checks each
letter in turn (Pure Serdal). Altermative 2 allows discrimination of the
letters to go on sirrultanesusly, but suggests that the heg;nnmg processing
of each letter must occur serially (Sequential Start Parallel). Alterrat;ve
'3 is where the reader checks all .1etters similtanecusly (Pure Parallel).
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(Tt should also be noted that the sequential start parallel model makes empirical
predictions about reaction times that are not differentiable from a model that

slightly expanded.)
If a three-letter word is processed serially, processing reaction time
should equal the summation of reaction times to each individual letter,
minus motor time, plus cne motor time component. A reasonable estimate for
the motor time in a simple reaction time is 200 msec. If a word is
processed in a pure parallel way, the reaction time required to process it
should equal the latency required to do the most difficult letter. The
Sequential Start Parallel model predicts that the latency to process the mrri
will be greater than the latency of the slowest letter and less than the serial
processing latency. 7
The goal of the present experiment is threefold. First, it seeks to
discriminate which of the above three models of word processing are being
used by good and poor readers. Se@nd, it seeks to determine whether, in
a diserimination task, slow readers will perform more slowly on letter
stimili than good readers. Third, it seeks to determine whether poor
readers show more difficulty in discriminating words than do good readers,
once relative performance on letter stimuli is aantmged, To make
these three determinations, a word is used as the "go" stimulus, and
six "eatch" stimuli ;wa:ﬂs:mly d:.st;‘;mted into the trials force the
child to check every letter position before issuing a response. Then
individual letter discriminations are made between the component letters
of the go word and the appropriate catch letters. In this way the

relationship between latencies to processing single componert letters,

29
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latencies to process whole words, and the relationships between those
latencies cai, be compared for good and poor readers. If slow readers
show a difference between single-letter and whole-word processing that
is equal to fast readers, there is indication that their problem with
words lies primarily with individual letters. If, however, the
tﬂlfféren:E between single-letter and whole-word processing is greater
for slow than for fast readers, there is indication that for the slow
reader, a problem lies both in discriminating the distinctive features

of letters and in discriminating the distinctive features of the word.

' To examine the hypothesis, latencies to the word "fun" (with catch
stimulus words "bun," "fan," and "fur") were compared to latencies to the
component individual letters ("f" with "b" as the catch stimulus, "u" with
"a" as the catch, and "n" with "r" as the catch). The order of presentaiton
the four tasks was counterbalanced across subjects.

Each subject received 20 trials on the word task, including 6
each including three catch trials. If a child made more than two errors

in the wt;-rd task or more than c:ne e::mr- m the s:.ngle—letl;er tas}c, that

i
4

task was completely repeated at a later- time. The order of the tr;.als

in the tasks was randamized.

Su;::j ects
“'Students had been previously rated by their teachers as being poor,
medium, or good readers. Five gacd and five poor readers from each of Grades
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1, 2, and 3 were then randomly selected from the pool provided by the teachers'

Slides of typed stimulus words and letters were made and projected omto a
back-lighted screen in fromt of the subject. A tachistoscopic shutter in front
of the projector controlled stimulus onset and offset. On each trial the slide

tray was manually changed. A button-press by the experimenter initiated virtuall

similtaneous opening of the tachistoscopic shutter and starting of a Standard

Electric Millisecond timer. S
‘l'he subjects sat approximately 30 mm frt:fn the screen, the stimuli

distending a visual angle of approximately 1.4 degrees. A response hutton was

located immediately in fromt of the subject. Pressing the response

batton both closed the shutter and stopped the clock. The clock time

was recorded manually by the experimenter, and then reset.

Each subject was tested individually in a quiet room in the school. Subjects
were instructed to keep their index and middle fingers on the response button at
all times. N~ trial was started until the Subject was fixating that part of the
screen in which the stimulus would occur. All four tasks were tested at one
sitting, unless the error rates required additional testing. Before each task,
words or letters which were catches. Then on all four tasks the subject was
given five practice trials. If the subject still segmed confused, addi-
tional practice trials were given. No subjects were elmnateﬂ for lack:

of ability to perform the tasks.

Results
False alarm error rates are shown in Table 1. " As can be seen, poor readers

o . ) 91 I
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larger mmber of blocks of trials which had to be retested because initial

error rates were unaccept
good and poor readers does mtpaseapmblanﬁz interpretation of the
reaction times, since on all tasks, poor readers are slower. The effects

of their slightly higher error rates can be taken into account simply
byassmmgﬁﬁqrreactmntmastabesﬁnewmth;gherﬂanﬂaeyappe@,
mwcﬂymmﬁfmmﬂﬁrlatmesaﬂﬂmse

of the good readers.

N';[he comparisons of reaction times for the good and the poor readers,
Grades 1, 2, and 3, for the four tasks ame shown in Figure 1. As shown in
the analysis of variance sumerized in Table 2, there are significant main: -
effects for reading level, grade, and task The good readers at all grades
are faster on all four tasks. |

As can be seern in Table 3, predictions for the word-task r!aaﬁ:ﬁc:n
times are much closer for the parallel than for the serial model. It is
not possible ta distinguish between the serial-start and the para]lel m::del,
since the former does not make qua;tlfled predictions w:,tlﬁut further
elaboration. Two points are, mnetrgless,, mﬁaﬁt to make. The first
is that the differences between the observed latencies and those predicted
by the par\aij.el model decrease across grades for both reading levels.

Th;s wauld have tc 1;1@13; thaf lf sequerrtlalﬁgtart pmeessmg is c:peratmg,
the start-times must be closer together in the higher grades. A secord
ant aspect of the data is the vaf-;at;an in differences between

observed reaction time in the word task and the parallel prediction as a
function of reading level. The poor readers are much slower on the word-task
as compared to the letter-tasks than the fast readers are. This pattern is
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reflected not only in the pooled latencies, but is repeated at the individual
level in 73 percent of the poor readers and 73 percent of the good readers.

The fact that third grade poor readers average longer reaction times

level, but results from one third grade subject who produced extraordinarily

long latencies on all four tasks. As can be seen in Figure 1, elimination
of that subject puts the third grade poor readers at a level approximately
equivalent to that of the second grade poor readers.

The most striking aspect of the data reported here is the fact that
poor readers at all grades perform so much more slawlyﬂ'nangmd:eaﬂers -
_in spite of the seemingly simple nature of the tasks. It is unconvineing
to argue that the performance differences can be attributed to motivational
differences. All children were reported to be excited about being taken
out of the classroom, and since the tasks took up only a short period of
time, all children were able to sustain interest and enthusiasm about
"playing the game." When even under high motivational levels and with
a very. simple task, poor reader performance is so much slower, it is not
at all surprising that the lag is so great at the much more camplex level

of actual fluent reading.
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Table 1
Mean Probability of a False Alarm

Error for Each of the Four Tasks

Word letter 1 Letter 2
Grade (fun) (£

1 L L17(2) .13 .20(2) .20
2 .13(2) .13 .20(1) .27
3 .17 .07 .00 .00(1)

Note. The numbers in parentheses refer to the mmber of blocks which were

retested because of unacceptably high error rates.

\w‘
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Table 2

Reading level 1 499746 9.32°

=

Grade 2 331688 6.19
Reading level X Grade 2 51991.3 .97

Error (a) o 53606.1

Within 90

Tasks 3 66186.2 10.4
Level X tasks 3 16926.3 2.66
Grade X tasks 6 15755.9 2.u8
level X grade X tasks 6 21589.9 3.39

Error (b) 72 6365.8

N ey

lSignificant at p<.01

2Significant at p<.001
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Table 3: Predicted and Observed

Reaction Times for the Word-Task

. ___Predictions i} _Observed B -
Grade Pure Parallel Pure Serial _ . _ _
Good readers
1 722 1766 783
2 619 1456 683
3 . 551 1252 586
Poor readers

1 808 2024 1105
2 663 1598 746

3 754 1803 783

317




FIGRE 1: REACTION TIMES OF GOGD AND POOR READERS TO THE HORD AND LETTER TASKS
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Experiment 3

letters and Letters BEmnbedded in Words or Sentences

40




The Presant study is part of a series exami paftérns cf3': dlf‘ferences

per-fmrances on simple discrimination tasks by good and p@ar' Teaders
' 'That ther-e are clear differences was sh:xm in tasks requjrlng d:.fferentlal

response té l;nes at various orientations (Tlﬂrsan, 19‘74&) tasks requ:r:ng

: 'dlfferentlal response to smple letters or tc:x words (;"LTDfscn, 19741:) In :

all three ]g:xds of tasks, poor feaders E‘Ea’f?t out an:l remain slcwér‘ in c::ver—

all 1atencms than g@cd f-eaders In the lmﬁcrlentatmn task, althc:ugh
it was expected that the smple nat:l:'e of the task m:uld pl‘ﬁduc% no
d;fferances in latencies across tasks, poor r'eaders varied geatly for
the various line pairs they had to dlstlngulsh. Gt::ad readers varlad some, '
but to a lesser degree. Adults sh::wed no 1atency chjferen:és across the
tasks excep‘t fc:r the line pair tilted in the same d;rectmn, one 145 degrees,
the other 30 degrees. Line orientation, basic to so much of the visual dis~-
- epimination-that must-go on in reading, seems.to beautcmat:.t:fcrgcad |
readers and adults, and each dis@iﬂﬁﬁaﬁic:n gées on in the same pemod of
- time. Even third-grade poor readers, however, have not reached such a
response level. |

Tn the switching study, first grade pecr r@dersare much slower in
lTEIEhJIlg both letters and words with plctures QDI‘T‘ESPCJﬂdlﬂg to the words.

' Second and third grade poor readers are arﬂ.y slightly slower on the le-tta‘-a

. matching . than their good-reader cohorts, but raraj:l nuch slower m natch:mg o

words w:.th PlctLE‘ESi Havmg to switch from pr'el:ar\atl@n fcvr one - fas}c to per-
~ formance of the other led to much greater response det:fETEnt for the poor
readers compared to g@@d f-eadaﬁs, only for f;rst—gada pcar reade:s and an]g

on the 1€ttaﬁ—natcﬂﬂrng task. Ha-e, again, then, psar' feada-s do not pa"fcm

4i
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switching between tasks which intuitively seems more diffic:ult did not cause
the problems that were expected for the p@ar readers.

In the study camparing latencies in tasks requiring discrimination of
three letter words, and their component letters, good readers showed latencies
to the word that were nearly as short as latencieé to the single component
letters at Grades 1, 2, and 3. Poor readers, only slightly slower on letter-
discrimination responses, showed, at least in Grade 1, a large differential
between single-letter and word-discrimination latencies. This would seem
to indicate that at least initially, poor readers havé great difficulty in
discriminations when letters are put together into words.

The findings discussed above indicate that poor readers do produce
slower discriminatory responses to simple stimuli than do good readers. Is

the reading deficits of poor

readers? Samuels' (1973) analysis of the technology of reading suggests

- that in learning to read, "accuracy (of simple discriminations) is not

enough. The student must go beyond accuracy,. to the level é§~-‘autafa’ci;ity,
a level in which an éccufaté response can be given with little conscious
effort." Although Samuels does not car@letéiy define automaticity, he does
specify that its main index is speed. Other researchers (e.g., laBerge,
1973; Posner and Snyder, 1973; Posner and Snyder, 1974) suggest that auto-
maticity (or "automatic activatian"prﬂeesses") occurs when processing goes
any other P@E?Sﬁgf

'The study reported here is designed to arxaly;ze more closely whether
the slower speed of responding shown by poor readers can be attributed to
lack of automaticity. The task used is similar, though not equivalent to
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. that used by Re_eher' (1969), Wheeler (1970), and Krueger '(ié?’ﬂ)—ali of whom
presented gubjer;:ts tac}astascapmally with s *mgle le.:ters letters anbédded
in words or pseudowords and asked them to identify the letters. Ir_x R%lt:hér s
(1969) study, whose results were typical of all the studies, it was found
that the letters were idéntified correctly on 64 percent of the’ ﬁ!iéls, when
presented s:;ngy, and on 73 percent of the trials when preseﬁted in wcrﬁs

The finding of single letter ldentlflcatmn be::lg aided by its Placement
in a word is referred to as context facilitation. The mpl;eaticn is-that oﬂaer _

kinds of simultaneous pr@cessiﬁg that go on in words facfilitate ‘Eﬁé 1&1:!:%::- '

Thompson and Massaro (1973) told subjects before stimilus presentatmn which

of two letters they would have to decide between and thereby eliminated the
‘word-facilitation. They argued convincingly that this result demonstrates

that context-facilitation results fram the redundancy of information available '
in words. This then is further confirmation that asking subjects to d;s@mnaté
" letters in mf-ds is p:t:duc:;ng a task whéréin"autaétie processing-of -at least
txm sets of information is likely to go on simultanecusly, one kind of pmcess;ng,
in fact, actually facilitating the other. Interestlngly, the presen:e of o

other letters has not been shown, at least for adults, to inhibit dls@:grm-naticn

of camponent letters. The findings that poor readers, eslpeg;ally fj;:st—gaders,
show so much difficulty when letters are put together into words (Thorson,
1974b), may be an indication that poor readers will exhibit contest-inhibition
- - pather than facilitation. Infact,glven “the-complexity- cfmltla;lyleat'nmg S—
to analyze letters grouped into words, even younger good r‘%aders may show the
same effect. '

To test the hypothesis that ccﬁte:ft-lnhlbltmn or, in other words, lack

of automaticity may occur in all ymnga‘ readers, and contimie to appear ineven’

k]
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older poor readers, a simple paradigm was designed. Children were shown at:

 the beg::mmg of each block of trials two letters they would be asked to

discriminate., One letter (the positive-set stimulus) required a button
press; the other (the negative-set stimulus) served as a "catch" stimulus.

To make the discrimination as simple as possible, the letter always occurred

at the beginning of whatever stimulus string was presented. The letter was
presented in three contexts: a) singly; b) in a word; or c) in a sentence.
In choosing the tlree pairs of letters that were used, the cluster

analysis of letters reported by Gibson, Schapiro,and Yonas (1968) was used.

They obtained confusion matrices from Severxayaa‘“ﬂ—cid children for two sets

implying sequential use of distinctive features of the letters such as slant,

= =

straight lines, curves, or horizontals to distingu

ish them., The hierarchical
analysis is shown in Figure 1. Letters on different branches at the top of

the structure are easier (take fewer distinctive feature-analyses)-to- - = - -
discriminate. Those farther down in the structure are more difficult.- An
easier discrimination (Task 1: E-B), and a more difficult discrimination
(Task 2: 2Z-N) were selected for use in the present g:p@mentand both
placed into three-letter words. A discrimination equally difficult to

7-N (Task 3: K-N) was also chosen, but the letters were placed into a four-

letter word.

<o~ Having - sampled-in - this way the-letter-pairs.to.be discriminated, the. ... ..

following predictions were made. Older good readers should be able to
discriminate with equal latencies across the letter;, word, and sentence
trials, but may show overall slower responses for K-N and Z-N discriminations

than for B-E. Poor readers and the youngest good readers are expected to

41
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- show context inhibition when letter ard word conditions are compared. This

prediction is based on the assumption that automaticity in processing aspects

of the word and aspects of the letter is not occurring. Because the adding
of werds to make a sentence is done at a point considerably removed from the
letter to be discriminated, there probably will not, be more inhibition in
the sentence than the word ccnd;tmn Since the children will all know
before each trial what letters to discriminate, context facilitation

should, as in the Thompson and Massaro study, not occur. N

Subjects
Students were rated by their teachers as being poor, medium, or good
readers. Five good and five poor readers from Grades 1, 2, and 3 were

randomly selected fram the pool provided by the teachers' ratings.

Design
' The trree contexts: a) single letter; b) word; and c) sentence, were

_tested for each of the three letter-pair tasks. The conditions for each single

letter-pair were presented together, although the order of the three EQﬂditians
was counterbalanced. Order of presentation of the three letter-pair tasks was
counterbalanced across subjects. Each child, theh, performed nine blocks of
trials (éigg, Task 1, contexts a, b, and ¢). For each block, the child received
five practice trials, and then 13 recorded trials. Ten recorded trials in each
block contained positive-set stimuili and required-a response. Three trials
éantained the negative-set stimuli. For the K-N task, K was the positive

stimilus, for the Z-N task, Z was the positive stimulus, and for the B-E
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 Stimuli and Apparatus

Each letter, word, or sentence was presented on a slide which had been
taken of a typed stimulus. The three tasks, each consisting of a positive-
res;:@rxse and a negative-response letter, word, and sentence, are shown in
| Table 1. The slides were projected onto a back-lighted screen directly in -
front of the subject. A tachistoscopic shutter in front of the lens of the

projector opened simultanecusly with onset of a Standard Electric timer.

A response button was situated immediately in front of the subject, below

the screen. A button-press turned the timer off on trials where the subject
responded. On the other trials the experimenter pressed an auxilliary button
to turn off the timer. After each trial the shutter was closed, the latency
was recorded, and the t;mar‘ was manually reset. The subject sat approximately
30 cm from the screen, the stimuli distending approximately 1.4 degrees of

visual angle.

Procedure ;

Each subject was tested individually in a quiet roam in the school.

__All three tasks were run at one sitting. Before each a:md;.tmn of the three

letter-pair tasks, the subject was shown sample slides and was given five
pr\actica trials to assure u:dersﬁtaﬁd;.ng of the task.

~ The subject was instructed and frequently reminded to respcnd as
quic:}c’ly as possible but not to make errors. Before mtiatlan of each trial,

the e:-fper'mentér checked to see that the child's eyes were directed a—t the

appmpriate pDSltlQﬁ on the screen, arxi t}Et hlS ;nclex aﬂd :mlddlé fmgers

rested on the response key. The experimenter pra;;sed fast and accurate

responses, and reprimanded when a slow or an incorrect response was made.

-
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Any block in which more than two errors were made was immediately
terminated, and the subject was retested on that block at a later time.
At the end of a session, the subject was thanked for performing well on

the test. The testing procedure generally required about 25 minutes for

each subject.

Results

False alaﬁn.prﬁbabilities for the nine task-context blocks are shown
in Table 2. No subjects required blocks to be rerun because of unacceptable |
error rates. As can be seen, Grade 3 poor readers made slightly more errors.
than those in Grades 1 and 2. Grade 2 good readers also show slightly hlgher
mean latencies than those in Grades 1 and 3. Error rates across the nine
task-blocks are fairly equal. It should be noted that in any study examining
reaction times, the tradeoff relationship operating between speed and accuracy
is a izf'r;;blan if different groups make the tradeoff differently. A reasonable

added to their reaction times in order to be made t:gmparable to the more

accurate gr'cupi S:mce ﬂ‘;hé p@ar reader*s are slower on ever'y task than the g@od
readers, the assumption of an added constant is not problematical.

Reaction times for each of the nine task-context blocks are shown for
good readers in Figure ’2 and poor readers' reaction times are shown in Figure
3, Tables 3, 4, and 5 show analysis of variance results for each of the
three letter-pair tasks individually. As can be saen, the reading level
effect is s:.gm.f;cant for all three tasks. There are significant grade
effects in Tasks 1 and 2, but not in Task 3, and there are also sigﬁjiéant
context effects in Tasks 1 and 2, but not in Task 3. No interactions are

statistically significant.



since the experimental paradigm was dissimilar. In fact, the par
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Results for reaction times pooled across the three tasks are shown
in Figure 4. As can be seen, there is virtually no context effect for
good readers in any grade except that they are slightly slower on the word
and sentence contexts than in the letter context. Poor readers, at least
in the first grade show increasing slowness across the th:-ee. contexts.
Grade 1 poor readers show mean reaction times approximately 100 msec
slower than Grade 1 good readers, but by Grades 2 and 3, the difference in

good and poor readers has been lowered to only about 50 msec.

Discussion
good nor poor readers are aided in discrimination of letter-pairs when they
are presented in context with other letters. These outcomes are not directly

comparable to those of Reicher's (1969), Wheeler's (1970), or Krueger's (1970)

ére e:-:pla;ﬁ%d in de‘tail tc:s t’he g.ubgec:ts befcre each blt:xzk ::sf 'i‘:rlals. That

procedure presumably lessened the probability that redundancy of information
resulting from previous ‘knowledge of sequences of letters in words would be
available for use. To test the relation between taghistcsgapic and non-
tachistoscopic presentations, the present paradigm, of course, should be
replicated using an adult sample; »

A furthercmn;ﬁrlsan to be noted is that between the results reported

here and those of Smith (1969) and lott and Smith (1970). These studies,

the. f:;rsﬂt testing adults, the second-testing children in Grades. 1 throu
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level. They found that first through fourth g:aders were facﬂ.:.tated (re-

quired a lower contrast ratio) to recognize letters anbedded in words than

- to recognize letters alone. The amount of facilitation increased through

Grade 4, and children in Grade 4 showed the same amount of facilitatiom-as,
adults had previously (Smith, 1969). The authors c:;:nelué;ed in the devefép—i
mental study that children seem to have reached "asymptotic performance

on simple wcr»ds. . .before fifth grade."

- It is clear t’hat since the present study eliminates sequantlal re~
dundancy as a cue, results matching those of lott and Smrl:h are rx:t
expected. Nevertheless, the results of the present study, together with

similar findings relating single-letter latencies and word latencies '

(Thorson, 1974b) would indicate that Lott and Smith's conclusion is
probably not warranted for poor readers. All performances on simple
words are not at asymptotic for poor readers, at least in the sense that
" they match adults' or even good rfeadérs' asyﬁq:tates. th only ‘do few of

the gﬁ::ups tested here show facilitation fr@m the EQTFCEEES, ‘théy f:equently

show "context j.j‘l]‘,llbltl@na " Bcth good and poor readers in Erade 1 are _

slowed in maki

ing letter-pair discriminations when they are placed in
sentence or phrase context, regardless of the difficulty éf the letter-
pair discrimination itself. :

Since Sequential redundancy effects have presumably been eliminated
in the present design, context-inhibition similar to that phencmenon re-
ported by Thompson and Massaro (1973) is not unexpected. Poor readers in

Grades 2 and 3 also exhibit context-inhibition, although the effect is less

marked. Good readers in Gr\adés 2 and 3, on the other hand, show approx-




A final pr::mt regarding the present rea;lts concerns the genera,l

! rvpmblem of the effects of irrelevant stimulation on chlldren's pracess;ng
of letters. Many developmental studles (e.gi, Osler and Kofsky, 19653
Lubker, 1969) document the fact that younger children tend to respond to
irrelevant cues. For example, Lub}ca‘-(1957) presented eight- and ten-
year-old children with a two-choice discrimination in which up to three
dimensions were varied: form, brightness, and size. Only one dimension
was relevant to the discrimination. Learning was significantly slower
‘with one or two irrelevant dimensions present. The results’ reported
here substantiate the detrinentai effect on d;scrmmatmg letters that
an "irrelevant context" (that is, other letters) has.' This effect is
marked in all younger readers, but is especially strong in the first-

grade poor readers. Further evidence is provided, then, that a seemingly

simple problem, namely discriminating letters in the contexts of words

(or phrases) is not a simple problem to the poor reader.
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Table 1 _
letter, Word, and Phrase Stimuli Presented
in the Nine Letter-Pair Blocks
] 7;%1:(:3' - - Word IR Phrase - 7 7
Pcsi;tféve Ne;ativé Pcsitive Négatiﬁe . 7' Positive |Negative -
o B o -
) Eﬁ ; B 7 E;t Eat Eat the top Eat the tc:’spi,
* sk 2 | o
% 7 N 7 Zip ] Nip Zip ‘t;;a cap Nip thacap
) - o 7Task 3 7 - 7 N
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Table 2
Mean Pr\::]:ablllty of a False A;La:fml

for Each Context of the Three Letter-Pair Tasks

Task-Cortext Blocks

1A- 18 1c 2 28 20 3 3B 3

1 l .00 .13 .20 20 .20 .13 .13 .13 .07
2 .07 .20 .20 .13 .00 .13 .13 .13 «20

3 33 .47 .07 .20 .20 .27 .40 .33 .20

1 .07 .27 .07 .20 .13 .00 .07 .20 .07

2 .20 .27 .20 .27 .20 .20 - .13 .13

2
3 07 .13 .13 .00 .13 .27 .27 .13 .13

15 false alarm error is defined as a button-press on trials when a negative-

set stimulus occurs.




Table 3
Summary of Analysis of Variance for
Reading Level X Grade X Task

(Task 1, E-B Discrimination)

Source daf MS F

Between 29

Reading level 1 462393.0 6.23
Grade 2 , uu5574.0 6.00
Reading level X Grade 2 18073.4 .24

Error (a) 24 74267 .8 : -

Within : . 60

Tasks E 2 137473.0 22.69
Level X Tasks 2 3780.8 .62
Grade X Tasks 4 ; 8030.5 1.33
level X Grade X Tasks 4 10771.8 1.78

“  Error (b) 48 6059.9

1gignificant at p<.025
%5ignificant at p<.00l




Table 4

Summary of Amalysis of Variance for

Reading level X Grade X Task

(Task 2, Z-N Discrimination)

Source

Between 29

Reading level 1 730441.0 8.97
Grade 2 861239.0 .58
Reading level X Grade 2 3028.0 .04
Error (a) 24 81395.0

level X Tasks
Grade X Tasks
level X Grade X Tasks

Error (b)

ug

49006.1
26119.5

1Slguflcant at p<.01
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Table 5

Sumary of Analysis of Variance for

Reading level X Grade X Task

(Task 3, K-N Discrimination)

52

Source df M3 F
Between Z9

Reading level 1 732965. 0 9.36%
Grade 2 _ 751160.0 9.592
Reading level X Grade 2 60501.9 .77
Error (a) 24 -78305.1

Within 60

Tasks 2 117241.0 15.323
Level X Tasks 2 4361.5 .57
Grade X Tasks m 14488.3 1.89
Level X Grade X Tasks 4 3520.6 .46
Error (b) ug 7654.0

1Signifigant
ESigﬁificant

3Significant

at p<.01
at p<.005

at p<.001
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Figure 1: Results of a hierarchical cluster analysis of reaction times for
discriminating pairs of letters by seven-year-old children (from

Gibson, Schapiro, and Yonas, 1968).




FIGRE 2: REACTION TINES OF POOR READERS ON LETTER-DISCRIMINATION TASKS
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Fire Ur  REACTION TIMES OF GOOD AND POOR READERS FOR THE THREE LETTER-
DISCRIMINATION TASKS COMBINED —
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Matching Auditorally and Visually Presemted letters:

Latencies of Good and Poor Readers

o
\Ui
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Auditory-visual integration intuitively seems to be an important skill
Much research has in fact

in the acquisition of efficient readi
Deen ama;l toward discovery of correlations between reading skill and various
measures of auditory-visual integration skills. This research largely has
taken cne of two kinds of approach. One approach has involved requiring chil-
dren to match patterns of stimulation across two modalities. An early example
of this task was reported by Birch and Belmont (1964). They reported that read-
a rhythmic pattern of taps. Sterritt and Rudnick (1966) criticized the Birch
and Belmont study for indexing ability to match temporal relations to spatial
ones, rather than ability to perform auditory-visual integration. Kahn and
Birch (1968) criticized the Birch and Belmont study in view of the possibility
that different children used different strategies to perform the matching task.
Same children apparently counted the groups of taps, while others coded verbally
aspects of the paftér:ﬁs

A further criticism of the Birch and Belmont technique concermed its
reliance on short-term memory, which is clearly necessary to the matching task,
but may be operant at different levels in good and poor readers., Vande Voort,
Senf, and Benton (1972) tested the memory hypothesis by varying the time interval
between presentation of the two stimulus patterns. Unfortunately, the interval
manipulation had no significant effect, making direct interpretation of the role
of short-term memory impossible. The study included, however, a simultaneous
presentation condition, in which poor readers maintained their reduced perfor-
mance level. Taken together, the two manipulations do seem to cast doubt on
the memory hypothesis.

A fourth criticism of the Birch and Belmont paradigm concerns the

possibility that apparent difficuliy with cross-modal matching actually results
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from inability to discriminate the stimuli in one or both of the other com-
ponent modalities (Bryant, 1968; Kuhlman and Wolking, 1972). Kuhlman and
Wolking (1972), presenting all tasks with temporal differences among stimuli,
found no difference in within- and cross-modality problems. Vande Voort,
Senf, and Benton (1972) found the same general result.

In general, then, the results of cr@ssémgdality‘méfching tasks do not
clearly point in one direction with regard to reading ability. That is, the
poorer performances of younger children and poor readers may be due to a
multiplicity of factors. It can be said, however, that some aspect of the
task does predict to less mature developmental level and to poorer reading
abilities, and researchers do continue to use the general Birch and Belmont
peradigm. For example, Gregory and Gregory (1973) report a modified paradigm
which examines performance on a Morse-Gode stimuli differentiating sections
of the visual and the auditory patterns temporally.

A second general approach to auditory-visual integration relies to an even
greater extent on memory abilities. In an early study, stemming from the Broad--
bent (1958) approach to studying cross-modality attention, Margrain (1967)
presentec simultaneously two different lists of letters, one auditorally- and
one visually-presented,asking subjects to shadow one list or the other. She
then required reporting of one or the other of the two lists. Dornbush (1968a,
1968b, 1969) performed further similar studies, agreeing with Margrain that per-
formance on the auditorally presented lists was better. Horowitz (1969) used
a similar procedure to examine develcpmentaiitrends, but presented the same
material to both modalities and did not require shadowing. He found that both
kindergarten and third-grade children performed better on similtaneous auditory-
visual presentations than on either modality alone. Similarly, Siegel and

Allik (1973) either presented pictures (visual) or names (auditory) of objects
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and then varied the recall cue (either visual or auditory) presented to the child.
These researchers found that for kindergarten, second-, fifth~, and college-aged
children, recall of visual stimul’ was significantly superior than recall of
auditory stimuli and that modality of the recall cue had no significant effect.

Taken together, these memory studies show clearly that the task demands
themselves determine how well both children and adults use auditory and visual
information. When stress is placed on the system as in the Margrain and
Dornbush studies, there appears to be an auditory preference. When the same
;ﬂfDI‘!TEleﬁ is available fram both modalities, two modalities seem better than
one (Horowitz, 1969). In performance in just a single modality, vision seems
superior (Siegel and Allik, 1973) but this effect could just as easily be
attfimtablé to a be+ter image than verbal memory for simple objects.

Overall, then, available data do not allow clear mfér'énces about the
relation of auditory-visual performances and integration to reading ability.
Both approaches described briefly above, in fact, would seem to place too much
reliance on memory abilities to be directly relevant to the auditory-visual
integration process that must go on in reading. Posner, Lewis, and Conrad
(1972) point out, for example, that '"consciousness of the letter [A] is suf-
fused with past experience: its association to other visual forms (e.g., "a"),
the phoneme /a/, its status as a vowel, and as the first letter of a list
called the alphabet." (p. 159) Posner et al, suggest that all the processes
involved in letter processing are isolable subsystems and that there may be
important psychological problems involved in passing control from one subsystem
to another (e.g., from visual to auditory systems). They go on to ‘suggest that
"coordinating modality-specific subsystems may represent one explanation of
the difficulty in the seemingly simple translation from a visual word to the

word name." Such shifting between cross-modality subsystems clearly must go
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anunder very fast time constraints. Probably the geatest time lag in read-

| : lng éééﬁr-s -in the eye-voice span where cftén; complex viéual pﬂ:icessiﬁg cccurs'
E ::(:nsmerabiy a’head of the auditory pr@::ess of }‘EEI‘:IIE thé feeﬁback of one's ,7 .
| own voice (Lav:m and Kaplan, 1970). " But even in r'eadlng almd, ﬂmch (:)f the in-

tegration of audition and vision must £0 on nearly sm;lta:xecusly (Lev:m arﬂ

T

Kaplan, 1970). _
It can be further argued, then, that a different paradigm is needed to
index auditory-visual integration that is directly relevant to reading. The

in ‘that dlregtlén. Good and poor readers are simply presented with lei“te:f's, ' )

.one. \rlsual—

present research attempts to formulate an experimental paradigm that moves

letter namas and not to respond if they do ns:rt match. Such a tas}c Seems more

dm‘ﬂy to index the ﬁatch;ng that initially goes on in learning alphal:ét

letters and their appropriate sounds. It places virtually no anphasls on
memory abilities. Alsé, since the task is so SjﬂTI:lE and surely basic to many

t:rf thé aCth:L‘tlES P&r-farmed aarly in elanenLary sc:h:x:l, a;Ll chlldren sha'u.,g,d

~well as the enormous almmrt of prac:tlcé the task r'ece;ves, reactmn 'tme

" m(iﬁadgsl,z, and 3 at the elementary school sampled, teachers were asked

be al:le to perform at perfect accuracy levels. The quéstmn Df m@@ﬁ:&m@e,

then, Lfeczcmas Wh%‘théf‘ good and poor readers can perform the; cross-modality

A matchmg task equally quickly. Again in light of its utter s:mplle;ty, as

differences may be expected in Grade 1 good and poor readers but not in

the older cluldre.n
Because no standardized reading tests are administered to children
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to list their "good" and "poor" readers and children were subsequently sam;pléd'
- from these groups. Eight good and eight poor readers were randamly selected

from thé pool provided by the teachers' ratings.

Stimuli ‘and Apparatus

The lower case letters a through h served as the letter stimuli. Slides

were made of the letters and presented on a back-lighted screen approximately
“‘\

30 am ln front of the squ_g;f. _ The letters distended approximately 1.4 degrees

of visual angle when observed at that distance. Auditorily the letters were

77 (+5Cl rrlsac) presen*taﬂtmns t::f the auditory and visual stimuli were effected by a
modified Kc:dak Carousel sound synchronizer. A pulse on the second channel of
the taperecorder was converted by the synchronizer to a pulse which moved the

The subject's

slide projector ahead and initiated a Standard Electric timer.
button press on positive-response trials turned the timer off. On no-response

trials, a button press by the experimenter turned the timer off.

Procedure .
Each subject was carefully instructed about the task and then presented

with 10 practice trials. All subjects exhibited understanding of the task by

the end of the practice trials. ' The task always involved pressing the response

button if the letters presented auditorally and visually were letter-name
matches. If they did not match, no response was reguired.

Immediately after the practice trials, the subject was presented 50 re-
corded trials, including 3‘:L positive-response and 19 no-response trials. Sub-
jects were repeatedly instructed to respond as quickly as possible, but to
make no errors.

Subjects were tested individually in a quiet room in the elementary school.
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mances. Each testing session required approximately 15 minutes.

Results

Error percentages for all groups were low, as can be seen in Table 1.

Pc;cr readers made only slightly mf'e errors than good readers.

The mean reaction times for good and poor reader-s in the three ggadas

tested are shown in Figure.l.

‘The results c::f a twc:away analysls of variance ;

for these data points are shown in Table 2. As can be seen, reading level

was a significant main effect, but grade was not. The interaction between

grade and reading level was not statistically significant.

It is important to note that the difference in good and poor readers'

reaction times does not decrease across grades, but rather increases. Poor

readers in Grade 1 average 124 msec slower than good readers. In Grade 2

the difference increases to 257 msec, and in Grade 3 the difference is

———=281"Mmsec?

presant study, it can be ar‘gued that children even in Grade 1 are, em:épt

for some minor fluc:mat;cns, near to asymptotic pér-f«:rﬁaﬁéé on the cross-

modality matching task. This conclusion is especially plausible in view of

the Si]‘plicify and basic nature of the task. The fact that pa::r- readers

of tasks is especially disturbing if the poor readers have indeed reached

an asymptote in performance.

It is not reasonable in this case to hypothesize
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that baredc:m with the task led to lowered performance by the poor readers, in
that they showed good motivation toward and attention to the task through-
out the testing session. And, although not statistically significant, their
mean reaction time is more than 80 msec slower in Grade 3 than in Grade 1.

ance would be

It is difficult to believe that such a low level perform
exhibited by the poor readers, but the implications of the finding are
great. If so much difficulty is associated with simple auditory-visual
- -integratior,-it-is easy to-conceive:of -the high-level-of -difficulty that - oo e
will be associated with the more complex integration tasks that must be
-performed in effir:ient reading.
An important methodological point should also be made in view of the results

" of the present study. Error rates ~(@ alternatively, percentage of correct *I:‘:Lals)
performances, do not discriminate at all between good and poor readers m this

auditory-visual integration task. It is only when the ‘reaction times ar!e ‘

_ ___examined_that_the differences become visible. The striking mature of the =

lack of comparable efficiency on the part of poor readers on even the
simplest auditory-visual integration task imaginable indicates a clear

need for further studies of basic information-processing abilities in




Birch, H. G. and Belmont, L. Audltcry!v;sual integration in norma
retarded readers. American Journal of Orthopsychiatry, 1964, 3%,

852-861.

Broadbent, D. E. ' ‘Perception and communication. - London: Pergamon Press,
1958. '
Bryant, P. E. Comments on the design of developmental studies of cross-

© " Tpdal matching and cross-modal transfer: Cortex, 1968, -4,127-137¢ —- e

Dornbush, R. L. Input variables in bisensory memory. Perception and

Psychophysics, 1968a, 4, Wl-hl,

Dornbush, R. L. Shadowing in bisensory memery. Quarterly Journal of

Experimental Psychology, 1968b, 20, 225-231.

Dornbush, R. L. Stimilus information and stimulus interference in bisensory
short-term memory, 1969, 5, 303-30u4.
Gregory, A. H. and Gregory, H. G. A new test of auditory-visual integration.

——————Perceptual-and-Motor-Skills,-1973,.36, 1063=1066._.

Horowitz, A. B. Effect of stimulus presentation modes on children's recall

and clustering. Psychonomic Science, 1963, 14, 297-298.

Kahn, D., and Birch, H. G. Development of auditory-visual integration

‘and reading achievement. Pjgﬂggpmalangb@tar@u;;s, 1968, 27, - e
459-468. ’

Kuhlman, E. S., and Wolking, W. D. Devel pment, of within-and cross-modal
matching ability in the audltafy and visual sense mdahtles Develop-

mental Psychology, 1972, 7, 365.
"'- ”, 7; In (Edsg )

Levin, H., and Kaplan, G. Grammatical structure and re:

=

H. Levin and J. Williams, Basic Studies in Reading, New York: Basic

Books, 1970.
73




Margrain, S. A. Short-term memory as a function of input modality.

Quarterly Journal of Experimental Psychology, 1967, 19, 109-11k, -

-Posner, M., lewis, J., and CDTﬂf‘ad, C. Component processes in reading: A

performance analysis. In (Eds.) J. Kavanmagh and I. Mattingly, La

Siegel, A. W. and Allik, J. P. A developmental study of visual and auditory

short-term memory. Journal of Verbal Learning and Verbal Behavior,

1973, 12, 409-418. = R

Sterritt, G. M. and Rudnick, M. Auditory and visual rhythm perception in -~
i

relation to reading ab:;lty m fourth grade boys. Perceptual and

Motor Skills, 1966, 22, 859~86k.

Vande Voort, L., Senf, G. M., and Benton, A. L. Development of audiovisual

integration in normal and retarded readers. Child Developmernt, 1972,

43, 1260-1272.

74



Table 1
Mean Probability of a False Alarm

for Good and Poor Readers

67 .

Grade Poor readers Good readers
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Table 2
Summary of Amalysis of Variance
for Grade X Reading Level

Source df S MS _ F
Total M I
L ] ) 1

Reading level 1 57u438,0 - [T
. Grade : : 2 , 33114.6 .83

Reading level .X Grade 2 27535.7 .69
Error y2 39810.3

____'significant at p<.001 e
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Fieure 1: REACTION TIMES OF GOOD AND POOR READERS ON THE
AUDITORY-VISUAL MATCHING TASK
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Experiment 5
Switching Between "Meaning" and "letter" Levels

of Processing--Differences in Good and Poor Readers
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There is clear evidence that poor readers exhibit difficulties with

15 perceptual components thought to be involved in learning to read, or

good readers show more accurate perception of time than poor readers. Reilly
(1971) demonstrated better auditory-visual integration in good readers. Spring
(1971) showed that in matching capital letters, good readers were faster than
poor, and in further analyses of h;s data, concluded that poor readers in the

" "sécond half of trials in training sessions had slower central-processing com=
ponents in the matching task. .

~ -+ - Guthrie (1973) suggested dlfferentlatlng the developmental r-aarjg:;g literature
into two kinds of models, assemblies and systems. An assembly model hypothesizes
that perceptual components of the reading process develop independently and
that poor readers should show weakness in one or two components but not in all
of them. A system model hypothesizes that perceptual components of reading are
interdependent, and that poor readers should therefore show deficits in nearly

o —all-reading-subskills;-and good-readers-should-be- gﬁ@ng—:in-':naarly allread;mg“ S—

subskills. In examining reading skills on the 15 subsets of the Kennedy Institute

Phc:rﬁcs Test, Guthrie was able to demonstrate the préniicti@n from the system model
was upheid!

Further demonstration of the interrelation of perceptual camponents involved'
in reading is reported by Jeffrey and Samuels (1967). They showed that kindergarten '
children could be taught to decode new wz;rds 1f | ﬂ:né;;ha(:{ acqu:;'ed three perfc:aptual
skills =~ iéftitésfight visual scanning, letter-sound correspondences, and blending
of sounds into words. Samuels (1973) suggests this f;ndlng provides strong

evidence for existence of a hierarchy of perceptual skills involved in reading.

-a
\m\
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It seems then, that the reading process can be broken into perceptual
_Qanip@nents which can be studied independently, but which are probably closely
interwoven together in thé actual process of reading. The present study, there-
. fore, attempts to examine one way in which components of reading are combined,
that is, "switching attention" between "leels of processing." These two
concepts mst first, however, be carefully defined.

"Levels r:sf prﬁcasslng" is a cc::ncept wh;ch was deflned ald then enplr\mally
demonstrated by Posner and Mitchell (1967), Posner (1970), and LaBerge (1971).

Posner and Mitchell, for example, showed that reaction time to classify pa:r-s

(A matches A), according to letter names (A matches a), or matching vowels (a
matches o). Structural matches require the least time, vowel matches require
the most time. Posner hypothesizes the latency differences result because the
tasks must be carried out at different levels of abstraction, and at each level

¥

the information Péqu;rea before the answer can be given. is somehow greater.

JLaBergé sh::wad in an anal@gaus way that the latgncy ::uf IESTGFEE to a partlcular‘
stimilus depends on how similar the catch trials are to it. For example, the
latency of response to an orange light becomes slower as 5 must differentiate
it ffcm (1) a tone; (2) a green light; arxi (3) a red 11ght Aga:.n, both the
amount and type of information necessary for the discrimination changes w:l.th
each of the three kinds of catch trials. Although the changes in amount and
type of information may form.a continuum, for simplicity it has been assumed
(Posner, 1970) that various discrete levels of processing are involved.
Finally, the concept ‘of "attenticnal switching" must be examined. Again,
Posner (1970), LaBerge, Van Gelder, and Yellott (1970), and LaBerge (1973a,

1973b) have provided operational definitions for the concept. Usually a cue is
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ing stimulus. In most cases that stimulus occurs,

but ociasionally an unexpected stimuius which also must be respanded to, occurs.
For example, lLaBerge (1971) presented a 1000-Hz tone as a cue, and on most trials,
it was followed by a 1000-Hz tone as a stimilus. On a small percentage of trials, -

however, an orange light appeared as the cue and élsa required a response. It

tone produced a much greater latency than when S was actually prepared for the

“orange light. -~

Essentially then, the cueing technique allows preparation of the S for a

particular stimuilus and tharefcre provides an opportunity to examine attentional--- --
Reading involves component perceptual processes and it also involves moving

from one component to another -- from attention to auditory modalities to attention

to visual modalities; from processing of letters to processing c:f‘ words; and

-—-The-present-study examines-this-third-kind of-attentional-switching from  ~---—-—

letters to meaning, and from meaning to letters. ' |
The evidence about letter processing in poor readers is urnzléar For

example, Katz and Wicklund (1971) showed no 1atency or acmracy d:ff&ren«:es

- between good and poor readers in- scsmnlng for letters. H@qever, Spr;.ng (1971)

showed that poor readers were slower in matching letters. The research repeﬁed

here requires a slightly different letter skill, namely matc-hlng two letters
~ to each other, and compares the latency of response by good and poor readers.
It also examines the latency required to match a word to the appropriate line
drawing (a meaning-level match). Finally, it examines the latency of good

and poor readers to switch fram the letter task to the meaning task and from

the meaning task to the letter task.
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Method
The present method of manipulating levels of processing was to have each
S respond with a button press if either two letters were exac;tly the same
letter word matched a line drawing in the "meaning" blocks. The words used
were bat, pan, car, and cap.
In “xream:;g“ blccks, there were 30 trials. Sixty-seven percent of the

tmals were mean;ng natches, ;LE per#:en’t were mam:ig mrm‘atc_he.s (catch ‘lfr'la,ls),
13 perrent were switch trials where Ss were to respond to a letter match, and
7 percent were letter nonmatches (switch catch trials). IIt was assumed that
the type of trials most frequently presented would be prepared for on every
trial, and Ss were, in fact, instructed to do so. There were 30 trials in

the “1etté’r‘s“ block, divided up in the 'same way. Before each of the 30-trial

switch. The letter-trials and meaning tf'las were always run in 30-trial

“Blocks to avoid imstructional confusion on the part of the S's. The cue-

stimulus contingencies for letter and meaning blocks are shown in Table 1.

Insert Table 1 about here.

orders as well as the order of the two types of task were counterbalanced
across subjects.
There were two groups of subjects, including good and poor readers.

Children were grouped according to teachers' divisions into reading groups.
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There were five children randomly chosen from both reading levels from each

of Grades 1, 2, and 3.

Apparatus

Each stimulus pair was presented on a slide, rear projected at a distance
of 18 inches ontoc a screen. The projected size of the letters and words was
approximately 3/u4 inch and the child viewed the screen fram a distance of approx-
imately 18 inches. Opening of a tachistoscopic shutter in front of the projected
slide initiated a Standard Electric timer and S's lever press turned the t:;ner off.
The slides were c:hamged marually between each trial by E. The latenéy was read
from the timer and recorded, and the timer was then manually reset. The subjects

were run in a quiet room in the school.

Procedure
The subjects, who had previcusly received extensive experience in reaction
time experiments, were instructed as follows for the meaning blocks and similarly

except for appropriate changes for the letter blocks.

"Whenever the word is the same as the picture, press the
button as fast as you can. If the word does not match the
picture, just let it go. Nearly all of the time I will show
you the word and pictures but every once in a while you will
see two letters. If both letters are the same, push the

button. If they are different, let them go. Respond as fast
as you can on the words and pims,"

If the child showed difficulty on any of the five practice trials, additional -
trials were given until it was clear the child Lmdersto@d the task. Any
latency greater than three seconds was onitted and that trial was added at the

" end of ‘the block. Blocks containing more “than three errors were retested.
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Results
Latencies for the two reading levels across the three grades are shown

in Figure 1. For both preparation and switch conditions in both letter and
Insert Figure 1 about here.

meaning blocks, the poor readers at each grade show longer latencies. The
results of a 4 x 3 x 2 analysis of variance are shown in Table 2. The data

were divided into four tasks - letters prepared for, letters to meaning
Insert Table 2 about here

switches, meanings prepared for, and meaning to-ziﬂé"‘tters switches. There were
three grades, and two reading levels in each grade. " The analysis of variance
shows significant main effects for reading level, grade, and task, and a
significant interaction between task and reading level.

The difficulty of switching to a level of processing can be ascertained
paration for the letters (or meanings) to the l. _’éﬁEy' to létters (or meanings)
when an attentional swit'éh had to precede the processing. This analysis is

shown in Figure 2.

Insert Figure 2 about here.
As can be seen in-Figure 2, in Grade 1, P~ r readers have more difficulty
than good readers switching from meaning to letters, but gocd readers have
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It should be noted,

more diffic;ult;,r than poor readers in switching to meanis
however, that the poor readers' latencies to meaning matches are so long that
a possible ceiling effect may mask any further difficulty in attentional
switching to the meaning task from the letter task.

In Grade 2, poor readers have less difficulty switching to letters than do

good readers, but they have more difficulty switching to meaning tasks from

either group to switch from the meaning to the letter task. Poor readers,
however, still have greater relative difficulty switching from the letters to
the meaning task.

The error ratés for Letter Blocks and Meaning Blocks are shown in Table

2. As can be seen, the poor readers consistently made slightly more errors

Insert Table 3 about here.

Discussion
As shcwn in the present experiment, poor readers are not only considerably

slower in tasks where they have to match letters, or match a word to a corre-

sponding picture, bui they also show significant relative slowing when they

As stressed by Samuels (1973) a child must, to beccme a good reader, not
only discriminate accurately among letters, but he must be able to do so with
little or no conscious attention. Otherwise he will never be able to free his

" attention to work at a meaning level. I the Yesults reported here, even

third grade poor readers were barely faster on matching letters than first
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grade good readers. In other m;lf‘ds, they were only then reaching a processing
speed that might indicate the kind of autamaticity in processing letters that
Samuels discusses. These readers without autamaticity in letter discriminations
cannot then, even in the third grade, show as fast a meaning-level latency as
first grade good readers - as is demonstrated by comparing prepared-meaning
latencies for poor-third grade and good-first grade readers.

As is expected by the systems model of reading, poor readers show diffi-
culty, relative to good readers, in not only processing at letter and meaugrg
levels, but in switching from one level to the other. Unexplainably, both
good and poor readers are slightly slmer in the preparation and switch tasks
in Grade 3 as in Grade 2. Since throughout acquisition of reading, the
young reader must switch down to the letter level to handle new words, then
move back up the meaning level, one would expect continued improvement in
the speed of shifting. It would be .especially interesting to examine re-
sponses from slightly older children to see whether the third grade loss
is only a plateau before increased shifting efficiency is acquired.

An additional question that seems important to ask next is whether the
difficulty in taking attention away from the current level of processing or
in moving into the level of processing to which the switch must be made. Tha“ |

present data do not allow such a discrimination to be made.
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TABLE 1

81

Cue-Simulus Contingencies for a) Letter-Matching Blocks

and b) Meaning-Matching Blocks

a) Letter-Matching Block

Stimulus

pan

car

bat

cap

— car

pan

yes

yes

yes

‘yes

no

no

89

resp.

resp.

Frequency

w
preparation
trials

Y

catch
trials

switch
trials

catch
trials-




(Table 1 cont.)

b) Meaning-Matching Block

Stimulus

pan - fog

5§sgpn§e

yes
yes
yes

yes

no
no
no

no

yes
yes

yes

no

no

resp.
resp.

resp.

resp.

resp.

90
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Frequency

A

preparation

5
5
5
5

!
e/

catch

switch

Ca I.'E h

trials

trials

trials

trials
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TABLE 2

Summary of an Analysis of Variance for
Grade x Task x Reading Level

Source __df _ NS R F

Between Ss

Readi

ng Level

Grade
RXG

error (a)

Within Ss

Tasks

TxG6GxR

error (b)

24

=0 Lea’ hord had

72

2.76

.29
.20

BhFkk
Ligak
46

.00

I EEE
.28
.03
.35

.00

* p< .05
% p < ,025
k%% p < ,001
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TABLE 3

Error Rates for Letter-Matching and Meaning
Matching Blocks for Good and Poor Readers

Poor Readers _ Good Readers

Average % Errors in 30 TriaTs- N B Average % Errors Tn 30 Trisls
Grade Letter-ﬂatﬁhjng ,,,H§QQEEEL£EFEﬁlEEEf, Grade: 7 LettEfEHat;hjﬁg __Meaning Match

1 5% 22 1 3% 2%

2 5% 5% 2 3% b
3 b 8% 3 4% 5%




Figure 1: Latencies for Letters Meaning Switches

and Meaning Letters Switches for Good and Poor Readers

Figure 2: Latencies for Letter-Matching (Preparation
and Switch Trials) and Meaning Matching (Preparation

and Switch Trials) for Good and Poor Readers
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Experiment 6
Discriminative Processing of Line Orientation
by Good and Poor Readers

(A Replication and Expansion of Experiment 1)
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The present study is concerned with differences between good and poor
readers in discriminating line segments at various orientations. Though
admittedly only one of the many possible distinctive attributes of letters,
orientation (or slant) of lines has proved theoretically important in at
least three separate areas of inquiry: (1) in neurophysiological psychology;
(2) in perceptual psychology; and (3) in cognitive psychology. The importance
of distinguishing orientation in each of these areas will be briefly examined
below. First, however, it is necessary to note that there exists theoretical
difficulty in the very defining of oriemtation, and certainly in comparing
ability to discriminate orientations across various tasks or contexts in
which the discrimination must occur. As an example of problems in defining
orientation, Pufall and Shaw (1973) point out that any orientation can be
considered either topographically (properties of figures, unaffected by any
deformation without tearing or joining) or geometrically (relational properties
of solids, surfaces, lines, and angles). As examples of task discrepancies
in determining difficulty of orientational discriminations, first, MacKay,
Brazendale, and Wilsg:n (1972) showed that the relative difficulty of drawing
horizontal and veriical lines (for six to nine-year-old children) depended
upon what kind of drawing required the lines. In Figure 1 taken from their
study, the horizontal lines to be drawn in A are better produced than the
vertical lines needed¢ i3 C. The horizomtal lines in B, however, are not as
well-produced as the vertical lines required in D. Also demonstrating the
effect of context in determining difficulty of defining difficulty of
diseriminating orientations, Strayer and Ames (1972) showed that preschool
children produced different performance iave,ls in discriminating forms made
up of lines of various orientations, depending upon whether the child had

to place the form in a pssiticn matching that just produced by the experimenter
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or whether the child had to copy the form. Finally, Olson (1970) reports
similar task-specific performances by preschool children depending upon

whether they must discriminately choose between obliques, and/or repro-
duce oblique lines. Throughout the analysis that follows, then, these

definitional difficulties in discussing discrimination of line orientation

will of necessity be continually considered.
Relevance of Orientational Discriminations:

Neurophysiological and Camparative Psychology

In the t;aﬁitian of Hubel and Wiesel (1959) and Lettvin, Mamrajzaa McCulloch,
and Pitts (1959), it has become clear that there exist neural cells differentially
sensitive to orientation. In the cortex of kittens (Pettigrew, Nikara, and
Bishop, 1968) there is evidence that cells responsive to VEITlEEl and horizontal
orientations are, in fact, more numercus than cells responsive to other -
orientations. Maffei and Campbell (1969) showed in humans that evoked t:t::ffif:%l
potentials to horizontal and vertical orientations are greater than those to
oblique lines. (Since the same was not true for electroretinograms, the
authors inferred that the neurophysiological effect occurs post-retinally.)
Both Hirsch and Spinelli (1970) and Muir and Mitchell (1973) found that
raising kittens in isolation, except for stimulation of only one orientation
during a period of either 10-12 weeks or for five months after birth, led
to inability to discriminate other line oriemtations. Hirsch and Spinelli,
in fact find that although a previous study (Spinelli and Barrett, 1969) had
demonstrated with single-cell re::;:srd@,gs from the visual cortex, that cells
responding to obliques do exist in normal kittens, ﬂi@.;sé raised in partial
isolation (presented only horizomtal lines to one eye and vertical lines to
the other) showed no diagonal-responding cells. This effect seems, however,
to be specific to phylogenetic level, in that Mize and Murphy (1973) did not

get the same results with similarly isolated rabbits.
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In addition to these direct neurophysiological findings there is behaviorul
evidence in several subhuman species that certain orientations are easier to
discriminate than others. For example, Sutherland (1957) demonstrated that
octopi can discriminate vertical-horizonmtal discriminations, but not diagonal
ones. In humans, Goldstein (1967, 1968) showed that in stabilized images,
diagonal lines are more likely to disappear than are horizontal or vertical
lines. Wade (1972) showed that although there WEI"E no differences in fading
in diagonals, verticals, and horizontals monocularly, there was more fading
binocularly, of diagonals. Essentially, then, there is a suggestion from the
physiological and comparative literature,of organismic advantage in dealing with
vertical and horizontal orientations, and relative disadvantage for slarted

orientations.

Relevance of Orientational Discriminations:

In developmental perception studies there are findings consistent with
the neurophysiological and comparative data. Rudel and Teuber (1963) showed
very little difficulty with discriminations between horizontal and vertical
lines in children 3 to 8 years old. But discriminating oppositely oriented
remely difficult for 3-, Y-, and 5-year olds, becoming

diagonal lines was
easier for 6-, 7-, and 8-year olds. Olson (1970) in an extensive study of
ability to deal with diagenality showed that even thcugh children aged 4

and 5 could discriminate diagonal lines, they generally could not reproduce a
diagonal pattern of checkers on a checkerboard. Strayer and Ames (1972)
demonstrated that although children had especial difficulty matching diagonally
oriented shapes, with practice wh:.ch encouraged attention to orientation, marked
improvement was shown in drawing geometrie figures containing diagenals (i.e.,

a rhombus and diamond). Interestingly enough, McGurk (1972) was able to show
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that infants as young as $ix months can discrdminate orientation of lines. He
suggests that it may be an adaptive strategy for registering object and shape
tations of forms and leave orientation differences themselves relatively un-
attended.

Relevance of Orientational Discriminations:
Cognitive Psychology

/
The problem of perception of orientation stretches also into the study
of developmental cognition. Actually, as Olson (1970) and others point c;aiizt,
perceptual and cognitive processes are probably part of a continuing analytic
process, and the distinction is maintained largely for pragmatic reasons.
As mentioned previously, Mackay, Brazendale, and Wilson (1972) in examining
conservation tasks, suggest and then empirically demonstrate that abilities
to draw horizentals or verticals appropriately largely depend on "difficulty"
of the situation in which conservation must be carried out. Beilin, Kagan,
and Rabinowitz (1966) previously suggested the same kind of notion, but had
Although not a direct test of ability to discriminate orientation, Drummond,
Williams, and Aiken (1973) showed that not perceptual strategies per se, but
rather "cognitive" use of perceptual information differentiated sorting of
patterns by second and fifth graders. Finally, G::r:gus (1973) argued that

in diseriminating orientational as well as other features of patterns

"information between trials" and to build the distinctive features into an

'overall schematic map"(p. 372). Clearly these kinds of evidence indicate

when examining diserimination of various orientations.
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Orientation, then, is an interesting and problematical kind of distinctive
feature to examine. If it is assumed that poor readers are poor at least par-
tially because they lack efficiency in analyzing distinctive features, will it
be the case that even with an elementary feature like orientation of line,
they will show either slower processing or evidence of a "different" mode |
of processing? In an earlier study, the present author (Thorson, 1974) showed
that good, medium, and pocr readers, and college level readers do show differen-
tial reaction times to discrimination of three pairs of line-orientations
“7in a Donders Type C choice discrimination task. All groups showed the
4 most difficulty in diseriminating lines slanted to the right 30 degrees
and 45 degrees, and greatest ease with a discrimination of a horizomtal and
at 45 degrees slant to the right. The study did not, however, compare a
sufficient number of orientation-pairs to allow thorough-going inferences
about difficulty. The present research replﬁcates the previous procedure,
but adds five orientation-pairs to the total task for each subject. Also,
because the "medium" readers' group seemed impossible to define clearly,

and identify satisfactorily it was not included in the present study.

Method

On each block of trials, one orientation (the "positive" stimulus)
was to receive a button-press response, and the other (the "negative"
stimilus) was to receive no response. Five line orientations were used
in the pairs: (1) horizontals (0 degrees); (2) verticals (90 degrees);
(3) oblique, 45 degrees to the right; (4) oblique, 30 degrees to the right;
and (5) oblique, U5 degr:eeé to the left. The pair cambinations used were
as follows (the positive~-stimulus orientation is listed first): (90 degrees-

0 degrees), (0 degrees-4SR degrees), (90 degrees-i5R), (45R degrees-0 degfees),

103



oy

(45R degrees-90 degrees), (45L degrees-USR degrees), (45R degrees~45L degrees),
and (45R degrees-30 degrees). Twenty-five trials of each kind of discrimination
wrﬂ:e tested for each subject. In each block of trials, 17 trials presented the
positive-stimilus; eight trials presented the negative-stimulus. Order of
positive and negative stimuli Was randomized across the 25 trials. Presen-
tation of the eight tasks were counterbalanced across subjects within each
E}{T}_EI"J.P’ER‘EELL group. e

Ori each trial a cue was presented 500 msec before the stimilus appeared.

The cue was always the same as the positive stimulus.

Subjects

Two groups of children were selected from each of Grades 1 through 3.
In each grade eight children were randomly sampled from groups previously
designated as "readers with severe difficulties'; (poor), and "advanced
readers" (gcod). The designations were made for the school reading pméfam

El

on the basis of teachers' ratings. In addition, eight college students

with no known reading deficit were tested on all eight tasks.

The stimilus lines for the three tasks were presented by IEE readout
tubes with 2" x 2" screens. Preceding the stimulus line by 500 msec there
was flashed on the screen a cue which on all trials matched the positive
stimulus. The subject resporded to a single button 5 inches to the right
of the IEE readout screen and at a tilt 20 degrees from the vertical.
Onset of the line stimulus in the screen initiated onset of a Standard
Electric timer. A button press from the subject produced stimulus offset
and stopping of the timer. Order of positive and negative stimuli was

controlled by hand by the experimenter who was situated beside the subject.
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Response times were recorded manually from the timer and the timer was reset

before each trial.

Procedure

Each subject was tested individually, the grade school children in a quiet
room in the elementary school, the college students in a laboratory room in the
University psychology department. Each subject sat approximately 30 am in front
on the response button at all times.

The eight orientation-pair tasks were tested at two times in order to
avoid fatigue effects. All subjects received five practice trdals of the
task before each block was tested. Also, before each task the experimenter
showed the subject the two different lines that would be used, explained
which one he should respond to. If the subject did not show satisfactory
understanding of the .task after the five practice trials, additional trials
were presented until the subject seemed to understand C@l&félya No
subjects were eliminated for lack of ability to perform the task. All

subjects were instructed to respord as fast and as accurately as possible.

Results
Percentages of false alarms produced by the grade school sample for
each of the experimental groups are shown in Table 1. As can be seen, poor
readers made more errors than good readers only in Grade 1, and the differences
‘ “are small. Only one subject r'aqu:l.rad retesting of one of the orientation-pair
tasks. Error rates for the college-level readers are shown in Table 2. None
of these subjects required retesting because of unacceptably high faise alarm

rates.
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The summary of a three-way aralysis of variance for the grade school
reaction times is shown in Table 3. There are significant main effects for
reading level and task, but not for grade. None of the interactions are
significant. In the amalysis of variance performed on the reaction times of
the adult sample, task also produces a significant effect (F(7,63) = 3.70,
p<.005).

Duncan's multiple range test was used for multiple comparisons among the

eight tasks for both the younger and college samples. Significant R values

were obtained as shown in Table 4. From these multiple comparisons, then, it
can be seen that for all glﬁ;ps, except good readers - Grade 2, Task 8 produces
significantly longer reaction times than at least Tasks 1 and 2. TFor the

poor readers, however, Tasks 6 and 7 also produce significantly longer reaction

times than some of the other tasks.

Discussion

The neurophysiologically, cognitive, and perceptually-oriented approaches
to the study of processing of line orientations predict that developmental
differences should occur, at least in cmpar;ng young children and adults.
These differences are clearly supported here in both the false alarm rates.
and in the reaction timés., College-level subjects are faster (by at least
500 msec) and more accurate than the younger subjects. Discriminations
involving slanted lines produce little difficulty for college-level subjects,
(Task 8). For the younger subjects, good readers show the same difficulty
also in disecriminating lines slanted in opposite directions (Tasks 6 and 7).
It is important to note that younger children show considerable Peaction time

variations across the eight tasks. College-level readers, however, show almost
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exactly the same reaction time for all the discriminations except that of
Task 8. This result may point in the direction of development of what lLaBerge
this means is that the distinctive features of stimulus forms which are necessary
to detect that they are different require an asymptotically small amount of time
to bring into "attentional readiness." LaBerge (1973) points out this phenomenon
by showing that even when subjects are prepared to respond to another task nd
suddenly presented with a letter discrimination, they are as fast on that
discrimination as when they are specifically Pr'epared for it. P@éﬁéﬁ and
Snyder (1974) document that familiar discriminations can occur without any
loss of speed, even when another task is being processed simultaneously. The
.presant study shows that regardless of what line orientations are to be
diseriminated (except in Task 8), college-level subjects show very fasti,
and equal latencies. The younger readers are much slower, and the variation
in reaction times across the tasks shows that automaticity as indexed in asymptotically
low reaction time across the tasks, could nétspassibly be occurring. This
finding is striking in that the line-orientation task seems one of basic

simplicity.

A final point important to make, is that campurisons of younger good
readers and older poor readers does not yield the similarities expected under
a "developmental lag" hypcthesis. In other words, Grade 1 good readers do not
~how the same pattern and general speed of reaction times that poor readers
do even in Grade 3. Unless the lag is greater than two years, it is not
accurate to say poor readers process like younger good readers. In view of
the present results, a reasonable hypothesis is that poor readers are not
developing automaticity in processing of even the simplest set of

disepimination tasks as was tested here. Substantiation of such an hypothesis
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Table 1

102

Mean Probability of a False Alarm E‘I@rfar -
the Eight Orientation-Pair Tasks (Grade School Readers)
Tasks

Poor Readers

.13 .19
.08 .06

.09 .03

.13

.09

.05

.08

11

.08

1 .03 .Iu() .11 .06 .06 .05 .08 .03 .07
2 .09 .16 .14 .08 .06 .03 .03 .02 .08
3 .02 .13 .06 .11 .02 .03 .05 .08 .06

Note.

because of an unacceptable error rate.
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The number in paremntheses refers to the block which had to be retested
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Table 2

Mean Probability of a False Alarm Error for

the Eight Oriemtation-Pair Tasks (College-Level Readers) : i

! 2 3 N 5 6 . 7 8 Mean for all tasks -

.00 .03 .02 .02 .05 .08 .00 .00 .03
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Table 3

Summary of an Analysis of Variance for

for Grade X Reading level X Task (Grade-School Readers)

Source daf MS s F
Between 47 -
Reading level 1 2081080.0 13.19%
Grade 2 2862. 4 .02
Reading level X Task 2 36817.1 .23
Error (a) 42 157757.0
Within : 336
Tasks 7 90872.1 5.65%
level X Tasks 7 ’ 23534, 7 1.46
Grade X Tasks 14 17322.9 1.08
level X Grade X Tasks 14 ©13146.7 .82
Error (b) : 294 - 16092.5
lSignificant at p<.001
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Table 4

" significant Rovaluss for Duncan's
Multiple-Range Test (Grade School and College-level Readers)

: Task pairs for which significant
Grade R-values were obtained

Poor readers
1 ) (1,6), (1,7), (1,8), (2,8
2 (1,8)3 (2,8)5 (338)3 (gga)g (SQS)
3 (1,73, (1,8), (2,8), (2,7)
Good readers
1 (1,8), (2,8), (3,8)
2 No tasks significantly different
3 ’ C(1,8), (2,8)
College-level readers
(1,8), (2,8)
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FiGure 1: CONTEXTS IN WHICH CHILDREN HAD TO DRAW HORIZONTAL (A AND B)
R VERTICAL' (C AND D) LINES., IN C CHILDREN HAD TO DRAW THE TREE ON THE
MOUNTAINS. IN D CHILDREN HAD TO DRAW A MAN IN THE CAR

(From Mackay, BRAZENDALE, AND WiLson, 1972)




FIGURE 2: REACTION TIMES FOR THE LINE ORIENTATION TASKS (POOR READERS . |
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To1 Participating teachers and administratara. Granville Elementary School

- *"‘:‘DE-‘EEB' Dgc-".gihﬁlg?:-; e e e o e e e e o e

- Fromt Eather Thorson

Assistant Professor
Department of Psychology
Denison University

Introductions:

As you know, Jane Holloway has been testing children in the lst,
2nd, and. 3rd grades on certain perceptual tasks. Your cooperation
and suggestions have been invaluable to our work. Because your support,
understanding, and ideas are so important to our progress, we h.ope to
explain briefly in this report what we have done so far and what the
next step will be. A previous report examining immedlate practical
applications of thls research was sent out to all teachers last spring
and is available to any who are interested.

The Research and 1ts Purpose

Although there are at present many tests (e.g., ITPA Stanford
Diagnostic Reading Test, Metropolitan Readiness Test) which can .
distinguish a child with reading difficulties from one who 1s progressing
'satisfactorily, there has been little work done toward developing a
test of basic perceptual processing charasteristics of efficient and
poor readers, If Wwe had a rellable screening device which could detect
at an early age those children who would most likely experience difficul-
ties in learning to read, these children could be glven a variety of
perceptual-motor training tasks in the hope of providing them with
some useful remedial help. 'The research being done at the elementary
school now is aimed at developing just such a screeniny device. The
questions are: (1) What tasks will best screen processing character-
istics; and (2) Can we discover processing modes that are clearly
different in good and poor readers. This research program is supparted
by a grant from the National Institute of BFducatlon.

Experiment #1: o

The Problems This experiment, just completed, examined reaction
‘times of poor, medium, and good readers to various combinations of
diagonal, horizontal, and vertical lines, It has been suggested by
a Piagetian Esyehalagist, David Olson (1970) that. discrimination of
the diagonal is not a question of simple reeagnitign, but rather an
indication that the child has developed a system for percelving figures
in terms of certain critical attributes. Although children below the
age of six or seven have difficulty diffe;entiatlng the d.‘.gonal from

1lines of other orientations, Olson reports that nﬁst children above

that age can handle the diagonal successfully.: In ather wards.
important "critical feature,” namely line. arientatiﬂn, is easily
processed by children above Grade 1. In the presant stuﬂy it was
hypothesized, however, that a highly. sensitive measure .of praeesaing,
reaction times to lines. differi1g in arientatian. will ‘show remaining o
vdiffieulty with the diaganal, ‘above Grade 1,_esgegially far paar readgrs. .
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Specifically, it is expected that poor readers will exhibit more
errors “than good readers, and will be much slower in differentiating -
between lines of various orientations. If poor readers are not only
less efficlent in processing orientation features, but ars also doing
their differentlations with different processing modes, the pattern

of reactions times (as indexed by which orientation tasks are most
difficult) they show will be different from fast readers.

Method:

To test the above hypotheses, the children in three groups, fast,
medium. and poor reading, were asked to push a button when they saw the
“yes" line light up in a.sc=sen, but not when the "no" line was presanted.
There were three tasks:

Task 11 /. Task 23 o~ | Task:a:\ /
yes no . yes no ~ yes no

Preliminary results:
Surprisingly, poor readers are not less accurate than fast readers

in any grade, but medium readers are significantly less aceurate than
both the other groups in Grades 1 and 2,

éﬁuestian: Do you find medium level readers to be more "impulsive"
than slow or fast readers?/

In terms af averall syeed on the threa taaks. thare are no

faster than ‘slow readers. This is espegially interesting in that
Olson would predict that by third grade there should be no differences

in the three groups since the tasks should all be very well learned

by that time. The result does support Jay Samuel's (1973) hypothesis
about poor readers, namely that they never sufficiently "overlearn" the

most basiec, simple tasks underlying discrimination of letters. Because
they remain slow in the basic sub-tasks, with addition of each increasingly
complex reading skill, they fall further behind. Samuel's suggested
remedy is simply p:actice. practice, and more practice on the most
basic sub-tasks, like the one we gave the children. ,

Concerning patterns of latencies across the three tasks, there

appear to be differences between good, medium, and poor readers, when

the children's responses are pooled. (See Figure 1.) But within
groups, the variance (variation) is enormous, It is here the greatest
amount of work needs to be done, Further statistical analyses must
be run before it is reasonably clear whether differing processing
modes are appearing., ..It will also be helpful to compare the individuals
respenses 1n this experiment to thase in the next tHD gxperimenta.-

to grncessing more slawly is an important one. far uﬂderstanding reading

problems. It 1s at that question, of course, that this and the next
experiments are aimed. Results from Experiment 1 indicate that different
kinds of processing are a very good possibility. -

120
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Experiment #21
The next experiment we want to run will allow comparison of how

““good and poor readers "put together" letters into meaningful wordsi We'

will be dropping the medium readers from this study because they appear
to be too much a hetereogeneous group. The second experiment willi also
examine reaction times, but will cut down on the number..of . trials run
8o the whole session with each child will take only 10 minutes. To
further decrease any inconvenience to the teachers, we are asking you
to give us very specific information about when we should not take

the children out of the classroom. A sheet for listing of your time
preferences (if you have not already done sq) is included at the end of
thls report. .

In conclusion, results to date are very encou:aging and we are excited
about future possibilities, We do appreciate your help and cooperation.
If you have any suggestions for procedure or hypotheses, please do not
hesitate to speak to Mrs. Holloway, or to call me.at 587-0810 (ext. 484),
The suggestions we have recelved so far have been excellent, and several
of them are incorporated into the second experiment.

We hope this information has been interesting to you. A thorough report
and description of individual ghildren s work Hill be sent out next

EPﬂng »
' Thank you very much,
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Final Report on the Reading Research Project

To: Participating teachers and administrators, Granville Elementary School
From: Esther Thorson, Assistant Professor, Denison University

The present r!apv::r't summarizes the results of four e:@erm@ts ‘that have
been campleted since the last report. As pointed out in previocus reports, experi-
mental psychologists frequently have shown that poor readers do processing
of simple discriminations as accurately as do good readers (e.g., Black, 1973,
Leslie € Calfee, 1971). All of the studies summarized here show that poor
readers do perform nearly as accurately as do good readers-<but they do so with
invariably a much slower reaction time. Samels (1973) suggests that most
teachers themselves stress accuracy, but do not stress speed. I-I:Lgh t it not
be, hmever, that speed, at least on the very simple tasks used in the present
research, is essential to eventual efficient reading? This seems reasonable in
light c:f the fact that reading itself must be carried out fairly quickly,
and certainly all the camponent procedures involved in reading must go on very .
quickly, even "automatically" (or without conscious attention). Each of the
four studies described below show that poor readers are simply not developing

- the speed that good readers in aqulvalent grades are demonstrating. In one
task, in fact, there are ms:; d:ffa‘ences in speed across first, secord,

and third grades.

Experiment 1 presented children with four tasks. First, they were to press e
a response key if the word "fun" Dccutred, ut not if "bun," "fan," or "fur"
appeared. The three "catch" words insured that the children had to lock at every
letter of the word before responding. The second task was to rﬂespcsnd if £
appeared, not if b appeared. The third task involved responding to u, not a; and
the fourth involved respording to n, not r.

It has been shown that adults can process a three-letter word as quickly as
they can process the most dlfflcult a:a@nerﬂ: letter. As shown in Figure 1,
good readers closely approximate this attribute of adult performance by third
grade. Poor readers, hcmeva‘, do not. First grade poor readers who especially long
reaction times to the word. ,

Experiment 2 presented good and poor readers with three letter-discrimination
tasks (E-B, Z-V, N=K) each of which appeared in three contexts: (1) the
letter presented singly; (2) the letter presented in a word; and (3) the
letter presented in a three-word phrase. Adults show equal reaction times
at least to single letters and letters aﬁ:@mg in words (Thampson € Massaro,
1973). It was hypcthes;zed, however, that since poor readers showed rela-
tively slow reaction times to the word in Experiment 1, they would be negatively
affected by contexts (2) and (3) in the present study. As shown in Figures 2
and 3, this hypothesis was supported, although only for first graders.  This
means, then, that picking out a single:letter from a word is not. d:ffm;it :
for poor readers, at least in Grades 2 and'3. Instead, the prcbian is "putting

- ‘the letters into mﬁﬂ“ as requ:.red in Experiment 1 that is praducmg the
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Experiment 3 produced perhaps the most surprising results. Again, good and
poor readers were tested. The task was a simple one where the child was asked
to press a response key if the letter name he heard was the same as a letter
similtaneously presented visually to him. Although seemingly the simplest
possible auditory-visual integration task, it has not previously been tested.

As shown in Figure 4, poor readers were at all three grade levels slower
than good readers. There was no statistically significant change over grade in
the reaction times of either good or poor readers, but the differerice in the two
groups actually increased across the three grades. In Grade 1, pocr readers averaged
a reaction time 124 msec. slower than good readers. In Grade 2 the difference
increased to 252 msec., and in Grade 3 the difference was 281 msec. Both good
and poor readers showed nearly perfect accuracy on the task.

Experiment 4 examined reaction times in two .mtching tasks and two

"preparational switching" tasks. In the letter-matching task, the child was
presented on most trials with two letters side by side. If the letters were the
same the child was to press a response key. If the letters were different, no
response was required. On random trials, however, a three-letter word appeared
beside a line drawing. If the word named what was drawn, a response was again
required. In the "meaning" match trials, the procedure was reversed. Usually
a word appeared beside a line drawing. On random trials two letters appeared.—————
The procedure was carefully explained to the child before he was tested. .

There were essertially four tasks, then, in the present study, and all seem
closely related to those that have to occur in the process of learning to read.
Letter discrimination must ocour; matching a "meaning" to a word must occur;
and frequently the young reader must switch from letter to meaning levels and

The results are shown in Figure 5. Poor readers are only slightly slower
than good readers in matching letters when prepared to do so (letters-preparation
trials), but are considerably slower in matching letters when not prepared for
that task (letters-switch trials). These differences are especially great for
first graders. For meaning matches, poor readers are much slower than good
readers wheh prepared for the task, and that difference increases slightly
when they are not prepared for the task. Again, first grade poor readers
show much more difficulty with the task than do any other groups.

Taken together, what main generality can be drawn from these studies?
Probably the most important point is that of the lack of automaticity in
processing simple perceptual discriminations shown by poor readers. Again,
automaticity is defined as the ability to perform two or more processing -
tasks simultaneously, without any lessening of speed-or accuracy.. . Expe iment. . .
1 showed ‘that good readeis come close to performances indicating that they can

_process three letters (in a word) simultaneously without decrease in accuracy

or increase in speed. . Poor readers show much further removed approximations

to automaticity performances. Experiment 4 looked at automaticity in .-~ -

a different way, but again demonstrated its lack in poor readers.. LaBerge. (1973) -
pointed out in a recent study that automaticity is difficult to denonstrate . -
for adults in simple discriminations. ' They can discriminate, for ‘exumple, -
"new" letters (e.g., lg 5 ) as quickly as alphabet letters. But in the
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switching task, as used here in Experiment 4, the new-letter discriminations take
much longer than alphabet-letter discriminations. . Both good and poor readers
(except first grade poor readers) showed in Experiment Y4 close approximations

to automaticity responses for letter matches, but much less clgéé 7appmm‘atr:ns
to automaticity responses for meaning matches. Aga;m p@af- readers were the

furthest removed from av:tanatlclw responses.

1

It seems, in v1éw of this kind of finding, that perhaps mcre emphasis sho.’d
be placed on overtraining (Samuels, 1973). This means .that, especially for poor
readers, training sh::uld _go on not just for acauracy, but mt;a;l.ly for accuracy,
and then continued training for speed. Every experiment performed in the present
series supports that noticn that on simple, basic perceptual discrimination
tasks, poor readers are fa;rly accurate, but usually very slow. Hopefully
increase in speed of processing on simple, componert tasks related to reading
will help poor readers move toward more efficient and confident reading skills.
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