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STATEMENT OF FOCUS

The Wisconsin Research and Development Center for Cognitive Learning
focuses on contributing to a better understanding of cognitive learning by
children and youth and to the improvement of related education practices.
The strategy for research and development is comprehensive. It includes
basic research to generate new knowledge about the conditions and proces-
ses of learning and about the processes of instruction, and the subsequent
development of research-based instructional materials, many of which are
designed for use by teachers and others for use by students. These mate-
rials are tested and refined in school settings. Throughout these operations
behavioral scientists, curriculum experts, academic scholars, and school
people interact, insuring that the results of Center activities are based
soundly on knowledge of subject matter and cognitive learning and that they
are applied to the improvement of educational practice.

This Technical Report is from the Basic Prereading Skills: Identifica-
tion and Improvement element of the Reading and Related Language Arts
Project, in Program 2, Processes and Programs of Instruction. General ob-
jectives of the Program are to develop curriculum materials for elementary
and preschool children, to develop related instructional procedures, and
to test and refine the instructional programs incorporating the curriculum
materials and instructional procedures. Contributing to these Program ob-
jectives, this element has two general objectives: (1) to develop tests for
diagnosing deficits in skills whioh relate to reading (2) to develop a kin-
dergarten-level program, includi.ig diagnostic tests and instructional pro-
cedures, for teaching basic prereading skills. Tests and instructional
programs will be developed for visual and acoustic skills, including letter
and letter-string matching with attention to order, orientation and detail,
and for auditory matching, segmentation, and blending.
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ABSTRACT

Subjects (Ss) were asked to look for occurrences of words from a target
list while reading a passage for comprehension. Number of target words (1,
2, or 4) was combined factorially w!.th number of occurrences (0, 1, 2, or 4)
in a within-Ss' design. In Experiment I, Ss searched for the specific words
in the target list, in Experiment II for any close associate of words in the
target list. In both experiments, reading speed was affected only by the
number of words in the target list. Neither of the variables had any effect
on comprehension. The results indicate that central memory load limits
reading speed but scanning and decoding processes are so automated that
they are unaffected by the additional tallying operation required of S in this
task.



INTRODUCTION

Experiments on visual scanning and search
by Neisser (1967 ch. 5) resemble in certain
ways the process of reading in literate adults.
In one of the more intriguing studies along
this line; Neisser and Beller (1965) asked
Ss to scan a list for a meaningful word
(Monday) or for words falling in conceptual
classes such as states of the Union, proper
names, or animals. They found that the rate
of search for a closed conceptual class was
only slightly greater than for a single word
Ss searched through a list at a rate of
.07 sec./word for Monday and .11 sec./
word for states. Rate of search for animals
(an open Conceptual class) was slower, about
.18 sec./word.

in reading, S can use context to predict
particular words or classes of words which
are likely to occur. To the extent that a
skilled reader makes such predictions, rapid
scanning for the "target" words should be
possible, thereby facilitating speed of read-
ing. Visual search studies have used letters
or single words as stimulus materials and,
hence, the results are not directly applicable
to the processes involved in normal reading.

The present experiment was designed to
explore operations similar to those in visual
search but in a task more like normal reading.
The question of primary interest concerned the
effect on reading speed of the number of target
items S was searching for and the number of
target occurrences in text.

1



METHOD

GENERAL

Subjects (Ss) were presented a list of tar-
get words. Then they read a passage which
contained occurrences of target words (Experi-
ment I) or close associates of the target words
(Experiment II). They were instructed to no-
tice these occurrences while reading the pas-
sage as rapidly as possible. Comprehension
of the passage was stressed. As soon as the
p&ssage was finished, the page was to be
turned. The reading time was recorded by the
experimenter (E). Ss wrote down the frequency
of occurrence of each of the target words and
then answered two multiple-choice questions
testing comprehension of the passage.

DESIGN AND PROCEDURE

The basic design in both experiments was
a 3 x 4 factorial within-Ss design. The two
variables were (a) number of words in the tar-
get list (1, 2, or 4) and (b) number of occur-
rences of targets in the passage (0, 1, 2, or
4). For conditions with one word in the target
list and two or four occurrences in text, the
target word was repeated in the passage two
or four times, respectively. For conditions
with two words in the target list and with two
or four occurrences in text, each target word
occurred once or twice, respectively. For the
condition with four target words and four occur-
rences in the passage, each target word
occurred in the passage exactly once. For
conditions in which there were fewer occur-
rences than there were target words, no target
word occurred more than once in the passage;
otherwise words were chosen at random from
the target list.

The 12 conditions from the 3 x 4 factorial
design were combined with 12 passages in a
Graeco-Latin square, which was administered
to two groups of 12 college undergraduates,

volunteers from introductory psychology classes
at the University of Wisconsin. Experiment I

was conducted in Fall 1967 and Experiment II in
Spring 1968. In Experiment II, a no-target
control list was also incluc'ed in a partly coun-
terbalanced fashion in the square.

The passages were chosen from familiar
works of fiction: e.g., All the King's Men by
R. P. Warren, Death in Venice by Thomas
Mann, the Ballad of the Sad Cafe by Carson
Mc Cullers, and You Only Live Twice by Ian
Fleming. All passages were altered as neces-
sary until they were approximately 100 words
in length, not counting function words. Pas-
sages were also altered so that one common
noun appeared four times in the course cf the
100 words, and two common nouns twice each.
Passages were originally selected to meet
these requirements as closely as possible.
Noun substitutes for pronouns were then intro-
duced as necessary. All the common nouns
that appeared as targets were high-frequency
English words (Thorndike-Lorge AA or A). In
conditions with more target words than occur-
rences, nonoccurring targets were compatible
with the general sense of the passage but no
target or close associate of a target appeared
in text.

In Experiment II, the target list shown to S
before he read the passage consisted of close
associates of the occurrences in the passage,
and S was instructed accordingly. Also, some
modifications of the passages were made after
Experiment I in an effort to render them more
homogeneous but, as will be seen below, these
efforts were not too successful. The words in
the target list were of lower frequency than the
occurrences, but were still reasonably common
[at least 50 times per million, Thorndike- Lorge].

Ss were fully instructed as '-o the nature of
the task. They were asked also for their grade-
point average, to report any special reading
training courses, and to rate themselves both
as to speed and accuracy on normal reading.

2) 3

9



None of these m,asures bore any significant
relation to perfOrmance on the task, and they
will not be dicussed further. Ss then received
three practice trials on three lists similar to
those used in the experiment proper. Follow-
ing each practice list, they were asked if they
had any questions. The 12 experimental pas-
sages war lhen given without any breaks. A.

session usually took less than half an hour.
Reading time was measured in centisec-

onds from the time Ss turned the page to begin

4

reading imtil the page was turned over. On
the test page which followed, the target list
was reproduced, together with two multiple-
choice questions. Ss wrote down the number
of times they thought each of the target words
occurred, and then answered two questions.
In Experiment II, the words listed on the test
page were those actually occurring in text
rather than the associates in the target list to
insure that S knew exactly which words to
tally.

10
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RESULTS

Four dependent measures were analyzed:
(a) reading time, (b) number of words reported
as a ratio to the number of occurrences, (c) the
difference between the number of words occur-
ring and number of words reported, and (d) num-
ber of correct answers on the comprehension
test. Measures (b) and (c) represent differ-
ent ways of looking at the same basic data;
viz., he number of words reported as occur-
rences. There was no a priori way of deter-
mining which of these measures would be
more interesting and $o both were computed.
However, they are not independent. For
measure (b), the divisor was set equal to one
when the number of occurrences was zero.
The expected value of the score for perfect
performance is zero for this level; whereas
for the other levels of the target-occurrence
variable, the expected value for perfect pei--
fornance is one.

In Table 1 are presented the means for
each of the variables, and Table 2 gives
analysis of variance results for Experiment I.
The corresponding results for Experiment II
are in Tables 3 and 4. In general, the two
experiments yield very nearly identical re-
sults. Reading speed is slower in Experi-
ment II, and while it is tempting to speculate
on the implications of this difference, it is
true that the two studies were conducted in
different semesters and hence possibly in-
volved different S-populations. However, it
may be that the additional burden of storing
"associates" rather than explicit representa-
tions in memory is responsible for the slower
reading rate. This interpretation is compati-
ble with other aspects of the data.

The most interesting que. '3n concerns the
relation between reading speed, memory load,
and number of target items in the text. In
both experiments, reading time increased sig-
nificantly (2. < .001) with increased memory
load [the number of different items S had to
keep in mind while reading]. Reading time

for the no-target control passages in Expert-
ment II was 40.7 sec., which when compared
with the average reading time of 5 2.32 for the
same passages with taigets, provides further
evidence of the effect of memory load on :ead-
ing speed. However, performance was unaf-
fected by the number of occurrences of target
words that Ss presumably had to process or
identify while reading. The interaction be-
tween memory load and number of occurrences
was also a negligible source of variance. The
natural interpretation is that Ss identified and
tallied target items without any disturbance of
the reading process. Moreover, Ss performed
these identifications with equal facility whether
searching for specific v.r, .ds or less well speci-
fied associates.

From Tables 1 and 3 it can be seen that
memory load was also the primary variable in
determining number of words reported, by either
the ratio or difference measures. h. part, this
result reflects the fact that the number of words
on the test list was equal to the number of
items in the target list. The greater the num-
ber of test words, the more occurrences reported
by S. Considering just the condition with four
words in the Target List but no occurrences in
the text, seven Ss in Experiment I and eight in
Experiment II checked one or more of the test
words as having been detected. When the
Target List contained two words and there were
no occurrences, two Ss in Experiment I and
seven in Experiment II checked one of the test
words and no Ss in Experiment I and two in
Experiment II checked a test word when the
Target List contained one word and there were
no target occurrences. In short, the basic
pattern of results for the two scores (ratio and
difference) based on the number of Words re-
ported was thisSs reported more words as
memory load [and hence number of test words]
increased but this effect was negligible by the
time there were as many as four occurrences
of target items in text. This result is probably

11
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due to the fact that non-occurring targets were
selected to be compatible with the sense of
the passage.

Analysis of variance of the comprehension
scores revealed no significant effects of ex-
perimental conditions; nor did visual inspec-
tion of the means suggest e. ny pattern to the

8

comprehension data. Some of the passages
were more difficult to comprehend than others,
as can be seen in Tables 2 and 4. Also some
of the passages took longer to read than others.
However, there was no correlation between
comprehension scores and reading time for the
different passages.
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I

DISCUSSION .

The finding that memory load was a signifi-
cant factor in reading speed indicates that
central, cognitive processes involving the
storage or maintenance of readily available
information plays a critical role in perform-
ance of skilled readers. The fact that the
number of occurrences of target items in text
was unrelated to performance means that the
processes involved in perceptual scanning
and preliminary decoding are so rapid, so
"automated," that recognition and tallying of
words in text can be carried out without sig-
nificantly slowing the rest of the reading act.
Finally, the fact that these results hold
whether S is louking for a word or some asso-
ciate of a word suggests that the "high-speed"
portion of skilled reading carries at least
through some level of semantic decoding.

The involvement of central factors in per-
formance on the experimental task is not too
surprisingthe absence of any effect of in-
dependent variables involving decoding pro-
cesses, however, was unexpected. Also, it
is somewhat difficult to reconcile the preced-
ing interpretation with the negligible effects
of any of the independent variables [in par-
ticular, memory load] on comprehension
scores. One might suppose that comprehen-
sion would require some of the same process-

ing operations as memory storage and, hence,
would be influenced by memory load. One
possibility is that S arranged a tradeoffread-
ing speed was adjusted as necessary to main-
tain a satisfactory level of comprehension.
Another possibility is that the comprehension
test procedure was not sufficiently sensitive,
either because it was too easy or because the
errors only reflected faulty test items. The
passages were relatively short, and so there
was not a great deal of content to measure.
The multiple-choice tests used were aimed at
specific facts in text and the distractors se-
lected to be reasonably similar to the correct
answer. In Experiment II, Ss were asked to
write a synoptic sentence or two after the two
multiple-choice questions. In general, these
sentences mirrored information available in the
multiple-choice questions and hence were not
especially enlightening.

The consistency of the results across the
two studies speaks for the usefulness of the
technique for the investigation of component
processes in skilled reading. Further explor-
ations will be directed toward more detailed
examination of factors such as length and dif-
ficulty o' the text, familiarity of the target
words, and extent of syntactic and semantic
embeddedness of targets.
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