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CEAPTER T

BACKGROUNb AND THEQORETICAL CONSIDERATIONS OF THE STUDY

The Chunking Hypothesis

Any conceptual model of reading comprehension, or even of the
immediate reading act itself, must take into account a component called
"memory.” In order to consider the function of memory in relation to
reading it is necessary to specify the baslc unlt or units of verbal
material which are handled in the memory process. The present study was
designed to investigate the notion that certain syntactic structures
function as informstional "chunks" which are processed as integral units
in. short-term memory {(STM).

Miller (1956) and others have proposed an information chunking
hypothesis in which the individual members of a complex string of ele-
ments in & stimulus array are recoded into compact chunks, and those
chunks .are then processed in STM as individual items. The Miller hypoth-
esis would imply that the individusl phonemes /b/ /ae/ /t/ arve recoded
into a single chunk which is the word “bat” and that the chunk is
handied in ST as a singie unit. It would further imply that three words
of a similar phonemic length would be recalled as easily as three unre-
lated phonemes. Murdock (1961) compared the retention of three consonants,

_ three unrelated words and a single moncsyllabic word in a free recall
task. The results supported Miller's hypothesis. The retention of the
three consonants and three unrelated words was approximately egual. The

retentlion of the single word, however, was markedly superior.
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Many cother studies have been reported which give empirical support
to the chunking hypothesis. Such studies have, however, typically used
letter-strings (Allen, 1961), strings of numerals (Miller, 1956}, CVC
trigrams. {Gibson, Bishop, Schiff, and Smith, l96h), and categorized
word lists (Cohen, 1963, z, b) as stimulus materiai. Tt was the intent
of the present study to investigate the chunking hypothesis at the level

of syntactic coding.

Psychological Reality of Syntactic Units

The notion of the psychological reality of syntactic units fune-
tioning as information coding units has received considerable support
over the past few years. Glanzer (1962), in a series of experiments
using function and content words, indicates that the basic unit to be -
considered in rote learning may be either a word or a phrase.  Johnson
- {1964) reported that significantly greater number of errors occurred &t
phrase junctures than within phrase structures in a paired-associate
sentence learning task.

Fodor and Bever (1965) investigated the psychclogical reality of
linguistic segmentétion produced by constituent sanalysis. The experi-
mentation involved the subjective location of clicks heard during speech.
‘The results of the investigation indicated that the clicks were attrac=
" ted towards meJjor syntactlc boundaries in sentential material. The
number of cofrect responses was sighificantly higher in the case of -
clicks located at major syntactic boundaries than in the case of clicks
located within segments. Tﬂe results generally supported the psycho-

"logical reality of syntactic segments as major perceptual units.



Conceptual Model of STM

The following conceptual model provides a framework for integrating
the notions of information chunking and the discussion of functional
linguistic units which might act as coding rcutines.

We will assume a memory model similar to the one presented by
Atkinson and Shiffrin (l965)u The general flow diagram cf such a system
may be seern in Figure 1. The major difference between the model assumed
here and the one discussed by Atkinson and Shiffrin is the insertion of
a coding mechanism between the sensory buffer and the memory buffer.

We will assume a sufficient duration of the sténulus exposure for the -
stimulus information to be stored and processed in the sensory buffer.
Let us further assume that the information handled in the sensory buffer
is processed in its most elementary forwm; that is, in binary bits. It
is. then transferred to the coding mechanism where the sequence of input
of dndividual bits of information is matched against stored coding
routines in some hierarchical fashion. If the stimulus input consists
of verbal material we might reasonably expect the coding match to pro-
ceed- in the following manner. -A match will be attempted to the coding
routine which would produce a graphema. If such a match is successful
then the routine would be entered which would combine graphemes 'into a-
phoneme. I a match of phoneme code is not successful the individual
graphemes are transferred to the memory buffer. If the match for pho-
nemes is successful, an attemﬁt is made to mateh for words. If the
mateh for words is successful, then a further attempt would be made to

match for a syntactical string. That is to say, the question will be



asked: Do the words in their sequence of input match some kriowr: opera-
tiqpal syntactic rules of English? If such a match is successful, the
further search.of coding might proceed to the sentence level. At any
point in the hierarchy where a match fails to occur to a given coding
-routine the next lowest coded chunk is then transferred to the memory
puffer.

. If the memory buffer is of some fixed limited capacity, there must
~be an upper bound to the process of coding, recoding, and recoding again
into more énd more compact churnks. With each coding sweep, the.chunk,
though handled as a unit, must be weightea‘in some manner to take into
account the number of previous bits which sre included within the chunk.
Just what the weighting procedure should be is not at gll clear, and 1t

is beyond the scope of this study to conslder the guestion in any detail.
The adaptation of the Atkinson—Shiffrin model is presented as purely
conceptual, and no mathematical considerations beyond those already
developed by Atkinson and Shiffrin will be attempted irn this study.

A coding routine such as the one Jjust deseribved could explain the
previously cited results obtained by Murdock (1961}, (i.e., equal reten- -
tion rates for three consonants and three unrelated words and superior
reténtion of a single word). It would further imply that the probability
of recalling =& ﬁhree—word Phrase would be approximately equal to the
probability of recalling a single word made up of three phonemes.

A previous experiment by Wilson (1965) using recognition as a test
of recall shbwed_that the prcbability of recognition for three- and four-
word noun phrases was somewhat greater than the probability of recognition

for single nouns, and that the inverse relationship held between the
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probability of recall for three- and four-word nonsense parases and
single nonsense words. In the population tested {60 third graders) the
errors of recognition tended to cluster around phoneme changes in the
single ncuns, single nonsense words, and the nonsense phrases, Errors
of recognition for phrases, however, were randomly distributed over the
recognition set.

The regglts indicated thet the noun phrases were processed as single
units and that when errors occcurred in the othef three conditions they
were largely errors at the next lower ccding.levein That_is to say,
lthere was a fallure in coding at the wérd level and the!ininidual
Phonemes, processed as discrete units were liable to éthﬁéion in the
recognition task. |

The experiment was in no way conclusive, however,‘f fhe overall
errcr rate was low. Since it was a group fest the interference activity
was of necessity a group actlvity and did no£ rule out at least some
“overt rehearsal of the target items.

The Two Experiments

Two experiments were designed to‘examiné_£he relationships in memory
storage and retrieval between single words, three-word phrases, and three-
word non-syntectic strings. In Experiment I the three conditions de-
scribed above were compared in a 3 x 3 factorial design with three form
class conditions:.nouns, verbs, and prepositidnsj' If the suggested
conceptual model is fiéble, the phrasés should be remembered approximately
as well as single words and better than the three-word non-syntactic

strings.



A further test of the model was made in Experiment II. It has been
fairly well established in the literature (e.g., Selzer and Wickelgren,
1963; Wickelgren, 1964) that if a relevant stimulus is surrounded with
irrelevant stimuli, the prcbability of recall for the relevan# stimulus
is considergbly less than for the relevant stimulus pregented alone.
That is, if the subject is shown the set "7YZ5" and is asked to recall
the two letters, his probgbility of correct recall will be somevhat less
than if shown the letters Y Z.

The chunking hypothesis would imply thet the above relationships do
not hold when the relevant stimulus is prgsented in the context of s
codablé chunk. Lindley (1963) investigated the chunking hypothesis by
noting the effects of the presence or absence of recoding cues on short-
term memory Ffor three-letter items. The items were presented in the
context of Bnglish words which were considered to be coding chunks. The
target items were capitalized and the remmining letters of the words were
printed in lower-case type (e.g., eXPOse, CHTp, hiTS). It was found that
for items of iow meaningfulness (not proncunceable) the irrelevant_stim—
uius did not function as noise but did indeed facilitate recall of the
relevant stimulus. However, for high meaningfulness items_(B—lette:
strings that formed a word) the irrelevant stimuli produced the usual
ipterference effect for recall of the relevant stimuli.

The later result is not surprising in terms of the conceptual model
being assumed for this study. If the target graphemes can be coded into
units higher on the scale of coding routines %y uge of furnished cues,
they will be stored as connected elements of a single chunk and the

model would predict a higher probability of recall than for those
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undonnetted létters stored‘as individual wunits.  But, 1if the target
items can be coded by themselves intc a word.and the furnished cues are
nof an ald to coding at the next higher level (iue,, the phrase), then -
the cues are providing competing éhunks at the same level of the coding
hierarchy and are in fact interfering stimuli.

Experiment 1T extends the basic notions of the Lindley study into-
the Word—phrasé coding domain. Stimﬁli were presented under threé con-
ditions: (1) alone, (2) embedded in a phrase, and (3) embedded in a
ﬁon-syntactic string. In each case the relevant stimulus was printed
in red. The subject was required to read the entire stimulus sef; but
was aske@ to recall only the item printed in red. The model predicis
that the relevant stimulus item would be recalied in its syntactic phrase
éetting approximately as well as ﬁhen'p?eseﬁted alorne, but that conversely,
the probability of recall for the relevant stimulus would be much leés-

’
 When presented in the context of a non-syntactic string.

Further points of investigation in Exzperiment IT were the differences,
if any, in the recall of nouns, verbs, and prepositions under the three
stimulus conditions. The stimulus items of Experimert I comprised the
stimulus set of Experiment IT. Since the words presented in isolation
were the same in Eoth experiments, the single word condition provides a

point of contact and comparison.



CHAPTER II

DESIGN OF THE EXPERIMENTS

Experiment 1.

Subjects. An experimerntal population was desired which would
minimize the effects of formal tréining in reading on the wvariables
under investigation and at the same time would have the minimsl mastery
cf reading skills necessary for performance of the experimental task.
Consideration of both constraints led to the choice of third-grade
studenﬁs in a public schodl in a predominantly lower-middiewclags neigh-
borhood.

A schocl in the Palo Alto Unified School Distriet was selected as
representative of a public schocl drawing from a loWer}middle_class,
upwardly-mobile population.

A random sample of thirty-four Sfudents was drawn from the third
grade population of the school. Each student was assigned to either
Experiment I or Experiment II on a random basis, meking an N of seven-
teen for each experiment.

Comprehension, Vocabulary, and Total Readiﬁg Scores from the SRA
Achivement Series 2—&, Form C, were collected fcr the subjects from
their cuﬁulative record folders. The SRA Achievement Tests were admin-
istered near the beginning of the school year. The reading achievement
data for the thirty-four subjects are presented in Table 1.

Stimulus Material. The stimulus material consisted of a set of 120

monosyllabic English words which were selected on the basis of frequency,



Mean
(Raw Score)

5.D.

Mean Grade
Egquivalent

Table 1
Summary of the Distribution Statistics

of SRA Reading Achievement Scores

for Experimental Subjects

Comprehension Vocabulery Total Reading
29.471 22.000 51.4705
6.607 6.902 12.456
3~1 3.6 3-3
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fa%iliarity, and form class. ?he three criteria were met by the follow-
iné constraints: (1) each word is included in either the first 1,000
most frequent wordé in the Thorndike-Lorge IList (Thorndike-Lorge, 1944 ),
or the Dolch Basic Sight Vocabularyr(nolch, 1955), (2) the mean grade
level placement for each word is at, or below, the first half of the
second grade in five common basal reading series (Stome and Barchi, 1963),
and (3) each word is & menmber of one of the following form classes: noun,
vefb, adjective, preposition, article, or mcdal verb.

The application of the third constraint was necessarily intuitive
in the sense that few, Iif any, common English words can be unambiguously
classified by form class except in some context. :The assignment of
. words to form élasses wﬁs made on the basis of fréquency of usage in
.primary-grade.reading material. (e.g., "coat" is more frequently used as
‘@ noun than as a verb or adjective in the matérial under consideration).
Since there exists no statistical tabulation of word frequency by form
class for primary-grade reading material, the judgments were admittedly
subjective, and were made on the basis of the author's teaching_experim
ence. Independent judgments were made on the word classifications by a
linguist whose primary field is English linguistics and by an experienced
reading clinician. |

Standard definitions were used in identifying nouns, verbs, adjec-
' tives,.and prepcsitions. Words referred to as articles and modal verbs
are members of the functional forms A and B respectively as defined
by Fries (1952). However, the more familiar terms "articles" and "modals"

will be used throughout this paper for ease of communication;
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The complete set of 120 words, divided into dblocks of five and
arrahged by form claés, are given in Appendix A.

_ The generalized'métrices for the construction of the stimuius items
are presented in Table 2.

Both experiments involved two days of testing for each subject.

Iist 1 was used on Day 1, and List 2 on Day 2. The same stimulus items
were used in both experiments.

Each cell of the matrix in Table 2 contains five items. The sub-
gcripts indicate the i-th item from the j-th block of the form class X
as found in Appendix A. A compleﬁe'reading of the first row cof the
metrix for List 1 is as follows:

" The i-th item of block 1 of the nouns (e.g., "coat") appears as one
stimuius. The same noun appeared a second time in the final position
in é noun phrase composed of the i-th item of the first block of articles
and the i-th item of the first block of adjectiVEs:(e.ge,'his warm coat).
The same noun alsoc appeared & third time in the final position in a non-
syntactic string composed of the i-th item of the second block of prep-
ositions and.the i-th item of the fifth block of verbs (e.g., of run coat).

It will be noted in Table 2 that the prepositions, articles, and -
'modals in List 1 are repeated in different contexts in List 2. Such
repetitions were unavoidable due to the limited ﬁumber of members of
those form classes and the constraints on word selection imposed to
assure'high frequency and familiarity. With the above exceptions, there
are.no repetitions of words in the stimmlus items. = The complete set of

stimulus matrices can be found in Appendix B.
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Table 2

Design of Stimulus Materials

LIST 1
Single _ : _ -- Non-~-syntactic
Word Phrase. Btring
Noun (Nil) Art. g AdJ.il (Nil) P, Vi5 (Nil)
Verb (Vil) - Mod- (vil) N, Adj. . (vil) Mod.,
Preposition (Pil) (Pil) Art.., Ni5 (Pil) Vi5 Adg.i5
LIST 2
Single ' Non-syntactic
Word Phrase - String
Noun ;) Art.g o AdJ- o (W) Pip Yoy (M)
Verb '(ViE) Mod.,, (Vig) N ¢ .Adg.i5 (ViE) Mod.,
Preposition (Ple) (Pig) Art. ) Ni5 (Pig) Vig Adj.y,

i3



Order of Presentation of Stimulus Material. Randomization of stim-

‘ulus items for presentation was not advisable since there were three
repetitions of the same noun, the same verb, and the same preposition in
three different contexts within the stimulus material. It was desirable
to separate the repetitions as far apart as possible in time, and a
simple randomization of the stimulus items would not guarantee optimal
separation. It would be possible, of course, to randomize the stimulus
items for each individual subject, but this would have proven difficult
for protocol scoringo. The following scheme was devised to provide the
optimai separation among repetitions and at the same time to eliminate
practice effects which might afise from a éysteﬁatic ordering of the
material. .The'stimulus ﬁaterial, specified by categories and classifi-
cetions, was arrayed in & 3 x 3 matrix as in Table 3. The first item
was chosen from the noun cell followed by the first item from the verb
phrase cell, followed by the first item from the prepositicnal string
cell. The next item In the list wés chosen as the second ifem of the
verb cell, followed by the second item of the prepositiongl-phrase cell,
followed by the second item of the noun-string cell. These were followed
by the third item of the preposition cell, the third item of the noun
cell, and the third item of the verb-phrase cell. The cycle was then
repeated, beginning with the fourth item from the noun cell. |

The resulting schematic ordéring.of thelstimulus material appears in
Table 3a & b, There are 15 trials between repetitions of any given noun,
verb, or preposition. This is the maximum tempcral spacing for each

item. Practice and fatigue effects were eliminated by splitting the
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subjects into three presentation-crder groups, 4, B, C. Group A started
with item 1 and proceeded serially through the list to item 45. Group B
commenced with item 16, proceeded through 45, then started with 1 and
proceeded to item 15. Group ¢ started with 31 through 45, then 1 through
30. The presentation scheme described above was applied to both List 1
and List 2 in Experiment I and Experiment IT.

Interference Material. HFech stimulus presentation was followed by

a cbnstant interval of cral reading of continuous text before the recall
test of the stimulus. The text materials for the interference intervals
were selécfed passages from High Roads, a fourth-grade basal reader not
in use in the school. The length of the interference interval was 15
seconds, as determined by & separate timing study (see Chapter III).
Passages of approximately 70 words in length were chosen to insure ade-
guate material for the Tastest reader.

There were 90 stimuius items in the two lists and three passages
were selected for each item. Three complete sets of interference mate-
rial were compiled. Possible blas due to differing levels of difficulty
of the interference material was controlled by random assignment of
subjects to interference sets.

The homogeneity of the interference material was increased by
selecting passages onl& from the story material contained in High Roads
as opposed tc the expository sections, pecems, plays, games, ete. Rach
passage was chosen 0 accompany a unique stimulus.

In order to insure against rehearsal of the siimulus item, none of
the words in.a stimilus item was allowed to appear in any of the three

accompanying interference passages. This constraint was met by the
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Table 3a

Stimulus Presentaticn Orders for Experimental Groups

1. N . 16. NP, 31. NS,
2. VP, 17. Vs, 3.V,
3. PS5, 18. P, 33. PPy
koo 9. Vp, 3. VS,
5. PP, 20.  Ps, 35. Py,
6. NS, 21. W, 36. NP,
7o Py 22. PPy 57. P8,
8. NP5 23. NSE‘ 38. Ny
3. VS, 2k, Va 39. VP
10. W, 25. NP, 4o, =N
11. VP, 26. v, 4. VP),
2. P, 27. By, he. PP,
3. Vg 8. VP 43. VSg
S PO PP5 29. -P85 Li. P5
15. NSy 30. Ny 45. NP
Qrder Groups: a: 1, 2, ..., L5
b 16, 17, «.. , b5, 1, 2, ... , 15
e. 31, 32, ...., 45, 1,2, ..., 30
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Table 3b

Sequence of Ordering Routine




original choiée'of the passages or through minor revisions of the text.

No passége started with the first persgraph, or ended with the final
parégréph of & story, thereby eliminating any possible differential
effects of closure.

As a final safeguard against bias due to. differing difficulty levels
of interference material, each of the three passages assoclated with a
particular item was chosen from a diffefent story and each passage was
randomly assignedA to one of the three sets of interference material.

Procedure: Day 1. BSubjects were randomly assigned to one of the two

stimulus lists and one of the three presentation orders for the first
experimental session and their names and assignménts were entered on a
subject roster.

The experiment was conducted in a large multi—purpbse room in the
school building. Six experimental stations were spaced around the peri-
meter of the rocm. Thé expérimenters wére members of the CAI Reading
Project staff of the Institute for Mathematical Studies in the Social
Scilences at Stanford Uhivefsity. Fach experimenter had cqnsiderable
prior experience 1n administering individual tests for small children.
ALl experimental work was done under the direct supervision of the suthor.

Stimulus material was typewritten on white 3 x 5 cards with upper-
case priﬁary type. Each_passage.of interference material was typea on a
ditto master using pica type, and copies were placed in ring binders.
-Each book of interference material ccontained one of the three sets
associated with list 1 and one of the three éets associated with 1ist 2.
In addition to the stimulus deck and interference book, each station was

equipped with a subject roster; 8 tape recorder and a stop watch.
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Subjects were assigned to stations on the basis of their order in enter-
ing the room.
The basic procedure of the experiment was as fol;ows;
1. A stimulus was displayed by hand for two seconds while
the subject read the stimulus aloud.
2. The subject read aloud the appropriate passage in the
interference material for 15 seconds.
%. .The subject was given 30 seconds to give an oral
recall of the stimulus. -
4. The experimenter scored and recorded the subject's
response on a protocol sheet, turned the page in
-the interference book and displayed the next stimulus.
ATl timing was done with a stop watch and the entire session was recorded
on tape. The experimental sessions averaged 40 minutes in length.
Standardized instructions were read to each subject. The experi-
mental procedure was explained and three training trials were given:
.One each for a word, a phrase, and a non-syntactic string. Stimulus.
material and interference material: for the training trials were selected
under the same constraints that were imposed on the selection of the
experimental material. The same stimulus and intérference items were
used for all students for the training triais. The standard directions
ahd training items are reproduced in Appendix D.

Procedure:r Day 2. ZEach subject was tested on two consecutive days.

Stimulus list assignment was reversed for each subhject for the second
day, and the subjects were randomly reassigned to different presentation

orders. A second subject roster was compiled for the new list and. order
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'~assignments. Subjects were assigned to experimental stations on Day 2
in the same manner as on Day 1, by the order of thelr entry into .the room.

Design of Experiment IX

Subjects. Subjects for Experiment II were a randomly-selected half
of the pool of 34 subjects. (See page 14 for specific assignment pro-
cedures. )

Materisls. The stimulus materials foruExperiment II consisted of
the set of words, phrases, and non-syntactic strings that was used in
Experiment I. In Experiment IT, however, the key word in each stimulus
item was printed in red.  For example, the word "coat" was printed in
red when presented ‘alone.  "Coat" was also printed in red in the phrase
"his warm coat” and in the non-syntactic string "“of run.coat." The
order of presentation and the method of assigning subjects to order
groups was the same as in Experiment ‘I.

- “TInterference material was exactly that which was used in Experiment I.

Procedure. The procedure for Experiment II was the same és for
Experiment I except in one important respect: the subjects were required

t0 recall only the stimuius word which was printed in red.. ..
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CHAPTER IIT

DESIGN OF TIMING STUDY

Introduction

A conétant interferenée interval was desired which would allow for:
1) a maximum range of error over treatment variables, and 2} keep a ﬁest
session of 45 trials within the working attention.span of third-grade
children. Lacking empirieal e#idence to guide a decision, it was assumed
that an interval which would yileld a probability of error of approximately
0.50 would meet the two ecriteria. A preliminary timing study Wés designed

and executed to establish a reasonable interference interval.

Subjects

| A sample of 30 subjects was drawn from the third-grade_students of
an elementary school in the Ravenswood School District. Students were
selected on the basis of average or above average reading performance as
measured by thelr classrcom teachers' evaluation. The school was chosen
on the basis of ready availability and near match to the ﬁopulation of
the Palo Alto school based cn overall school achlevement. A systematic
sample was drawn to balance the effect of a slightly heavier weighting
of minority groups in the Ravenswood school than iﬁ the Palo Alto:school.
Materisls

Three random samples of size 1C were drawn from the 30 words chosen

- &8s single word stimuli for the main experiment. Each list of ten words
was assigned to one of three interference intervals: 15, 30, and 45 sec-

onds. FHach word was typed in upper case primary type on a white 3 x 5
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card. Interference material was selected from Climbing Higher, a third-
grade Basal Reader published by Houghton Mifflin and not in use in the
Ravenswood school. 8Selection procedures were essentially the same as

those used for the main experiment (see page 15).

Procédure
o Subjects were tested individuallyn The task was described and a
training friai was given for each time interval. Each experimental trial
consisted of the following segquence:
l)H.A stimulué was displayed for two seconds while the subject read
the word aloud. |
2) The étimulus card was turned facé down and the subject read
from the book of interference material for the specified interval
(15, 30, or 45.seconds).'
3) The subject was given 30 seconds to produce an oral recall of
the stimulus word. |
4) The response was recorded by the experimenter who then turﬁed
to the next page of interference material and disﬁlayed the'nekt

gtimuius card.

-SﬁimUli were displiayed by hand, and tiﬁing was done by a stop wateh.
The standard inircduction and training instructions are reproduced in
Appendix E, and a complete listing of stimulus items and associated in-

terference intervals is to be found in Appendix .

Results
The data from ﬁhe timing study were analyzed under a one-way Anal-

ysis of Variance Design with the total number of errors for each subject

22



Tor - each time interyal as the dependent measure. A significant differ-
ence was found between the error means {F = 8.6461, p < 0.0L). The
means and standard deviations are presented in Table 4. The summary of
the analysis of variance is given in Tabie 5.

The results of the timing study were somewhat surprising, since
the greatesi number of errcrs occurred in the shortest timing interval
and the smallest number of errors occurred in the wmiddle interval, re-
sulting in a dip in the errcr curve at the 30-second interval (Figure 2a)“
A tegt of significanée was made for the difference between the means
that revealed a significant difference between the mean number of errors

for the 15-second and L5-second intervals (% = 2.909, p < O¢Ol),_ but

29

no significance was found for the difference hetween the means for the:

30-second and the LS-second intervals ( = 1.003, p > 0.1).

t29
The lack of significance for the difference between the means for
the 30- énd 45-second intervals could account for the dip in the curve
as an aberration in the data with a relatively high probzbility of occur-
rence. |
There sfill remains the probliem of the negative slope of the line,
which is counter to the results reported by Peterson and Peterscn (1959)
where the errors increased with each successive increase in length cf
the interference interval in a similar immediate memory task. Since
there were three form classes represented in the stimulus material, a
closer examination of the data was made to determine if the general form
.of the mean error curve would hold for esach form class. The results are

presented in Iigure 2b. The major features of the separate curves are

similar to those of the mean error curve, although the curve for the verb
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Table &
Means and Standard Deviastions

of Correct Responses in the Timing Study

15 seconds 30 seconds 4y seconds
Treatment Group 1 2 3
Sample Size 30 | 30 30
Mean Errors 3.6667 2.1000 2.5000
Standard Deviation 1.h4hek | 1.h227 1;6557

24




¢e

Teble 5

~ Analysis of Variance of Correct Responses

in the Timing Study

Sources of Degrees of Sum of Mean

Variation Freedom Squares Squares F af Probability
Between Groups 2 39.7556 19.8778 8.6961 2/87 p < 0.01
Within Groups 87 198.8667 2.2858

Total 89 238.6222
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suggesis a strong interaction effect, having the lowest mean proporiion
of errors of the three form classes in thé 15=-second interval and the
highest in the two longer intervals.

One of the ﬁajor differences between the present study and other
studies of the short-term retention of individual wverbal items that are
feported in the literature (e.g., Peterson and Péterson, 1955; Lindley,
1963) is the use of verbal material in the form of connected discourse
in the inferference intervai° A startle reaction was noted in the sub;
Jjects when recaill was requested at the end of lS seconds which was abseﬁt
when the request came after the longer interference intervals. The ob-
gerved startle reaction might be attributed to & mental set which might
. have as contributing factors in its formation, the age group of the sub-
Jjeects and the nature of the interference material (i.eo, excerpts from
stories). Such a mental set, or differential expectations of the timing
of the reeall request, might account for the iﬁhibition of recall perfor-
mance after the l5-gecond interval. The startle effect was not obsgerved
in the two main experiments where the length of the interference interval
was constant for every ﬁrial.

Since the slope of the mean error curve between the 30-second and
45-second intervals is similar to others reported in the literature, and
tﬁe average error rate for the two intervals (0.255) is reasonzably close
to the average error rate for the single word condition in Experiments T
and II(0.274) the higher mean proportion of error in the 15-second inter-
val may be considered an artifact of the particular experimental situation.
Further experimentation is indicated using stimulus material which is bal-
anced for form class and using smaller interval differences to determine
£he replicability sf-the error curve obser&ed in thié'timiﬁg.study.
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CHAPTER IV

RESULTS OF EXPERIMENT I

Scoring

In Experiment I the subjects were asked to recall the entire stim-
ulus (word, phrase, or non-syntactic string). There are three defensible
methods of scoring such responses. BEach one invcolives a variatioﬂ in
scoring the phrése and the non-syntactic string and yields a different
measure of informsticn. The first, and most vaious, is the all-or-none
‘method. Each phrase and each non-syntactic string is counted correct if
and only if there is a one-tonone.correspbndence between the sﬁimulus
and the respoﬁseu Such a scoring procedure provides the strongést test
of the model in that each phfase and non-syntactic string is considered
as a unit in precisely the same sense that the word is a unit.

A second method of scoring would count the ﬁumber of individual
words correctly recalled under g seguential constraint. More precisgly,
'if; in a phrase or string of three words (Wl’ Wé,'Wé), one and only
one word appears in the response, that word is scored correct and the
response}receives a score of 1. If two or more stimulus words appear in
a response, they are scored as.correct if they are in serial order but
not necessarily“é;htiguousu- For example, a response sﬁch as W#WiWXWB
{where W# indicates a word not in the stimulus) would receive a score
of 2, .Further, a response such gs WBWiWé would also receive a gscore

of 2. The resuit.cf such a scoring system would be a range of scores

from. O thrgugh 3 for the phrases and non-~syntactic strings. Since C and

29



3 are respectively equivalent of O and 1 in the all-or-none system, the
single word items wouid be scored C for incorrect and 3 for correct. Such
a scoring procedure is a weaker test of the model, since it reflects a
?artial as well as total recéll of both the struoture and content of a
phrase or a non-syntactic string.

A third scoring system would remove the serial constraint and simply
count the number of stimulus words appesring in the response, regardless
.of order. ©Such a system is the weakest test of the model, since it re-
flects partial recall of the content but ignores the structure of a
phrase or non-syntactic string.

- The responses were scored under all three systeﬁsn Only the results
of the all-or-ncne and the serially-constrained O-3 scorings are reported,
however, since the removal of the serial constraint resulted in a non-
sysﬁematié change of less than one percent of the total scores;

All-or-None Scoring

The data using the all-or-none scoring system for Experiment I were
anelyzed under a B-factor analysis of variance model (subjects, 17 levels
x form elass. 3 conditions x syntax, 3 conditions) with reéeated measures
on the last two facﬁorsl(McNemar, 1962). The observed means on the two
factors of primary interest are preseﬁted in Table €. The complete
analysis of variance table is shown in Tabkle 7.

Interactions. Each of the three factors, subjects (F = 3.262, p < 0.0l),
form class (F = 9.496, p < 0.01), anci syntax (F = 162.87&, p < 0.001),
produced significant main effects. Two of the three possible interactions
were also signifiecant: subjects by syntax (F = 2.194, p < 0.01) and form
elass by syntax (f = 2.821, p < 0.05). The interaction of subjects by

syntax merely reflects the perturbations due to individual differences and
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Nourn
Preposition
Verb

Total Syntax

Tab

le 6 -

Means and Standard Deviations of Correct Responses

in Experiment I (0/1 Scoring)

Word Phrase String Total Form Class
Mean S.D. Mean ' 5.D. Mean S.D. Mean S.D.
.8,3529 1.3666 3.1765 1.944] 0.4706 0.8745 L. 0000 0.7993
7.0588  2.1057 | 2.8824  2.0881 | 0.1765  ©.5286 | 3.3725  1.0061
£.1765 2.0%82 2.1765 1.7405 0.3529 0.8618 2,9019 1.1472
7.1961 1.2838 2.7451 1.5389 .33%3% L6346
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Table 7
Analysis of Variance of Correct Responses
in Experiment I (0/1 Scoring)

e e

]
Varinsion “preedon | Squaves | Squares F az | Probability

Subjects 16 90.27450 5.64216 3.26179) 16/64 | p < 0.01L

Form Class 2 30.9542h 15.&7712 9.496 a/ﬁé p < 0.01

Syntax 2 1236.32645 618.16322 162.874 .2/52 p < 0.01
Subjects x Form Class 32 52.15685 - 1.629%0 oigueh 5;;64 p > 0.05
Subjects x Syntax 32 121.45111 3.79535 2.194 | 32/6h | p <0.01

Form Class x Synta; I 19.51654 L 8791k 2.821 L/64 | p < 0.05
Residual 6L 110.70512 1.72977

Total 152 1661.38181




1s of little interest. The confounding due to the interaction of form
cless by syntax is a more serious matter and must be considered in some
detail.

The effects of the Form Class by Syntax interaction may be expressed

= -3 - +X : . i -
ik Xujk X,j, X . Xijk (Dixon, 1965). A table of inter

by I
actions is presented in Table 8. A positive number in the table indicates
an enhancing effect and a negative number indicates a depressing effect

of the Form Class x Syntax interaction on X It is apparent by

.Jk°
inspection that the four corner cells are receiving the greatest effect.
The effects are small relative tq the observed cell means in the single
word condition with the noun being slightly enhanced snd the verb
slightly depressed. In the non-syntactic condition, however, the effects
are large, relative to the observed mesns, and the reverse of those in
the word condition; the noun non-syntactic string is depressed and the
verb non-syntactic string is enhanced. The total effect of the inter-
action, then, is to expand the range of scores in the single word con-
dition and to a smaller extent in the phrase condition andé tb compress
the range of scores in the non-syntactic condition. The effect may be
seen graphically in Figure b, PFigure 3 illustrates the effect of the

‘interaction on the Syntax variable.

Main BEffects: Form Class. It is difficult to interpret the significant

main effect due tc Form Class since the non-gyntactic strings are arbi-
trary constructs rather than naturally-occurring language units which

may be defined by form class. FIor example, one cannot speak of & noun
non-syntactic phrase in the same sense that one can speak of a noun phrase.

The non-syntactic strings are identified, rather than defined, by the
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Table 8

Interactions for Form Class x Syntax

Form Class

in BExperiment I (0/1 Scoring)

Noun

Preposition

Verb

Syntax
Non-Syntactic
Word Phrase String
i
0.58170 | -0.14379 ~0.43791
-0.08497 | 0.1895k4 ~0.10458
-0.49073 % -0.04575 0.54248
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WORD

PHRASE

MEAN NUMBER OF COR’ﬁECT RESPONSES

STRING

~ NOUN PREPOSITION VERB

Figure 3. Mean Correct Responses for the Syntax Variable as 2
Function ‘of the Form Class Variable in Experiment I,
Using the O/1 Scoring Procedure.
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oceurrence of a word (1) of the same form class as in the associated

phrase, and (2) cccupying the same position as in the associated phrase.
- In the noun phrase, for example, the noun appears in the final'position,
and a noun non-syntactic string is identified as a non-syntactic string

in which a noun appears in the final position. The effects of the Form

Ciass variable .in the non-syatactic string are therefore essentially
meaningless.

To determine the true importance of the main effect of the Form
Class variasblie, one must examine the differences between means under the
single word and phrase conditions. Since this is a repeated-measures
design, a t-test corrected for correlated measures is an appropriate
test for the differences between means (McNemar, 1962).

. A test for significance of the difference between each pair of means

1n the phrase condition indicated no difference between any pair for

& = C.05, Each pair of ovserved means in the word condition was examined.
No significant differences were found between contiguous pairs. The test
between the noun and the verb, however, yielded a t .= 4,489, p < 0.001.

Main Effect: Syntax Variablée. The main effect of the Syntax variable was

found to be highiy significant (F = 162.874, p < 0.001). A test of the

“difference between column means yielded high significance between each

pair: X - X, t = 8.677, p < 0.0013 "}EPh - ES, t = 7.19, p < C,00L;

and X_ - Es; t = 22.204, p < C.001l. FPurther tests between cell means
were not made since the differences were large and in the same direction
as the column means. A comparison of the table of interactions (Table 8)
and the table of observed means (Table 6) indicates that while the effect

of the interaction is to expand the range of means in the noun conditicn,
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the range is compressed in both the preposition and verb conditions.
Elimination of the confounding effeect would on the whole serve to increase
the differences between word, phrase, -and hon—syntactic conditions.

Cell Intercorrelationsn Since Form Class was a powerful variable, arncther

'qonfounding effect cduld be due o the fact that form class elements

were not unigue to each cell. It may be seen in Table 2, for example,
that articles appear in both the noun phrase and the prepositioﬁal phrase.
As a further example, nouns appear not only in the noun conditicn but
also in the verb phrase and prepositional phrase. Other form class
elements which are shared among the celis are: adjectives (NPh, VS),
-modals (VPh,VS), verbs (all wverb conditions and PS) and prepositions -
(all preposition conditions and NS).

If the sharing of form class elements produced a significant con=

founding effect, it -would be reflected in a set of unexpected correla-
stions bhetween the cells. Using the total correct responses: for each

. student as the dependent measure, a cell intercorrelation matrix was
-computed and is presented in Table 9. Since the gquestion of confounding
-1is a serious one, & = 0.1 was chosen for evaluating the correlations.
as a conservative guard ageinst a Type IT error.

The correlations between PPh - PS, VPh - VS, VW - VPh, and VW - V3
are not unexpected since they shared, respectively, the same prepositions
and verbs. The remainder of the correlations, however, gives rise to
the suspicion of a confounding effect due to shared form-class elements.

. To .test the hypothesis of a confounding effect, the 12 pairs of cells .
were ranked by the number of words or form class elements in common and

compared -to the ranked correlations by computing a Spearman Rank

=8



NS

W

PFPh

s

- VPh

V5

in Experiment I (0/1 Scoring)

Table

Intercorrelation Matrix for All Dependent Measures

W NFh NS W PPh PS VW  VPh V3
~0.12{ 0.009 | -0.16 | ~0.12 | =0.26 0.56* -0.002] -0.006

N * i

\\\\\\ -0.02 | -0.02} 0.28| 0.22|0.05 | 0.45 | 0.04
h * ¥ %
\\\\\\ 0.15| o.41} 0.21]0.27° | 0.35 | 0.68

R -. %

\\\\\\\ -0.17| ©.21}0.387|-0.21 | 0.16
' \5\\;\\ ‘o7 ]0.25 | 0.7 0.58"
\\\\\\\ 0.20 | 0.10] 0.68"
o, * *

“\\\\ 0.39 | 0.32
\- 0.46*

. N

*

Significant at 0.1 level.
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Correlation Coefficient: ro- The computation, corrected for tied ranks,
yielded r_ = -0.238, p > .05. The hypothesis of a confounding effect
due to shared form-class elements is not upheld by the data.
0-3% Scoring

The responses were scored by the sequentially-constrained 0-3
procedure described on page 28, The.fesulting déta were analyzed under
the same 3-factor ANOVA model used for the O/1 scoring. The observed
means are reported in Table 10 and the analysis of variénce computations

are summarized in Table 1l.

Tnteractions. As was the case Tor the O/1 scoring, two of the three
possible interactions were significant: Subject by Syntax (F = in85,
p < 0.05) and Form Class by Syntax (F = i.,6u, §.< ooos)'\, The table of
form Class by Syntax interactims is foundlin Table 12. A compafison of
Table 12 and Teble 10 indicates that, as in the 0/1 scoring, the inter-
ﬁction effects are small ip relation %o the observed means in the single
word condition and serve to expand the range of means. The phrase con-
dition is relatively unaffected, and the range is slightly compressed
for non-syntactic strings. | |

The interaction effect on the form-class variable fends to spread
the scores in the noun condition and to a slight extent also in the
prepositions. However, it tends to decrease the raﬁge of means in the
verb condition. Interaction effects are graphically presented in Figures
5 and 6.

Main Effects: Form Class. The same problems arise in evaluating the

significant main effect of the Form Ciass variable (F = 11.07, p < 0.001}

that were discussed in relation to the O/1 scoring. The effect of Form
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Table 10
Means and Standard Deviations for Correct Responses
in Experiment I {0-3 Scoring)

Word Phrase : String

Total Form Class

15.96078  3.1ko2 13

Mean S5.D. ‘Mean - 3.D. Mean 5.D. Mean 3.D:
Noun 25.05882  L.099g | 16.05882 u;7252 6.76471  L4.0548

Preposition] 21.17647 6.3170 | 1k.23529 5.3330 3.58824  2.9167

13%.0000 2.7361

Verb 18.52941  6.1147 | 13.12765 6.8180 4.5882Lh 4,0320

12.07843  14.0868

Total Symtax 21.58823  3.8415 14.47059 4.3302 4 98039 2.9423

1%.67974  8.0164




oft

Table 11

Analysis of Variance for Correct Responses

in Experiment I (0-3 Scoring)

Source of

Degrees of

Sums of

Mean

Variation Freedom Squares Squares F ar Frobability
Subjects 16 1028.19605 6l . 26225 5.77 16/64 | p < 0.01
Form Class 2 419.69930 | 209.84965 11.07 2/32 | p < 0.001 |
Syntax 2 7081.26605 55&0.65305 113,77 2/%2 p < 0.001 .
Subjects x Form Class %2 606. TU490 %8.96078 1.11 z2/6h | p > 0.25
Subjects x Syntax 32 §95.84575 31.12012 1.83 32/ 6l p < 0.05
Form Class x Syntex 4 1131.6351% 27.90878 1.64 4/6L p'< 0.05
Residual 6l 1089.91699 |  17.02995
Total 152 11333.30212




- Form Class
Woun
Prepositien

Vert

Table 12
Interactions for Form Class x Syntax

in Bxperiment I (0-3 Scoring)

oyntax
Non-Syntactic
Word FPhrase String
1.1895: | -0.69281 -0.49673
0.26797 O.4lhht -0.71242
Fl.h5752 0.24837 1.20915
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Class in the non-syntactic string condition is ignored for reasons pre-
sented on page 33.

The difference between ezch pair of means in the phrasge conditlon
was tested and no significant difference was found for any pair. The
same test was equally negative for contiguous pairs in the word coﬂdition
" but the difference between nouns and verbs was found to be highly sig-
nificant (t = 4.470, p < 0.001).

Main Effects: Syntax. The main effect of the syntax variable was found

to be highly significant (F = 113.77, p < 0.001). The difference be-
tween each pair of column means was tested with the following results:
W~ Ph (t =6.049, p<0.00L), Ph - 8 (t = 9.038, p < 0.001) and

W -8 (t =215.342, p < 0.00L).

Cell Intercorrelations. Following_the same argument presented under the
0/1 scoring, cell intercorrelations_were computed (Table 13) and.examihéd
for evidence of a confounding effect due to shared form-class elements;
The Pearson r, was not computed, since all the significan£ correlations
are small and -occur almost exclusively between cells in the same treatment
condition.

Aural Reading Index

Scoring. The aural reading performance of each student during each 15-
second interference interval was recorded con tape. Ninety samples of
aural reading perfofmance were collected for each student, or =a total of
1260 samples for each experiment. Each observation was scored by com;
paring the performence on the tape ﬁith e printed copy of the interference
material. The total number of text words read was recorded. Reading
errors were defined as any output on the tape that did not match the
printed text (omissions, substitutions, repetitions, ete.).. Errors were
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' NPh
NS
Pw
FPh

PS

VFh

V5

Table 13

Intercorrelation Matrix for All Dependent Measures

in Experiment I (0-3 Scoring)

W NFh NS

PW

PPh PS VW VPh Vs
.51* .19 1-.16 06 | -.15 .56* .31* -.19
* l* *
Lot 1-.09 .39 .07 .30 .39 .15
.16 25 |t st 33T ] gt
¥
-.2% [-.006] .38 .05 11
20 ]| .26 .57* .42*
-.06 .59*
18 1 10
.08 -

*
. Sigpificant at the 0,1 level.
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subtracted from the number of text wofds read to determine an Aural

- Reading Indexr(ARI) for each 15-Sechd observation. The mean ART was
computed for each cell.of the Form Class x Syntax mafrixo The resulting
table of means is presented in Tablie 1k.
Velidity. The ARI was found to correlate highly with- the SRA Comprehen-
Sioﬁ.scores (r = 0,75) and with the SRA Vocabulary scores (r = 0.89).
Stability of the correlations over experimental conditions is demonstrated
in Tebles 15 and 1iba. -

Influence of Experimental Conditions. An apparehtly systematic ordering

of the ARI means was noted in Table 14. The hypothesis that the immediate
memory tasks exerted a systematic influence on reading performapce was
£e3ted‘in a 5—féétor ANOVA model with répeatéd meésures,:.Reading per-
formance as reflected in the ARI Score'was the dependentzvariablea The
summary of.the analysis of varlance 1s presented in Table 17.

| ﬂo gignificent interaction effect was found for Subject x Form Class.
However, the interacti@ns of Subject x Syntax (F = 1.961, p <"Q°OS)
_énd Form Class x Syntax (F = 5.251, p < 0.01) were both significant;T
The ﬁaiﬁ effects of interesf were both.significant: Fofm Class (F = 4.080,
f < 0.05) and Syntax (F = 11.98, p < 0.00L).

_Correlation of ART with Correct Recall. A correlation matrix was calcu-

lated for the total ARTI scores with the total number of correct responses
in all treatment conditions (Table 16b). No significant correlations

were found at the C.05 level.
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! | | Table 1k
Mean Aural Reading Indices by Experimental Conditions

for Experiment I

Word Phrase String

Noun | 217.29 188.35 181.00 195.55

Prep.| 202.12 18%.00 181.29 188.80

Verb 190.53 178.94 190.71 186.73

203.3L 183.43 184,33 196.36
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Table 15
Correlation Mstrix for Aural Reading Index Score
with SRA Comprehension Score by BExperimental Conditions

in Bxperiment I

Word Phrase  String

Noun | ©0.68 0.76 0.70 0.72

Prep. | O.7h 0.76 0.75 0.75

verb | ooz | o.m 0.73 0.72
0.71 0.75 0.73 0.73
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Table 16a
Cerrelation Matrix for Aural Reading Index Score
with SRA Vocabulary Score by Experimental Conditions

in BExperiment I

_Word Lhrase String
‘Noun | 0.88 0.91 0.87 _0.89
FPrep. 0.89 0.90 0.87 0.89
jérb 0.87 E 0.88 | 0.89 0.89
0.8¢9 0.90 0.88' 0.89
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Table 16b
Correlstion Matrix for Total Number of Correct Responses
-with Total ARI Score by Treatment Conditions

in Experiment I (0/1 Scoring)

Word Phrase String
Noun | 0.3 | o.om | 0,02 | 0.17
Prep. | 0.08 1 o.ok _o,lﬁ 0.09
Verb §{ = 0.39 ...0636 0.03 | | 0.43
3”0556 0.17 -0.005  0.30

-




Table 17

for Experiment I

'Analysis of Variance of Aural Reading Index Scores

-

Variation ecaon | Sawres | squares P | af | Probavility
Subjects 16 |1693068.60938 | 105816.78809 | 3.86617 | 16/6k | p < 0.01
Form Class ) 2 | él7o.uou69 1085.20235 4}68006 2/32 | p < 0.05
SyntaX".; ) 2 12858 40112 €429.20056 | 11.97668 2/32 | »p< 0.001
Subjects x Form Class 32 851.1..25000 265.9?656 0.97178 | 32/6k | P > 0.10
Subjects x Syntex 32 1fi77.9o625 536.80957 1.9613% 52/6# p < 0.05
Form Class x Syntax 4 5749.0C769 | 1ho7.25192 5.25120 L/ 6k p < 0.01
Residual Bk 17516.76563 273.69946
Total 152 1757052.51256




CHAPTER V

DISCUSSION OF EXPERIMENT T

The chunking theory, extended to the syntactic level, predicts that
g three-word phrase will be recalled approximately as well as a single
mondéyllabic word and that the recall for three words not syntactically
related will be significantly lower5 In terms of Experiment I, the theory
predicts that the mearn of the words wiil nét:differ significantly from
the mean of the phrases and that both ngl be significantly greatef than
the mean of the non-syntactic stringsu.

The first prediétion from the theory, W= ?ﬁ, is.not suppcrted by
the data. It is clear, under both scoring cconditions, that the words were
' recélled with gréater.accuracy thén fhe.phrasesa- Thisrfinding:held for
all three Form Class conditioﬁs. It is interesting to note, héwever, that
in:absolute terms, approximately twice the number of wofds were recalled
in the phrase'condition than in the single word condition and nearly three
times the number of words were recalled from the phrases than from the
non-syntactic strings.

While the‘first prediction of ithe theory is not upheld by the data,
it‘is also clear‘(for both scoring methods) that the word and phrase con-
ditions were superior to the non-syntaétic gstring. An interesting com-
parison of the two scoring methods can be made by reducing the results of
both to proportions of stimuli corréctiy -_recélled° Figure 7 compares the
two scoring methods after such a reduction. ‘It is evidenﬁ that under

elther method the relationship of word-phrase-string is essentigliy linear.
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The Form Class by Syntex interaction found in both znalyses of the
data for Experiment I would be more startling by its sbsence than by its
presence. The experimental task vas a language-related activity, and
since both form e¢lass and syntax are powerful variables in_the structure
of language, they would be expected To interact in aﬁy experiment in
which language was involved. A few cbservations may be maderfrom-the
data, however, concerning the differential effect of form ciass on “the
syntax veriable.

The effect oflform class on the single word condition was to expand
the range of means between the noup'and the verb. A number of explana-
tions for such an effect come réadily to min;i° It is well established
in the literature of language development (Wéir, 1962, and Leopold, 1949)
that nouns appear before verbs in thé“speech of infants, and certain
verb forms are not well mastered by many primary-grede ¢hildren. The
relative concreteness of nouns .and abstrﬁctness of verbs is a semantic 
factor that might be considered. Simple frequency aione could also ac-
count for the superior recall of ncuns ccmpared o verbs. The vast
majority of sentences, both spoken and written, contains nouns and verbs
in at least s two-to~one ratig. The gimple SVO sentence iz a good
illustration of such & raﬁio, BEach of these factors, taken singiy or in
combination, could aceount for the_superiority of nouns over yerbs ;n the
single-word condition. | |

It is interesting to note that the phrase condition is less affected
by the interacticn than either the word or non-syntactiétstring conditions.

It might be argued that differences observed between the noun and verb are

56



" masked in the phrases by the addition of articles, modals, and adjecﬁives.
-If such was the case, a similar masking effect should be cbserved in the
non-syntactic strings, since they are also composed of nouns, prepositions,
and.verbs plus articles, modals, and adjectives. The evidence, hpwever,
is to the contrary: the interaction effect for the non-syntactic string
is equal to that of the single word but in the opposite direction.

These observations suggest that there is something about the syntac-
tic organization of the phrase which, when remeved, results in the elim-
ination of the effect of form class as a variable in an immediate memory
task Involving displays greater in length than one word. The lack cof
interaction of Subjects by Form Class inéicgtes that this view of the

" Form Class variable is stable over the experimental population.

The interaction of Subject by Syhfax gives rise to the question:
was syntaetic chunking more effectiﬁe for some children than for others?
If such was iIndeed the case one would expect to find some subjects whose
performance in the phrase condition approachéd their level of performance
on single words, while other subjects would exhibit recall performence
for phrases which more nearly matched their recall of non-syntactic
strings.

To cobtain a rough test of this no%ion, the individual scores in the
phrase condition were.examined'and ﬁhe subJjects with the three highest
and the three lowest scores were identified. The mean performence for
the six extreme.casés iﬁ'the phrase cbndition was biotted over all three
syntactic conditions. The results can be seen in Figure 8. The differ-
ence between the two means in the word condition‘is less than one word

(.78) and the difference for non-syntactic strings is exactly the same (.78).
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Mean Number of Correct Responses for Highest and-Lowest
Performance in the Phrase Conditiocn as a Functicn of the

. Byntax Variable in Experiment I, Using the O/l Scoring
Procedure.
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The difference between the two means in the phrase condition, however, is
more than four words (4.2). Since extreme values were selected on one
measure, a regression effect on other measures is to\be expected. It is
unlikely, however, that regression to the mean would produce an effect
as pronounced as the one observed in Figure 8.

if syn%actic coding is differentially effective for different chil-
dren and if such coding is related to reading, then one would expect that
the difference in scores between good and poor readers would again be
greater for the phrase than for either the word or nen-syntactic string
condition. To test this notion the subjects were ranked on SRA Total
Readinrg Scores and divided into a high and a low group. The middle or
ninth-ranking subject was discarded to maintain equivalent groups, and
the mean secores for the high ahd'the low groups were computed for each
syntax condition. The results are presented in Figure 9. The differ-
ences were again less than one word in both the word and non—syntactic
string conditions (0.67 and Q.29 respectively)oi'The difference in the
phrase condition was nearly two words.(l.75)o

Tests of significance on the observations presented in Figures 8 and
9 cannot be made, since the_experiment was not designed to examine those
questions and the confidence bounds for any such test would be unknown.
They are only suggestive_for further research.

Let us assume for the moment, however, that children do possess
differing levels of compefenc&rin éynﬁaétic encodiﬁg; The failure of the
phrase scores to approximate those for words can thén be accounted for in

terms of the conceptual model presented in Chapter 1.

59



HIGH SRA (N=8)

LOW SRA (N=8)

MEAN NUMBER OF CORRECT RESPONSES
W
l

o | I
o WORD  PHRASE  NON-SYNTACTIC
STRING

Figure 9. Mean Number of Correct Responses for Subjects with High
and Low SRA Total Reading Scores as a Funetion of the
Syntax Varisble in Experiment I, Using the O/1 Scoring -
Procedure. ' .
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When é string of words enters the coding mechanism, the prohbability
that a mateh is reported at the phrase level depends on at least two
other factors: (1) the probability that the string is a well-formed
phrase; . Pr( @) and (2) that an adequate set of phrase structure models

exists in long-term store; Pr(B). Given that the string is indeed a

‘phrase, Pr(&) =1, then the match will occcur with Pr(B). IFf the stored

set of phrase structure models is meager, Pr(p) — 0 and if the set is
large, Pr(B) —1.

If no-mztch is reported at the phrase level, each word of fhe string
enters the immediate memory buffer as a discrete unit. The loss of any
unit before it enters long-term store will cause a failure .of recall under
the all-or-none scoring.

Under the above assumpiions it is clear that the phrase mean score
will approximate the word mean score in an immedizte memory task only in
a population with a solid command of English phrase structure, and inter-
mediate results for phrases are not surprising for nine-year-cld children.

The results of the analysis employing ART scores as dependent
measures indicate that there is a small but highly systematic influence
exérted on reading performance by differential taxing of the ilmmediate
memory process. A covert rehearsal routine might be postulated to account

for this effect. Under the conceptual model assumed as the framework of

this &tudy, voecal responses to visual stimuli must be initiated after the

visual input has reached the memory buffer (see Figure 1). Covert re-
hearsal may be thought of as a multiple-copy process where items tagged
for retrieval in the near future are repeatedly cycled through the memory

buffer and a new copy is stored in long-term memory with each cycle,
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thus increasing the probability of successful retrieval.  With each pass
through the memory buffer, however, the item runs some risk of being lost
and a new copy not being made.

IT we assume that s search for the tagged item must be made in long-
term store at the beginning of each cycle, it is clear thst this search
must consume some interval of time. The interval must be extremely small
but must vary in relation to the number of discrete units in the item
being looked for and the number of copies that have been stored.

It follows, then, that if the stimulus which is tagged for early
retrieval is coded as a single unit (i.e., a word or a phrase) it will
‘require less search-time énd will also occupy less space in the buffer
for each cycle than will a complex stimulus (i,e,, a string of three un-
related words). It is reasonable to conclude that the simpler stimuli
will cause fewer, or at least briefer, interruptions in the flow of visual
input through the memory buffer which is routed for overt rehearsal, or
speech. Under the above assumptions, the higher the probability of a
stimilus being encoded as a single unit, the more rapid and accurate will
be the reading during the interference interval. Therefore, the ordering
of the ARI scores may be viewed as a éensitive index of the processing
Gifficulty of an immediate memory task.

It must be emphasized that the above discussion is limited to the
process of placing multiple copies of the tagged items in long-term store .
and does not spesk to the point of tﬁe probability of retrieval and cor-
rect reporting at the time of recall. The models presented by Atkinson
and Shiffrin for the brobability'of correct recall under the assumption

of multiple copies in LTS are complex and depend only in part on the
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absolute number of copiesi in LTS8. The low correlations between the number
of correct responses and the total ARI scores for all treatment conditions,
when considered in conjunction with the sensitivity of ARI scores to the
multiple-copy process, lend support tc the notion that the storage and

retrieval processes do not exhibii a simple linear relationship.:
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CHAPTER VI

RESULTS OF EXPERIMENT I

In Experiment II, subjects were asked to recall only a single word
from a stimulus array. Choice of scoring procedures was therefore lim-
ited toc the all-or-none methed. The dependent measuré for each calcula-
tion presented undér Experiment IT was the total correct responses for
each student, each response being scored 0/1.

The data from Experiment 11 was sxamined under the same 3-factor
analysis of variance model with repeated measures that was used in
Experiment I. The analysis of variance summary 1s shown in Table 18,
and the observed means are given in Table 19.

Interactions

All intersctions were found to be significant: Subjects x Form
ciass (F = 1.82, p < 0.01) and Form Class x Syntax (F = L.57, p < 0.0L).
The discussions will be limited to the latter, since the subject inter-
actions simply reflect well-known individual differenceé°

A comparison of the teble of interactions (Table 20) and the table
of observed means (Table 19) shows that the effect of the interaction
was slight relative to the size of the cbserved means. The major porticn
of the interaction effect is found between the preposition and verb, and
the word and phrase conditions. The performance on the single preposi-
tion is enhanced and performance on the prepositional phrase 1s depressed.
The reverse is true for the wverb and verb phrase. The effect on the

_syntax variable mgy be seen in Figure 10. When plotted for the form-
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Table 18

Analysis of Varilance of Correct Responses

- in Experiment II

Sources of

Degrees of

Sums of

Mean

Variation Freedon Squares Squares F ar Probability
Subjects 16 317.94769 | 19.87173 13.80 16/ 6k p < 0,001
Form Class 2 55.54247 | 27.7712% 10.58 2/32 | p<0.001
Syntax 2 128.05226 | 6k4.02613 18.83 2/32 { p < 0.00L
Subjects x Form Class 32 8l .01303 2.62541 1.82 32/64 | p < 0.05
Subjects x Syntax %2 108.8%659 240114 2.36 | 32/64 | p<o0.01
Form Class x Syntax % 26.30068 . 6.57517 4.57 4/6h p < 0.01
Residual 64 92.14356 '1.45974
Total 152 812.83627
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Table 19
Means and Standard Deviations of Correct Responses

in Experiment II

Word Phrase String ' Total Form Class
.“ Mean. | S.D.k Mean 5.D. Mean .S.D. ' Mean S.D.
Noun 8.0588  1.7843 | 6.4118  1.6977 | 6.1176  1.8669 | 4.8627  1.550%

Preposition | 7.705¢  1.3585 L.64TL 2.3168 5.0000  1.8708. | 5.7843 14431

Verb 6.1?65 2.6748 5.5882 2.0633 }.5882 2.4510 5.u569 1.9718

Total Syntax  7.3137 1.5963  5.5390  1.8217 5.2353 - 1.7391



Table 20
Interactions for Form Class x Syntax

In Experiment IT

Syntax
Non-Syntactic
Form Class Word Phrase String
Noun -0.08497 0.03268 0.05229
Preposition 0.64052 | -0.65%59 0.01307
Verb : -0.55556 0.62091 - -0.06536
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class wvariable, the interaction effect results in a crossing of the
preposition and verb curves at the phrase condition (Figure 11).

Main Effects: Form Class

The_Form Class variable produced a highly significant main effect
(F =_lO.58, p < 0.001) which can be more easily interpreted than in
Experiment I, since the stimulus item to be recalled was exactlylthe
same over the three Syntax conditions. For example, the relevant stim-
ulus was the noun alone in the word cendition, the noun in the noﬁn;
phrase, and the noun in the non-syntactic string.  The order of means for
the Form Class variable was: Noun (6.86274), freposition (5,78451); and

Verb (5.45098).

Main Effects: Syntax

The main effect for the Syntax variable was highly significant
(F = 18.8%, p < O,Ql)o. A test of the differences between column means
showed significance between W - Ph (tlé = 4,104, p < 0.001) aﬁd be-
tween W - 8 (tl6 = 5,153, p < 0.00L). The difference between the means
for Ph - 8, however, ﬁas not significant (tl6 = 1.356, p > 0.1).

Since a sirong Form Class by Syntax interacﬁion effect was found,
the differenceé betwéeﬁ cell means were examinedlfor the Syntax variable.
No significant differences were found between the means for the Phrase
and Ncon-Syntactic String in either the noun or preposition condition.
The difference between the phrase and non-syntactic means in the verb
condition, however, was significant (tl6 = 2.915, p < 0.05). No tests
were made between the Word and Phrase in the Noun and Prepesition con-

ditions, since the differences are in the same direction and equal to or
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greater than the difference between the coiumn means. The difference
between the Word and Phrese means in the Verb condition is small, however;
therefore a test of'significahce was made. The result (tl6'; 0.916,

p > 0.1) indicated no significant difference between words and phrases
in the Verb conditiocn.

Cell Intercorrelaticns

The argument set forth under Experiment i (p. 38) for testing for
g possible confounding due to shared form-ciass elEments-is also appli-
cable to Experiment II. The correlations between cells were therefore
computed and are presemted in Table 21. |
| A large number of significant correlations between cells were found.
Over ten per cent of the rpalrs of_cells were significantly correlated.
The hypotheSiS Qf confounding due.tq shared form-class eléments-was-
tested by the Spesrman T ‘The hypothesis was not supported by the
éata (rS = 0.236, p > 0.05)9'

ART Analysis

The ARI scores for Experiment IT were examined under the 3-factor
analysis of wvariance model. A summary of the anzlysis is given din Table
23, and the observed-means are reported in Table 22. All effects, both

main and interacticons, were found to be significant with cone exception:

the Subject x Syntax yielded an T ratio of less than 1.
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Table 21
:Intercorrelation Matrix for All Dependent Measures

in Experiment II

W NPh S W PPh PS Vi VPn VS

: . "
0.51 | 0.73 | 0.29 [0.50 |0©.21 | 0.69 | 0.55 | 0.56

0.65* 0.35 }10.75 |0.55 | 0.22 | 0.68 |0.67

0.35* 0.72 |1 0.48 0.31 | 0.55 0.58*

0.22 |o0.22 0.58* 0.42* 0.45

0.65* O.lO. 0.70 |0.72

0.06 o.ue* 0.60

O.HO* 0.37

*

Significant at 0.10 level.
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Table 22
- Mean Aural Reading Index Scores by Experimental Conditions

Tor Experiment II

Word Phrase . String

Noun | 22Q.59 | 191.h47 184.2h | 198.76

Prep.| 191.9% | 186.82 | 182.5% | 187.10

Verb | 1191.82 | 18hk.12 180.00 185.31

201.45  187.47  182.25  190.39
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Table 23

Analysis of Variance of Aural Reading Indices

for Experiment IT

Il

Verizsion. Ceecton | Seueres Squares F az | provaviisty
Subjects 16 1687103.87500 | 105443,99219 29.59053 | 16/6k4 » < 0.001
Form Class 2 5443.80212 | 2721.90106 5.23151 2/ 32 p < 0.05
Syntax 2 10049 . 44788 5024, 7239k W.72235 | 2/32 p < o.oo;
Subjects x Form Class 32 1566459,2500C 520.28906 1.&650? 32/6k4 p > 0.05
Subjects x Syntax 32 | 10921.56250 |  341.20883 0.957T77 { 32/6h p > 0.05
Form Class x Syntax L 4519,92480 1129.98120 3.17104 .4/6u p < 0.05
Residual N 22806, 00000 55;:54575
Total 15z 175746564575




CEAPTER VII

DISCUSSION OF EXPERIMENT TT

Experiment II was essentially a replicaticn cn the syntactiﬁ.lefel
of the Lindley study described previously in Chapter I, page 6; Thel
major prediction of the chunking thecry relevant to this experiment was
that a word, imbedded in a phrase, would be recalled approximateiy aé
well as when presented alone.

The results did not support the prediction. The mean recail of a
ﬁord, wher imbedded in a phrase, was at a much lower level thah when pre-
gsented slone, and the level of recall ﬁas not significantly different
than when it was accompanied by totally irrelevant stimuli in the non-
syntactic string. |

An apparent reversal of the overzll effect was found in the verb
condition where the mean recall score for the phrase was not significantly
lower than for the ferb alone. This is & point in the data which is |
difficult to interpret, since there is nothing else in the data.of either
Experiment I or II that would indicate a possible superiority of the verb
phrase compared to the preposifional phrase. lLacking any supporting
evidence, one may assume that the interaction is a random aberration and
accept the general finding that éhunking did not facilitafe recall in
the phrase condition. |

Four reasons might be advanced why the results of this experiment
conflict s¢o radically with the Tindings reported by Lindley. The first

and most obvious reasson is that Lindley was investigating a lower level
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of the coding hierarchy, using letter: =z relevant stimuli and words as
coding units. The second reason, whidh L% closely related to the first,
is that the experimental nopulation for iheziindley gstudy was composed of
- college students as opposed to the third-grade population of the present
study. Thifd, the surrounding sfimuli {coding cues) were not proncunced
by Lindley's subjects. Finally, the interference activity was a mathe- 
matical rather than a r-cding activity. |

As a further test of whether or not syntactic codiﬁg was a factor in
the performance on Experiment II, the subjects were ranked on the SRA
Total Reading Score and divided inté High and Low groups. The mediaﬁ
subject was discarded in ordef to maintain balanced groupéo The mean |
number of cofrect responses was cbmpared for each condition of the Syntax
variable. The differences.between groups was stable over all three con-
ditions (Figure 12}.

It was noted in the discussion of Experiment 1 that chocsing extreme
caseé‘in the Phrase condition and comﬁaring their mean scores in the Word
and Non-syntactic String conditions p:ovide a more sensitive estimation
éf variability in coding efficiency. The examination éf extreme cases in
the data from Experiment IT proved to be of little value since the score
cf the thfee highest subjects varied less than one word over the three
cénditions. A ceiling effect for the mean recall scores was apparent at
about nine words (Figure 155. The lowest scoring subjecté in the Phrase
condition performed at essentially the same level in the Non-syntactic
Strings. The comparisons éf both the full and the extreme high and low
groups confirm the finding that phrase structure did not facilitate re-

call of an imbedded stimulus.

76



- HIGH (N=8)

4 — LOW (N=8)

MEAN NUMBER OF CORRECT RESPONSES
o

i o |
WORD PHRASE  NON-SYNTACTIC
STRING

Figure 12. Mean Number of Correct Responses for Subjects with

High and Low SRA Total Reading Scores as a Function
of the Syntax Variable in Experiment II.
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Performers in the Phrase Condition as & Function of the
Syntactic Varisble in Experiment IT.
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The ART analysis provided additional confirmation of the above con-
clusion. As in Experiment I, the matrix of mean ART scores essentially
paralleled the ordering of the mean correct responses. The analysis of
the ART scores confirmed the previous finding in Experiment I that differ-
ential loading of the memory processes i1s reflected in reading perfor-
mance.

Comparison of Experiments I and IT

in Experiment IT1 the experimental task was té recall a single word
from the phrase or the_non—syntactic string. The word to be recalled was
made distinctive by printing it iﬁ red. For the purposes of thé experi-
ment this distinctive word was the "key word" of the phrase or string.
Grammatically, the arguments a?e clear for considering the noun and verb
as the key words of the ncoun and verb phrases respectively. The claim cf
the preposition to be thé key.word of a prepositional phrase 1s somewhat
weaker, and of course no linguistic rationale can be advanced fof consid-
ering any form class word as the key Word of a non-syntactic string.

Since in Experiment I the "key word" as experimentally defined was
not made distinctive by different-colored type and the subjectS'Were try-
ing to recall all of the‘words in the stimulus,_three interesting gquestions
can be asked: (1) Is.there a psychological reality to the linguiétic
notion of a key word in a phrase that will causé it te¢ be remembered more
often than when it occupies the.same position in a.non—syntactic string?
(2) How will the reCall of the key wbrd in Experiment I, where no atten-
tion is drawn to 1%, cémpare.with the recall of the key word in‘Experiment
I;,ﬂWhere explicit atteﬁtion is drawn to it?  And (3) how will these com-

parisons differ between subjects of high and low reading ability as
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measured by the SRAITotal Reading Scores?

The subjects fof Expefiment I were divided into two groups of eight
subJjects oﬁ'the basis of the SRA Total Reading Scores and.the number of
correct recall responses for each "key word" were counted for each sub-
ject. The results are presented in Teble 24, where each cell entry is
the total number of correct responses in 10 trials by 8 students.

It is clear that there is some psychological as well as linguistic
basis for the notion of a key word in a noun, verb, and pfepositional
phrase. Both groups in Experiment I recalled many more “key words" in
the phrase than in the non-syntactic string.

Tt is also clear that an operational grasp of the.key word concept
is directly related to reading ability. The scores for the high and low
éroup of Experimeﬂt I are essentially the same in both the Word and Non-
syntactic String ccndition; but the scores of the low group are only a
iittle better than half the scores of the high group in the Phrase con-
dition. A particularly low sccre was made by the low groﬁp on the verb
in the verb phrase. |

Neither group in Experiment I approached the scores bf the comparable
group in Experiment II, except in the single word ccndition, where the
scores for all four groups are essentially the same.

The single word condition proyides g point of comparison between
Experiment I and II, since both the stimuii and the memory tasks were
the same in both experiments. The comparability of the two groups of
subJjects is confirmed by their mesn scores on the single word condition.
The mean correct Word responsesrin Experiment I was 7.1961, and thé'mean

correct Word responses in Experiment IT was T.3137.
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Table 24
Sum of Correct Recalls of "Key Word"
by Subjects with High and Low SRA Total Resding Scores

in Experiments I and IX

Experiment I:

High Low

W Ph NS W Ph NS
N 69 31 5 66 19 3
P 56 28 2 55 16 1
v 54 26 5 Lo 8 1
Experiment II:

High Low

W Ph NS W FPh NS
N 70 57 o7 57 L7 L1
P 65 b Lt 57 29 34
v 59 52 48 37 39 28

Xy o= 80 (8 subjects and 10 trials per subject).

Jmax : . . _

el



A seccond comparison can be made between the performance of the two
groups.' The materisl that was read during the interference intervals
was the same in both experiments. The grand mezn of the ARI scores was
190.35 for Experiment I, and 19C.39 for Experiment II.

In light «of the above comparisons, none of the differences on the_
dimension of syntactic coding that was cbserved between the two experi- -
ments can be sccounted for by a hypothesis of differing reading or memory-

processing abilities between the two groups.
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CHAPTER VIII

SUMMARY

A conceptual model was developed, based con the Aﬁkinson—Shiffrin
memory model, which incorporated featureé of the Miller chunking hypoth;
esis. An information chunking or coding mechanism ﬁas postulated o
exist between the sensory buffer and the immediate memory'buffer of the
Atkinson-Shiffrin model. A hierarchy of coding routines was élsd pos-
tulated‘fof the processing of verbal data, proceeding from the élementafy
binary bit, through graphemes, phonemes, words, phrases, and sentences.
Evidence was cited from the literature which supported the chunking
hypothesis at the.levels of letters and words, and two experiments.were
designed to test the chunking hypothesis at the level of syntactic en-
céding. | | :

Two major predictions flow from the chunking hypothesis as it was
incorpdrated in the memory meodel. First, if the assumption‘of a hiefarchy
of coding routines is wviable, then, in an immediate memory tésk, a thfee-
word phrase should be recalled aﬁﬁroximately as often as =a singlé mono-
syilabic‘word, and‘a string of three words.which are not syntactically
related should bé recélled less frequentl& than elther a phrase or é
single word. Secondly, imbedding a stimulus word in a non-éyntactic
string should depress the probability of recall for thét word,'since the
accompanjing words will act as irrelévént and interfering.stimuli.- On
the ofher hand, 1if the Stimulus word is imbedded in a phrase,;thé proba-

bility of recall should not be depressed, since the words in a phrase. are
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assumed to be encoded intc a single syntactic unit and processed as such
in the memory system. .

Both experiments involved a two-second display of a stimulus item
(word, phrase, or non-syntactic string), a fifteen-seccond interference
interval, and a thirty-second recall interval during which the subjects
attempted an aural reproduction of the stimu;us. .In Experiment I the
subjects were asked to recall the entire stimulue, aﬁd in Experiment II
the subjects were asked to recall‘only s single word which had beesn made
distinective in the stimulus array by printing it in a diffefent eolor
than the accompanying words. The stimulus items and the interference_
material was the same for both experiments. |

The effect of form class on the experimentsl task was investigated
in both experiments by the use of nouns, prepositions, and verbs as
single words and in noun, preposition, and verb phrases and elso as units
of non-syntactic strings. All words in the stimulus items were chosen
in such a manner as to assure their'well—practiced familiarity in the
reeding_vocabulary of the subjects. | |

( | An aural reading task was used to prevent rehearsal of_the.stimuli
and to keep the experiments, as much as_poesible, in a realistic reading
framework. Third-grade subjects were chcosen to insure some minimsl read-
ing skills and to minimize the effects of formal training in reading on
the experimental variables. |

The results of the two experiments were somewhat mixed in the sense
of upholding or not uphclding the two major predictions or hypotheses
derived from the conceptual model. It is clear from the results of BEx-

periment I that phrase structure facilitates recall as opposed to the
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non-syntactic strings. It is equally clear, however, that phrases were
net recalled-és fréquently as single word items. If was pointed ouil

that the subjecté varied rather widely'in their ability to recali phrases.
Subjects whe made high scores for phrasés were compared on the gingle
word and non;syntactic string conditioné with subjects who made low
scores for phrasés.  It was found that the mean scores for the two groupé
differed by less than cone correct response in both the single.word and
the non-syntactic string coﬁditions. The same relationship held.when

thé subJjects were dichotomized on the basis of reading ability-as ﬁea—
sured by the SRA Total Reading Scores. Teken together, these two findings
suggést that information coding af the phrase structure level varies in
effectiveness for different subjeéts and that it has a positive co-vari-
éfion with general readiné competency; A theoretical discﬁssion was
offered iﬁ the frameﬁork of the memory model which would sﬁggest that
inereased reading competency might be described in part as an increased
store of generalized phrase structures which are available for encoding
verbal input.

The results.bf Experiment II showed that phrase Structure éid nbt
facilitate recall of the imbedded word. The findings of Wickelgren (1964)
thét irrelevant stimuii depresé the recall of the relevant stimulil were
coﬁfirmed. .The probability of recall of single wordé was significantly
higher when presented alone than when imbedded in either a phrase or a
non-syntactic _striﬁg° The results of Experiment II.Were directly opposed,
however, to those reported by Lindley (1963). Several factors that could
account fbr the contradiction were discussed; among them were differences
in ages between the sﬁbjects, and éome'differences in the experimental
tasks in the twé stﬁdies. | |

85




Form class proved to be a powerful variable in both Experiment I
and II, and a consistent interaction was notedrbetween Form Class aﬁd
Syntax. Nouns were found to be recalled more easily than verbs in all
three syntactic conditions. The diffefence in recall écores betﬁeen
nouns and verbs was relétively gtable while the preposition exhibited
some fluctuation in the two experiments. Three factors were suggested
ﬁhich might account for the effects of form cléss: (1) differential
appearance of nouns and verbs in children's language development, (2)
differing frequencies of occurrence in both speech and writing, and (3)
differing levels of abstraction betweeﬁ ﬁouns and verbs.

| The effect of the memory task on reading performance was another
finding which was consistent for both experimeptsn Reading performance
was highest during those intervals associated with the recall of a single
noun and was somewhét lower dufing the intervals asscciated with a.verB,
The same ordering bf reading performance was observed along the syﬁtactiq
varlanle (i.e., highest for singlé words and lowest for non-syntactic
strings). A further elaboration of the memory model in,terﬁs of a covert
rehearsal routine was suggested as a possible means of accounting for thé
.effects of the memory task on réading rerformance.

| A compariscn of the performance.of the subjects in Experiment I on
recall of the key word of the phrass and its counterpart in the non-syn-
téctic string gave empirical suppert to the psychologicél reality of the
linguistic notion of the salience of the key word in a phrase structure.
.In turn, this finding also lends empirical support to.the key word pro-
cessing notion of reading comprehension (Simmons, 1964).

While verbatim recall of either words or phrases is not a primary

‘goal of reading instruction, it is clear that Immediate memory plays.a
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vital role in the reading task. It is necessary, for example, to hold
the initial elements of a sentence in the memory_in some quickly-retriev-
‘able form until the end of the sentence is reached in order to relate the
rarts into a meaningful whole. The size and nature of the linguistic
vnit which is processed mey have a strong influence on compréhénsion and
on list versus sentence intonation in avral reading. It was the purpose
of this study to gather empirical evidence on the optimal sizerof the
linguistic unit in the imﬁediate ﬁemory processes of thirdggrade phildren
and to consider the evidence within a theoretical framework.

Some implications for educational practice may be drawn froﬁ the
study. The effect of the memory load on reading performance might indi-
cate a carefui consideration of the kinds of verbal material that we
require the beginning reader t¢ keep in mind while he is reading alcud.
The superior recall of single words speaks rather directly to the question
of the optimal unit size for initial reading. The dats of this study do
not give support to the poesition advocatéd by some (e.g. lefevre, 1964 )
that initial reading instructicn be carried on entirely in phrase and
gentence units.

Less direct, but in the long run more pertinent, implications lie in
the areas of a quantitative thecry of reading comprehension and readability
formulae. As was stated in the opeping paragraph of Chapter I, the memcry
processes must be acéounted for in any serious theory of reading or read-
ing comprehension. The present study is but 2 small step toward under-
standing.those processes and 1s far more suggestive of further reseasrch

than of immediate application.
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| It is conceivable from the results of the two experimehts that phrase
structure is a concept which is developed, hot'through.tﬁe ﬁrocessing of
speech, but thrbugh experience in feadinge A replication of the presenﬁ
study, using the simple sentence ahd single words as compar&%ive coding
units could yield interesting results. The psychologicalrrealitjlbf the
nofion of coaing units greater iﬁ length than the single word‘isﬂopén to
question, especialliy in the memory processés.of young chilareﬁ. Further '
_inveStigation might also take the line of replication of the present
study at different age levels to defermine if the use of phrése structure

exhibits systematic change related to age and reading competency.
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v
1. at
2. by
5. for
h. to
5. 1n
N,
L. coat
2. toy
3. dog
b, tree
5. book
Vi
1. eat
2, Dplay
3. buy
4. Thave
5. see
Adj.,
1. warm
2. old
3. brown
h. big
5. new

_2.
1. of
2. on
3.  from
h, with
5. up
N,
1. thing
2, hat
3. fire
4. boat
5. bhox
v,
1. grow
2. hold
3. drink
b, cook
5.- needr
1. round
2. red
3. hot
L. fast
5. full

Agpendix A

Class A Funetion Words

1.

A:r‘t.l

Adj.

his

my
their -
your

her

house
bed
car
town

chair

stop
lock
sleep
been

fly'

long

green

- little

light

good
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Art;l.
1. this
2, an
5. a
4, that
5. the

B,

1. cake
2 store
5. ldce

b, room
5. rain

W,

1. cateh
2. hurt
3. walt
Lk, show
5. sell

Add.)
1. glad
2 late
3. black
4, left
5 kind

Class B Fuﬁction Words

M 1
Modall' Modale.
1., may L. may
2. can 2. might
3. must’ 3. would
L, could 4, should
5. will 5. must
N ',
1. time 1. grass
2. hesd 2. fish
3., school 5. milk
b dreés b, food
5. streét 5. men
Vs, Vs,
1. bring 1. made
2. run 2. smell
3. gave 3. talk.
4o fall k. wish
5. keep 5. start
AdJ'S. Adj.6.
1. white 1. Dbest
2. fine 2. first
5. wet 3. hard
4, warm L. last
5. right 5. loud



List 1

Idst 2

List 1

List 2

Single Word

.coat
toy
dog
tree

bock

thing
hat
fir
boat

box

eat

play

have

see

grow
hold
drink
cock

need

Appendix B

NOUR

Phrase
his warm coat
my old toy
your brown dog
their big tree

her new book

this round thing

a red hat

a hot Tire

that fast boat

the full box

VERB
may eat cake
can play store
must buy ice

could have room

will see rain

might grow grass

would hold fish

.should drink milk

must cook food

way need men

G0

Hon-syntactic String

of run coat
on fall toy
up keep dog

from bring tree

with gave bock

at walt thing
by show hat

for sell fire
in catch boat

down hurt box

best eat might
first play would
hard buy should
last have must

loud see may

wet grow may
fine hold can
white drink must
warm cook cculd

right need will



Appendix B (continued)

List 1

List 2

Single Word

at

by
for -

to -

in

of
on .

from

with-

up

PREPOSITION
Phrase

at my. house

- by his bed

Tor. their car
to your town

in her chair

of his time

- on my -head

from your schecol
with her dress

up their street

91.

Non-syntactic String

at stop long

by look green .
for sleep little.
to been light

in f1y good

of smell glad
on wish late
from talk black
with made left

up start kind



Appendix C

Standard Training Iﬁstruétiona: Experiment I

We are going to play a memory geme. I will show you & card. Some-
times there will be one word on the card and sometimes there will be
several words on it. You will read the words on the card out loud. ,Wheﬁ
I tzke the card away you will start redding the first page in the big
notebook. You will read it out loud until: I tell you to stop. When 1
say "stop” you will stop reading and tell me what you saw on the card.
let's try one for practice. |

(Display #Tl: Single word -- coach subjeet through routine if

NeCessary. )
Remember: fead the card -- read the big book -- tell me what was on the
card. Let's try another one for practice.

(Display #T2: Phrase -- coach if necessary.)

Do you have any questions?

(Answer questions.)

This is the last practice card.

(Display #T3: Non-syntactic String -- coach if necessary.)
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Appendix D

Standard Training Instructions: Experiment IT

" We are going to play a memory game. I will show you s card.‘
Sometimes there will be one word on the card and sometimss there will
ke several words on it. One of the words_will always be printed in red.
You will read all the words on the card out loud. When I take the card
away you will start rgading the_first page in the big notebogk. You
will read it out loud until I tell you to stop. When I say "stop” you
will stop reaéing_and tell me the word on the card.that was printed in
red. Iet's try one for practice.

V(Display #T1: Single word -- coach subject through routine if
necessary. )
Remember: read the_card -- read the big book -- tell me the word that
was printed in red. Let's try another one for practice.
(Display #ro: Phrase_—- coach 1if necessary. )
Do you have any questions?
(Answer questiocns.)
This is the last practice card.

(Display #TB:_,Non-syntactic.String_f- coach if necessary=)
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Appendix E

Standard Training Instructions: Timing Study

We are going to play a memory game. L will show you a word on a
eard. You will say the word out loud. When I take the word away you
will start reading the first page in the big notebook. You will read
it out loud until I tell you to stop. Sometimes I will let you read a
long time and sometimes I will stop you quickly. When I say "stop" you
will stop reading and tell me the word that you saw on the cgrd. Then
you will turn the pagé in the big notebook and I will show you ancther
card. Let's try one for practice.

(Display #l -~ coach subject through routine if necesséry. 15-sec-

ond interval.)
Remenber: Read the card -- read the big book -- tell me the word on the
card. Let's %try another one for practice.

(Display #2 -- coach if necessary. 3O-second interval.)

Do you have any questions?
{ Answer questions.)
This is the last practice card.
(Display #3 -- do whatever 1is necessary to finish the routine.

L5-second interval.)

ok



Appendix F

Stimulus Ttems and Interference Intervals for Timing Study

Ttem Stimulus Seconds
1 see 15
2 from 30
3 boat 45
4 play 15
5 het 45
6. on 30
7 Tire 503
8 thing 45
9 need 15

10 have 30
11 with 15
12 Loy 45
15 cook 45
1k in 15
15 dog 30

“Ttem Stimulus. Seconds
16 up .'45'
17 at 30
18 by 15
19 eat 15
-
20 drink 30
21 buy 45
22 box 15”
23 tree hs
2k coat 30
25 of 30
26 for 45
) 27 ETOowW L5
28 hold z0
29 bookg+ 15
30 to ks
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