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CHAPTER |

INTRODUCTION

A great many children with near average or above intelligence have
difficulty learning to read despite expcsure to teaching metheds which have been
successful with a large majority of students. Estimates of the occurrence of
reading problems range from 10 to 30 percent of the school aged popuiaﬁon
(Austin, Bush and Huebner, 1961; Harris, 1964). -A variely of insfrucﬁoml

“materials and reading methods are available, however the research comparing
these materials and methods has failed to fdenﬁfy any specific opprocen as
superior for cll children (Bond and Dykstra, 1967).

Educators argue that research has not maiched reading approacines o
students' !edrning sf;/les and cannot expect to find significant differences among
reading aporeacnes. instead, - they suggest that because of the interaction
between learning siyles and methods, remedial approaches should be based upon
a child - study approach (Bateman, 1967),

Attempts tc develop procedures for maiching reading irstruction ic fearning
characteristics and then comporing reading achievement among aporoaches also
have generally feiled to provide insight into the probiems of teaching reading.
Mosi attempts to match reading instruction with learning characteristics have
used a vorizty of qudifory and visual perception tests. From results of thesa tests,

children arg labeled "visual learners" or "ouditory learners” and are given

reading irstruciiocn accordingly (Woipert, 1971). The tHinols Test of

Psycholinguistic Abilities (ITPA) for example, provides a method of identifying

1



a student's strengths and weaknesses in both receptive and responsive modes.

According to the ITPA model there are certain input systems for
information and output systems for responding, i.e., '::fnfofm;fion may be
received auditorily and responded to verbally, or it may be received visually
and responded to motorically. Wepman (1967) refers to these input systems as
modalities or pathways of learning. He noted that children are of certain
learning types and educators need to determine if the child learns best by
"ear or by eye." Like Wepman, Harris (1964) suggested that educators should
utilize methods which allow each student to learn by procedures which
compliment his particular strengths in perception, imagery and recall. Thus, if
the child's strength is in the auditory - verbal channel a phonetic or linguistic
approach for teaching reading would be used. On the other hand, if a child has
a basic strength in the visual - motor channel, his visual strength would be
emphasized through the use of a whole word or sight word approach in the
teaching of reading.

A number of studies investigated the modality concept as a valid construct
to view learning styles (Mills, 1956; Katz gnd Deutsch, 1964; Harris, 1965;
Bateman, 1967b; Wolpert, 1?70; Bruininks, 1970; Tyler, 1971). None of these
studies, however, supported the "modality approach" in matching materials to
students' learning styles. Despite the absence of research support, a number of
writers contend that teaching procedures should be prescribed in accordance with
the student's individual learning styles (Durrell and Murphy, 1953; Kirk, 1962;

Cohn, 1964; Goldstein, 1964; McCarthy, 1964; Frostig, 1965; de Hirsch, Jansky



and Langford, 1966; Neville, 1966; Johnson and Myklebust, 1967; Bateman, 1967c;
Bannatyne, 1968; Smith, 1968; Wepman, 1963; Denison, 1968-55).

Educators will continue debating the effi.cacy of a wide variety of reading
‘approaches, publishers will continue developing reading materials and a large
number of children will most likely continue to be poor readers unless the research
begins to identify relevant variables which can be translated inio remedial
programs. An alternate research aperoach is to focus upon deficits in subskilis
essential to reading and to explore fraining prograrms o eliminaie thess deficits.

Short - term memory (STM) is one subskill which has been identified as a
significant variakle in learning to read. (Betts, 1950; Rudisill, 1956; Johnson,
1957; Rose, 1958; Alwitt, 1963; Birch and Belmont, 1964; Muehl and Kremensk,
196¢6; Bee!;y , 1967; Jghnson cna Myklebust, 1967; Harris, 1970). In a review of
the research utilizing subtests of the Wechsler Intelligence Scale for Childran
and the ITPA Neville (1966) noted that STM was consistently found to he
related to poor reading ability. Despite the limitations notad in a review of
factors related to reading disability Johnson (1957) similarly concluded that
STM deficiencies have a sericus effect upon reading achievemant, The author

~

stated:

it would oppear from the available evidence, that
inadequate memory span, in itself, can be a causative
factor in reoding disability . . . retarded readers are
characterized by a tendency toward certain patterns
or relative achizavement on tests of memory span with

- varying test material and modes of presentation [p. 13].



While Johnson cites STM as a causative factor of reading problems she does
not discuss variables which may affect STM. A number of variables have been
identified which ore generally accepted as having an effect on STM. The
variables i;clude: amount of practice; pronounceability; recodability,
familiarity of items; number of items previously learned; meaningfulness of units;
and duration of time between stimulus presentation and responses (Blankenship,
1938; Van deMoortel, 1965; S‘coﬁ and Scott, 1968). There is, however, little
information about the learniné strategies people employ which enable them to
remember (Chalfant and Scheffelin, 1969).

If STM deficits can be a causative factor in re'ading disability, cs
suggegfed by Rudisill (1956), Rese (1938), Alwitt (1963), Birch and Belmont
(1964), Muehl and Krernenak (1966), and Beery (1967), then an extensive
examination of variables which contribute to STM deficits and remedial
procedures needs to be devised. The STM model proposcd by Belmont and
Butterfield (1969) has the potential of not only studying 5STM performance but
also providing a rati,onc:le for investigating learning strutegies employad by
reading disabled youngsters in acquiring and retrieving information on the STM
task. !f poer readers employ different acquisition and retrieval strategies, the
identification of these strategies may constitute important voriables in the STM
process which have remedial implications for eliminating STM deficits.

The present study was designed o investigate STM processes cf raading
discbled subjects (Es) by comparing them with a group of normal readers.

Specifically, the following research quesiions were examined:



1. Will reading disabled and normal Ss differ significantly on recall
accuracy, acquisition strategies, and/or reirieval processes?

2. Will third, fifth and seventh grade Ss differ s‘ignifi‘éani'l)' on recall

r accuracy, acquisition strategies, and/or retrieval processes?

3.  Will there be significant differences on recall accuracy, acquisition
strategies, and/or retrieval processes between: third grade reading
disabled and normal Ss, fifth grade reading disabled and normal Ss
and seventh grade reading disabled and normal Ss?”

The next chapter describes STM models, grovides a brief review of a series

of studies which have resulted in training strategies to remediate STM deficits in

retardates and reviews the STM research which compared reading disabled and

normal subjects.



CHAPTER 11

REVIEW OF THE LITERATURE

This chapter is divided into four parts. The first part provides a general
introduction and brief review of theoretical models of short - term memory (STM)
processes. The second part summarizes research on the STM processes in mentally
retarded and normal children on a subject - paced, serial learning task. Many of
the procedures used in this research are similar to those employef:l in the present

‘study. The third part summarizes research involving reading disabled students’
STM performances on a variety of experimental tasks, and part four provides a
discussion and summary of these studies.

. Short - term Memory Models

There are numerous models which have been proposed to explain the memory
process. However, many of these models utilized a neurological apgroach and
are not functional as educational models for developing remedial procedures for
improving STM performance. Neurological views of memory propose that a
stimulus is converted into electrical activity (stimulus trace) in the nervous
system. The concept of the stimulus frace phenemenon originated from the work
of Muller and Pilzecker’s {1900) theory of retrouctive inhibition. Somewhat
later Pavlov (1927) employed the stimulus trace fheor.y to explain trace
conditioning in his animal research. More recently, the trace concept had «
central role in thearetical constructs of Hebb (1949), Spitz (1963) and Ellis
(1963). Most of the neurolegical appreaches emphosized either the dynamic

and/or structural cpproach to memory (Hilgord and Bower, 1966).



In the dynamic approach, memory is the result of continuous elecirical
activity. Forgetting occurs when the electrical activity discontinues, resulting
in the reduction of electrical reverberations necessary fo maintain the stimulus
trace. In contrast, the structural view of memory suggests that continuous

- electrical activity and the resulting stimulus trace cannot account for memory
unless the electrical circuits change the structural components of the nervous
system. The longer the electrical activity continues, the more permanent the
structural - physical change c‘nd therefore the greater the probagil ity of
remembering the stimulus event. Retention is reduced when the stimulus trace is
interrupted reducing the physical change in the neural cells (Hilgard and Bower,
1956).

In Hebb's (1949) neurcphysiological model of memory, a dual - trace
mechanism was proposed which suggested that STM is the resuli of reverberaiion
of fﬁe neuronal circuit. If the neural trace decayed too rapidly, STM is reduced
and long - term memory is not possible since the frace decayed before there was
a structural change in the neural pathways. Hebb's model therefore; uses the
dynamic view to explain STM and the structural approach o explain the more
permanent, long - term memory.

Spitz (1963) also included both the dynamic and structural view in his
neural theory to account for poor STM of retardates. His views are summarized

in the following postulates:



Postulate 1.
Tnrefardates, it takes longer to induce temporary, as
well as permanent, electrical, chemical, and physical
changes in stimulated cortical cells.
S .

Postulate 11.
Once stimuli induce temporary chemcial and electrical

modification of cortical cells, it takes longer for
these cells to return to their previous state.

Postulate 11,
In retardates, once stimuli induce permanent chemical
and/or physical changes in cortical cells, it will be
more difficult and take a longer period of time te switch
consequent like == or relatively simiiar ~- stimuli away
from these particular cell traces or current paiterns so
as to form*new, or different, traces or patterns.
Postulate 1V. _
In retardates, there is less spread of electrochemical

_ activity from stimulated cells into the surrounding cortical
field [pp. 29 - 30].

According to this theory, o deficiency which appears to result from
impaired STM may be due largely to the fact that confermation never reached
storage, or reached storage in a disorganzied state. Information which is
organized and stored is more resistant to extinction and interference (Scott
and Scott, 1968).

Stimulus trace was also used by Ellis (1983) to account for behavioral
differences between normal and mentally defective subjects. This model suggests
that subnormal behavior which is dependent on STM is caused by a subnormal
functioning central nervous system. Learning deficits in the retardate are due to

lack of continuity among events as a resuli of diminished duration and amplitude

of the stimulus trace.



The modgls suggested by Broadbent (1958), Zeaman and House (1963),
Waugh and Norman (1965), Belmont and Butterfield (1969), Sperling (1967),
and an updated model by Ellis (1970) do not emphasize the neurological
stimulus trace paradigm in describing STM deficits. Instead, selective attention
qnd/ or inadequate learning are proposed as the crilt;cal elements in their STM
models. These models may have greater educational implications since they are
not dependent upon neurological constructs.

Broadbent's (1958) model of memory and attention suggests that the brain
contains "selective filters" that monitor messages which are either accepted or
rejected. Incoming information m;JY be held for seconds in a "short -~ term store"
or S System prior to selective filtering. Information which is accepted passes fo
a "|imited. capacity channel” (P System) which provides indefinite storage.
Storage in the P System, however, reduces its capacity to store additional
information. Information can pass from the P System info either long - term
storage or feed back to the short - term store. Information which passes through
the feedback loop is rehearsed for later recall. Poor STM is a function of an
impaired S System and/or the restricted capacity of the P System which limiis the
amount of information available. The significant feature of Broadbent's
model was the inclusion of rehearsal and attention processes wnich was lacking
from earlier formal models of memory.

The Zeaman and House (1963) atiention theory was developed to provide
a framewori( for analysis of learning deficits in retardates. According to this

theory, poor learning results'from the retardates' non-attention fo the relevant
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dimensions and specific cues associated with the stimulus event preceding
learning and memory. Poor learning is attributed to attention rather than memory.

This theory has remedial implications and suggests training approaches may
enhance the Ss' learning by " . . . engineering of their attention," [Zeaman
and House, 1963, p. 218]. Manipulation of the stimulus fo increase the attention
value of relevant cues and noticeability of relevant dimensions are examples of
education implications which are congruent with this theory. The ehrly training
approaches of Montessori (1912), Strauss and Lehtinen (1947), and Fernzid
(1942) appear to utilize some of the principles suggested by this attention theery.
This theory, however, is related to discrimination learning rather than STM.

A multiple memory system was proposed by Waugh and Norman (1965} fo
explain STM. According to their model, a stimulus first enters the primary
memory (PM) system. This system, however, has a limited storage capacity and
new items replace old cones which are permanently lost. It items are rehearsed,
they may prolong their period in PM and increase the probability of entering into
the secondary inemory (SM) system. This theory would explain why the last items
.of a list are recalled more accurately than earlier items. This theory also explains
why rehearsa! is required for delayed recall.

Most STM research has not sysi'emaﬁcalily studied the effects of rehearscl,
hewever, according to Norman (1969) most agree about its importance. Although
Broadbent (1958) mentions rehearsal as a part of the feedback loop of his model,
Sperling (i967) was the first to stress the imporiance of the rehearsal process in

his STM model. In this model, rehearsal is viewed as ¢ fype of innerspeech which



11

helps retention by transferring information from temporary to more permanent
‘systems.

Ellis'” (1970) updated model did not stress the stimuius trace coricept but
incorporated many of the dimensions described by Broadkbent (1958), Waugh and
Norman (1965), and Sperling (1967). Ellis' model preposed a dual STM process
in both normal and retarded subjects:

External stimulation is sensed threugh an attention

(A) process and fed directly into ihe primary memory
(PM). PM is viewed as a limited capacity system, ~
capable of retaining only a few items which are

quite transient, either as a resuli of decay with fime
per se or as a result of interference. Information is
being constantly replaced in PM by rew information.
We assume that older items are lost first. PM is
viewed as the most inefficient storage with much
information being forgetien . . . . The rehearsal
strategy (RS) is viewed as the mechanism transferring
infermation from PM to SM . . . RS invoives the focus
of attention upon information being lost from FM
upon SM . . .. ThusR3 is in pq.'f of o loop where
information is fed back through A and PM . | . .
Attention may prove fo be a superfiuous construct.
Rehearsal sirategy is a key construct, Howewver, ot
this stage of analysis, it is poorly defined and is
perhaps credited with too many funcrions [pp. 5-61.

.Since most of the STM reszarch uzed an experimenter paced task, _7_5
had little opportunity to rehearse between presentation of the items. A number of
studies have recently been reported which utilized u sucject paced, rather than on
experimenter paced, serial learning task which allowed indepeadent obszrvation
of differential rehearsal strategies and their relationship to STM  (Buiterfieid ond

Belmoni, 1969; Ellis und Dugas, 1968; Finkus and Laughery, 1970). These studies

suppoit that rehearsal (acquisition strategies) plays an important rele in STM
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performance. In addition, Butterfield, Wambold and Belmont (1972) indicate
that retrieval as well as acquisition processes are critical to STM performances.
Most models and theories of STM have been concerned primarily with acquisition,.
storage and retention of information, however, the process of retrieving
information has been alinost completely ignored in formal models of memory
(Norman, 1549).

The research model proposed by Butterfield, Wambold and Belmont (1972)
suggests that a breakdown on any three aspects of the STRA procass could accouni
retention of learned items or incomplete refrieval of learned items that were

retained. They noted that substanticl literature supported the conciusion that the

re L
H

menially retarded do not have a reteniion deficisncy und therefere hypcthesized
that STM deficiency stems from inadequacies in how material is acquired or
stored in memory and/or how information is retrieved from memory storage.

Belmont ond Butterfield (1969) devised cn experimental fask whizh
ailows the researcher to explore why subjects are deficient in 3TM. Net only
‘have they been able to support their theereijiccl position thai deficiencies in
acquisition and refrieval processes ware related to STM pedfarmanas, but also
this knowledge has been translated into remedial techniques which hc‘{e resulied
in significant improvement of STM of mentaily retarded subiects (Burterfield,

Wambold end Belmont, 1972).
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Acquisition and Retrieval of Retarded and Normal Subjects

A series of studies were completed to experimentally evaluate Belmont's
.and Butterfield's (1969) hypothesis and to devise procedures to eliminate STM
deficits in retarded subjects. The authors have investigated acquisition and
retrieval processes and iheir relationship to STM with non-retarded subjects, and
applied studies fo devise training procedures to eliminate the STM deficits of
retarded subjects (Buﬂerfiéld , Wambold and Belmont, 1972).

In all of the studies the.authors employed a self~pacing, serial learning
task which allowed independent observation of the effects of differential
acquisition strategies and'refrie\'fql' processes on STM, The cpparatus
automatically recorded the pause fimes (interitem interval) between letters
which were plotted over serial positions to show the distribution of hesitations.
Pause times plotted over serial position was used to provide graphic display of
the S's acquisition straregy. For example the series A B C (pause for rehsarsal)
D E F was referred to as a 3 - 3, active ~ passive strategy. After the last
letter in each list was presented, a test letter was exposed by the subjects. The S's
-task was to locate the position of the test letter in the list and indicste by
pressing the appropriate response button. Reirieval strategy wes operaticnally
defired as correct response latency which was the time from the appearance of
the test letter until the S responded correctly. Recall accuracy, the proportion
of time that the S correctly responded, was the measure for STM. Both the correct

latency and recall accuracy were also plotied over serial positions.
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From the studies of non-retarded adults the authors concluded that
interitem interval, the dependent measure for acquisition strategy, was a
reliable measure of complicated acquisition strategies. Adults were found to
employ two different kinds of acquisition strategies, active and passive, in
learning the serial task. While actively rehearsing, the average interitem
interval was longer at the position where rehearsal occurred. Passive acquisition
resulted in accurate recall only over very short intervals of time, however active
acquisition produced accurate recall over a much longer interval of time. In
addition, adults change their acquisition and retrieval strategies to meet the
response requirement of the task (Butterfield and Belmont, 1971).

YA,ccording to Butterfield, Wambold and Beimont (1972) the secondary
memory sy'sfem consists of acquisition by actively rehearsing and the primary
system consists of acquisition by passive non-rehearsal. They found that normal
adults first search the primary memory and then the secondary system. Fer
example, in the position A B C (pause for rehearsai) D E F, they would search
the primary memory position D E and F and if the items werz not located they
weuld proceed to search the secondury memory system, pasitions A B and C.

The studies conducted to compare refarded and non-retarded subjects
showed that the retarded generally did not use their secondury memory cystern.
In other words, they did not actively rehzarse on the seriai learning task and
consequently their interitem intervals plotted over serial positions were typiceily
flat. Theyqdid however, use their primary memory sysiems nearly cs weil as the

non-retarded Ss (Belmont and Butterfieid, 1947). For examole; on the series
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A B C (pause for rehearsal) D E F, the retarded Ss did not pause to rehearse but
did perform as accurately and rapidly on the D E F positions as the non~-retarded.
In the A B C positions their recall accuracy was significantly less than the
non-retarded group. In addition the retarded Ss did not modify their acquisition
sfrafegies or retrieval processes to meet the demands of the response requirements.
Instead, they continued using the primary memory system despite the
ineffecfivenéss of this system in many memory learning situations.

Butterfield, Wambold and Belmont (1972) trained mentally refarded Ss to
use active rehearsal strategies in acquiring information. After training, Ss used
their secondary memory system and performed as well on the rehearsed items as the
non-retarded subjects. For example, they acquired information by A B C
(pause ftsr‘rehearsal) D E F rather than A B C D E F as was typical of their
previous attempts. After training on oppropriate acquisition strategies they
performed as well as the non-reterded Ss at the A B C positions but for positions
D E F they regressed to a level ,significantlby lower than the non-retarded subjects.
Therefore, after training, their secondary memory 's;ystem was being used as well
as non-retarded but their accuracy recall from their primary memory system was
reduced from a level equal to the non-retarded to a level significantly lower.

By training the retarded to retrieve from the passively acquired portions of the

list (D E F) before searching the actively acquired list (A B C), the retarded

group's recall was equal to the normal group's across all positions.
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Short - Term Memory of the Reading Disabled

For organizational purposes, the studies which concluded that reading
disabled Ss were deficient in STM skills are reviewed first (Rudisill, 1956; Rose,
1958; Alwitt, 1963; Birch and Belmont, 1964; quhl and Kremenak, 1966;
Beery, 1967).

Then, those studies which did not find the reading disabled deficient in
STM Ski.lls are reviewed (Senf, 1969; Dornbush and Basow, 1970).

Rudisill (1956) tested s;pan and accuracy of 43 advanced readers and 48
reading disabled third graders by presenting both digits and phrases

tachistoscopically. The qdvanced.;'eaders consistently out-performed the reading
disable§ subjects. Consequently, the author concluded that there was a highly
significan-t relationship between reading achievement and span and accuracy as
measures of STM.

Rose - {1958) administered the Stanford-Binet infeliigence test to a group
of 113 reading disabled youngsters. He found that they parformed below the
norm on the auditory memory span subtest. As a control cgainst experimenter
bias, he administered the same subtest to 80 normal youngsiers and found that they
performed average or above average on the test. He therefore concluded that the
reading disabled were deficient in STM skills.

Alwitt (1963) compared STM performance of reading disabled and normal
Ss in order to study the rate of memory trace decay. In the experimental task,
serial stimulus cards with typewritten numbers randomly arranged in two rows of

four digits, were presented fo the subjects for one~tenth (.1) of a second.
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Alwitt (1963) found that reading disabled Ss were inferior to normal
subjects in performance of this task. However, he concluded that the differences
in performance were not attributable to a decay of memory trace in the disabled
subjects.

A series of studies (Birch and Belmont, 1964; Muehl and Kremenak, 1966;
Beery, 1967) compared reading disabled and normal Ss' performances in matching
auditory and visual stimuli. These studies were not specifically dezigned to study
STM, but are mentioned in this review because they employ a task similar to those
found in STM research. All these studies used stimuli similar to the Morse Code
in which the "dots and dashes" were preserted both auditorily and visuaily.

After the auditory or visual presentation the Ss were required to indicate if
the two sf}muli were alike or different. These studies found that good und poor
readers differed in their abilities to immediately recall and match a series of
auditory and visual stimuli.

The above cited studies tend to suggest that reading disabléd Ss have 5TM
deficiencies. The following studies, however, do nof support this thesis.

Senf (1969) compared learning disability (LD) and normal boys on a
variety of STM tasks to investigate Broadbent's (1958) hypothesis concerning the
role of attention deficits in memory. In the experiments, an auditory and a’
different visual stimulus were presented simultaneously by a Bell and Howell
Language Master.

The author concluded that learning disabled Ss were not characterized

simply by a general deficit in STM and that their deficiencies could not be
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explained by an inability to shift attention from one modality to another. The
learning disabled Ss did perform at a comparabie level with the normal group in
simple recall, when the order of recall was not included in the scoring criteria.

Dornbush and Basow (1970) used a total recall STM task to study the
relationship between reading achievement and functioning in auditory and visual
modalities. The study used a factoral design to study rate of presentation,
modality order of report, and reading levels at each of four grade levels: first,
third, fifth and ninth. A total of 72 reading disabled and normal Ss (18 at each
grade level) were presented serial letters on 1émm film with a synchronous sound
track.

The researchers found no significant differences in recall perforrpance
between fhe.good and poor rea.t;lers when.dny of the variables were manipulated.
The authors suggested that the task, recalling numbers, may have been too simple
and suggested that letters or other stimuli might yield different results.

The majority of the researchers who compared reading disabled and normai
Ss concluded that STM deficits were present in the reading disabled (Rudisill,
1956; Rose,. 1958; Alwitt, 1963; Birch and Belmont, 1964; Muchl and Kremenak,
1966; Beery, 1967). However, Senf (1969} and Dornbush and Basow (1970)
found no differences between reading disabled and normal Ss on short - term
memory .

Summary
Possible reasons for these opposite conclusions center on the variation in

methods used by the researchers and problems they encountered while conducting
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their studies. For example, the conclusions by Rudisill (1956) and Alwitt
(1963) may be questioned because the selection procedure identified two groups
which were not only different in reading ability but were also significantly
different in mental age. With such discrepancies in menta! oge, their
- conclusions must be viewed with skepticism. The study by Muehl and Kremenak
(1966) did not provide adequate descriptions of the statistical treatment and
results to allow an evaluation of this aspect of their studies. Furthermore,
Muehl and Kremenak, along with Birch and Belmont (1964) and Beery (1967)
were not studying STM per se. Their studies were included because their
experimental tasks were similar to STM research. Rose's (1958) findings may
also be questionable as the article did not describe selection procedures, explain
how reading level was calculated or employ inferential statistics to assist in
evaluating the STM performances of the 113 subjects.

Senf (1969) found that reading disabled subjects and nermal readers did
not have different STM attributes except when the scoring criteria for the tests
did not specify that recall in a specific sequence was necessary. For
organizational purposes Senf's study was included with Dornbush and Basow (1970),
however his conclusions neither support nor reject the contention that STM is
related to poor reading performance. Johnson's (1957) review was previously
cited as supporting a STM ~ reading deficit relationship, however she does
provide a description of the serious limitations of the studies included in her

review.
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With the limited number of STM studies of reading disubled subjects
available and the variety of possible interpretations of the results,‘t'nis writer
concluded that the current status of STM as a critical subskill iﬁlreading is
inconclusive. Face validity of STM concept alone would appear to be sufficient
reason to continue research in this area. Most would agree that STM skills are
necessary to read but does it follow that reading disubled students are deficient
in this skill?

Previous researchers studying reading disabled Ss have used essentially one
measure, recall accuracy, to study STM. Knowledge that poor readers are
deficient on recall accuracy, however, is of little educational value unless this
knowledge leads to remediation of the STM deficit and ultimately to improvement
in reading. The STM model and experimental procedures employed by Butterfield,
Wambold and Belmont (1972) to sfudy STM processing of the retarded, provide a
method of studying the separate contributions of acquisition and retrieval strategies
and their reiationship to recall accuracy. More important, they have altered
recall accuracy by training the retardates to utilize effective acquisition and
retrieval strategies.

The purpose of the present study is to clarify the relationship of STM to
reading by studying accuracy of recall, acqpisiﬁon strategies and retrieval
processes. If it is found that reading disabled Ss utilize an ineffective
acquisition and/or retrieval strategy, future studies may be designed to
investigate various fraining approaches to improve STM by modifying acquisition

and retrieval strategies of reading discbled children.



CHAPTER 11l

METHODS AND PROCEDURES

The present study was undertaken to determine if disabled readers are
deficient in short = term memory (STM). The following research questions were
examined:

1. - Will reading disabled and normal Ss differ significantly on recall

accuracy, ucquis?ﬂon strategies, and/or refrieval processes?

2.  Will third, fifth and seventh grade Ss differ significantly on recal!

accuracy, acquisition sfrc:i'eéies and/or retrieval processes?

3.  Will there be significant differences on recall acéurccy, acquisition

strategies, and/or retrieval processes between: third grade reading
‘disabled and normal Ss, fifth grade reading disabled and norme! Ss
and seventh grade reaciing disabled and normal subjects?

‘Two groups of 30 mcle Ss from the third, fifth and seventh grades were given
a serial leqrniﬁg task which consisted of 32, eight-item lists of letters. The S's
task was to recall the lccation of one of the letters following a brief presentation
of each letter in the list. The __S_s controlled the interitem interval but each of the
letters had a fixed exposure duration of .03 seconds. The two groups were

compared on recall accuracy (R+), interitem interval times (acquisition strategy)

and latency cf correct response (retrieval sirategy).
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Selection of the Subjects

Figure 1 provides a summary of the results and procedures used in selecting
the Ss for this study. The samples used in this study were selected from the total
population of 295 males enrolled in the third, fifth and seventh grades of Unified
School District #450, Shawnee Heights, Kansas. i:rom this group, a sample of
157 Ss were found who scored between 90 and 110 on the Otis ~ Lennon Mental
Ability Test" (1967) administered by the school during the first semester of the 1971-72
school year. Of the 157 Ss who felllwithin the specified IQ score range of 90
to 110, 115 also met the achievement criteria for either the experimental or
comparison group. The sample 4(l\.l = 60) selected for this study was randomly
drawn’ frorr!‘fhg pool of 1 15.Ss with-1Q scores between 9_0 and 110 who met the
achievem;anf criteria.

Achievement scores were obtained from the Stanford Achievement Test,* (1966} -
Form X, administered during fi*ae first semester of the 1971-72 school year. This
test has three subtests for the third and fifth grades and only one subtest for the
seventh grade. For the third and fifth grade reading disabled group a
percentile rank of 30 or less on two of the three reading subtests (Word Meaning,
Paragraph Meaning and Word Study Skills) was required. For the seventh grade
reading disabled group a percentile rank of 25 or less on the Advanced Paragraph
Reading was required. This percentile rank was selected to insure that all

seventh grade Ss were at least one and a half grades below the national norm.

*These test scores were used because they were available for all third,
fifth and seventh grade students in the school districts.



FIGURE 1

SUMMARY OF SELECTION PROCEDURE

From the total group . . . 3rd Grade N=_97
5th Grade N=_94
7th Grade N =107_

. « . with IQ scores between v

90and 110 . . . 3rd Grade N=_63
5th Grade N =48
7th Grade N=_ 46

. . who met criteria on achievement

test for the experimerital and comparison

group . . ..

Group 1*| Group 2**
3rd Grade N= 29 | N= 25
5th Grade N=_16 | N: = 17
7th Grade N= 14 | N: = 14

. . a random sample was selected . . .

3rd Grade
5th Grade

7th Grade

“*Group 1 represented the reading disabled Ss.

**Group 2 represented the normal Ss.

N=10 .
N= 10
N_=_10

~N=_10
JN=10
N=_10

23

=298 .

=157

=115

60
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Achievement criteria for the normal comparison group from the third and fifth
'grades was a percentile rank of 50 or more on two of the three reading subtests; -
for the seventh grade normal group, achievement criteria was a score on or above
the 50th percentile on the Advanced Paragraph Reading subtest.

Apparatus and Materials

The S faced a 20 X 20 inch sloped, black, plexiglass panel. A row of nine
transparent plexiglass windows was centered 10 inches from the top of the panel,
through which the S viewed a list of eight letters and one test letter. Each
window measured 3/8 inch high and 7/8 inch wide and was separated from the
next window by 1/8 inch. The wfndows also functioned as response buttons and
by applying light pressure to any of the windows, the student could indicate the
location of the test item in the serial list.

A letter - exposure switch located on the table in front of the panel
permitted the students to expose and view the letters at any rate. Each list
consisted of eight letters on an 8 X 10 inch white card. (See Appendix B for a
sample.) To present the letters of each list, the card was placed in a plexiglass
-card = carrier. This carrier was held in place behind the panel by pins of two
solenoids which fit into notches cut into the back of the card - carrier. Each
time the student pushed the letter - exposure switch the circuit was closed and the
two solenoids were activated sequentially, causing the card - carrier to drop
1/4 inch.

The licts were constructed so that with each push - to - see response, the

operation of the first solenoid dropped the card - carrier exposing a stimulus
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letter and was followed by the activation of the second solenoid which lowered
the carrier again and resulted in the removal of the letter from view. There was
a 0.50 second delay between the activation of the two solenoids, producing a
stimulus duration of 0.50 seconds. The time from the offset of each stimulus to
the moment S made his next push - to ~ see response (including the test item) was
measured by a Sodeco printout counter to 0.50 second accuracy. For each trial
the apparatus automatically recorded a student's complete pattern of hesitations
(interitem interval) as he pro;:eeded through the list, and the time between the
onset of the probe letter and the S's recall response.
In discussing a similar apparatus, Ellis (1970) noted the following
practical and conceptua! advantages:
(@) Many aspects of the task may be varied,

including item exposure duration, interitem interval,

interval between last item and probe, and stimulus

materials (numbers, letters, pictures, etc.), (b)

Time relations are precisely controlled. (c) The

partial report or probe technique provides an evaluation

of short - term retention with the interfering effects

of the recall process minimized. (d) The recall is

a "key press" which seems less complex than an oral

or written response. (e) The scale of measurement

permits the assessment of the behavior of Ss differing

widely in ability level. (f) Conceptually, the model

has high face validity as a measure of STM, yielding

a serial position effect similar to that found in
immediate free recall and other STM tasks [p. 2].

Procedures
The learning task was administered in a classroom essentially free of
extraneous stimuli. Only the subject and the experimenter were present. Each

session was conducted individually with reading disabled and normal Ss



26

alternately parﬁciquing' in the approximately 45 minute sessions. During the
session Ss completed one demonstration and two practice lists prior fo

beginning. (See Appendix C for specific instructions.) To insure that all Ss
could read the letters, they were asked to name the twelve lefters used in this
study. (See Appendix D for list of letters.) Each list was a unique order of
randomly generated letters from @ 12 - letter pool: H, J, K, L, N, P, R, Q,
vV, W, Z, X.

Following the last letter in the list, Ss prassed the exposure button to
present the test letter. The Ss then attempted to recall the letter and indicate
by pressing one of the window - response buttons. If the correct response
button was pressed, the letter would disappear immediately. If an incorrect
response We(e made, the letter would rer;iain in view until the examiner removed
the list.

Dependent Measures

Three dependent measures were used to determine recall accuracy,
acquisition strategies and retrieval processes in reading disabled and normal
subjects.

The first measure, recall accuracy (R‘+) was the number of probe items
correctly located. According to Ellis (1970) this measure has a high face
validity as a measure of STM.

The second measure, interitem interval, was the amount of time from the

presentation of the stimulus until the subject pushed the button to expose the

next letter. Because Ss were free to pause between letters for as long
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as they wanted, this interitem time was taken to represent the amount and
‘distribuﬁon of rehearsal, which in turn represents - E's acquisition strategy .

For example, if the series presented were A B C D E F, and the student paused
significantly longer between C and D than he did between any of the other letters,
it would suggest that he was rehearsing the first three letters of the sequence:
before going on to learn the next three letters. Previous research (Butterfield

and Belmont, 1971) has indicated that such pause times do in fact provide a
reliable measure of rehearsal .

The third dependent measure, correct recall latency, was used to mecsure
the retrieval process. Measuring t'his time span for each of the eight positions
represented the pattern of recall or retrieval strategy of the subjects. Correct
recall latency time was the time between the presentation of the test item and
the instant the subject depressed the correct response window. For example,
suppose the series A B C D E F were presented to the subject. The research
(Belmont and Butterfield, 1969) with normal adults shows that if the letter F
were the test item, correct recall latency would be lower than if the fest item
‘had been A. In other words, the subject would remember the position of "F"
more quickly than the position of "A"; that is, the more quickly the subject
‘remembers the position the lower the recall latency. Measuring this time span
then gives an indication whether or not normal readers and reading disabled Ss

recalled in the same pattern.



Data Analysis Procedures

One score was used to represent each S's pattern of rehearsal at each
position from the 32, eight item lists. By dividing the 32 lists .i.nto four blocks
and using a mean of the median of each block, a mean interitem interval time
was obtained. The first and third blocks had nine lists and the second and fourth
had seven. (See Appendix E for blocks 1 through 4.) Since each block was an
odd number of lists (7 or 9), the median was obtained by locating f:l‘;ne middle
score. The mean of these medians, plotted over serial positions provided a
graphic display of Ss' acquisition strategies.

The Ss* mean scores of the block medians were analyzed using Dixson's
(1968) computer program for a 2 X 3 X 8 mixed analysis of variance (reading
disabled and normal X third, fifth and seventh X eight serial positions). The same
design was used to analyze the correct recall data (R+), except the total number
of letters correcfvly recalled at each position was used to represent each S's
R+ score.

Insufficient data were cbtained on the correct recall latency measure fo
~allow a comparison at each serial position. Therefore, the data from the first
six positions were combined and compared to positions seven and eighi with a
2 X 3 X 3 mixed analysis of variance. This qﬁclysis allowed a comparison between
the two conditions (reading disabled and normal) from three grade levels (grades
3, 5, and 7) at three positions (positions 1 through 6, 7, and 8). For this
analysis, the means of the medians of positions one through six, at each grade

leve!, were compared to the means of the medians of positions seven and eight.
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For those subjects who did not recall any of the letters from positions seven or
eight, the median of the other nine Ss in their grade were used. For the
analysis of the R+, interitem interval, and correct recall latency data, the level
of significance was set at .05. Chapter IV provides a summary and discussion

of the comparison of the reading disabled Ss to the normal Ss on recall accuracy,

acquisition strategies, and retrieval processes.



CHAPTER IV

RESULTS AND DISCUSSION

This study was designed to compare the short - term memory (STM) processes
of normal and reading disabled subjects and thereby discern what role STM plays
in a child's ability to read. In &ddifion, this study was conducted to explore
the feasibility of manipulating acquisition and retrieval strategies in future
attempts to improve STM performance of reading disabled students. Ten reading
disabled males, randomly selected from the poorest readers in the third, fifth and
seventh grades were compared with a ra;1domly selected normal group from the
same grade levels.

The recall accuracy, acquisition strategies and retrieval processes of these
60 Ss were compared by analyzing their responses on a serial learning task.

This test.was presented to each subject so that each of the eight serial

positions could be probed four times. Number of items correctly recalled (R+),
was the dependent variable for recall accuracy. The amount of rehearsal was
measured by the interitem interval time and represented the S's aéquisition
strategy for remembering the serial task. Response latency (R+ Latency), time
from the onset of the test or probe item until the S responded correctly, was used
as a measure of retrieval. This chapter presenis a description of the samples,
results and discussion of the comparison beiween reading disabled and normal Ss'

R+ performances, acquisition strategies and refrieval processes.
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b.e.s.;:rii)fion of Subjects

As described in Chapter 111, 60 male és were selected from the third, fifth
and seventh grades from Shawnee Heights, Kansas. The means, ranges and
standard deviations for IQ scores, chrsnological age in years and reading levels
are shown in Table 1. The IQs were assessed with the Otis Lennon Mental Ability
Test, administered during the 1971-72 school year. Reading levels were the mean
of the reading subtests from ﬂ?e Stanford Achievement Test, .Form X,' except for the
seventh grade level for which. this test provides only one 'sL_n_b.f“esf.i Indi.viauql data
on IQ, age and reading‘grade level is shown in Appendix A. These data were
analyzed with a Fisher's t statistic and the two groups were found to be
non-significantly different on CA and 1Q, and significantly different on reading
level at the .05 level of significance.

Results of R+ Comparison

Table 2 shows the mean number of letters correctly recalled by the reading
disabled and normal groups at each grade level and serial position. (Raw data
are shown in Appendix A.)

A visual examination of these data show more letters were correctly recalled
from positions seven and eight than from positions one through six. The range for
R+ varied from approximately 15% correct at position 2 for third grade Ss, to over
85% recall at position eight for the seventh grade subjects. The mean R+ for the
normal Ss was slightly higher than for the reading disabled group except for

positions three and five.



TABLE 1

MEANS, RANGES, AND STANDARD DEVIATION

OF 1Q, AGE, AND READING LEVEL FOR THE TWO GROUPS

‘Reading Disabled
Third Grade
Fifth Grade
Seventh Grade

Total Group
Mormal
" Third Grade
Fifth Grade

Seventih Grade

Total Group

iQ Age Z Reading Level
N -Mean  Range S.D. Mean Range $.D.-  Mean Range S.D.
10 99.5 94109 4.76 9.10 8.17-10.17 1.20 2,13 1.93- 2,87 .20
10 ¢7.8 %1-105 5.07 10.392 10.17-10.69 .30 3.82 2.87- 3190 1.12
10 98.2 9i-i05 4.31 12,60 11.75-13.42 .60 4,55 2.,50- 5,60 1.06
30 98.5 91-102 471  10.70 8.70-13.42 .70  3.50 1.93- 5.60 .79
10 160.1 93-110 6.45 8.68 7.92- 9.58 .50 4.70 2.87- 5.33 1.19
10 105.9 101-109 3.03 10.50 10.30-11.40 .37 6.02 4.73- 6.50 .72
10 104.9 102--109 2.51 12.55 11.83-13.47 .56 8.04 7.00-10.00 1.08
3D 163.6 21-11G 4.06 7.92-13.42 .48 6.25 2.87-10.00 1.00

10.78

ce



TABLE 2

MEAN NUMBER AND STANDARD DEVIATIONS  (S.D.)*
OF LETTERS CORRECTLY RECALLED PER SERIAL POSITION

POSITIONS
1 : 2 3 4 5 6 7 8

]

Reading Disabled

Third Grade 1.0 (1.00) .6 ( .66) .9 (1.04)1.2 (1. 08)1 2 (1. 08)] 5. ( .81) 1.8 (1.33)2.3 (1.19) 1.31 (1.02)
Fifth Grade 1.2 (1.25) 1.2 ( .87)] 0 (.89 .9 (.70) ‘. ( .46) .8 (.98)2.0 ( .89)3.1 (1.30) 1.36 ( .92)
Seventh Grade .7 ( .78) .6 ( .49) .9 ( .94) .7 ( .78) .9 ( .83) .6 ( 1) 1.9 (1.22) 3.1 (1.14)1.18 ( .89)
Group X .96 (i.'Ol) 80( .67) .93( .97) .93( .85) .93 ( .79) .97 ( .90) i.90(1.14) 2.83 (]'.21) ]'.28 (‘ .94)
Normai
Third Grade 1.0 (.89) .6 (.66) .3 ( .64)1.3 ( .90) .8 ( .87)1.3. ~(1,0])'1.9 ( .83)3.0 (1.18)1.28 ( .87)
Fifth Grade 1.0 (1.34)1.5 (1 36) 1.2 (.8731.2 (.87) .6 (.92) .9 (.70)2.3 (1.27) 3.0 (1.10) 1.46 (1.05)
Seventh Grade 1.0 (1.38) 1.5 (1.29) .9 ( .94) .9 ( .94) .5 :( .81)1.1 ( .54)2.6 ( .92)3.5 ( .67)1.51 ( .94)
Group')T 1.03 (1.20) 1.20 (1.70) .80 ( .82) 1.13{ .90) .63 ( .87)1.10( .75)2.27 (1.01) 3.17 ( .98) 1.42 ( .95)

*Standard deviations are indicated by parentheses.

ee



The three graphs found in Figure 2 present the same data expressed in
mean percent correct for fhe- reading disabled and normal Ss at each grade level.
A visual examination of these graphs shows that the fifth and seventh grade
subjects performed slightly higher at most all positions, however the third grade
reading disabled ;S_S were slightly higher at three positions. Both the reading
disabled and normal groups had better recall in the last two positions than at any
of the other six positions.

The statistic selected to analyzg the R+ data was 0 2 X 3 X 8 mixed
analysis of variance. This analysis provided a comparison between the two
condifions (reading disabled and normal) from fh'ree.grade levels (third, fifth
and seventh) at each serial position (I - 8). - A summary of analysis is shown in
Table 3. None of the F values on the between variables approached
significance. There were no significant R+ main effects between ihe two
conditions or between the three grade levels.

The significant F value for within positions (F = 35.35; df =7,378; p <.05)
indicated that some positions were correctly recalled more often than others.
However, the non-significant F score for the interactions between conditions and
between grade levels indicated that the positions that were more often correctly
recalled were the same for é'_s' from all conditions and grade levels.

Conversely, those positions that were missed more frequently were the same for

subjects from a!l grade levels and all serial positions.



FIGURE 2

A COMPARISON OF READING DISABLED AND l!\IORMAL' SUBJECTS'
RECALL-ACCURACY
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MIXED ANALYSIS OF VARIANCE OF RECALL ACCURACY
(R+) OF READING DISABLED AND NORMAL SUBJECTS -

TABLE 3

36

SOURCE

Between
Conditions
Grades
CXG

Error b

Within
Positibﬁs
PXC
PXG
PXCXG.

.. Error w

SS

2.13
1.4
2.88

61.30

255.63
6.50

21.03

6.09

390..50

DF

59

14
i4

378

MS

2.13
57
1.44

1.14

36.52

.93

1.50

1.03

I

1.88
.50

1.27

35.35*

1.45
.42

*significant beyond the .05 level
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From this analysis the following comments concerning the original
research questions can be stated:
1. There was no significant difference in recall accuracy (R+)

between the reading disabled and normal groups.

2.  There was no significant difference in recall accuracy between the

third, fifth and seventh grade subjects.

3.  There was no significant difference in recall accuracy between:
(a) third grade reading disabled and normal subjects;
(b) fifth grade reading disabled and normal subjects; and
(c) sevgnfh grade reading disabled and normal subjects.

Results of Comparison on Acquisition Strategy

Table 4 shows the mean interitem interval times (expressed in .05 sec;.)
of the reading disabled and normal groups at each grade level and serial position.
For example a score of 20.00 would be equal to one second (.05 X 20.00 = 1 sec.)
Appendix B provides raw data on this variable.

‘A visual examination of this table shows that reading disabled and normal!
Ss from all grade levels appear to be relatively consistent in the ameunt of time
spent between letters. The normal group's mean hesitation time per serial position
was slightly slower than the reading disabled greup’s in the last four positions.

The greatest difference was at position one with the reading disabled grcup

responding only slightly slower than the normal group.



TABLE 4

MEAN INTERITEM INTERVAL TIME IN .05 OF A SECOND |
AND STANDARD DEVIATIONS* BETWEEN LETTERS BY SERIAL POSITION -

Reading Disabled
Third Grade
Fifth Grade
Seventh Grade

Group X

Normal
Third Grade

Fifth Grade
Seventh Grade

Group X

POSIT

IONS

‘.

6

'8

19.60
19.58
16.85

(3.98)
(4.38)
3.71)

19.73
20.60
16.98

(3.82)
(6.84)
(3.99)

20.28
20.85
17.25

(4.43)
7.79)
(4.34)

19.85
20.15
16.75

(3.93)
(6.60)

(4.45).

-5

19.28
21.05
17.08

(4.17)

8.37)

(4.20)

19.78
20.75
17.00

(4.16)
(8.12)
(4.29)

19.65
19.84
16.68

(3.98)

(7.10)
(4.27)

17.73 (3.88)
17.70 (7.08)
15.25. (3.74)

19.48
20.06
16.73

(4.04)
(7.04)
(4.12)

18.68

17.75

21.05
14.40

(4.02)

(5.6!).

(3.78)
(4.99)

19.10

18.20
22.43
14.55

(4.88)

(6.05)
(4.13)
(4.85)

19.46

16.53
23.10
14.80

(5.52)

(6.02)
(4.22)
(4.95)

18.92

18.50
23.60
14.85

(4.99)

(5.95)
4.62)
“4.72)

19.13

18.35
24.20
14.65

(5.58)

(6.08)
(6.39)
(4.56)

19.18

18.55

24.80

(5.52)

(6.27)
(8.83)
{4.48)

18.72

18.23
24.63
14.40

(5.12)

6.19)
8.65)
(4.75)

16.89 (4.90)

16.30 (6.14)
21.58 (7.26)

18.76

18.05
23.17
14.37

(5.07)

(6.04)

(5.99)

17.73

4.79)

18.39

(5.01)

18.81

(5.06)

18.98

{5.10)

19.07

(5.68)

14,40

19.25

(6.53)

19.08

(6.53)

12.93 (3.69)

16.93 (5.70)

18.53

4. 62)

(5.55)

*Standard deviations are Indicated by parentheses.
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Figure 3 presents the same data expressed in seconds per interitem interval
for the three grade levels at each serial' position. A visual examination of this
graph shows that neither group rehearsed noticeably at any serial position. The
third and seventh grade reading disabled és were slightly slower at all serial
positions. In the fifth grade group, reading disabled Ss responded faster than the
normal subjects at all serial positions.

The statistic selected to measure the interitem interval times was a
2 X 3 X 8 mixed analysis of variance. This analysis provided a comparison
between the two conditions (reading disabled and normal) from three grade levels
(third, fifth and seventh) at the eight serial positions.

_As shown in Table 5 significant differences were found between the grade
levels (E= 6.56; df = 2,54; p<.05) . c_n.dl \wifhin serial positions. (_l_:_ =13.18;
df =7,378; p <.05). Non-significant interactions were found within |
the serial positions X conditions, serial positions X grade level, and the positions
X conditions X grades.

This analysis shows that there were no significant differences between
reading disabled and normal subjects on acquisition strategy. Despite the
significant difference between grades showr; by the interitem interval analysis, the
grades did not employ a different rehearsal sh;afegy as was shown by the
non-significant position X grade interaction. Nor did the reading disabled and
normal subjects at each of the grade levels employ different acquisition strategies

as was shown by the non-significant positions X conditions X grades interaction.
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TABLE 5

MIXED ANALYSIS OF VARIANCE OF INTERITEM INTERVAL

OF READING DISABLED AND NORMAL SUBJECTS

SOURCE ss DF Ms F
Between 59
Conditions 6.22 1 6.22 .03
Grades 2,949.35 2 1,474.67 6.56*
CXG 684.41 2 342.21 1.52
Error b 12,135.62 s 224.73 —
Within 420
Positions 247.98 7 35.43 13.18%
PXC 23.15 7 '3.31 1.23
PXG 52.81 14 3.77 1.40°
PXCXG - 28.60 14 2.04 76
~Error w 1,015.97... .. 378 2,69  eee-

*significant beyond the .05 level

From this analysis the following comments concerning the original

research questions can be stated:

1.

There W_eré no Signifi_cdnt differences between the reading disabled

. and normal groups' agq’uisifion strategies employed in this study.

There were no significant differences between the acquisition

strategies of the third, fifth and seventh grade ;ubiécts s
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3.  The acquisition strategy was not significantly different between:
(@) third grade reading disabled and normal subjects;
(b) fifth grade reading disabled and normal subjects; and
(c) seventh grade reading disabled and normal subjects.

Results of Comparison of R+ Latency

'l;able, 6 shows the number of _S:_s from each grade level who failed to recall
any of the four test letters at each serial position. Nearly one-half of the Ss
failed to recall test letters from positions one through six. For positions seven and
eight, only three reading disabled and two normal §s failed to recall any of the
four test letters.

The data from the first six positions were collapsed and compared to
positions seven and eight. Table 7 provides a summary of the means of the
medians of the first six positions and for serial positions seven and eight.

A visual examination of this data shows that the reading disabled group's
mean R+ latency time was more than the normal comparison group. For both
groups, the mean R+ latency time decreases as the grade level increases. Table
8 summarizes the results of a 2 X 3 X 3 mixed analysis of variance which compared
the two conditions (reading disabled and normal) from three grade levels (grades
3, 5and 7) at three serial positions (1 = 6, 7 and 8). There were no signi'ficant.
differences at the .05 level between the two conditions. There was a significant
grades main effect (F-=5.05; df = 2,54; p<.05) and, a significant main effect

“within positions .(E =28.52; Si_f = 2,108;<‘p .05).



TABLE 6

SUMMARY OF THE NUMBER OF SUBJECTS WHO FAILED TO

CORRECTLY RECALL THE FOUR LETTERS AT EACH SERIAL POSITION

Reading Disabled
Third Grade

Fifth Grade

Seventh Grade

Group X

Normal
Third Grade
Fifth Grade
Seventh Grade

Group X

POSITIONS

4.3

5.0

3.7 5.0 3.3 5.7

4.0

é Toi;él
1 26
0 21
0 29

3 2.5
1 27
0 24
0 26
3 2.6




MEAN R+ LATENCY AND STANDARD DEVIATIONS* -

TABLE 7

FOR POSITIONS ONE THROUGH SIX AND POSITIONS SEVEN AND EIGHT

Reading Disabled

Third Grade
Fifth Grade
Seventh Grade

Group X

Normal

Third Grade
Fifth Grade
Seventh Grade

Group X

POSITIONS

1-6 7 8
3.81 (2.02) 2.1 (0.38) 1.70
2.50 (1.14) 2.13 (1.32) 1.54
2.17 (0.60) 1.40 (0.45) 1.32
2.83 (1.25) .88 (0.72) 1.52

.62 0.84)  2.04  (1.44) 1.57
2.18 (0.50) 1.83 (1.43) 1.55
2.21 (0.72) 1.55 (0.38) 1.34
2.34 (0.79) 1.81 (1.08) 1.49

(0.38)
(0.55)
(0.26)

(0.40)

(0.46)
(0.33)
(0.31)

(0.37)

- NN
O O
O A

&

N
(=]
N

— o N
L] b.
SG8

—-—
.

[00]
@

Mean

(0.93)
(1.00)
0.44)

(0.79)

(0.91)
(0.85)
(0.47)

(0.74)

“*Standard deviations are indicated by parentheses.



TABLE 8

SUMMARY OF 2 X 3 X 3 MIXED ANALYSIS OF VARIANCE
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'OF RESPONSE LATENCY OF READING DISABLED AND NORMAL SUBJECTS

SOURCE SS
Between
Conditions 1.76
Grades 12,53
CXG 2,17
Error b 66.97
Within
Positions 36.51
PXC 1.92
PXG 4,92
PXCXG 2,40
Error w 68.92

DF

108

MS

1.76
6.26
1.06

1.24

18.25
.96
1.23

I

28.52%
].w.
1.92

.94

*significant beyond the .05 level
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This analysis showed that there were no significant differences between the
reading disabled and normal subjects retrieval process. There was a significant
correct recall latency difference between grades. However, the non-significant
positions X grades interaction $howed that this difference was not due to different

*rgtrievql processes. Instead, the difference was caused by differences in speed

of response rather than paff_érns»_ of response.

The non-significant position X condition and non-significant position X
condition X grades interactions showed that there were no significant differences
in retrieval processes between the conditions, between grades or within the grades.

From this analysis the following comments concerning the original research
questions can be stated:

1.  .There were no significant differences between the reading disabled

and normal groups' retrieval processes.
2. There were no significant differences between the third, fifth and
seventh- grades' retrieving processes.

3.  There were no significant differences in retrieval processes between:

.{a) third grade reading dAisablfed and normal subjects;
(b) fifth grade reading disabled and normal subjects; and

(c) seventh grade reading disabled and normal subjects.
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biscussion

The results of this study indicate that: (1) reading disabled and normal és
do not differ significantly on recall accuracy, acquisition strategies or retrieval
processes; (2) third, fifth and seventh grade és do not differ significantly on
recall accuracy, acquisition strategies, or retrieval processes; and (3) recall
accuracy, chuisitionsfrafegies and retrieval processes do not differ between
third grade reading disabled and normal subjects, fifth grade reading disabled and
normal subjects, or between sévenfh grade reading disabled and normal subjects.

The findings concerning R+ of reading disabled subjects conflict with a
majority of the studies (Rudisill, 1956; Rose, 1958; Alwitt, 1963; Mueh! and
Kremenak,. 1966; Beery, 1967; Birch and Belmont, 1968) and with the conclusions
drawn by ‘mosf writers (Beﬂ-s, 1950; Johnson, 1957; Neville, 1966; Johnson and
Myklebust, 1967; Harris, 1970). The findings do support the position of Senf
(1969) and Dornbush and Basow (1970) regarding the inability of R+ to
discriminate between good and poor readers. The non-developmental differences
of R+ found in the present study are not consistent with Dornbush's and Basow's
findings (1970). The following speculations concerning these discrepancies
must be viewed as conjecture since data is not available to provide insight into
these comments.

One possible explanation for the finding that R+ did not discriminate
between good and poor readers and that it was not showing a developmental
trend is that the task was too difficult. If the eight item probe task was too

difficult a "flocr effect” would occur and eliminate the possibility of obtaining
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differences. This might also explain why the two groups did not utilize rehearsal

as a mnemonic device. If the task was too difficult, és may not have taken time

to rehearse and instead proceed immediately to the terminal items in the list

which could be recalled from primary memory. There was evidence that the latter
items, e.g., positions seven and eight, were correctly recalled more frequently

'By all grade levels. Reducing‘the length of the serial task list with a similar sample
would be possibly a method of investigating this hypothesis. It is interesting to
note that Dornbush and Basow (1970). suggested that their results may have been

a function of a task that was too easy.

Another possibility is that the procedures and measures used to select the
sample did not sufficiently differentiate the groups. This, however, would not
explain the lack of rehearsal strategies, especially by seventh grade subjects; not
only did this study find no differences between the two groups, there was no
evidence of rehearsal by any of the grade levels from either group.

Since the |Q scores used in this study were obtained from a group intelligence
test which required reading, it is possible that the reading disabled Ss may
actually have had higher 1Q scores than the normal subjects. If this were true,
STM deficit differences may have been eliminated due to a depressed IQ score.

If this did occur, the higher "actual” IQ may raise the STM ability to a level
greater than one would expect based upon the és' reading levels. Using an
individual IQ test to identify future groups would provide an alternative approach

to this poss;ible problern.
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Although the analysis of R+ performances clearly showed no significant
differences in method of retrieval between the two groups, Figure 4 does show
some trend data. By dropping those és who did not recall any of the four letters
from a given serial position, and plotting the median score of each position,
noticeable differences between method of retrieving information can be found.
The general slope of the line for the third grade subjects is from left to rjglﬂ',
suggesting that fhey refrieved in a backward order, searching from position eight.
The fifth and seventh grade §s‘, however, appear to have a different pattern of
refrieving information on this STM task. - Instead of a downward slope from left
to right, they have a general upward slope through the first portion of the list
and a downward slope in the latter portions. This pattern suggests that they first
'search the last portions, beginning with eight and then search the first portions
beginning with the first part of the list.

These findings, however, must be viewed as "trends" in the data, since
insufficient data were available to adequately describe the retrieval strategies
employed by the reading disabled and normal groups. Position six for fifth grade
~reading disabled Ss, for example, appears to reflect differences between the two
groups' method of reirieval, however, as is shown in Table 6, this was also the
position which had the most number of Ss who failed to recall any of the letters.
These results therefore, may be "chance" differences rather than significant R+
latency differences. The same situation occurs in positions two and three for
third grade Ss, therefore these "peaks” in the graph may not reflect the actual

trend for these grade levels. Generally, however, this trend does not appear to
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FIGURE 4
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be different between reading disabled and normal _g_s from any of the three grade
levels, therefore supporting the previous results.

Poor selection procedures, experimental bias, a variety of environmental
-conditions, chance performance and a sundry of "unknown" variables plague
experimental research and could have influenced the results of this study. But the
fact remains that no differences were found between the two groups on any of the
three dimensions and that STM deficiency may not be a contributing factor to
poor reading. Chapter V prm;ides a summary of the results, conclusions and a
brief description of future research possibilities which were generated through

this study .



CHAPTER V

SUMMARY

The purpose of this study was to investigate tﬁe short = term memory (STM)
process of reading disabled children.

Thirty reading' disabled and i"hirfy normal male Ss were randomly
selected from the third, fifth and seventh grades for the study. They were given
a serial learning task which cénsisted of 32, eight - item lists of letters. The
Ss' tasks were to recall the location of one of the lefters following a brief
presentation of each letter in the list. T.he S controlled interitem interval,
but each of the letters had a fixed exposure duration of .05 seconds.

The two groups were compared on recall accuracy, interitem interval
(acquisition strategy) and correct recall latency (retrieval strategy).

Recall aceuracy was the number of items correctly located. Interitem
interval time was the amount of time from the presentation of stimulus until the
S pushed the bution to expose the next letter. The Ss were free to pause
between letters for as long as they wanted. This interitem time was taken to
represent the amount and distribution of rehearsal, which in turn represents
S's ;:cquisifion strategy .

Correct recail latency was the time between the presentation of the probe
item and the instant the S depressed the correct response window. Measuring
this time span indicated S's retrieval strategy.

The data necessary to determine recall accuracy, acquisition strategy and

retrieval strategy was automatically recorded by the apparatus. This apparatus
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consisted of a panel with nine windows through which the S viewed a

serial list of eight letters and one test letter. The windows also functioned as
response buttons. The S controlled the interitem inferval by using a letter
exposure switch in front of the panel.

The statistical procedures used to analyze the recall accuracy and interitem
interval dat.a was a 2 X 3 X 8 mixed analysis of variance. This analysis provided
a comparison between the fwo‘condiﬁons (reading disabled and normal) from
three grade levels (third, fifth and seventh) at the eight serial posiiiions.

There were no significant recall acecuracy (R+) differences between the
two conéifions, among the three grades, or on the condition X grades interaction.
There was a significant difference within positions. However, there were no
significani' interactions on the positions X conditions, positions X grades, or
positions X conditions X grades analysis.

The significant F value between positions indicated that some positions were
correctly recalled more often than others. However, the non-significant F value
for the interactions between conditions and between grade levels indicates that
the positions that were more often correctly recalled were the same for Ss
from all conditions and grade levels. Conversely, those positions that were
missed more frequently were the same for Ss from all grade levels and all
positions,

The results of the interitem interval analysis showed that there were no
significant differences between reading disabled and normal Ss on acquisition

strategy. There was a significant difference between grades on the interitem



interval analysis, however, the grades did not employ a different rehearsal
strategy as was shown by the non-significant position X grade interaction. The
reading disabled and normal Ss at egch of the three g’r:ade”leveis also did
not employ different acquisition strategies as was shown by the non-significant
positions X conditions X grades interactions.
Insufficient data were available to compare the two groups on correct

‘recall latency at each position. The data from the first six positions was
therefore collapsed and compared to positions seven and eight. A 2 X 3X3
mixed analysis of variance was used to compare the two conditions from three
grade levels at three positions (1 = 6, 7, and 8).

 This analysis showed that there were no significant differences between the
reading di'sobled and normal Ss' retrieval processes. There was a significant
correct recall latency difference between grades. However, the non-significant
positions X grades interaction showed that this difference was not due to different
retrieval processes. - Instead, the difference was caused by differences in speed
of response rather than patterns of response. This analysis also showed a
significant position main effeci. However the non-significant position X
condition and non-significant position X condition X grade interaction showed
that there were nc significant differences in retrieval processes between the

conditions, between grades or within the grades.
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The results of these analyses warrant the following conclusions:

1.

Limitations

Reading disabled and normol.subiecfs do not differ significantly

on recall accuracy, acquisition strategies, and/or retrieval processes.

Third, fifth and seventh grade subjects do not differ significantly on

recall accuracy, acquisition strategies, and/or retrieval processes.

There are no significant differences on recall accuracy, acquisition
strategies, and/or retrieval processes between:

(@) third grade reading disabled and normal subjects;

(b)  fifth grade reading disabled and normal subjects; and

(c) seventh grade reading disabled and normal subjects.

The conclusions drawn from this study.are subject to the following possible

limitations:

1.

Only one achievement test was used to measure reading performance.

- A battery of informal and standardized reading tests might not have

identified the same reading disabled and normal subiects.

The use of a group intelligence test which requires reading may not
provide the same results as would an individually administered
intelligence test which stresses verbal rather than reading skills.
The use of one person who was fully acquainted with the

experimental conditions to provide instructions to a majority of

Ss may have influenced the results. A deuble biind design

would have reduced the probability of this limitation sccurring.



56

4.  The subjects were selected from one school district and the results
may therefore be nested in the environment.

5. The subject's knowledge that he was participating in an experiment
may have differentially affected the group's responses. If the
‘experiment were conducted as a part of a classroom activity, perhaps
the results would have been different.

6. Thg task may have been too difficult and therefore masked recall
differences and/o} discouraged the use of acquisition anci retrieval
strategies.

7.  The accuracy of the apparatus was not compared to another and
therefore there was no assurance that the timing and recording
.mechanisms were relicble at the time of the experiment.

8.  There was insufficient data to analyze the retrieval strategy from
each serial position.

9.  There was a disproportionately large number of third grade subjects
that were eligible for this study. This might have been due to the
-selection process, or the fact that the third grade group simply had

less training than the fifth or seventh grades.

Implications for Further Reseqrch

Despite the findings of the present study, Belmont's and Butterfield's (1969)
short - term memory (STM) model and research procedures may provide a
fruitful paradigm for future research with reading disabled youngsters. Since no

differences were found between reading disabled and normal subjects’ recall



accuracy, acquisition strategies and retrieval processes, continued research is
nnecessary to insure that these findings were not a function of variables unique

to the present study. For example, future studies might reduce the number of
--letters in the serial list from eight to six items, or use of a different stimulus
item, e.g., picfures( short words or line drawings, which might provide different
results. Future research may vary the response requirement from recall of a
single item to total recall of items in a forward, backward or circular order.

If, however, future research continues to support the findings of the present
study, and concludes that reading disabled children are not deficient in STM
processing, the research paradigm used in this_study may still be useful in studying
the following guesfions;

1. .D}oes mqnipulaﬁon of various stimulus dimensions of the material
(e.g., Zeaman - House Attention Theory [1963]) alter recall
accuraéy , acquisition strategies or retrieval processes?

2. If rewards provided for correct responses increase the probability of
future correct respenses, does this affect the individual's acquisition
and reirieval processes?

3.  What sort of training will most efficiently increase correct recall?
Will it center on methods that manipulate stimuli such as programmed
instruction and stimulus reduction, or methods that manipulate the
response consequences such as operant methodology and behavior
modification techniques? Or, will new training techniques which

modify acquisition and retrieval processes be the most effective way
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to increase correct recall? Perhaps the best method would be some
sort of combination of all the above suggested techniques. At any
rate, Belmont's and Bufterfiéld's (1969) v':;te'ch'niques can be used to
investigate the effeciency of various training approaches.

4. Are there acquisition and retrieval strategies which are effective in
altering STM and make the subject "appear" to be learning but which
actually interfere with long - term retention?

5.  Will improved STM lead to more effective long - term memory?

6. Do acquisition, retrieval and/or recall accuracy vary as a result of
various modality presentations (e.g., audifon"y and visual) and
responsgv‘m'odes '(§79° , verbgl and motor)?

As can be se'en}'by the aBove examl.;:les , the present research generated more
questions than answers. The present research failed to find STM deficits in
reading disabled subjects, however, it did provide results and generate questions
which may be useful in future studies designed to gather further information on

reading disabled children.



BIBLIOGRAPHY



BIBLIOGRAPHY

Books

Austin, M. C., Bush, C. L., & Huebner, M. H. Reading evaluation. New
York: Ronald Press, 1961. »

Belmont, J. M. and Butterfield, E. C. The relationship of short - term memory
to development and intelligence. In L. P. Lipsitt and H. W. Reese (Eds.),

Advances in child development and behavior. Volume 4. New York:
Academic Press, 1969. |

Betts, E. A. Foundation of reading instruction. New York: American Book
Company, 1950.

.

Broadbent, D. E. Perception and communication. London: Pergamon Press, 1958.

de Hirsch, K., Jansky, J. J., & Langford, W. S. Predicting reading failures,
a preliminary study. New York: Harper and Row, 1985.

Dixon, W. G. (Ed.), BMD Biomedical Computer Programs. Los Angeles:
University of California Press, 1968. Second Edition.

Ellis, N. R. The stimulus trace and behavioral inadequacy. In N. R. Ellis (Ed.),
Handbook of Mental Deficiency. New York: McGraw - Hill Book Company ;
1963. pp. 134-158.

Ellis, N. R. Memory processes in retardates and normals. In N. R, Ellis (Ed.),
International review of research in mental retardation. Volume 4.
New York: Academic Press, 1970. pp. 1-32.

Fernald, G. M. Remedial techniques in basic school subjects. INew York:
McGraw - Hill Book Company, 1943.

Frostig, M. Teaching reading to children with perceptual disturbances. In
R. M. Flewer, H. F. Gofman, & L. |. Lawson (Eds.), Reading disorders.
Philadelphia, 1965. pp. 113-127.

Harris, A. J. Influence of individual differences on the reading program. In
H. A. Robinsen (Ed.), Meeting individual differences in reading.
Chicago: Supplementary Educational Monographs, 1964.




61

Harris, A: J. Individual first = grade reading according to specific learning
aptitudes. Research Report, Office of Research and Evaluation. New
York: The City University of New York, 1965.

Harris, A. J. How to increase reading ability. New York: David McKay
Company, 1970. Fifth Edition. '

Hebb, D. O. The organization of behavior. New York: John Wiley and Sons,
1949, -

Hilgard, E. R. and Bower, G. H. Theories of learning. New York: Appieton -
Century Crofts, 1966. Third Edition.

Johnson, O. J. and Myklebust, H. R. Learning disabilities: Educational
principles and practices. New York: Grune and Stratton, 1967.

Kirk, S. A. Educating exceptional children. Boston: Houghton Mifflin Company,
1962,

Montessori, M. The Montessori method. New York: Frederick A. Stokes
Company, T9TZ.

Muller, G. E. and Pilzecker, A. Experimentelle beitage zur lehre vom
gedachtnis, Z. Psychol., Ergbd, I, 1900. InE. H. Hilgard and G. H.
Bower (Eds.), Theories of learning. New York: Appleton - Century -
Crofts, 1966. Third Edition.

Neville, D. The intellectual characteristics of severely retarded readers and
implications for teaching techniques in learning disorders. In J. Hellmuth
(Ed.), Learning disorders. Volume 2. Seattle: Bernie Straub and Jerome
Hellmuth Company, publishers, Special Child Publications, 1966.

Norman, D. A. Memory and attention. New York: John Wiley and Sons,
1969.

Paviov, |. P. Conditioned reflexes. New York: Oxford University Press,
1927.

Scott, K. G. and Scott, M. S. Research and theory in short - term memory .
In N. R. Ellis (Ed.), International review of research in mental
retardation. Volume 3. New York: Academic Press, 1968.

Senf, G. M. Development of immediate memory for bi-sensory stimuli in
normal children and children with learning disorders. In B. R. McCandles
(Ed.), Developmental psychology monograph, 1969. Volume 1. pp. 1-28.



Smith, R. M. Clinical teaching: Methods of instruction for the retarded.
New York: McGraw - Hill Book Company, 1988,

Sperling, G. A. Successive approximations to a model for short - term memory .
In A, F. Sanders (Ed.), Attention and performance. Amsterdam: North
Holland Publishing Company, 1967, (A special edition of Octa
Psychologica, Volume 27.)

Spitz, H. H. Field theory in mental deficiency. In N. R, Ellis (Ed.),

Handbook of mental deficiency. New York: McGraw - Hill Book
Company, 1963. . '

Strauss, A. A. and Lehtinen, L. E. Psychopathology and education of the
brain - injured child. New York: Grune and Stratfon, 1947..

Wepman, J. M. The perceptual basis for learning. In E. C. Frieson and W. B.
Barbe (Eds.), Educating-children with learning disabilities: Selected
readings. New York: Appleton - Century = Crofts, 1967,

Wepman, J. M. The modality concept: Including a statement on the perceptual
and conceptual levels of learning. In H. K. Smith (Ed.), Perception

and Reading. Newark, New Jersey: International Reading Association,
mo :

Zeaman, D. and House, B. J. The role of aitention in retardate discrimination
learning. In N. R. Eliis (Ed.), Handbcok of mental deficiency. New
York: McGraw - Hill Book Company, 1963.. pp. 159-233.

Periodicals

Alwitt, L. F. Decay of immediate memory for visually presented digits among
nonreaders and readers. Journal of Experimental Psychology, 1963, 34.

Bannatyne, A. Diagnestic learning disabilities and writing remedial
prescriptions. Journal of Learning Disabilities, 1963, 1, 242-249.

Bateman, B. Implications of a learning disability aporoach for teaching educable
retardctes. Mental Retaidation, 1267, 5, 23-25.

Bateman, B. Three approaches fo diagnosis and educational planning for children
with learning disabilities. Academic Therapy Quarterly, 1967, 2. (a)




Bateman, B. The efficacy of an auditory and a visual method of first grade

reading instruction with auditory and visual learners. Curriculum
Bullefin, 1967, 23, 6~14. (b) '

Beery, L. E. Matching of auditory and visual stimuli by average and
retarded readers. Child Development, 1967, 38, 827-833.

Birch, H. G. and Belmont, L. A(Jdifory - visual integration in normal and
retarded readers. American Journal of Orthopsychiatry, 1964, 34, 852-861.

Blankenship, A. B.. Memory span: A review of the literature. Pszchblogiéal
Bulletin, 1938, 35, 1-25.

Bond, G. L. and Dykstra, G.' Final report _o_f'ﬂlc_a_ coordinaﬁhg center for
first grade reading instructional programs. U.S.O.E., Project X -001.
University of Minnesota, Minneapolis, 1967.

Bruininks, R. H. Teaching word recognition to disadvantaged boys. Journal of
Learning Disubilities, 1970, 3, 30-39.

Butterfield, E. C. and Belmont, J. M. Relations of srorage and retrieval

strategies as short - term memory processes. Journal of Experimental
.Ei‘:’-s-’:‘-elo—gl, ]97], 89, -2_, 3]9-3280

Chalfant, J. C. and Scheffelin, M. A. Central processing dysfuncfion in
children: A review of research. National Instifute of Neurological
Disecases and Stroke, Public Health Services, National Institute of Health,
U.S. Department of Health, Education and Welfare. Bethesda, Maryland,
1969.

Cohn, R. The neurological study of children with I-earning disabilities.
Exceptional Children, 1964, 31, 179-185.

Denison, J. W. Perceptual influences in the primary grades: An alternative
consideration. Journal gf School Psychelogy, 1968-69, 1, 38-46.

Dornbush, R. L. and Basow, S. The relationship between auditory and visual
short - term memory and reading achievement. Child Development, 1970,
41, 1033~1044.

Durrell, D. D. and Murphy, H. A. The auditory discrimination fac‘for in
r;ading readiness andlreoding disability. _Eﬁlucaﬁon, 1953, _7:_’:, 556-560.

. . L] . - der
Ellis, N. R. and Dugas, J. Serial position effect in short ~ term memory un
E and S paced co;difion. Psychonomic Science, 1968, 12, g_, 55-56.




Goldstein, H. Menfqlly retarded children in special programs. Journal of
Education, 1964, 147, 95-100.

Johnson, M. S. Factors related to disability in reading. Journal of Experimental
Education, 1957, 26

Katz, P. A. and Deufsch M. Modality of stimulus presentation in serial learning

for retarded and normal readers. Perceptual and Motor Skills, 1964, 19,
627-633. -

McCarthy, J. J. The importance of linguistic ability in the mentally retarded.
Mental Retardation, 1964, 2, 90-96.

Mills, R. E. An evaluation of techniques for teaching. word recognition. The
Elementary School Journal, 1956, 56, 221-225.

Muehl, S. and Kremenak, S. Ability to match information within and between
auditory and visual sense modalities and subsequent reading achievement.
Journal of Educational Psychology, 1966, 57, 230-239.

Pinkus, A. L. and Laughery, K. P. Recoding and grouping processes in
short - term memory: Effects of subject - paced presentation. Journal of
Experimental Psychology, 1970, 35, 335-341.

Rose, F. C. The occurrence of short auditory memory span among school children

referred for diagnosis of reading difficulties. Journal of Educational
Resources, 1958, 51, 459-464.

Rudisill, M. Flashed digit and pf\rase recognition of oral and cencrete responses:
A study of advanced and retarded readers in third grade. Journal of
Psychology, 1956, 42, 317-328.

Van DeMoortel, R. Immediate memory span in children: A review of the
literature. Report No. 1, May 1, 1965, University of Michigan Ce Center
for Human Growth and Development, Grant No. 1 PO1 HDO1368 - 01,
National Institute for Child Health and Human Development.

Waugh, N. C. and Norman, D. A. Primary memory. ‘Psychological Review,
1965, 72, 89-104.

Wolpert, E. M. Modality and reading: A perspective. The Reading Teacher,
1971, 24, 640-643.




65

Unpublished Material

Butterfield, E. C., Wambold, -C. & Belmont, J. M. On the theory and practice
of improving short = term memory in the retarded. Unpublished manuscript,
Kansas Center for Research in Mental Retardation, University of Kansas

and Yale University, 1972. (Manuscript currently in press. Accepted for
publication by American Journal of Mental Deficiency.)

Tyler, J. L. Modality preference and reading task performance among the

educable mentally retarded. Unpublished doctoral dissertation, University
of Kansas, 1971.

Wolpert, E. M. Individual differences in sensory modality functioning in first
grade children in learning to read common words of two imagery values.
Unpublished doctoral dissertation, University of Kansas, 1970.

.

Tests

Kelly, T.',’ Madden, R. & Gardner, E. F. Stanford Achievement Test.
New York: Harcourt, Brace and World, 1966.

Otis, A. S. and Lennon, R. T. Otis - Lennon Mental Ability Test.
New York: Harcourt, Brace and World, 1967.




APPENDIX A

'RAW DATA ON THIRD, FIFTH AND SEVENTH GRADE
READING DISABLED AND NORMAL SUBJECTS
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APPENDIX B

SAMPLE EIGHT LETTER LIST
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PRELIMINARY INSTRUCTIONS



76
PRELIMINARY INSTRUCTIONS

We are interested in how well you can remember a list of letters. I'd like
you to read these letters for me. (Subject was shown a card with a list of the
letters used in this study.) When you press this button, you will see a letter
come on here, when you press the button again you will see a letter come on
here, and each time you press the button, you will see a letter come on in each
of these windows. The last time you press the button, a letter with a circle
around it will come on here. (DEMONSTRATE each step to subject.) Your
job is to remember where you saw the letter that matches the letter with the
circle around it, and press the window where you saw it. DEMONSTRATE.

If you saw the letters A J L and J came on here, which window would
you press? 'Good! (If subject does not press the correct window, show him the
correct one.)

Do not begin until you see a black square in the first window. Try to

remember all of the letters and try to do your best.
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LIST OF TWELVE LETTERS USED IN STUDY






APPENDIX E

THIRTY - TWO, EIGHT ITEM LISTS
GROUPED IN FOUR BLOCKS
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