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CHAPTER I

THE RESEARCH PROBLEM

Introduction

The processes involved in reading have been the subject of exten-
sive research for many years. Information processing theorists (Gough,
1976; Mackworth, 1971) suggest that sensory input, selective attention,
organization of input and retrieval of -the processed input are impor-
tant aspects in the reading process. Processing of sensory input leads
to word recognition, reading comprehension and retention of material.

Development of adequate word recognition skills is believed to be
an important prerequisite for successful reading comprehension skills
by some experts (Smith and Dechant, 1961; Pace and Golinkoff, 19763
Ives, Bursuk and Ives, 1979). These experts suggest that readers use
a variety of cues in word recognition skills including whole word cues
(i.e., letter position, word shape, word length), phonic cues, semantic
clues, syntactic clues, morphemic analysis and orthographic clues.

Estes (1977) proposes that reading skills involve an interaction
of perception and memory. Visual patterns such as words must be ade-
quately perceived and processed in order to be recognized when they ap-
pear again. Some research suggests that reading disabilities are a
function of the interaction of memory and perception processes (Burk

and Bruce, 1955; Morrison, Giordani and Nagy, 1977).



According to Gibson and Levin (1975), children demonstrate basic
trends in perceptual development that are related to reading. Children
develop increased visuval discrimination skills which allow them to fo-
cus on distinctive features of letters and words. An increasing abil-
ity to focus on distinctive features of the stimulus leads to a de-
creased emphasis on irrelevant aspects. A decrease in the tendency to
attend to irrelevant aspects of the graphic information leads to a more
efficient processing of it, i.e., extracting smallest distinctive fea-
tures that will enable the reader to recognize the perceptual units as
well as processing the informaiion in the largest units possible for
successful completion of the task. More efficient processing of infor-
mation allows for better organization which, in turn, improves memory
of it.

Literature dn the development of memory indicates that children ac-
quire an increasing number of mnemonic strategies as they mature and
that utilization of such techniques better enable them to remember in-
formation (Hagen, Jongeward and Kail, 1975). Visual imagery, a mental
process which allows an individual to reconstruct the appearance of
perceptual input, has been found to aid in the retrieval of verbal ma-
terial (Higbee, 1977). A literature review of research on imagery and
reading, in which a mental image was thought to "resemble" a picture,
suggests that the ability to utilize imagery increases reading compre-
hension (Jacob, 1976). Jorm (1977) has suggested that imagery facili-
tates learning of words by way of whole word methods.

Words can be conceptualized according to the height of the lower-
case letters that comprise them, Such a whole word method utilizing

the configurational cues of ascending and descending letters, is



defined by reading specialists as word shape. Research, which focuses
on a life span perspective and utilizes height of letters as distinc-
tive features (Weber and McManman, 1977; Weber, Hochhaus and Brown,
1981), indicates that the perceptual system develops prior to the ima-
ginal system, i.e., twenty year olds performed equally well in percept
and imagery conditions while nine to eleven year olds performed better
when allowed to visually perceive material for which they were making
responses. Furthermore, Weber et al.'s (1981) results suggest that in-
formation processes are of a general purpose capacity in childhood but
become more specialized in young adulthood.

The age level at which children are able to utilize word shape has
been a subject of controversy by reading experts. While some research
(Arnold, McNinch and Miller, 1978; Fisher and Price, 1970) suggests
that beginning readers rely on configurational cues in word recogni-
tion skills, there is also experimental evidence (Williams, Blumberg
and Williams, 19713 Rayner and Hagelber, 1975; Rayner, 1976) which in-
dicates that children do not utilize configurational cues until they
reach the fifth or sixth grade. Smith and Dechant (1966, 1971) sug-
gest that word shape is an effective decoding technique when the reader
is already familiar with the word.

With regard to utilization of word shape in word perception skills,
two basic questions néed to be examined. First, is there a developmen-
tal trend in children's ability to process words on the basis of con-
figuration? If, in fact, mature readers are more capable of perceiv-
ing a word by its shape than less skilled readers, Gibson and Levin's
(1975) distinctive features hypothesis suggests a possible explanation.

Second, does the mental process by which word configuration is processed



influence a child's ability to retrieve the word? Weber et al.'s
(1981) percept-first development hypothesis suggests a theoretical

framework from which to investigate these issues.
Statement of the Problem

Perceptual skills and memory skills appear to increase as a child
matures. The interaction of memory and perception appears to be re-
lated to reading (Burks and Bruce, 1955; Morrison, Giordani and Nagy,
1977). Jorm (1977) suggests that visual imagery, a mental interaction
of memory and perception, plays a role in whole word methods of word
recognition,

Exploratory research in perceptual and imaginal representation of
words (Weber, Hochhaus and Brown, 1981) indicates that twenty year olds
demonstrate well-developed visual imagery systems while nine year olds
appear to be in the process of‘developing such information processing
strategies. There is limited investigation of the differences in mode
of representation between the ages of nine and twenty (Weber and
McManman, 1977); further investigation is needed.

If imaginal representation of words influences a child's ability
to recall them, then word shape might be considered an important cue
in word recognition skills. In addition, if the time for processing
words in the percept and imaginal representation is -not the same at
different age levels, such information could assist reading specialists
in determining appropriate word recognition training techniques for

different age ranges of children.



Purpose of the Study

The purpose of this study is to examine the influence of percep-
tual and imaginal representation of words on processing and recall of
words between two school aged groups of children. Specifically, this
study will examine: 1) The time required to process words in the per-
ceptual and imaginal modes of representation by the two age groups and
2) The role that word shape, as demonstrated by imaginal representation

plays in recall of words.



CHAPTER IT

REVIEW OF THE LITERATURE

Introduction

The purpose of the present study is to investigate the influence
of perceptual and imaginal representation of words on processing and
recall tasks between two school aged groups of children. Relevant to
this topic, three bodies of literature must be examined: perceptual
development, memory and visual imagery. The section on perceptual de-
velopment focuses on the three major trends in perceptual development
related to reading proposed by Gibson and Levin (1975). The section on
memory discusses developmental aspects, theoretical issues and proce-
dures for studying memory. The section on visual imagery provides in-
formation on important aspects of imagery for retrieval, the relation
of imagery to reading skills and the research on perceptual and imagi-

nal representation of letters and words.

Perceptual Development

Gibson and Levin (1975) proposed three major trends in perceptual
development that are related to reading. The first trend involves in-
creasing specificity. As children mature they not only see similarities
between stimuli but also learn invariant properties of stimuli, i.e.,

see how stimuli differ from one another. The ability to see invariant



properties of stimuli is similar to Gagne's notion of multiple discrim-
ination learning in which the learner acquires a set of individual,
sequenced stimulus response connections which allow for greater differ-
entiation among stimuli (Gagne, 1965). The second trend in perceptual
development involves optimization of attention. Older children are
better able to focus their attention on relevant aspects, i.e., infor-
mation requested, of the stimulus field. The third trend involves an
increasing ability to process information in more efficient ways. With
increasing age children demonstrate a better developed ability to orga-

nize stimulus information which, in turn, provides better memory of it.

Increasing Specificity

Research tends to support Gibson and Levin's notion of increased
specificity in perceptual development. Gibson, Gibson, Pick and Osser
(1962) investigated the discrimination of letter like forms with four
to eight year old children. The children were required to match stand-
ard forms with identical ones. The number of errors made decreased
with increasing age. The researchers suggested that the increased per-
formance in discrimination skills resulted from an increased ability
to attend to distinctive features. Pick (1965) conducted a series of
follow-up experiments with kindergarten and first grade pupils which
indicate that training in recognition of distinctive features increases
children's ability to make discriminations of letter like forms when
they are allowed to view the stimulus item while choosing their re-
sponse.

Reading specialists have pointed out that when young children

begin school, they are able to see similarities in visual stimuli and



that the task for the educator is to teach them how the stimuli are
different (Smith and Dechant, 1961). Stauffer and Stauffer (1981) sug-
gested that children who reverse letters have a tendency to overgener-
alize and think that letters can be moved in any fashion instead of
focusing on their invariant properties, e.g., it takes a 180 degree
rotation for b to look like d. Miccinati (1981) suggested that child-
ren who have difficulty in reading skills do not perceive and analyze
distinctive features of words automatically,

Studies of cues used in word recognition skills utilizing a de-
layed matching-to-sample procedure (Williams, Blumberg and Williams,
19713 Rayner and Hagelberg, 1976; Rayner, 1976) suggest a developmen-
tal trend in children's selection of distinctive features. 1In these
experiments subjects were shown three and five letter nonsense words,
one at a time, followed by an array of alternative responses. The sub-
Jjects had to choose the response alternative most like tﬁe stimulus
item. Kindergarten children demonstrated no consistent pattern in
their choices. Young elementary children relied on first letters in
word recognition and fifth to sixth grade children demonstrated utili-
zation of word shape in addition to first letters. Adults relied
heavily on word shape along with first letters and auditory cues. The
Tindings imply that individuals become better able to analyze words and
extract salient features with increasing age and experience,

Experimental evidence suggests that even beginning readers utilize
word shape cues. For example, Arnold, McNinch and Miller (1978) con-
ducted a series of experiments with beginning readers who were Jjudged
to be average or above average in intelligence and reading readiness,

The experimenters investigated the effects of word configuration, ease



of pronounceability, type of orthographic structure, level of abstract-
ness of words and utilization of pictures and semantic cues (i.e., noun
or verb) on the youngsters' ability to recall words. They found that
beginning readers learn nouns, i.e., names of concrete objects, more
easily than verbs. More importantly, they also found that beginning
readers utilize configurational cues along with initial letters in
their word perception skills.

Additional evidence also suggests that configurational cues are
utilized more frequently in perception of longer words. Fisher and
Price (1970) investigated the use of letter and word shape cues in vi-
sual recognition of three and five letter nonsense words, i.e., tri-
grams and quingrams, with first grade children, third grade youngsters
and college students. Their results indicated that first graders re-
lied more heavily on configurational cues than college students. How-
ever, configurational cues were used more frequently than letter cues
by all subjects with quingrams than trigrams.

In summary, it does appear that children become better able to ex-
tract salient features of words with increasing age. There are incom-
patible research findings regarding the age at which configurational
cues become distinctive features in word recognition; some research in-
dicates that configurational cues are not used prior to the age of
eleven or twelve while other experimental evidence suggests utilization

of word shape cues by six year old children,

Increasing Optimization of Attention

Research also provides some support for Gibson and Levin's notion
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of increasing optimization of attention with increased perceptual devel-
opment., Hagen and Sabo (1967) did a cross-modal study of selective at-
tention with children enrolled in the third, fifth, seventh and ninth
grades. Youngsters were presented a number of pairs of pictures. Each
pair consisted of an animal and a household object. In one experimen-
tal condition, the youngsters were instructed to remember the exact
pairings, i.e., within pairs. In the second experimental condition the
youngsters were instructed to remember the exact order of presentation,
i.e., between pairs. The youngsters in the control group were in-
structed to remember the exact pairings as well as the exact order of
presentation. The experimenters found that recall of requested infor-
mation increased with age and recall of incidental information, i.e.,
information not instructed to remember, stayed at approximately the
same level across all ages.

Research in scanning a visual field for a target item also lends
support to the developmental trend of increasing optimization of atten-
tion. For example, Katz and Wicklund (1972) investigated the time re-
quired by second and sixth grade pupils to visually scan a row of one,
two and four letters to determine the presence or absence of a target
letter. Sixth grade pupils demonstrated a faster scanning rate and a
faster response rate than second graders. No differences were found
due to classification of reading ability, i.e., good reader or poor
reader,

Research in visual stimulus complexity further lends support to
the developmental trend of increasing optimization of attention.

Thomas (1966) found that preference for viewing complex random poly-

gons over less complex polygons increased with age in school aged
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children up to the age of seventeen. The complexity of the polygons
varied in number of independent turns in shape, i.e., three to forty
independent turns. Chipman and Mendelson (1975) studied the ability of
four to ten year old children and adults to choose the simple pattern
from pairs of structured-unstructured checkerboard patterns, i.e., sym-
metrical and asymmetrical patterns, of increasing complexity in shape,
i.e., contour. Four to eight year old children could respond to struc-
ture in low contour patterns; older children and adults could also re-
spond to structure in high contour patterns. Chipman et al. (1975)
suggest that individuals become better able to perceive and organize
an increasing number of pattern elements with increasing age. Perhaps,
it might be inferred that individuals prefer more complex visual stimu-
1i with an increasing ability to attend to and process relevant aspects,
The ability to attend to relevant information rather than extra-
neous information, which implies optimization of attention, appears to
be a factor which separates good readers and less skilled readers. For
example, Santostefano, Rutledge and Randal (1965) found that third to
sixth grade boys who had been classified as poor readers had difficulty
attending to relevant stimuli in the Fruit Distraction Test. The boys
were individually presented a card with colored pictures of fruit
against background figures. They were required to read the names of
the fruits as quickly as they could. Then they were tested for recall
of background figures; the boys labeled as poor readers recalled sig-
nificantly more irrelevant information than the good readers. The boys
were then presented a card of incorrectly colored fruits against back-
ground figures. Required to give the correct colors of the fruits as

quickly as possible, poor readers took longer to provide the color
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names and made more errors than good readers suggesting that poor read-
ers also had a semantic retrieval problem,

Belham and Ross (1977) did an experiment of selective attention
with first, third and sixth grade boys. The boys were shown twelve
displays of six animals paired with six objects. Following the presen-
tation of each display, the stimuli were covered. The boys were then
presented a card with an animal on it and asked to point to the loca-
tion of it in the display. Upon completion of all twelve trials, the
boys were shown a display of the six irrelevant objects. Cards with
animals on them were presented one at a time and the boys were required
to indicate which object went with it. At all grade levels the poor
readers performed better on the second task which was purported to mea-
sure attention to irrelevant information.

Van de Voort, Lewis, Senf and Benton (1972) studied audiovisual
integration in eight to twelve year old retarded and normal readers.
The students were presented a stimulus pattern in an auditory or visual
mode followed by another stimulus a few seconds later in either the
same or alternate mode. The students were required to judge whether
the two patterns were the same or different. The retarded readers had
difficulty with the task across all modes of presentation. The exper-
imenters suggested that retarded readers have difficulty attending +to
the relevant aspects of the stimuli.

In summary, it does appear that children are better able to attend
to relevant aspects of a stimulus field with increasing age. However,
experimental evidence suggests that poor readers lag behind their "nor-

mal" peers with respect to this developmental trend.
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Increased Efficiency in Processing Information

The studies by Piaget and his associates on cognitive development
suggest that there is increased efficiency in processing information
with age. The young child centers his attention on a very limited as-
pect of his perceptual field in problem solving. Elementary school
children, approximately seven to eleven years old, demonstrate an abil-
ity to consider more aspects of their perceptuval field, one at a time,
in relation to a possible solution to a given problem. The older child
is potentially able to consider all aspects of his perceptual field
along with a number of possible solutions in an integrated manner
(Wadsworth, 1979).

Gibson (1976) suggested that increased economy of extracting infor-
mation involves both the detection of the smallest possible distinctive
features that will permit a decision as well as the use of higher order
structures and rule systems to allow the reader to process information
in the largest possible units appropriate for his task. It would seem
then that pattern recognition would increase efficiency in processing
information. Monroe (1932) found that the inability to perceive a word
as a unit rather than letter by letter interfered with reading ability.
Kolers (1975) discovered that his sample of seventh grade poor readers
demonstrated difficulty analyzing information; they were unable to sort
printed sentences into categories of old or new and old in the same
form or different form after reading a paragraph.

The ability to handle information in an organized manner appears
to increase the efficiency of processing it. Cromer (1970) studied the

reading skills of some college students and found that poor readers
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could perform as well as good readers when the material was presented
to them in pre-organized phrases, i.e., short but meaningful word
groups.

Oaken, Wiener and Cromer (1971) studied reading comprehension
skills of some fifth grade students and found that the performance of
poor readers could be improved when the material was read to them. It
was suggested that these youngsters utilized poor methods of organizing
information when left to their own devices; the auditory input condi-
tion organized the material for them.

Torgeson (1977) demonstrated that poor readers of average intelli-
gence in the fourth grade could recall as much as good readers when pro-
vided training in the use of mnemonic strategies. Such training could
be inferred to teach the youngsters successive cognitive processing
strategies which consequently help them organize information for memory.

In conclusion, children's abilities to extract saliént features of
printed words, attend to relevant aspects of the stimulus field and pro-
cess incoming visual information in an efficient manner increase with
age. Experimental evidence suggests that poor readers have both atten-
tional problems and processing problems. Since processing requires ex-
traction of distinctive features into some meaningful units, it does
seem that pattern recognition such as word shape could increase effi-
ciency in reading. There are incompatible research findings on devel-

opmental trends in the use of word shape in decoding words.
Memory

Memory plays an important role in learning. The usefulness of

learning depends on how well the learner can remember and integrate
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past information with new experience (Higbee, 1977). The ability to
recognize words as well as remember information is a noticeable skill
demonstrated by good readers.

Some studies have suggested that reading disabilities are a func-
tion of the interaction of perception and memory. Burks and Bruce
(1955) analyzed the results of the Wechsler Intelligence Scale for
Children which had been administered to children in the third through
eighth grades who demonstrated average or above average intelligence.
The researchers discovered that the students who were poor readers ob-
tained low scores on the subtests requiring short and/or long term mem-
ory. Experimental findings of a study by Morrison, Giordani and Nagy
(1977) indicated that good readers in the sixth grade differed from
poor readers in their retention of information and not in the quantity
or quality of the initial perception.

The way in which material is encoded can affect retention of it.
Katz and Wicklund (1973) compared good and poor readers in the fourth
and sixth grades on their ability to remember combinations of word-word,
picture-word, picture-picture and word-picture. Their results showed
that the word-word condition yielded the fastest reaction time for both
grade levels., Good readers were quicker in their responses than poor
readers implying that there are reading ability differences in the en-

coding of single words.

Developmental Aspects

From a life span perspective, memory increases from childhood into
adulthood and then declines in old age (Reese, 1976). Although all

youngsters tend to remember some information without deliberately try-
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ing to do so, intentional attempts to remember require increasing ac-
quisition of mnemonic strategies (Brown, 1975). Hagen, Jongeward and
Kail (1975) pointed out that the ten to eleven year old child demon-
strates a repertoire of such strategies which he can utilize according
to various situation demands. However, Hagen et al. (1975) stressed
that research indicates even young children can use mnemonic strategies
to handle a particular task when specifically instructed to do so.
These authors believe that such research demonstrates the importance of
cognitive processes in memory.

Deliberate attempts to remember information usually requires the
individual to encode it in visual or verbal form. Visual imagery pro-
cesses are involved in visual memory. Processes such as rehearsal, or-
ganization and elaboration are involved in verbal or auditory memory.
According to Elliot and Carroll (1980), memory development for verbal
information proceeds along a continuum from a phase of simple rehearsal
to an ability to identify a common element between two items to an at-

tempt to make that common element between two items uniquely meaningful,

Theoretical Aspects

The ability to remember information involves encoding of the sen-
sory input, storing it and being able to retrieve or use it again when
needed. Some information is stored in short term or working memory and
is available for use only as long as it is being actively processed.
Information is also stored in long term or permanent memory and is
available for use whenever needed (Vander Zanden, 1980). Because ev-
erything an individual knows is represented in his memory (Iachman,

Tachman and Butterfield, 1979), it would seem that encoding the more
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salient features of information to be processed would yield the best
retrieval of information,

Lockhart, Craik and Jacoby (1976) suggested that incoming informa-
tion could be processed at several levels, The greater the depth of
analysis of information, the greater the probability of retrieval. The
depth of analysis refers to how thoroughly an individual perceives var-
ious aspects of the stimulus information, e.g., visual, auditory, con-
textual, etc.

Paivio (1971, 1976, 1978) stressed visual and verbal aspects of
stimulus information in his dual coding theory. He assumed that lan-
guage is closely related to both speech and imagery. The visual or
imaginal mode was described as dealing primarily with spatially orga-
nized material while the verbal mode was conceptualized as handling se-
mantic and sequentially organized information. Paivio believed that
the two methods of coding were interconnected, i.e., information en-
coded in visual form could be verbalized and semantic information could
evoke images, but could also function independently.

Differences appear to exist between auditory and visual storage in
short term memory. Brooks (1967) found that college students could not
read a passage describing spatial information and simultaneously visu-
alize it., However, they could visualize the information when the pas-
sage was read to them. In another series of experiments, Brooks (1968)
found that recall of spatial, i.e., visual, information could be dis-
rupted by concurrent spatial tasks. He concluded that short term mem-
ory could handle only a certain amount of information in one modality
at a time.

Models of reading based on the information processing approach in-
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clude Mackworth's model, Rubenstein's model of word recognition and
Gough's model (Gibson and Levin, 1975; Gough, 19763 Mackworth, 1971%
Rubenstein, Garfield and Millikan, 1970). According to these models,
word recognition can begin with visual input of the printed material,
The length of visual input is limited by eye fixation and is estimated
to last 200-300 msec. in skilled readers. The brief visual stimulus is
matched with stored information and leads to a visual image, a recon-
struction of the stimulus input. The visval image lasts one to two
seconds. The word is coded into short term memory by association of
the visual aspects to the corresponding speech sounds. The word must
be further coded into long term memory if it is to be recognized again.
These models imply that skilled readers develop a large store of infor-
mation in long term memory and that recognition of words requires a
continual comparison of current stimulus input with the individual's
internal data hase.

LaBerge and Samuels (197%) developed a theory of automatic infor-
mation processing in reading. They suggested that features such as
spelling patterns and word shape provide automatic recognition of words
stored in memory. They pointed out that automatic processing of gra-
phemic features is an important factor in fluent reading.

In summary, theories of memory suggest that information is pro-
cessed at different levels. Sensory input of stimuli from different
modalities, e.g., visual and auditory, appear to be related; however,
it appears that only a certain amount of information can be handled
from one modality at a time in short term memory. Information pro-
cessing theories of reading suggest that pattern recognition facili-

tates recognition of words stored in memory.
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Recognition and Recall

Recognition and recall are two common procedures for studying mem-
ory. Research indicates that both children and adults perform better
on recognition tasks than recall. 1In addition, young children have
more difficulty on recall tasks than older children and adults (Devel-

opmental Psychology Today, 1971). Recall is generally considered to be

a more difficult test of memory as it requires a reconstruction or re-
production of information in the absence of external stimuli; recogni-
tion only requires selection of familiar information from a stimulus
field of familiar and unfamiliar information.

Factors which influence ease of recognition and recall in reading
and word identification include word frequency, similarity and imagery.
High frequency words are considered to be easier to recall than low
frequency words and low frequency words are easier to recognize (Brown,
1976).

Words similar in construction are more difficult to learn than dis-
similar ones. Samuels and Jeffrey (1966) found that kindergarten child-
ren had more difficulty learning lists of words constructed with only
four different letters than lists of words constructed with eight dif-
ferent letters. Hartley (1970) studied three cues by which kindergar-
ten and first grade children could learn lists of monosyllable words,
She found that graphic stimuli, i.e., letters contained in the words,
were better cues for children learning lists of minimal contrast words
than pictures or contextual cues. Minimal contrast word lists were
constructed so that all letters were alike in each word except one.

The ability to construct an image of the information to be remem-



20

bered has been shown to aid both recognition and recall. Utilization
of imagery aids memory by helping individuals focus their attention on
important aspects of the information. It is also an efficient way of
processing information since one image can relate several concepts
(Brown, 1976).

In conclusion, children not only acquire more refined perceptual
skills with age but they also appear to acquire increased memory skills
with age. Some studies suggest that reading disabilities are a func-
tion of the interaction of perception and memory. Information process-
ing theories of reading suggest fhat the ability to perceive the shape
of a word facilitates recognition of it stored in memory. Other fac-
tors which influence the ease of recognition and recall of words in-
clude word frequency, similarity of word to other words and ability to

construct a visval image of the word.
Visual Imagery

There are basically two models of imagery, analogic and proposi-
tional. Most research in the area has been based on analogic models
which state that a mental imagé "resembles" a picture (Anderson, 1978;
Ross and Kerst, 1978: Kosslyn, 1980). According to this view, images
are generated from the memory of actual perceptual units., Ross and
Kerst (1978) reviewed the literature on developmental theories of mem-
ory and suggested that developmental researchers study the relationship
between perceptual and imagery processes with regard to age as a way of
looking at how information is organized in memory. The second model of
mental imagery, the propositional view, suggests that images are gener-

ated from memory by networks of propositions, i.e., rule systems for
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representing knowledge which are influenced by a person's goals and be-
liefs versus actual perceptual units (Kosslyn and Pomerantz, 1977;
Pylyshyn, 1981).

Visual imagery can be thought of as one of the tools of thought
(Hebb, 1968; Piaget and Inhelder, 1971; Yuille and Catchpole, 1977),

It is possible to generate images, to inspect one's images (i.e.,
seafch one's image to recall and/or check out something) and to trans-
form an image, e.g., change the size, rotate it, etc. (Kosslyn, 1980).
Higbee (1976, 1977) has pointed out that visual imagery is used by most
mnemonic systems and that research demonstrates it helps in the re-
trieval of verbal material., Visuval imagery aids memory by enabling the
individual to reconstruct the appearance of past experiences or inputs
in the absence of actual visual stimulation (Neisser, 1967; Bower,
1972).

Research indicates that there is a developmental trend in the abil-
ity to make effective use of imagery (Reese, 19703 Rohwer, 1970). Nur-
sery school children can produce images for learning paired associates
and youngsters who are eight and‘older have demonstrated an ability to
successfully apply mental imagery techniques to complex tasks, e.g.,
prose learning (Pressley, 1977b). A study by Ruch and Levin (19?9) in-
dicates that even first grade children, i.e., six year olds, can uti-
lize imagery in prose learning if provided partial pictures during
learning and again in recall.

Several studies suggest that a relationship exists between the use
of visual imagery and stages of cognitive development as defined by
Piaget. Hollenberg (1970) studied the relationship between utiliza-

tion of visual imagery and ability to develop a conceptual understand-
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ing of new material with a group of children functioning within the op-
erational stage of cognitive development, i.e., ages six to ten. Her
findings indicate that emphasis on utilizing visual imagery interferes
with the ability of a child to grasp basic underlying concepts of the
material to be learned. Preston (1977) expanded Hollenberg's findings
by doing a follow-up study with four groups of students who were con-
sidered to be in four phases of cognitive development (Group I: six
year olds, acquisition phase of concrete operations, Group II: nine
year olds, consolidation period of concrete operations, Group IITI:
eleven year olds, acquisition phase of formal operations, Group IV:
fifteen year olds, consolidation phase of formal operations). The stu-
dents were individually tested on the visual imagery tests used by
Hollenberg and three Piagetian tasks (Displacement, Pendulum and Per-
spectives). Her results indicate that visual imagery can interfere
with tasks during acquisition periods of cognitive development but can
enhance cognitive functioning during the consolidation periods.

In summary, visual imagery can aid memory of verbal material.
Children appear to be better able to effectively utilize imagery with
increasing age. In addition, experimental evidence suggests that visu-
al imagery can interfere with task performance during periods in which
the child is developing more complex problem solving skills, but it can

enhance cognitive functioning during consolidation periods.

Important Aspects of Imagery for Retrieval

Concreteness, meaningfulness and vividness seem to be important
aspects of an image if it is to be retrieved. Research indicates that

imagery is more highly correlated with recall of semantic material when



23

it is concrete rather than abstract (Paivio, 19713 Pollio, 1974).
Johnson (1972) studied the relationship of abstractness versus con-
creteness in the ability of college students to recall material they
read., His results indicated that the more concrete the material, the
better the students remembered it. Paivio, Yuille and Madigan (1968)
investigated the relationship among concreteness, imagery and meaning-
fulness for nouns. They found that items rated high in both imagery
and concreteness were also rated high in meaningfulness.

Utilization of imagery can make material more meaningful which, in
turn, can increase retention of it. 1In a pilot study with retarded
adults, Tomasulo (1980) found that providing imagery instructions which
focused on the functional attributes of the stimulus information and
also required some kind of interaction with the information to be re-
membered was an effective training technique. In a study with college
students, Allen (1972) instructed one group to utilize absurdity, emo-
tional involvement and motion in their mental imagery to learn some ma-
terial. He found that students who formed absurd images and interacted
with them recalled significantly more than their controls on a Memory
for Meaning test.

The keyword mnemonic method, an imagery technique which makes ma-
terial more meaningful, has been utilized to increase vocabulary learn-
ing in children. 1In this method the subject forms an acoustic link to
the stimulus word followed by an imagery link in which the subject ima-
gines the acoustic link, i.e., keyword, interacting with the associa-
tion. For example, if the vocabulary word were barrister, which means
lawyer, the subject might be instructed to form an acoustic link,

"bear", followed by a mental image of "a bear acting like a lawyer."
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Taylor (1980) demonstrated acquisition and memory recall of vocabulary
words by thirteen year old boys who had been diagnosed as Learning Dis-
. abled utilizing the keyword mnemonic method. Pressley (1977a) demon-
strated that it was possible to help second and fifth grade children
learn more Spanish vocabulary words via this method than their peers
who were not instructed in this manner.

Vividness of an image has been found to be related to recall,
i.e., the more vivid the image, the greater the recall (Higbee, 1979).
Radaker (1959) found that fourth grade pupils who received practice in
making clear, bold images of low frequency words were able to improve
their memory for the words.

There are individual differences in the vividness of imagery as
demonstrated by Galton's breakfast table test in the 1800s (Segal,
1971). Galton found that children, housewives and common laborers
could recall their breakfast tables more vividly than more educated men,
McKelvie and Demers (1979) compared two groups of high school students
(low visualizers and high visualizers as measured by the Vividness of
Visual Imagery Questionnaire) on memory tasks. They found that high
visuvalizers were superior to low visualizers in short term recall of
abstract words, concrete words and pictures. In long term recall, high
visualizers were superior to low visualizers only on the concrete words
and pictures.

In summary, concreteness and meaningfulness of material and vivid-
ness of the image are positively related to retrieval. Techniques
which increase meaningfulness, e.g., absurdity and the keyword mnemonic
method, have been found to increase recall of material to be learned.

Individual differences have been found in the vividness with which
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people report imaging.

Imagery as Related to Reading Skills

Jacob (1976) reviewed the literature on the analogue model of men-
tal imagery and reading comprehension and concluded that good readers
are able to utilize visual imagery. He felt that such an ability en-
hanced their comprehension. Levin and Devine-Hawkins (1974) studied
the effects of visual imagery in prose learning with fourth and fifth
grade students and found that imagery instructions yielded greater re-
call under listening than reading conditions., Such findings are con-
sistent with Brooks' experiments (1967, 1968) on modality limitations
for storage and retrieval in short term memory.

Cramer (1980) investigated the relationships among reading atti-
tude, reading comprehension and mental imagery with eleventh and twelfth
grade students by analyzing their scores on the Estes Reading Attitude
Scale, the Davis Reading Test (Series 2) and the Questionnaire on Men-
tal Imagery. He found significant correlations between reading atti-
tude and mental imagery and between reading comprehension and reading
attitude. Cramer's results showed no significant relationship between
reading comprehension and mental imagery.

Research indicates that high imagery words, i.e., words which
evoke mental pictures of objects or actions, are easier for beginning
readers to learn than more abstract, low imagery words (Van der Veur,
1975; Kolker and Terwilliger, 1981). Jorm (1977) did a series of stud-
ies investigating the relationships between level of imagery of words,
reading performance and reading ability with school aged children. He

found that poor readers could handle high imagery words with greater
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ease than low imagery ones. In addition, the results indicated that
imagery facilitated learning to read in both good readers and poor
readers when forced to read via whole word methods, i.e., read letter
like forms which had no phonological counterparts.

In.summary, research on imagery and reading, in which an image was
thought to "resemble" a picture, suggests that the ability to utilize
imagery increases reading comprehension. There is also some experimen-
tal evidence which suggests that imagery facilitates learning of words

by way of whole word methods, e.g., shape of the word.

Perceptual and Imaginal Representation of

Letters and Words

Experimental investigation of perceptual and imaginal representa-
tion of letters and words also emerges from the analogue model of ima-
gery. Research indicates that it takes longer to imagine letters and
respond according to directions than it does to directly perceive them
(Weber and Castleman, 1970). Weber and Harnish (1974) investigated the
time required to process high frequency three and five letter words in
percept and imagery conditions. Subjects were required to identify tar-
get letters of words by height of letter (tall lowercase letters = yes,
short lowercase letters = no). The researchers found that it took more
time for subjects to process an image than a percept on five letter
words. The longer time required for response appeared to be due to a
need for sequentially ordering the material to generate images versus
simply having to scan the letters.

Weber, Kelley and Little (1972) looked into the possibility that
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sequencing of letters under imaginal conditions might be under verbal
control. 1In a series of experiments these investigators had separate
groups of subjects imagine alphabet strings and high frequency four let-
ter words. The results indicated that subjects use verbal control for
sequencing of alphabet strings but not for the short words., Weber et
al. (1972) concluded that the visual imagery system can only hold a lim-
ited number of simul taneously presented letters and when that capacity
is taxed, verbal sequential control plays an important role.

Research suggests that there are individuval differences in the
ability to utilize imagery. McCoy and Weber (1981) studied the imagi-
nal and perceptual representation 6f words in normal and Learning Dis-
abled nine year old children. The subjects were familiarized with the
words to be used and trained to classify lowercase letters according to
height. Then they were required to classify target letters (first or
last letters) of each word in six sentences. The sentences were pre-
sented in three conditions: visually, auditorily and mixed. In the
visual or percept condition the students were allowed to look at the
sentence while responding. In the auditory or image condition the sen-
tence was read to the student and he had to imagine the letters in or-
der to respond. In the mixed or control condition the sentences were
printed in uppercase type and had to be mentally transformed to lower-
case in order to handle the task. The results demonstrated that it
took the students longer to process imagined letters and provide a re-
sponse than it did to directly perceive them. The results also indi-
cated that normal children have a greater image capacity than Learning
Disabled children.

Experimental evidence also suggests that there are developmental
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changes in perceptual and imaginal representation. Weber and McManman
(1977) studied the visual representation of first grade words in per-
ceptual and image modes with normal children between the ages of nine
to eleven and college students. Their results indicate that percep-
tual representation matures prior to image representation. Weber,
Hochhaus and Brown (1981) did a follow-up, exploratory study utilizing
three groups of subjects (nine year olds, twenty year olds and sixty-
eight year olds). Subjects were given tasks in which they identified
lowercase letters in sentences according to height, i.e., short or tall,
and classified corners of block letters according to directions. The
nine year olds and sixty-eight year olds performed better when allowed
to visually perceive the material while responding. The twenty year
olds did about equally well in the percept and imagery conditions. The
results indicate that the perceptual system develops prior to the ima-
gery system and that the imagery system declines first. The results
imply that the perceptual system is a general processing system while
the imaginal system is more specific.

In conclusion, not only do children appear to be better able to
effectively utilize visual imagery with increasing age, there also ap-
pears to be a similar trend in the development of the imagery system.
In addition, experimental evidence suggests that visual imagery can
interfere with task performance during periods in which the child is
developing more complex problem solving skills, but it can enhance cog-

nitive functioning during consolidation periods.
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Relationship of the Literature

to the Present Study

Gibson and Levin (1975) proposed that perception is a basic aspect
in reading and that increasing development of the perceptual system al-
lows for greater efficiency in processing information. IaBerge and
Samuels (1974) have suggested that utilization of pattern recognition,
e.g., word shape, provides the greatest efficiency in processing printed
words. Greater efficiency in processing information implies a better
developed ability to encode and store the material in memory. Develop-
mental research indicates that individuals become increasingly more
adept at utilizing mnemonic techniques from childhood into young adult-
hood (Reese, 1976; Hagen, Jongeward and Kail, 1975). Research also in-
dicates that visual imagery can facilitate memory of verbal material
(Higbee, 1977) and that there is a developmental trend in the ability
to effectively utilize imagery (Reese, 1970; Rohwer, 1970). In addi-
tion, Jorm (1977) suggests that visual imagery, a mental interaction of
memory and perception, facilitates learning to read in both good and
poor readers by way of whole word methods of recognition, e.g., word
shape.

Since perception, memory and imagery appear to play a role in in-
formation processing, there appears to be a need to explore the rela-
tionship among them with regard to age. Exploratory work by Weber,
Hochhaus and Brown (1981) on perceptual and imaginal representation of
words, in which the words were conceptualized according to height of
letters comprising them, i.e., word shape, indicates that the percept

system develops prior to the imaginal system. The present study will
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investigate how the two modes of representation affect processing of
words and influence recall of the words at two age levels.

If imaginal representation of words influences a child's ability
to recall them, then word shape might be considered an important cue in
word recognition skills., 1In addition, if the time for processing words
in the imaginal representation is not the same at different age levels,
a developmental trend in ability to process words on the basis of pat-

tern recognition may emerge.

Definition of Terms

For the purpose of this investigation, the following terms and def-
initions will be employed:

Graphic stimuli - printed or written symbols, e.g., letters com-

prising a word.

Imaginal representation - imaging or recalling visual information

in the absence of external cues.

Pattern recognition - ability to identify a word on the basis of

distinctive features which give it a unique form, e.g., word shape.

Perceptual representation - perceiving visual or spatial informa-

tion directly, i.e., in the presence of external visual cues.
Processing - time from onset of stimulus presentation to comple-
tion of response.

Visual image - representation of spatial information from memory,

i.e., in the absence of external visual or perceptual representation.

Word recognition - ability to remember a familiar word upon sight.

Word shape - the outline or configuration of an entire word based

on the height of lowercase letters, i.e., ascending and descending.
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Assumptions Underlying the Study

The assumptions underlying this study are as follows:

1. Word shape, conceptualized in terms of height of lowercase let-
ters comprising the word, can be processed as a visual image.

2. Students participating in the studybwill not have prior know-
ledge of the content of the word lists nor experimental conditions to
be presented.

3. Students will follow instructions and try to do the best they

can,
Research Questions

In relation to the purposé of the present study, three major re-
search questions and two minor research questions are formulated. The
first question focuses on differences in processing word configuration
in percept and imaginal modes on the basis of age. Since research indi-
cates that visual imagery facilitates learning to read by whole word
methods regardless of reading ability, the second question deals with
differences in processing word configuration in the percept and imagi-
nal modes on the basis of reading ability. The third question focuses
on differences in retrieval of words processed as a result of the mode
of representation. Since it has been suggested that word shape facili-
tates word recognition only when the word is already known, a minor and
fourth research question focuses on differences in processing high fre-
quency words and pseudowords in percept and imaginal modes. In addi-
tion, since the ability to process words by height of letter implies

the ability to spell them, the last research question looks at the
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number of words spelled correctly as a function of the mode of repre-
sentation,

Research Question One: Does the time for correctly processing

words in perceptual and imaginal modes vary with age level?

Research Question Two: Does the time for correctly processing

words in percept and imaginal modes vary with reading ability, i.e.,
average and above versus below average ability?

Research Question Three: Are the number of words correctly re-

called related to the mode of representation used in processing the
words?

Research Question Four: Does the time for correctly processing

words in perceptual and imaginal modes vary with type of word, i.e.,
high frequency words versus pseudowords?

Research Question Five: Are the number of words spelled correctly

related to the mode of representation used in processing the words?

Hypotheses

The following null hypotheses are formulated in conjunction with
the preceding research questions:

Hypothesis One: There will be no difference in time for process-

ing words correctly in percept and imaginal modes with different age
levels.

Hypothesis Two: There will be no difference in time for process-

ing words correctly in percept and imaginal modes with regard to read-
ing ability, i.e., high versus low.

Hypothesis Three: There will be no difference in the number of

words correctly recalled as a function of mode of representation.
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Hypothesis Four: There will be no difference in time for process-

ing words correctly in percept and imaginal modes as a function of type
of word, i.e., high frequency word versus pseudoword.

Hypothesis Five: There will be no difference in the number of

words spelled correctly as a function of mode of representation.



CHAPTER ITI
METHODOLOGY

Subjects

Thé subjects were 48 third grade students (age range of eight
years, three months to nine years, eleven months) with a mean age of
nine years, zero months and 48 eighth grade students (age range of
thirteen years, one month to fifteen years, three months) with a mean
age of fourteen years, zero months. The 96 subjects were randomly se-
lected from 143 volunteers enrolled in the Inola and Union public school
districts in order to construct a balanced design. Seventeen addition-
al subjects were discarded due to tape recorder failure and inability
of the subjects to comply completely with task demands. Subjects were
randomly assigned to each of the three different experimental condi-
tions for mode of representation,

Half of the subjects in each grade level came from each school dis-
trict. The Inola school district serves a rural community in northeas-
tern Oklahoma and had a school population of 890 during the 1981-82
school year. The parents of Inola school children are primarily blue
collar workers. The Union school district serves part of southeast,
suburban Tulsa county and had a school population of 6766 during the
1981-82 school year. The parents of Union school children are primar-

ily white collar workers and professional people. During the 1981-82

34
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school year Inola elementary students were using the Houghton Mifflin
Company reading series which emphasizes a language experience approach
to reading and Union elementary students were using the Lippincott
reading series which emphasizes a phonetic approach.

The subjects at each grade level were divided into high ability
and low ability readers on the tasis of the percentile rank they ob-
tained in total reading on the second edition of the Gates-MacGinitie
Reading Tests, a norm referenced measure of reading ability, adminis-
tered in April, 1982, The 55th percentile rank was chosen to divide
subjects into ability groups (55 and up = high, below 55 = low) in or-
der to construct a balanced design. Level C, Form 2 of the Gates-
MacGinitie was administered by school personnel to all third graders
and Level E, Form 3 was administered to all eighth graders. Third
grade subjects obtained percentile ranks ranging from 3 to 99; the
range for eighth grade subjects was 5 to 99.

The third grade subjects consisted of 18 females and 30 males;
eighteen of the students were involved in remedial reading and/or
learning disabilities classes. The eighth grade subJects consisted of
22 females and 26 males; ten of the students were involved in remedial
reading and/or learning disabilities classes. All subjects were free
of known neurological impairment and uncorrected visual or auditory
problems. The sample consisted primarily of Caucasian students (92.7%
Caucasian, 4.2% American Indian, 3.1% Black). There were no Blacks
represented in the eighth grade subjects.

Written parental consent to participate in the study was obtained
on all subjects. The permission form appears in Appendix A. To insure

anonymity each subject was given a blind code which identified his
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school district, experimental condition, age group and subject number.

Materials and Equipment

Materials

The materials consisted of three demonstration cards, an alphabet
card, four sets of stimulus word cards, three response record sheets
and a set of instructions. Each of the demonstration cards were 4 x 6
inch unruled index cards upon which were printed sample letters for a
given letter height, i.e., up, down, flat. The sequence in which the
letters appeared on each card is shown in Appendix B. All letters were
printed in lowercase form with a black felt tip pen. Ascending (up)
and descending (down) letters measured 1.5 cm. in height; the remaining
letters (flat) measured 1 cm. in height.

The alphabet card was a 5 x 8 inch unruled index card upon which
the 26 letters of the alphabet appeared in a random sequence. All let-
ters were printed in lowercase form to the same dimensions described
above. The sequence in which the letters appeared is shown in Appen-
dix B.

The four sets of stimulus word cards consisted of two word lists
printed in two forms, i.e., high frequency words and pseudowords,
printed in lowercase and capital letters. Each word was printed on a
L x 6 inch unruled index card. Capital letters measured 1.5 cm. in
height.

All stimulus words were four letter monosyllables. There were
three example words and nine test words in each list. The high fre-

quency words were selected from the Harris-Jacobson list of core words
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for first grade (Harris and Jacobson, 1973). The pseudowords were
formed by substituting a letter of the same height for the first let-
ter in each high frequency word. The words were counterbalanced with
regard to height of letter in first and last letter positions and con-
sonant-vowel-consonant phoneme (CVC) patterns (Appendix B).

The three response record sheets used for each subject appear in
Appendix B. The first two record sheets provided the investigator a
standard form upon which to record subjects' responses for processing
and recalling high frequency stimulus words and pseudowords, i.e.,

List I and List II, respectively. The numerical order, i.e., 1 to 9,

in which the words were presented to each subject were recorded to the
left of each word on each list. The third response sheet provided sub-
Jects a standard form upon which to write stimulus words from dictationj
this sheet was folded in half so that only one list of response blanks
was presented to the subject at a time.

The instructions used in the experimental sessions appear in Ap-
pendix C. All subjects received the same Training Instructions for
height of letter as well as the same Concluding Comments. The Training
Instructions were followed by specific instructions for the experimen-
tal condition, i.e., mode of processing, to which subjects had been

assigned.

Equipment

The equipment used in collecting data during the experimental ses-
sions consisted of a 7 Jewel Northstar stopwatch and a Sony TC-72 cas-

sette tape recorder.
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Procedure

Experimental sessions were conducted on school premises during
school hours and averaged 20 minutes per child. Bach child was worked
with individually and seen for only one session. FEach experimental
session was tape recorded to accurately and reliably check response
time measures; any discrepancy between experimental session timing and
the reliability check timing was averaged (There was a discrepancy of
one second on 26.9% of the responses; approximately half of these dis-
crepancies were due to one more second on reliability timing than ex-
perimental session timing and half were due to one second less.). The
data was collected between the months of February and May, 1982.

In each experimental session, the subject was given training for
classification of lowercase letters by height of letter. Then the sub-
ject engaged in a series of activities for the two word lists. The
activities involved reading the words, processing them according to
height of letter, recalling the words and spelling them from dictation.
Bach word list began with three example words; subjects did not write
example words from dictation. Upon completion of activities for exam-
ple words, the subject proceeded to activities for the test words.,

Upon completion of activities for List I words, subjects were adminis-
tered the same activities for List II words. List I was always given
first. The experimental sessions differed only in mode of representa-
tion, i.e., percept, imaginal or mixed, subjects were instructed to
use for processing the words. Upon completion of the experimental ses-
sion, each subject was thanked for his participation and given instruc-

tions for what he could say about the session to others.
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Letter Classification Training

Upon entering the experimental situation, the subjects were given
training instructions for classification of lowercase letters by height
of letter. They were shown an index card with lowercase letters print-
ed in random sequence and instructed to classify the letters by height,
i.e., up, down or flat. Ascending letters such as d, f and t were
called "up" letters. Descending letters such as g, j and p were called
"down" letters. The remaining letters such as a, ¢ and m were called
"flat" letters. Errors in classification were corrected and misclassi-

fied letters were reviewed.

Reading of Words

Subjects were familiarized with the stimulus words used in each
set of activities, e.g., List I examples, by having them read the words
from index cards. Each word list was presented to subjects in random
order; the index cards were shuffled prior to each experimental session.
Subjects in the percept and image conditions read cards upon which
words were printed in lowercase letters; subjects in the mixed condi-
tion read the words printed in capital letters. Errors were corrected
and mispronounced words were reviewed. Subjects were allowed up to

three trials to read mispronounced words correctly.

Processing of Words

There were three between subjects experimental conditions, i.e.,
modes of representation for processing words by height of letter, to

which subjects were randomly assigned prior to entering the experimen-
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tal situation. These modes of representation were percept, imaginal
and mixed. In the percept condition subjects viewed index cards upon
which words were printed in lowercase letters while processing them for
configuration. 1In the imagery condition subjects were orally presented
each word and had to imagine it printed in lowercase letters in order
to comply with task demands. 1In the mixed condition subjects viewed
index cards upon which words were printed in capital letters; these sub-
Jjects had to mentally transform letters to their lowercase counterparts
in order to comply with task demands. The mixed condition was imple-
mented to serve as a control group for the percept and image groups.
Response time was measured to the nearest second on each word. A stop-
watch was started at the onset of the presentation of each stimulus
word and was stopped when the subject completed his response.

Words were presented for processing in the same order in which
they had been read. Letters in each word were processed in forward se-
quence only, i.e., left to right. All mistakes made on example words
and the first two mistakes made by a subject on List I were recorded
and corrected; accuracy was encouraged. Additional mistakes were sim-

ply recorded on response sheets,

Recall of Words

Upon completion of processing a given set of words, subjects were
instructed to say as many of the words as they could remember. This
was a free recall task, i.e., subjects could say words in any order;
however, they were given a two minute time limit for recall of test
word lists. The number of words correctly recalled was maintained for

each subject.
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Spelling of Words

Upon completion of recall for test words in each test, subjects
were administered a spelling test over the words. The investigator
dictated the words in alphabetical order and the subjects wrote them
on the response sheet provided. Each word was dictated only once.

The number of words correctly spelled was tallied for each subject.
Design

The design consisted of a factorial arrangement of two ages (nine
year olds and fourteen year olds) by two reading ability levels (high
and low) by two modes of representation (percept, imaginal and mixed)
by two word lists (high frequency words and pseudowords). Age, reading
ability level and mode of representation were between subject variables
while type of word list was a within subject variable. The response
measures included time to process words by height of letter, number of

words correctly recalled and number of words spelled correctly.



CHAPTER IV
RESULTS
Introduction

The purpose of this chapter is to present the results of the sta-
tistical analysis of data for the five research questions formulated in
the present study. The emphasis of the study is to examine the effects
of perceptual and imaginal representation of words in two age groups of
school children representing both high and low reading ability on three
dependent measures: response time, recall and spelling.

The split-plot factorial (SPF-pru.q) research design (Kirk, 1968)
was employed to invesiigate the research questions. Separate split-
plot analyses with repeated measures on the last factor, i.e., word

type, were conducted for each of the three dependent measures,
Response Time

Since subjects did not process all words correctly, response time
for words correctly processed was analyzed separately from response time
for errors. A summary of the analysis of variance in which response
time for correct responses is the dependent variable is presented in
Table I. The dependent variable of time for correct responses is de-
fined as the mean time for unprompted responses. As can be seen from

this table, three main effects, Ability (A), Age (C) and Mode of

L2
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Representation (D) are significant. Three two-way interactions, Ability
by Age (AC), Age by Mode (CD) and Word Type by Mode (BD) and one three-

way interaction, Ability by Word Type by Mode (ABD) are also signifi-

cant.
TABLE I
SUMMARY TABLE FOR THE ANALYSIS OF VARTIANCE
FOR THE DEPENDENT VARIABLE OF
CORRECT RESPONSE TIME
Source 5S daf MS F P
Between Subjects 864 .2429 95
A (Ability) 61 1444 1 61 . 144 23.58 .0001
¢ (Age) 245, 5944 1 245, 594 9,72 .0001
D (Mode) 275.6029 2 137.801 53.15 .0001
AxC 19.1079 1 19.108 7.37 .0080
AxD L4132 2 .207 .08
CxD 40,6151 2 20,308 7.83 .0008
AxCxD 3.97H 2 1.988 .77
Subj. w. Groups 217.7896 84 2.593
Within Subjects 58.2036 96
B (Word Type) 1.9020 1 1.902 3.69
Ax 3B 1155 1 116 22
Bx C .2860 1 .286 .56
Bx D 4.5895 2 2.295 L.4s L0145
AxBxC 2783 1 .278 5
AxBxD L.,7716 2 2.386 4,63 L0124
Bx CxD 1.7618 2 881 1.71
AxCxD 1.2217 2 611 1.19
B x Subj. w. Growps _ A43.2772 _ 8 _ _ _ .55 _ _ _ _ ______

Total 922 4L65 191




Hartley's F___ test (Kirk, 1968) for testing the assumption of
homogeneity of error variance for the two error terms (Subj. w. Groups
and B x Subj. w. Groups) is significant, F = 5.03, p ¢.05, indicating
that error variances are heterogeneous. Since the error variances are
not homogeneous, they cannot be pooled when testing for simple effects
of interactions involving the repeated measure, word type. The larger
Mserror’ Subj. w. Groups, is used in these follow-up analyses to deter-
mine if significant differences exist in order to guard against making
Type I errors.

Research Questions One, Two and Four deal with correct response
time. Research Question One focuses on the Age by Mode (CD) interac-
tion; Research Question Two focuses on the Ability by Mode (AD) inter-
action. Research Question Four focuses on the Word Type by Mode (BD)
interaction. In addition to reporting results pertinent to these ques-
tions, this section will also review the Ability by Age (AC) interac-
tion, provide strength of association values for significant main
effects and interactions and examine response time for incorrectly

processed responses.

Research Question One

Research Question One asks: Does the time for correctly process-
ing words in percept and imaginal modes vary with age level? The sig-
nificant Age by Mode (CD) interaction indicates that the time for
processing words by mode does vary with age level. Therefore, the cor-
responding null Hypothesis I stating that there will be no differences
in processing words in percept and imaginal modes with different age

levels is rejected for the present study.
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The simple effects breakdown for the Age by Mode interaction
(Table II) indicates that all five simple effects contribute signifi-
cantly to this interaction. Comparison of means of the two age levels
for each mode (C at do) indicates that nine year olds took longer to
process words than fourteen year olds in each mode of representation
(Table III). Tukey's HSD post hoc comparisons of means (Kirk, 1968)
for Mode by Age level (D at ck) shows that nine year olds took longer
to process words in the imaginal mode than in mixed or percept modes
(Table III). 1In addition, nine year olds took longer to process words
in the mixed mode than the percept mode. Fourteen year olds took more
time to process words in the imaginal mode than percept mode; no other

differences were found.

TABLE IT

SIMPLE EFFECTS BREAKDOWN FOR THE AGE (C) BY
MODE OF REPRESENTATION (D) INTERACTION
FOR THE DEPENDENT VARIABLE OF
CORRECT RESPONSE TIME

Source SS daf MS ¥
Cat d1 22,22 1 22.22 8.579%x%
C at d2 187.92 1 187.92 72 . 556%%
Cat d3 76.06 1 76.06 29,367%*
Dat cq 263.79 2 131.90 50.,927%%
Dat 02 52.43 2 26.22 10,124%*
Subj. w. Groups 217.79 8l 2.49

** p £.01
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TABLE IIT

MEAN CORRECT RESPONSE TIME AND TUKEY'S HSD
POST HOC COMPARTISONS FOR THE MAIN EF-
FECTS OF MODE OF REPRESENTATION

BY AGE IEVEL
Image Mixed Percept
9 year olds 8.10 5.97 Lok
Image 2.13%x L, 06%*
Mixed 1.93%%
Percept
14 year olds L ,67 3.79 2.86
Image .88 1.81%x%
Mixed .93
Percept
* p .05
** p .01
Critical Differences: .05= ,97
01 =1.22

Differences in number of words processed by mode at each age level
are shown in Table IV and Figure 1. While both age levels correctly
processed approximately the same number of words in the percept mode
on both lists, older students processed approximately one more word

correctly per list than nine year olds in the imaginal mode.
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HIGH FREQUENCY WORDS PSEUDOWORDS
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Figure 1. Mean Time (sec.) and Percentage of Words Correctly Processed for the
Age by Mode (CD) Interaction
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Research Question Two

Research Question Two asks: Does the time for correctly process-
ing words in percept and imaginal modes vary with reading ability lev-
els? The lack of a significant Ability by Mode interaction indicates
that the time for processing words by mode does not vary with reading
ability level. Therefore, the corresponding null Hypothesis II stat-
ing that there will be no difference in time for processing words in
percept and imaginal modes with regard to reading ability cannot be re-
Jjected.

Although the Ability by Mode interaction is not significant, a
three-way interaction which includes these two factors is significant,
i,e., the Ability by Word Type by Mode interaction. The breakdown of
simple effects (Table V) indicates that ability contributes signifi-
cantly to differences in response time at combinations of word type and
mode (A at bdjo) and that mode contributes significantly to differences
at combinations of ability and word type (D at abij)'

Cell means (Table VI) were compared for each significant simple ef-
fect of ability at each combination of word type and mode (A at bdjo)'
Comparison of the cell means for the simple effect of ability at the
combination of high frequency words by percept and mixed modes, respec-
tively (A at bd

11

took more time to process high frequency words in both modes than high

and A at bd13) , indicates that low ability students

ability students. Comparison of cell means for the simple effect of
ability at the combination of pseudoword list and imaginal mode (A at
bd22) shows that low ability students also took longer to process

pseudowords in the imaginal mode than high ability students.



TABLE V

SIMPLE EFFECTS BREAKDOWN FOR THE ABILITY (A)
BY WORD TYPE (B) BY MODE OF REPRESENTA-
TION (D) INTERACTION FOR THE DEPEN-
DENT VARIABLE OF CORRECT
RESPONSE TIME

Source ss af MS F
Aatpd, 13.70 1 13.70 5.290%
Aat bdj; k€1 1 4.8 1.857
A at bd.13 10.€3 1 10.63 b, 104+
A at bd 7 L.86 1 L.86 1,876
Aat vdy; 2L .17 1 24,17 9.332%
A at bcl23 8.25 1 g.25 3.185
Bat ad,, .09 1 .09 .035
Bata L8 1 ) .185
B at adn 1.25 1 1.25 482
Bat ad.ZI 3.19 1 3.19 1.230
Batad, 4.08 1 4,08 1.573
B at .'d23 2.27 1 2.27 .875
D at abu 67.34 2 33.67 13.000%*
D at ab, 60.92 2 30.46 11,761 %
D at ab,, 45,32 2 22.66 8. Agm
D at aby, 111.79 2 55.90 21,583
Subj. w. Groups 217.79 84 2.59

* p £.05
** p .01

TABLE VI

MEAN CORRECT RESPONSE TIME FOR THE ABILITY (A)
BY WORD TYPE (B) BY MODE OF REPRE-
SENTATION (D) INTERACTION

High Frequency Words Pseudowords

Percept
High abdbility 2.98 2.88
Low ability 4.29 3.66
3
High ability 5.88 5.63
Low ability 6.66 ?7.37
Rixed
High ability L.53 4.1k
Low ability 5.69 5.15
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Tukey's HSD post hoc comparisons were performed for each of the

significant simple effects of mode at combinations of ability and word

type (D at abij). Tukey's comparisons of means for mode of representa-

tion in high frequency words by ability indicates that high ability stu-

dents took longer to process high frequency words in the imaginal mode

than in the mixed or percept modes (Table VII) while low ability stu-

dents took longer to process words in the imaginal mode than the per-

cept mode., Both ability levels took longer to process high frequency

words in the mixed mode than the percept mode.

TABLE VII

MEAN CORRECT RESPONSE TIME AND TUKEY'S HSD
POST HOC COMPARISONS FOR THE MAIN EF-

FECTS OF MODE OF REPRESENTATION

IN HIGH FREQUENCY WORDS

BY ABILITY
Image Mixed Percept
High Ability 5.88 4,53 2,98
Image 1.35% 2.90%*
Mixed 1.55%%
Percept
Low Ability 6.66 5.69 4,29
Image .97 2.37%¥%
Mixed 1.40%%
Percept
* p .05
**% p .01
Critical Differences: .05 = 1.37
01 =1.72
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Tukey's HSD post hoc comparisons of means for the mode of repre-
sentation in pseudowords by ability indicates that both high and low
ability students took longer to process pseudowords in the imaginal
mode than the mixed or percept modes (Table VIII). In addition, low
ability students took longer to process words in the mixed mode than

the percept mode.

TABLE VIIT

MEAN CORRECT RESPONSE TIME AND TUKEY'S HSD
POST HOC COMPARISONS FOR THE MAIN EF-
FECTS OF MODE OF REPRESENTATION
IN PSEUDOWORDS BY ABILITY

Image Mixed Percept
High Ability 5.63 L 14 2.88
Image 1.49% 2.75%*
Mixed 1.26
Percept
Low Ability 7.37 5.15 3.66
Image 2,22%% 3.71%x
Mixed 1.49%
Percept
* p £.05
** p .01
Critical Differences: .05 = 1.37
01 =1.72

Research Question Four

Research Question Four asks: Does the time for correctly process-
ing words in percept and imaginal modes vary with type of word, i.e.,

high frequency words versus pseudowords? The significant Word Type by
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Mode interaction suggests that time for correctly processing words by
mode does vary with word type. Therefore, the corresponding null Hy-
pothesis IV stating that there will be no difference in time for pro-
cessing words in percept and imaginal modes with regard to type of word
is rejected for the present study.

The analysis of simple effects (Table IX) indicates that the sig-
nificant differences arise from mode of representation at each word
type (D at bj). Tukey's HSD post hoc comparisons of means for mode by
word type (Table X) shows that it took longer to process both types of
words in the imaginal mode than in mixed or percept modes. In addition,
it took longer to process both types of words in the mixed mode than in

the percept mode.

TABLE IX

SIMPLE EFFECTS BREAKDOWN FOR WORD TYPE (B)
BY MODE OF REPRESENTATION (D) INTERAC-
TION FOR THE DEPENDENT VARIABLE
OF CORRECT RESPONSE TIME

Source SS af MS F
Bat d, 2.16 1 2.16 .834
B at d2 .88 1 .88 L340

B at d3 3.45 1 3.45 1.332
Dat b1 111.48 2 55.74 21 .521 %%
Dat b 168.72 2 84.36 32,571 %%
Subj. w. Groups 217.79 84 2.59

** p (.01



TABLE X

MEAN CORRECT RESPONSE TIME AND TUKEY'S HSD
POST HOC COMPARISONS FOR THE MAIN EF-
FECTS OF MODE OF REPRESENTATION

BY WORD TYPE
Image Mixed Percept
High Frequency Words 6.27 5.11 3.63
Image 1.16* 2,60%x
Mixed 1.48%*
Percept
Pseudowords 6.50 4,65 3.27
Image 1.85%% 3.23%%
Mixed 1.38%x
Percept
* p L.05
** p .01
Critical Differences: .05= ,97
01 =1.22

Ability by Age (AC) Interaction

Since the ability by age interaction is significant in the overall

analysis, it will be reviewed even though no research questions were

proposed for it. Analysis of simple effects (Appendix D, Table XVII)

indicates significant ability differences in response time for nine

year olds (A at cl) and significant age differences in response time at

each ability level (C at ai) occurred. Comparisons of cell means (Ap-

pendix D, Table XVIII) for the significant simple effects suggests that

nine year olds of high ability took less time to process words than

those of low ability. In addition, high ability fourteen year olds

took less time to process words than high ability nine year olds and
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low ability fourteen year olds took less time to process words than low

ability nine year olds.

Strength of Association

A rough estimate of the strength of association, eta squared (777),
was calculated for significant main effects and interactions (Linton
and Gallo, 1975) and these values appear in Appendix E, Table XIX. It
can be seen that 26.6% of the variance in the sample is due to age vari-
ation (C) and 29.9% of the variance is due to mode of representation
(D); however, only 4.4% of the variance is due to the Age by Mode (CD)
interaction. The strength of association for the Word Type by Mode (BD)

interaction is quite insignificant, i.e., 0.5%.

Incorrectly Processed Responses

A summary of the analysis of variance for incorrectly processed re-
sponses is presented in Appendix F, Table XXI. As can be seen from
this table, all between subjects main effects and two-way interactions
are significant. None of the within subjects sources are significant,

The breakdown of the simple effects of the Ability by Age (AC) in-
teraction indicates that ability makes a significant difference in re-
sponse time of nine year olds (A at cl) for incorrectly processing
words and that age makes a significant difference in response time for
low ability students (C at az) in incorrectly processing words (Appen-
dix F, Table XXII). Comparison of means (Appendix F, Table XXIII) for
the two levels of ability in nine year olds shows that nine year old
students of low ability took longer to incorrectly process words than

those of high ability. Comparison of means of the two age levels of
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low ability shows that low ability nine year olds took longer to in-
correctly process words than low ability fourteen year olds.

The simple effects breakdown for the Ability by Mode (AD) inter-
action (Appendix F, Table XXIV) indicates that ability makes a signifi-
cant difference in response time for incorrectly processing words in
the imaginal and mixed modes (A at d2 and A at dB). Mode of represen-
tation appears to make a significant difference in response time of
low ability students for incorrectly processing words (D at az). Com-
parison of means (Appendix F, Table XXV) for the two ability levels at
both the imaginal and mixed modes (d

2

students took longer to incorrectly process words in the two modes than

and d3) shows that low ability

high ability students. Tukey's HSD post hoc comparisons of mode of rep-
resentation in low ability students (Appendix F, Table XXVI) indicates
that low ability students took longer to incorrectly process words in
the imaginal mode than in the mixed or percept mode. 1In addition, low
ability students took longer to incorrectly process words in the mixed
mode than in the percept mode.

Analysis of the simple effects breakdown of the Age by Mode (CD)
interaction (Appendix F, Table XXVII) indicates a significant age
difference in response time for incorrectly processing words in the
imaginal mode (C at d2) and a significant mode of representation dif-
ference in time for incorrectly processing words in nine year olds (D
at cl). Comparisons of means (Appendix F, Table XXVIII) for the two
age levels for the imaginal mode demonstrates that nine year olds took
longer to incorrectly process words in the imaginal mode than fourteen
year olds. Tukey's HSD post hoc comparisons of mode for nine year olds

(Appendix F, Table XXIX) shows that nine year olds took longer to
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incorrectly process words in the imaginal mode than in the mixed or
percept mode., In addition, nine year olds took longer to incorrectly
process words in the mixed mode than percept mode.

Strength of association, eta squéred (Ql), values for significant
main effects and interactions appear in Appendix E, Table XX. It can
be seen that mode (D) accounts for 16.4% of the variance in the sample
while each of the significant interactions accounts for less than 10%

of the total variance,

Recall

A summary of the analysis of variance in which correct recall is
the dependent variable is presented in Table XI. The dependent variable
of correct recall is defined as the number of words correctly recalled
upon request. As can be seen from this table, three main effects, Age
(¢), Mode (D) and Word Type (F) are significant. Two of the two-way
interactions, Ability by Age (AC) and Word Type by Mode (FD) are also
significant.

Hartley's Fmax test for testing the assumption of homogeneity of
error variance for the two error terms (Subj. w. Groups and F x Subj.
w. Groups) is not significant, F = 1.90, p >.05, indicating that the
error variances are homogeneous. Since the error variances are homo-
geneous, they were pooled when testing for simple effects of the Word
Type by Mode interaction which contains the repeated measure, word

type.
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SUMMARY TABLE FOR THE ANALYSIS OF VARIANCE
FOR THE DEPENDENT VARTABLE

OF CORRECT RECALL
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Source

SS

af MS F P
Between Subjects 361.9947 95
A (Ability) 7.1302 1 7.130 2.53 .0001
¢ (Age) 47,0052 1 47,005 16.70 .0051
D (Mode) 31.6354 2 15.818 5.62 L0064
AxC 22,0052 1 22.005 7.82
AxD 13.1979 2 6.599 2.34
CxD 2.8229 2 1.412 . 50
AxCxD 1.7604 2 .880 31
Subj. w. Groups 236.4375 8l 2.815
Within Subjects 176, 5000 96
F (Word Type) 27.7552 1 27.755 18.77 .0001
AxF .8802 1 .880 .60
FxC .2552 1 .255 17
FxD 16.3229 2 8.162 5,52 .0056
AxFx¢ 1.1719 1 1,172 .79
AxFxD L5104 2 .255 A7
FxCxD A3 2 .068 .05
AxFxCxD 5.2813 2 2.641 1.79
F x Subj. w. Groups _ 124.1875 _ _ 8 _ _ 1.478 _ __ _ _ _ _ _ _
Total 538.4947 191

Research Question Three deals with the dependent variable of re-

call and focuses on the main effect, Mode (D) of representation.

In

addition to reporting results pertinent to this question, this section

will also review the Ability by Age (AC) interaction, provide strength

of association values for significant main effects and interactions and

examine recall of incorrect words.
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Research Question Three

Research Question Three asks: Are the number of words correctly
recalled related to the mode of representation used in processing the
words? The significant main effect of mode of representation (D) in-
dicates a relationship to correct recall. Therefore, the corresponding
null Hypothesis III stating that there will be no difference in number
of words correctly recalled as a function of the mode of representation
is rejected for the present study. Tukey's HSD post hoc comparisons of
mean number of words recalled at each mode of representation (Table XII)
indicates that more words were correctly recalled in the imaginal mode

than in the mixed or percept mode; no other differences were found.

TABLE XIT

MEAN NUMBER OF TOTAL WORDS CORRECTLY RECALLED
AND TUKEY'S HSD POST HOC COMPARISONS
FOR THE MAIN EFFECT OF MODE
OF REPRESENTATION (D)

Image Mixed Percept
3.98 3.16 3.09
Image .82* .89*
Mixed .06
Percept
* p £.05

Critical Difference: .05= .71

The significant Word Type by Mode (FD) interaction provides fur-

ther insight into the amount of recall as a function of mode. The
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breakdown of simple effects (Table XIII) indicates that differences in
word type contribute significantly to correct recall in the imaginal
and mixed modes of representation (F at d.2 and F at d3). In addition,
mode of representation appears to contribute significantly to correct
recall of high frequency words (D at fl). Comparison of cell means for
the two word types processed in both imaginal and mixed modes (Table
XIV) shows that students recalled more words from the high frequency
word list than from the pseudoword list in both the modes. Tukey's

HSD post hoc comparisons of mode for high frequency words suggests that

more words were correctly recalled in the imaginal mode than in the

mixed or percept modes (Table XV).

TABLE XITT

SIMPLE EFFECTS BREAKDOWN FOR WORD TYPE (F)
BY MODE OF REPRESENTATION (D) INTERAC-
TION FOR THE DEPENDENT VARIABLE
OF CORRECT RECALL

Source SS af MS F
Fatd .062 1 .06 .028
Fat d, 23.765 1 23.77 11,056%*
F at d3 20.249 1 20.25 9.419%x*
D at f1 37.770 2 18.89 8.419%%
D at f2 10.187 2 5.09 2.367
Pooled Error 168 2.15

*»* p .01
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TABLE XTIV

MEAN NUMBER OF WORDS CORRECTLY RECALIED IN
THE WORD TYPE (F) BY MODE (D)

INTERACTION
Percept Image Mixed
High Frequency Words 3.063 L, 504 3.719
Pseudowords 3.125 3.375 2.5%
TABLE XV

MEAN NUMBER OF HIGH FREQUENCY WORDS
CORRECTLY RECALLED AND TUKEY'S
HSD POST HOC COMPARISONS
FOR THE MAIN EFFECT

OF MODE (D)
Image Mixed Percept
b, 594 3.719 3.063
Image .87 5%% 1.531%*
Mixed .656%
Percept
* p .05
** p (.01
Critical Differences: ,05 = .615
.01 = ,769
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Ability by Age (AC) Interaction

Since the Ability by Age (AC) interaction is significant in the
overall analysis, it will be reviewed even though no research questions
were proposed for it. The breakdown of simple effects (Appendix G,
Table XXX) indicates that ability contributes significantly to correct
recall in fourteen year olds (A at 02) and that age contributes signi-
ficantly to correct recall in high ability students (C at al). Com-
parison of cell means (Appendix G, Table XXXI) for the two levels of
ability in fourteen year olds demonstrates that high ability fourteen
year olds recalled more words than low ability fourteen year olds. Com-
parison of means for the two age levels of high ability (al) shows that
high ability fourteen year olds recalled more words than high ability

nine year olds.

Strength of Association

A rough estimate of the strength of association, eta squared (7@5,
was calculated for significant main effects and interactions. These
values appear in Appendix E, Table XIX. It can be seen that 5.9% of

the variance in the sample is due to mode of representation.

Incorrect Recall

A summary of the analysis of variance in which incorrect recall is
the dependent variable is presented in Appendix H, Table XXXIT. As can
be seen from this table, no main effects are significant and only one
interaction, Ability by Word Type (AF), is significant.

Hartley's Fmax for testing the assumption of homogeneity of
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error variance for the two error terms (Subj. w. Groups and F x Subj.
w. Groups) is not significant, F = 1,18, p>.05, indicating that the
error variances are homogeneous. Since the error variances are homo-
geneous, they were pooled for testing simple effects of the Ability by
Word Type interaction.

The simple effects breakdown of the Ability by Word Type (AF) in-
teraction (Appendix H, Table XXXIII) indicates that differences in abil-
ity contributes significantly to incorrect recall of pseudowords (A at
f2) and differences in word type contribute significantly to incorrect
recall in low ability students (F at a2). Comparison of cell means
(Appendix H, Table XXXIV) for the two levels of ability on the pseudo-
word list shows that the low ability students provided more incorrect
responses during recall of pseudowords than high ability students. Com-
parison of means for the two types of words by low ability students in-
dicates that low ability students provided more incorrect responses in
recall of pseudowords than high frequency words.

A strength of association value OQZ) was calculated for the Abil-
ity by Word Type (AF) interaction and appears in Appendix E, Table XX.
It can be seen that only 2.2% of the variance in the sample is due to

the Ability by Word Type interaction.
Spelling

A summary of the analysis of variance in which correct spelling is
the dependent variable is presented in Table XVI. The dependent vari-
able of correct spelling is defined as the number of words correctly
written from dictation. As can be seen from this table, three main

effects, Ability (A), Age (C), Word Type (G) and two interactions,



Ability by Word Type (AG) and Word Type by Age (GC) are significant.

TABLE XVI

SUMMARY TABLE FOR THE ANALYSIS OF VARIANCE

OF CORRECT SPELLING

FOR THE DEPENDENT VARTABIE

Source S df MS F P
Between Subjects 225.9792 95
A (Ability) 2L,0833 1 24,083 13.79 .0001
¢ (Age) 42.1875 1 L42.188 24.15 .0001
D (Mode) 5.0417 2 2.509 1.4
AxC L.,0833 1 4,083 2,34
AxD L6667 2 334 .19
CxD 2.6250 2 1.313 .75
AxCxD LGHL7 2 27 16
Subj. w. Groups 146.7500 84 1.747
Within Subjects 1 56,0000 96
G (Word Type) 82.6875 1 82.688 115,75 ,0001
AXxG 44,0833 1 4,083 5.72 .0190
G xC L .6875 1 4,688 6.56 0122
GxD 2.0000 2 1.000 1.40
AXxGzxC 3333 1 333 A7
AxGxD CBu17 2 271 .38
GxCxD .8750 2 438 .61
AxGxCxD L7917 2 .396 .55
G x Subj. w. Groups _ _ €0.0000 _ _ & _ _ _ .7tk _ _ _ _ _ _ _ _ _
Total 381.9792 191

Hartley's FmaX test for testing the assumption of homogeneity of

error variance for the two error terms (Subj. w. Groups and G x Subj.

w. Groups) is not significant, F = 2.45, P> .05, indicating that the
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error variances are homogeneous. Therefore, the two error variances
were pooled when testing for simple effects of the interactions in-
volving the repeated measure, word type.

Research Question Five focuses on the main effect, Mode of Repre-
sentation (D). 1In addition to reporting results pertinent to this
question, this section will also review the Ability by Word Type (AG)
interaction and the Word Type by Age (GC)‘interaction, provide strength
of association values for significant main effects and interactions and

examine incorrect spelling of words.

Research Question Five

Research Question Five asks: Are the number of words spelled cor-
rectly related to the mode of representation used in processing the
words? The main effect for mode of representation (D) is not signifi-
cant indicating no relationship to the number of words spelled cor-
rectly., Therefore, the corresponding null Hypothesis V stating that
there will be no difference in the number of words spelled correctly as
a function of the mode of representation cannot be rejected for the

present study.

Ability by Word Type (AG) Interaction

Since the Ability by Word Type (AG) interaction is significant in
the overall analysis, it will be reviewed even though no research ques-
tions were proposed for it. The simple effects breakdown of the Abil-
ity by Word Type interaction (Appendix I, Table XXV) indicates that

ability contributes significantly to the number of pseudowords spelled
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correctly (A at gz) and that word type contributes significantly to
correct spelling at both ability levels (G at ai). Comparison of means
(Appendix I, Table XXXVI) for the two levels of ability for pseudowords
shows that high ability students spelled more pseudowords correctly
than did low ability students. Comparison of means for the two types
of words by ability shows that both high ability and low ability stu-

dents spelled more high frequency words correctly than pseudowords.

Word Type by Age (GC) Interaction

Since the Word Type by Age (GC) interaction is significant in the
overall analysis, it will be reviewed even though no research questions
were proposed for it. The simple effects breakdown (Appendix I, Table
XXXVII) indicates that differences in word type contribute to correct
spelling at both age levels (G at ck) and that age differences contri-
bute to the number of words spelled correctly in each word type list
(C at gn). Comparison of means (Appendix I, Table XXXVIII) for the two
types of words for both age levels shows that both nine year olds and
fourteen year olds spelled more high frequency words correctly than
pseudowords. Comparison of means for the two ages on both word types
demonstrates that fourteen year olds correctly spelled more high fre-

quency and pseudowords than nine year olds.

Strength of Association

A rough estimate of the strength of association, eta squared CQB,
was calculated for significant main effects and interactions. These

values appear in Appendix E, Table XIX. It can be seen that word type
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(G) accounts for 21.6% of the variance in the sample and age (C) ac-
counts for 11.0%. The strength of association for the two interactions

is quite insignificant, e.g., approximately 1.0% each.

Incorrect Spelling

A summary of the analysis of variance in which incorrect spelling
is the dependent variable is presented in Appendix J, Table XXXIX. The
dependent variable of incorrect spelling is defined as including both
misspelled words and words which were not attempted. As can be seen
from the table, three main effects, Ability (A), Age (C) and Word Type
(G) are significant. Two of the two-way interactions, Ability by Word
Type (AG) and Word Type by Age (GC) are also significant.

Hartley's Fma test for testing the assumption of homogeneity of

X
error variance for the two error terms (Subj. w. Groups and G x Subj.

w. Groups) is not significant, F = 2.43, p>.05, indicating that the
error variances are homogeneous. Since the error variances are homoge-
neous, they were pooled when testing for simple effects of the two in-
teractions, Ability by Word Type and Word Type by Age.

The simple effects breakdown for the Ability by Word Type (AG)
interaction (Appendix J, Table XL) indicates that ability contributes
significantly to the number of pseudowords incorrectly spelled (A at gz)
and that word type contributes to the number of words incorrectly
spelled at each age level (G at ai). Comparison of means (Appendix J,
Table XLI) shows that low ability students incorrectly spelled more
pseudowords than high ability students. In addition, more pseudowords

were incorrectly spelled than high frequency words at both ability

levels,
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The simple effects breakdown for the Word Type by Age (GC) inter-
action (Appendix J, Table XLII) indicates that word type contributes
significantly to the number of incorrectly spelled words at both age
levels (G at Ck) and that age contributes significantly to the number
of incorrectly spelled words at both word types (C at gn). Comparison
of cell means (Appendix J, Table XLIII) shows that nine year olds
spelled mdre words incorrectly on both word type lists than fourteen
year olds. In addition, both age levels spelled more pseudowords in-
correctly than high frequency words.

Strength of association values were calculated for the significant
main effects and interactions. These values appear in Appendix E, Ta-
ble XX. Tt can be seen that these values follow the same trend as the

corresponding main and treatment effects for words correctly spelled.



CHAPTER V
SUMMARY AND DISCUSSION
Summary

This study examined possible differences in perceptual and ima-
ginal representation of two types of words, high frequency words and
pseudowords, in two age levels of children, nine year olds and four-
teen year olds, representing two reading ability levels, high and low.
Specifically, a major purpoée of this study was to examine the possible
influence of perceptual and imaginal representation of words in pro-
cessing and recall of words. Weber et al.'s (1981) percept-first
development hypothesis provided the basic perspective from which to
investigate these issues.

The participants in this study were 48 nine year olds and 48 four-
teen year olds. Half of the subjects in each age level were classified
as high ability readers and half as low ability readers on the basis of
total reading scores they obtained on school administered reading tests,
the Gates-MacGinitie Reading Tests. These 96 subjects were enrolled in
the third and eighth grades in two school districts located in north-
eastern Oklahoma (Inola and Union Public School districts) during the
spring semester, 1982.

Subjects were randomly assigned to one of three experimental con-
ditions for mode of representation (percept, mixed, image). Each

subject was seen individually for one session; experimental sessions

69
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averaged 20 minutes. Upon entering the experimental session, all sub-
Jects were given training instructions for height of lowercase letters
(ascenders called "up", descenders called "down" and the remaining let-
ters were called "flat")., Then subjects were given instructions for
their particular experimental condition and engaged in a series of ac-
tivities for two consecutively presented word type lists, high frequen-
cy words and pseudowords. The activities for each word list involved
reading the words, processing them according to height of letter, re-
calling the words and spelling them from dictation. Subjects in the
percept condition looked at each word printed in lowercase letters
while responding for height. Subjects in the image condition were
orally presented each word and had to imagine it printed in lowercase
letters in order to comply with task demands. Subjects in the mixed
condition looked at each word printed in capital letters and had to
imagine it printed in lowercase letters in order to comply with task
demands; the mixed condition was instituted to serve as a control group
for the other two conditions.

Five research questions were presented to investigate differences
in imaginal and percept representation on processing and recall of
words. These questions focused on differences in correct response time
between the two modes as a function of age, ability and word type as
well as the relationship of mode of correct recall and correct spelling
of words. These research questions were investigated by the use of a
split-plot factorial (SPF-pru.q) design (Kirk, 1968) with the last
factor, word type, as a repeated measure. Separate split-plot analyses
were conducted for each of three dependent variables: correct response

time, correct recall and correct spelling.
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There were differences in time for correctly processing words in
the percept and imaginal modes between the two age levels, Age by Mode
(CD) interaction. Nine year olds took longer to process words in all
three modes than fourteen year olds and both age levels took longer to
process words in the imaginal mode than in the percept mode. Therefore,
the first null hypothesis was rejected.

The second null hypothesis could not be rejected in relation to
the Ability by Mode (AD) interaction for correct response time, i.e.,
no differences in time for processing in percept and imaginal modes
were found as a function of ability. However, differences in ability
were found in a higher order interaction, Ability by Word Type by Mode
(ABD) interaction. Both ability levels toock longer to process both
word types, high frequency words and pseudowords, in the imaginal mode
than percept mode. In addition, low ability students took longer than
high ability students to process pseudowords in the imaginal mode.

As can be seen from the significant main effect of Mode (D) for
correct recall, there were differences in number of words recalled as
a function of mode of representation for processing the words. Ima-
ginal representation enhanced recall. Therefore, the third null hy-
pothesis was rejected.

The fourth null hypothesis was also rejected. The significant
Word Type by Mode (BD) interaction for correct response time suggests
that time for correctly processing words by mode does vary with word
type. The difference was found to be primarily due to mode, i.e., it
took longer to process both types of words in the imaginal mode than
percept mode.

There were no differences found in number of words correctly



72

spelled as a function of mode of representation., Therefore, the fifth

null hypothesis was not rejected.

Discussion

General Comments

In reviewing the results, it should be remembered that the group
of nine year old subjects was primarily male, i.e., 62.5%, while the
group of fourteen year old subjects was more equally balanced for sex.
In addition, the entire sample was predominately Caucasian,

There were individual differences in the subjects' ability to use
the coding system of "up, down and flat" for letter height on the sti-
mulus words. Low ability nine year old subjects gave a variety of re-
sponses: high, low, flat; above, below, sits on the linej high, low,
middle; top, bottom, flat; and tall, short, long. Such éoding systems
were accepted as correct for processing words by letter height since

they conveyed the same concept.

Response Time

With regard to the significant Age by Mode (CD) interaction for
correct response time, it was noted that nine year olds took longer to
process words in each mode than fourteen year olds and that both age
levels took longer to process words in the imaginal mode than percept
mode. The longer response time required by nine year olds to process
the words regardless of mode is consistent with Piaget's work on per-
ceptual decentration and increased efficiency in processing informa-

tion with age (Wadsworth, 1979). 1In addition, the mean number of high
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frequency and pseudowords correctly processed by fourteen year olds was
approximately the same in both percept and imaginal modes while the
mean number of words correctly processed by nine year olds was less in
the imaginal than percept mode. These findings indicate that the per-
cept system matures prior to the imaginal system and are consistent
with Weber et al.'s (1981) percept-first development hypothesis.

' Although the Ability by Mode (AD) interaction for correct re-
sponses was not significant, the Ability by Word Type by Mode (ABD) in-
teraction was significant. It was noted that low ability students took
longer to process pseudowords in the imaginal mode than high ability
students; the ability levels did not differ significantly in processing
high frequency words in the imaginal mode. This difference suggests
that the imaginal system of low ability students is not as adept at
processing novel words as it is for high ability students.

The significant Word Type by Mode (BD) interaction was found to be
due primarily to the effects of mode of representation rather than word
type. It took students longer to process both types of words in the
imaginal than percept mode. Therefore, it does appear that it takes
longer to imagine words by height of letter regardless of word type,
i.e., high frequency or pseudoword.

The significant Ability by Age (AC) interaction, though not hy-
pothesized, was not surprising. The interesting point was that it took
low ability nine year olds longer to process words incorrectly, as well
as correctly, than high ability nine year olds or low ability fourteen
year olds.

The results for response time cannot be accounted for due to speed-

accuracy trade off. As can be seen from Tables XLIV and XLV in Appendix
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K, shorter time scores were accompanied by higher accuracy scores. 1In
addition, longer time scores were accompanied by higher error scores

(Appendix L, Tables L and LI).

Recall

Subjects in tﬁe imaginal mode recalled significantly more words
correctly than subjects in the percept mode. Specifically, subjects
recalled more high frequency than pseudowords in the imaginal mode;
this finding is consistent with research indicating that high frequency
words are easier to recall than low frequency (Brown, 1976). However,
it should be noted that the statistical difference involved approximate-
ly one more word. The practical‘significance of this difference in
amount of recall is beyond the scope of the present study.

The significant Ability by Age (AC) interaction, though not hypoth-
esized, was not surprising. High ability fourteen year olds correctly
recalled more words than low ability fourteen year olds or high abil-
ity nine year olds. The age difference in recall is consistent with
research on developmental trends in memory (Hagen, Jongeward and Kail,
1975; Reese, 1976). The ability difference is consistent with research
on the interaction of perception and memory as related to reading abil-
ity (Burks and Bruce, 1955). It does appear that pattern recognition,
i.e., word shape, facilitates recall of words in more skilled readers.
The ability of skilled readers to utilize pattern recognition in their
word processing skills is consistent with the work by Gibson (1976) and
Piaget (Wadsworth, 1979) on increased efficiency in processing informa-

tion with age and experience.



75

Spelling

The lack of a significant difference in number of words correctly
spelled as a function of mode of representation was somewhat disappoint-
ing. There are, perhaps, two reasons for this finding. First of all,
word shape, as represented by the imaginal mode, may not be related to
the ability to correctly write words from dictation. Secondly, naive
experimental technique could have set up a concurrent spatial task
which Brooks (1968) has found disrupts recall in short term memory.
Asking subjects to "spell words", i.e., write them from dictation, af-
ter having them process words by "spelling them by height of letter"
could have negated any differences that may have existed due to mode.

The finding ofva significant Ability by Word Type (AG) interaction
was not surprising. Both ability levels spelled approximately one more
high frequency word correctly than pseudowords and the high ability
group spelled approximately one more pseudoword correctly than the low
ability group. These findings are consistent with research on recall
of high and low frequency words (Brown, 1976) and reading ability and
memory (Burks and Bruce, 1955; Morrison, Giordani and Nagy, 1977).

The significant Word Type by Age (GC) interaction was not surpris-
ing either. Both age levels spelled approximately one more high fre-
quency word correctly than pseudowords as would be expected based on
research involving recall of high and low frequency words (Brown, 1976).
In addition, fourteen year olds spelled approximately one more word
correctly on both lists than nine year oldsj this finding is consistent
with research on developmental trends in memory (Hagen, Jongeward and

Kail, 1975; Reese, 1976),
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Relationship of Results to Purpose of the Study

The purpose of the study focused on two questions regarding uti-
lization of word shape in word perception skills. These questions in-
quired about a developmental trend in utilization of word shape and
whether differences in mode of processing the configuration of words
could influence recall of them.

With regard to the first question, subjects took longer to cor-
rectly process words by height of letter in the imaginal versus percept
mode and nine year olds took longer to correctly process words in the
imaginal mode than fourteen year olds. These results were shown not to
be due to a speed-accuracy trade off. It was pointed out that these
results were consistent with the percept-first development hypothesis
(Weber et al., 1981). It was also pointed out that longer response
times by nine year oids for processing words were consistent with
Piaget's (Wadsworth, 1979) work on perceptual decentration and in-
creased efficiency in processing information with age. If it is assumed
that word shape can be processed as a visual image, there does appear
to be an age related developmental trend in children's ability to pro-
cess words on the basis of configurational cues, i.e., fourteen year
olds appear to be more adept at such skills than nine year olds. There
also appears to be a reading ability related trend for pseudowords,
i.e., novel low frequency wordsy low ability subjects took longer to
process pseudowords by shape in the imaginal mode than high ability
subjects.

With regard to the second question, results showed that the men-

tal process, i.e., mode of representation, by which the configuration
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of words were processed did influence children's ability to recall
them. Children at both age levels recalled more words following the
imaginal mode than percept mode. It should be noted that while the
imaginal mode yielded more recall, the response time was also higher.
Therefore, more processing yielded more recall which is consistent with
Lockhart et al.'s (1976) theory of memory. Correlational data on the
dependent variable of correct recall and the Gates-MacGinitie test
scores (Appendix M, Tables LVII and LIX) indicates that there is a tre-
mendous increase in the ability to extract perceptual information be-
tween the ages of nine and fourteen. It does appear that the increased
ability to extract perceptual information with increasing age is re-
lated to reading ability as proposed by Gibson and Levin (1975). Per-
haps, imaginal representation helps organize salient perceptual aspects
of words which, in turn, increases memory for the words.

In summary, it appears that fourteen year old children are better
able to process words on the basis of shape than nine year olds. How-
ever, recall of words can be enhanced in both age levels by instruct-
ing the students to process the shape of the word as a visual image.

As a result of these findings, it is suggested that classroom teachers
consider focusing more attention on helping students attend to salient
perceptual aspects of words as they work on word recognition skills in

reading.

Conclusions

The following five conclusions are suggested by the results of
this study:

1. It takes longer to imagine words by height of letter than to
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directly perceive them. It took all subjects longer to correctly pro-
cess both high frequency and pseudowords in the imaginal mode than in
the percept mode.

2. Fourteen year olds have a better developed imaginal capacity
for processing words by shape than nine year olds. Fourteen year olds
took less time to correctly process words in the imaginal mode than
nine year olds.

3. High ability students have a greater imaginal capacity for
processing pseudowords by shape than low ability students. Low ability
students took longer to process pseudowords in the imaginal mode than
high ability students.

L, Encoding words by the imaginal mode appears to enhance recall
in short term memory. Both age levels recalled more words following
the imaginal mode than the percept mode.

5. Word shape, as represented by the imaginal mode.of representa-
tion, does not appear to be a determining factor in the ability to cor-
rectly write words from dictation. There was no difference in the
number of words correctlyispelled as a function of mode of representa-

tion.
Recommendations for Future Research

It is recommended that future research be considered in the fol-
lowing four areas:

1. Clarification of the relationship between reading ability and
imaginal representation for processing words by height of letter. Al-
though the Ability by Mode (AD) interaction was not significant for

correct response time, it was significant for incorrect response time,
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Low ability students took longer to incorrectly process words in the
imaginal mode than high ability students. It is suggested that the
dichotomy of high and low ability is not sensitive enough to detect
differences in correct response time for processing words. It is rec-
ommended that future research consider a minimum of three ability lev-
els, i.e., high, average and low, in order to have a clear break between
abiiity categories,

2. It is also recommended that additional research be done to ver-
ify the lack of relationship between the number of words spelled cor-
rectly and mode of representation in which they were earlier processed.
Correlational data for words correctly and incorrectly spelled and to-
tal reading scores on the Gates-MacGinitie Test for nine year olds (Ap-
pendix M, Table ILX and Appendix N, Table LXVI) indicates that 47,6% of
the variance in total reading is related to spelling of words processed
in the imaginal mode. It is suggested that instructions for process-
ing the words be changed from "spell by height of letter" to "tell me
the height of each letter beginning with the first letter.” It is also
suggested that the response time for writing each word from dictation
be maintained; the mean response time for writing the spelling words
may be a more sensitive method of discerning any possible differences
that may exist due to mode of processing.

3. It is also recommended that a parallel line of research be con-
sidered for investigating a possible trend in the development of audi-
tory imagery as related to reading.

L, It is further recommended that future research consider study-
ing the rates at which school age children develop auditory and visual

imagery systems. Knowing whether the two imagery systems develop at
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the same or different rates can provide reading experts greater insight
into when children are best equipped to utilize phonetic and whole word

methods in word recognition skills,
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February 9, 1982

Dear Parent:

I'm a graduate student at Oklahoma State University and I'm working
on developing some new methods that may make it easier for children to
learn to read. I would like to have your permission to have your son/
daughter participate in my study. It will take 15 - 30 minutes of your
child's time. I will come to the school to work with your child. Indi-
vidual children will not be compared against each other. The results
will be strictly anonymous and will not be associated in any way with
your child's name.

Please sign the form at the bottom of the page and have your child
return it to his teacher as soon as possible. If you have any gquestions
regarding this research project, please contact your child's school prin-
cipal. Thank you for your cooperation.

‘ Sincerely,
Menettes Joo ™
Marcella Sweet
Doctoral Candidate, Applied
Behavioral Studies in

Education
Oklahoma State University

I hereby give my permission for my son/daughter, ’
to participate in the research project described above,

Date Parent's Signature
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Demonstration Cards

"Up" letters d £ t

"Down" letters g J p

"Flat" letters

Alphabet Card

i dmpah t gl v q e
f o Jn bz r w k ¢ x u

y S
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Names Race: __  Caucasian
__ Negro
Date: __ Indian
(year) (month) (day) __ Spanish American
DOB: __ Oriental
__ Other
Age:
Grade & Teacher:
Sex: __ M _ F
School:
Mode of Presentation: __ P __ I _ M Identifying Code:
RESPONSE RECORD SHEET
List I
Correctly Read Word Response Time !sec.) Recalled
Bx. _ farm - .
—_— game - P
- well - .
—_— goat
- gone -
— help .
—_ Jump S
- look .
—_— next -
- race -
—_— sing -
take

Time for recall:

(sec)



Name: Date:

RESPONSE RECORD SHEET

List II

Correctly Read Word Response Time (sec. Recalled
B, barm e N

- pame - -

. zell - .

—_— e belp -

o dake [

o dook -

—_—— — gump —_—

e nace —

—_——— — poat -

—_ ving -

- wext -

- yone o

Time for recall:

(sec)



Name:

Date:
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Breakdown of Words by Height of First and Iast
Letters and Consonant-Vowel-Consonant
Phoneme Pattern (u = up,

d = down, £ = flat)

High Frequency Words Pseudowords

Height Word CcveC Height Word CvC
uf farm CvCC uf barm Cvce
af game CVCE af pame CVCE
fu well Cve fu zell Ccve
du goat CvC du poat Cvc
daf gone CVCE daf yone CVCE
ud help cvce ud belp Cvce
dd Jump CvCC dd gump CvcC
uu look Cve uu dook Ccvc
fu next gvece fu wext CcvCcC
ff race CVCE ff nace CVCE
fd sing Ccvc fd ving Cvec
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Training Instructions

I'm studying ways in which children (young people) look at words
they remember. One way of remembering words is by paying attention to
the height of the letters making up the word.

When we look at heights of small or lowercase letters, we may no-
tice that the letter has a stem that points up like d, f and t. (Show
demonstration card.) The letter may have a stem that p01nts down and
would fall below the line when printed on notebook paper like g, Jj and
p. (Show demonstration card.) The letter may have no stem at all,
What we mean by that is that when printed on notebook paper, these let-
ters just sit on the line like a, c and m. (Show demonstration card.)

Let's look at some letters and classify them by height. If the
letter has a stem that points up way above the line on notebook paper,
you say, "Up." If the letter has a stem that points down and falls be-
low the line when printed on notebook paper, you say, "Down." And if
the letter just sits on the line when printed on notebook paper; it
doesn't go way above the line or fall below the line, you say, "Flat."
What do you think we'd call this letter? (Show alphabet card; go over
each letter.)

Re: Misclassified Letters

Try to help the youngster look at his reasoning for his choice and
help him work out the correct response.

e.g., Do you know why it's ?
Does part of it fall below the line when printed on note-
book paper, go way above the line or just sit on the 1line?
If it y we'll call it

Upon completion of all letters, review the letters the child
missed.

e.g.y What will you call this again?
When you see a(n) ___ , you'll call it
Let's go over some of these letters again to help us re-
member what to call them when we see them again,.
Let's look at some trouble spots again.
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Instructions for Percept Mode

List I Examples

Reading of Word List

Read these words for me. (Show subject index cards on which the
words are printed in lowercase letters.) Good. (Note: can go over
mispronounced words up to 3 times for accuracy.)

Processing of Words

We're going to work with these words again. When I show you a
word, you tell me how to spell the word by height of letter. For exam-
ple, let's look at this word, farm. You would say, "up, flat, flat,
flat." Okay? Now you try these. Ready? (Have subject go through all
three examples. To time each response, start stopwatch when card is
presented and stop it when subject has completed his response.)

Re: Errors in processing. Help correct any errors made on ex-
amples,

e.g., There's something not quite right with that one. Do you
know what it is?
Do you see anything wrong with that one?
Loock at (a_particular letter) again. Is ___ an up, down
or flat letter?

If the child cannot self-correct with the above cues, go over the
heights of the letters again and even use the alphabet card to demon-
strate the letter(s) of interest.

Recall of Words

How many of these words do you remember? Say them for me. (Keep
response time.) Note: If no response is made within 20 seconds of in-
structions or prior incomplete recall, make inquiry,

e.g., Do you remember anymore?
Did it go away?

and provide reassurance.

e.g., That's okay.
That's hard to do isn't it?
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List I Words

Reading of Word List

Now, read these words for me. (Note: can go over mispronounced
words up to 3 times for accuracy.)

Processing of Words

We're going to work with these words again. When I show you a
word, I want you to tell me how to spell the word by height of letter
Just like you did a little while ago. Just take your time and try to
get these right. If you make a mistake and catch it, it's all right to
correct yourself. Ready? (Have subject go through all the words; time
each response as instructed on the examples.)

Res Errors in processing. Help correct the first two words in-
correctly processed in the same fashion used on errors on the example
words. In addition, reinforce the first correct response following an
incorrect one, e.g., Good!

Recall of Words

I want to see how many of these words you can remember. You'll
have 2 minutes to say as many as you can. Go ahead. (Start stop-
watch.)

Re: Attempts to cease task before completed. If child attempts
to stop working on the task before the time 1limit has expired, encour-
age him to keep working,

e.g.y, Would you like to think about it anymore?

If the child says, "No," the investigator is to say, "Okay," and re-
cord the seconds used.

Provide reassurance to all subjects upon completion of this task,
e.g., Good!
That's hard to do isn't it?

Spelling of Words

Give the child a pencil and the folded response form for the spell-
ing task. Ask the child to write his name on the paper. Then proceed
with the following instructions:



101

I'm going to give you a spelling test over these words
you've Just worked with. This will be regular spelling,
Listen carefully., I can only say each word once. Are
you ready? The first word is . (Use stop-
watch and let it run throughout the task. If the
subject hasn't begun a word within 20 seconds after
dictation, make inquiry and dictate the next word, e.g.,
Can you think how to spell that word? Well, let's go
on, Ready?

List IT Examples

Reading of Word List

We're going to look at some more words. But this time we're not
going to look at real words, we're going to look at nonsense words. How

would you say this word? (Note: can go over mispronounced words up to
3 times for accuracy.)

Processing of Words

We're going to do what you did with the real words. When I show
you a word, I want you to tell me how to spell the word by height of
letter just like you did before.

Note:

Young children and older students who had a lot of difficulty
on List I, add a reminder about heights of letters, e.g.,
Remember: If the letter has a stem that goes way above the
line when printed on notebook paper, you say, "Up." If the
letter has a stem that falls below the line when printed on
notebook paper, you say, "Down." And if the letter just

sits on the line when printed on notebook paper and doesn't
really go anywhere, you say, "Flat."

Older students who missed only one letter on List I, remind

them of height of that letter, e.g., What will you call a(n)
when you see it again?

Older students who made no errors on List I, provide no re-
minder of heights of letters.

Ready? (Have subject go through all examples; time responses as be-
fore.)

Re: Errors in processing. Help correct any errors made on exam-
ples following the same methods used in correcting errors previously.
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Recall of Words

How many of these nonsense words do you remember? Say them for me.
(Keep response time.) Note: If no response is made within 20 seconds
of instructions or prior incomplete recall, make inquiry and provide re-
assurance as in the List I example instructions.

List IT Words

Reading of Word List

Now, read these nonsense words for me. (Note: can go over mispro-
nounced words up to 3 times for accuracy.)

Processing of Words

We're going to work with these words again. When I show you a
word, I want you to tell me how to spell the word by height of letter
just like you've been doing. Okay? Ready? (Have subject go through
all the words; time each response.) Note: Do not correct errors on
this 1list but do reinforce the first correct response following an in-
correct one, e.g., Good!

Recall of Words

I want to see how many of these nonsense words you can remember.
You'll have 2 minutes to say as many as you can., Go ahead. (Start
stopwatch.) Note: 1If a subject tries to give up before his time limit
is up, provide encouragement as on List I. Also, upon completion of
the task, provide reassurance to all subjects.

Spelling of Words

Give the child a pencil and the folded response form for the spell-
ing task with the second set of response blanks exposed. Then proceed
with the following instructions:

I'm going to give you a spelling test over these nonsense
words. Again, this will be regular spelling. Listen care-
fully. I can only say each word once. Are you ready? The
first word is . (Use stopwatch and let it run
throughout the task. If subject hasn't begun a word within
20 seconds after dictation, make inquiry as before and con-
tinue on with the next word.)
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Instructions for Image Mode

List I Examples

Reading of Word List

Read these words words for me. (Show subject index cards on which
the words are printed in lowercase letters.) Good. (Note: can go
over mispronounced words up to 3 times for accuracy.)

Processing of Words

We're going to work with these letters again. I will say a word,
Then I want you to imagine the letters of the word as if it's printed
right in front of you and spell it to me by height of letter. For ex-
ample, if T say the word, farm, you try to imagine the letters making
up the word, farm. Then you would say, "up, flat, flat, flat." Okay?
Now you try these. Ready? (Have subject go through all three examples.
To time each response, start stopwatch as word is presented and stop it
when subject has completed his response.)

Re: Errors in processing. Help correct any errors made on exam-
y
ples,

e.g., There's something not quite right with that one. Do you
know what it is?
Do you see anything wrong with that one?
Think about (a particular letter) again. Is __ an up,
down or flat letter?

If the child cannot self-correct with the above cues, go over the
heights of the letters again and even use the alphabet card to demon-
strate the letter(s) of interest.

Recall of Words

How many of these words do you remember? Say them for me. (Keep
response time.) Note: If no response is made within 20 seconds of in-
structions or prior incomplete recall, make inquiry,

e.g., Do you remember anymore?
Did it go away?

and provide reassurance,

e.g., That's okay.
That's hard to do isn't it?
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List I Words

Reading of Word List

Now, read these words for me. (Note: can go over mispronounced
words up to 3 times for accuracy.)

Processing of Words

We're going to work with these words again., When I say a word, I
want you to imagine the letters of the word as if it's printed right in
front of you and spell it to me by height of letter Jjust like you did a
little while ago. Just take your time and try to imagine what these
words would look like if printed in small or lowercase letters Just
like you'd usually see them printed on a page in a book. If you make a
mistake and catch it, it's all right to correct yourself. Ready? (Have

subject go through all the words; time each response as instructed on
the examples.)

Re: Errors in processing. Help correct the first two words in-
correctly processed in the same fashion used on errors on the example
words. In addition, reinforce the first correct response following an
incorrect one, e.g., Good!

Recall of Words

I want to see how many of these words you can remember. You'll
have 2 minutes to say as many as you can. Go ahead. (Start stopwatch.)

Re: Attempts to cease task before completed. If child attempts
to stop working on the task before the time 1limit has expired, encour-
age him to keep working,

e.g., Would you like to think about it anymore?

If the child says, "No," the investigator is to say, "Okay," and record
the seconds used.

Provide reassurance to all subjects upon completion of this task,
e.g., Good!
That's hard to do isn't it?

Spelling of Words

Give the child a pencil and the folded response form for the spell-
ing task. Ask the child to write his name on the paper. Then proceed
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with the following instructions:

I'm going to give you a spelling test over these words
you've just worked with., This will be regular spelling.
Listen carefully. I can only say each word once. Are
you ready? The first word is . (Use stop-
watch and let it run throughout the task. If the
subject hasn't begun a word within 20 seconds after
dictation, make inquiry and dictate the next word, e.g.,
Can you think how to spell that word? Well, let's go
on, Ready?

List IT Examples

Reading of Word List

We're going to look at some more words. But this time we're not
going to look at real words, we're going to look at nonsense words. How
would you say this word? (Note: can go over mispronounced words up to
3 times for accuracy.)

Processing of Words

We're going to do what you did with the real words. When I tell
you a word, I want you to imagine the letters of the word as if it's
printed right in front of you and then spell the word to me by height
of letter Jjust like you did before.

Note:

Young children and older students who had a lot of difficulty
on List I, add a reminder about heights of letters, e.g.,
Remember: If the letter has a stem that goes way above the
line when printed on notebook paper, you say, "Up." If the
letter has a stem that falls bélow the line when printed on
notebook paper, you say, "Down." And if the letter just
sits on the line when printed on notebook paper and doesn't
really go anywhere, you say, "Flat."

Older students who missed only one letter on List I, remind
them of height of that letter, e.g., What will you call a(n)
when you see it again?

Older students who made no errors on List I, provide no reminder
of heights of letters.

Ready? (Have subject go through all examples; time responses as be-
fore.)
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Re: Errors in processing. Help correct any errors made on exam-
ples following the same methods used in correcting errors on List I
examples.,

Recall of Words

How many of these nonsense words do you remember? Say them for me,
(Keep response time.) Note: If no response is made within 20 seconds
of instructions or prior incomplete recall, make inquiry and provide re-
assurance as in the List I example instructions.

List ITI Words

Reading of Word List

Now, read these nonsense words for me. (Note: can go over mispro-
nounced words up to 3 times for accuracy.)

Processing of Words

We're going to work with these words again. When I say a word, I
want you to imagine the letters of the word as if it's printed right in
front of you and then spell the word to me by height of letter Jjust like
you've been doing. Okay? Ready? (Have subject go through all the
words; time each response.) Note: Do not correct errors on this list
but do reinforce the first correct response following an incorrect one,
e.g., Good!

Recall of Words

I want to see how many of these nonsense words you can remember,
You'll have 2 minutes to say as many as you can. Go ahead. (Start
stopwatch.) Note: If a subject tries to give up before his time limit
is up, provide encouragement as on List I. Also, upon completion of
the task, provide reassurance to all subjects.

Spelling of Words

Give the child a pencil and the folded response form for the spell-
ing task with the second set of response blanks exposed. Then proceed
with the following instructions:

I'm going to give you a spelling test over these nonsense
words. Again, this will be regular spelling. Listen care-
fully. I can only say each word once. Are you ready? The
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first word is . (Use stopwatch and let it run
throughout the task. If subject hasn't begun a word
within 20 seconds after dictation, make inquiry as be-
fore and continue on with the next word.)
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Instructions for Mixed Mode

List I Examples

Reading of Word List

Read these words for me. (Show subject index cards on which the
words are printed in capital letters.) Good. (Note: can go over mis-
pronounced words up to 3 times for accuracy.)

Processing of Words

These words are printed in all capital letters aren't they? We're
going to work with these words again. I will show you a word and I want
you to imagine what it would look like printed in small or lowercase
letters. Then I want you to spell the word to me by height of letter.
For example, for the word, FARM, you would imagine what the word looks
like printed in small letters and then you would say, "up, flat, flat,
flat." Okay? Now, you try these. Ready? (Have subject go through
all three examples. To time each response, start stopwatch when card
is presented and stop it when subject has completed his response.)

Re: Errors in processing. Help correct any errors made on exam-
ples, :

e.g., There's something not quite right with that one. Do you
know what it is?
Do you see anything wrong with that one?
Think about (a particular letter) again. Is an up,
down or flat letter?

If the child cannot self-correct with the above cues, go over the
heights of the letters again and even use the alphabet card to demon-
strate the letter(s) of interest.

Recall of Words

How many of these words do you remember? Say them for me. (Keep
response time.) Note: If no response is made within 20 seconds of in-
structions or prior incomplete recall, make inquiry,

e.g., Do you remember anymore?
Did it go away?

and provide reassurance,

e.g., That's okay, That's hard to do isn't it?, etc.
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List I Words

Reading of Word List

Now, read these words for me. (Note: can go over mispronounced
words up to 3 times for accuracy.)

Processing of Words

. We're going to work with these words again. When I show you a
word, I want you to try to imagine what it would look like printed in
small or lowercase letters and then spell it to me by height of letter
Just like you did a little while ago. Just take your time and try to
imagine what these words would look like when printed in small letters
like you'd usually see them printed on a page in a book. If you make
a mistake and catch it, it's all right to correct yourself. Ready?
(Have subject go through all the words; time each response as in-
structed on examples.)

Re: Errors in processing. Help correct the first two words in-
correctly processed in the same fashion used on errors on the example
words. In addition, reinforce the first correct response following an
incorrect one, e.g., Good!

Recall of Words

I want to see how many of these words you can remember. You'll
have 2 minutes to say as many as you can, Go ahead. (Start stopwatch.)

Res Attempts to cease task before completed. If child attempts
to stop working on the task before the time limit has expired, encour-
age him to keep working,

e.g., Would you like to think about it anymore?

If the child says, "No," the investigator is to say, "Okay," and record
the seconds used.

Provide reassurance to all subjects upon completion of this task,
e.g., Good!
That's hard to do isn't it?

Spelling of Words

Give the child a pencil and the folded response form for the spell-
ing task. Ask the child to write his name on the paper. Then proceed
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with the following instructions:

I'm going to give you a spelling test over these words
you've just worked with. This will be regular spelling,
Listen carefully. 1 can only say each word once. Are
you ready? The first word is . (Use stop-
watch and let it run throughout the task. If the
subject hasn't begun a word within 20 seconds after
dictation, make inquiry and dictate the next word,

e.g., Can you think how to spell that word? Well,

let's go on. Ready?

List II Examples

Reading of Word List

We're going to look at some more words. But this time we're not
going to look at real words, we're going to look at nonsense words.
How would you say this word? (Note: can go over mispronounced words
up to 3 times for accuracy.)

Processing of Words

We're going to do what you did with the real words. When I show
you a word, I want you to imagine what it would look like printed in
small or lowercase letters and then spell it to me by height of letter
just like you did before.

Note:

Young children and older students who had a lot of difficulty
on List I, add a reminder about heights of letters, e.g.,
Remember: If the letter has a stem that goes way above the
line when printed on notebook paper, you say, "Up." If the
letter has a stem that falls below the line when printed on
notebook paper, you say, "Down." And if the letter Jjust sits
on the line when printed on notebook paper and doesn't really
go anywhere, you say, "Flat."

Older students who missed only one letter on List I, remind
them of height of that letter, e.g., What will you call a(n)
when you see it again?

Older students who made no errors on List I, provide no re-
minder of heights of letters.

Ready? (Have subject go through all exampless time responses as be-
fore.)
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Re: Errors in processing. Help correct any errors made on exam-
ples following the same methods used in correcting errors on List I
examples.

Recall of»Words

How many of these nonsense words do you remember? Say them for me.
(Keep response time.) Note: If no response is made within 20 seconds
of instructions or prior incomplete recall, make inguiry and provide
reassurance as on the List T example instructions.

List IT Words

Reading of Word IList

Now, read these nonsense words for me. (Note: can go over mispro-
nounced words up to 3 times for accuracy.)

Processing of Words

We're going to work with these words again. When I show you a
word, I want you to imagine what it would look like printed in small or
lowercase letters and then spell it to me by height of letter Jjust like
you've been doing. Okay? Ready? (Have subject go through all the
words; time each response.) Note: Do not correct errors on this list
but do reinforce the first correct response following an incorrect one,
e.g., Good!

Recall of Words

I want to see how many of these nonsense words you can remember,
You'll have 2 minutes to say as many as you can. Go ahead. (Start
stopwatch.) Note: If a subject tries to give up before his time
limit is up, provide encouragement as on List I. Also, upon comple-
tion of the task, provide reassurance to all subjects.

Spelling of Words

Give the child a pencil and the folded response form for the spell-
ing task with the second set of response blanks exposed. Then proceed
with the following instructions:

I'm going to give you a spelling test over these nonsense
words. Again, this will be regular spelling. Listen care-
fully. I can only say each word once. Are you ready? The
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first word is . (Use stopwatch and let it
run throughout the task. If subject hasn't begun a
word within 20 seconds after dictation, make inquiry as
before and continue on with the next word.)
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Concluding Comments

(Child's name), thank you. You did a good job helping me learn
more about how children (young people) look at and remember words.

I will be doing these things with other children (young people)
here at your school. Since I want to find out how different children
(young people) look at and remember words, it is important that you do
not tell much about what we've done. If anyone asks what we did, you
may say, "I looked at some words." Please say no more. Okay?
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TABLE XVIT

SIMPLE EFFECTS BREAKDOWN FOR ABILITY (A) BY
AGE (C) INTERACTION FOR THE DEPENDENT
VARTABLE OF INCORRECT RESPONSE TIME

Source SS af MS F
Aatec 74,31 1 74 .31 28.69%*
Aatec 5.95 1 5.95 2.31
Cat al 63.85 1 63.85 2L, 65%%
C at ay 200,85 1 200.85 77.55%%
Subj. w. Groups 217.79 8y 2.59
** p (.01

TABLE XVIII

MEAN INCORRECT RESPONSE TIME FOR THE
ABILITY (A) BY AGE (C) INTERACTION

9 year olds 14 year olds
High Ability 5.15 3.52
Low Ability 6.91 4,02
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TABLE XIX

ETA SQUARED (%) VALUES FOR SIGNIFICANT MAIN
EFFECTS AND INTERACTIONS OF
CORRECT RESPONSES

Source 3
K

Response Time

A (Ability) 6.6%
¢ (Age) 26.6%
D (Mode) 29.9%
AxC 2.1%
CxD L L7
BxD . 5%
AxBxD . 5%
Recall
C (Age) 8.7%
D (Mode) 5.9%
F (Word Type) 5.2%
AxC L.1%
FxD 3.0%
Spelling
A (Ability) - 6.3%
¢ (Age) 11.0%
G (Word Type) 21.6%
AxG 1.1%

GxC 1.2%
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TABLE XX

ETA SQUARED (77%) VALUES FOR SIGNIFICANT MAIN
EFFECTS AND INTERACTIONS OF
INCORRECT RESPONSES

Source Z
7l

Response Time

A (Ability) 8.7%

C (Age) 7.9%

D (Mode) 16 .4%

Ax C 4 .6%

AxD L .2%

CxD 8.9%
Recall

AxPF 2.2%
Spelling

A (Ability) 6.1%

¢ (Age) . 11.3%

G (Word Type) 21.3%

AxXG 1.0%

G x C 1.3%
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TABLE XXI

SUMMARY TABIE FOR THE ANALYSTS OF VARTANCE
FOR THE DEPENDENT VARTABLE OF
INCORRECT RESPONSE TIME

120

Source SS df MS F P
Between Subjects 3426.,1307 95
A (Ability) 372.7167 1 372.727 26.37 .0001
c (Age) 339.2831 1 339.283  24.01 .0001
D (Mode) 702.,1675 2 351.084 24 .84 .0001
AxC 195.9602 1 195,960  13.87 .0004
AxD 181.6135 2 90.807 6.43 .0025
¢ xD 381,7830 2 190.892  13.51 .0001
AxCxD 65.5020 2 32.751 2.32
Subj. w. Groups 1187.1047 84 14,132
Within Subjects 866.9728 26
B (Word Type) .78 1 .8 A1
Ax B 11.1313 1 11.131 1.24
B x C 12.2463 1 12,246 1.36
BxD 39.5626 2 19.781 2.20
Ax BxC .2035 1 204 .02
AxBxD 8.1160 2 4,058 b5
Bx CxD 18.8766 2 9.438 1.05
AxBxCxD 20.2772 2 10.139 1.13
B x Subj. w. Groups _ _ 755.6115 _ 8 _ _ _8.995 __ _ _ _ __ __
Total 4293,1035 191




TABLE XXIT

SIMPLE EFFECTS BREAKDOWN FOR ABILITY (A) BY
AGE (C) INTERACTION FOR THE DEPENDENT
VARIABLE OF INCORRECT RESPONSE TIME

Source S8 daf MS F
Aatc 55.593 1 55%.93 30 .249%*
A at ¢, 14,084 1 14,08 .996
Cata, 9.773 1 9.77 .691
C at a, 525.470 1 525.47 37.188%%
Subj. w. Groups 1187.105 84
** p .01

TABLE XXIITI

MEAN RESPONSE TIME OF INCORRECT RESPONSES FOR
ABILITY (A) BY AGE (C) INTERACTION

9 year olds 14 year olds

High Ability 1.867 1.27

Low Ability 6.716 2.037
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TABLE XXIV

SIMPLE EFFECTS BREAKDOWN FOR ABILITY (A) BY
MODE OF REPRESENTATION (D) INTERACTION
FOR THE DEPENDENT VARIABIE OF
INCORRECT RESPONSE TIME

Source SS af MS F
Aatd 2.157 1 2.16 153
Aat d; 421,071 1 421.07 29.800%*
A at dg 131.103 1 131.10 9.278%%
Dat a, 85.032 2 42,52 3.009
D at aj 798.750 2 399.38 28,26 5%% -
Subj. w. Groups 1187.105 84 14,13

TABLE XXV

MEAN RESPONSE TIME OF INCORRECT RESPONSES
FOR ABILITY (A) BY MODE OF REPRESEN-
TATION (D) INTERACTION
Percept Image Mixed
High Ability 375 2.668 1.729

Low Ability L7742 7.798 4,589
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TABLE XXVI

MEAN RESPONSE TIME OF INCORRECT RESPONSES AND
TUKEY 'S HSD POST HOC COMPARTSONS FOR MAIN
EFFECTS OF MODE OF REPRESENTATION
IN LOW ABILITY STUDENTS

Image Mixed Percept
7.798 4,589 L2
Image 3.209%* 7.0 56%%
Mixed 3.847*x
Percept
** p (.01

Critical Difference: .01 = 2,844

TABLE XXVIT

SIMPLE EFFECTS BREAKDOWN FOR AGE (C) BY MODE
OF REPRESENTATION (D) INTERACTION
FOR THE DEPENDENT VARIABIE OF
INCORRECT RESPONSE TIME

Source SS af MS F

C at d1 .610 1 .61 043
Catd, 698.413 1 698.41 49 427
C at d3 22,043 1 22,04 1.560

D at cq 1009.065 2 504 .53 35,706%%
Dat c, 74,885 2 37.44 2.650
Subj. w. Groups 1187.105 8l 14,13

** pgs .01
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TABLE XXVIIT

MEAN RESPONSE TIME OF INCORRECT RESPONSES FOR
AGE (C) BY MODE OF REPRESENTATION (D)

INTERACTION
Percept Image Mixed
9 year olds 656 8.537 3.75
14 year olds 461 1.930 2.571
TABLE XXIX

MEAN RESPONSE TIME OF INCORRECT RESPONSES AND
TUKEY 'S HSD POST HOC COMPARTSONS FOR MAIN
EFFECTS OF MODE OF REPRESENTATION
BY 9 YEAR OLDS

Image Mixed Percept

8.537 3.792 .656
Image L, 792%% 7.881%%
Mixed 3.089%*
Percept

* p .05
Critical Differences: .05 = 2.259
.01 = 2,844
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TABLE XXX

SIMPLE EFFECTS BREAKDOWN FOR ABILITY (A) BY
AGE (C) INTERACTION FOR THE DEPENDENT
VARIABLE OF CORRECT RECALL

Source S8 af MS

F
Aatcy 2,042 1 2.04 723
Aatc, 27.094 1 27.09 9.606%*
Cata, 66 .667 1 66.67 23 . 6u2%x
C at a, 2.344 1 2.34 .830
Subj. w. Groups 236.438 84 2.82
** p<l .01

TABLE XXXI

MEAN NUMBER OF WORDS CORRECTLY RECALLED FOR
THE ABILITY (A) BY AGE (C) INTERACTION
9 year olds 14 year olds

High Ability 2.771 L 438

Low Ability 3.063 3.375
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TABLE XXXTI

SUMMARY TABLE FOR THE ANALYSIS OF VARIANCE
FOR THE DEPENDENT VARIABLE OF

INCORRECT RECALL

128

Source

ss ar MS F P
Between Subjects 141 .8124 95
A (Ability) 1.0208 1 1.021 yan
¢ (Age) .1875 1 .188 12
D (Mode) 2.3750 2 1.188 4
AxC .5208 1 .521 .33
AxD 6667 2 .334 .21
CxD .8750 2 438 .27
AxCxD 1.7916 2 .896 .56
Subj. w. Groups 134.3750 84 1.560
Within Subjects 136.0000 96
F (Word Type) 3.0000 1 3.000 2.21
AXF 6.7500 1 6.750 4,98 .0283
Fx(C 1.3333 1 1.333 .98
FxD 2.6250 2 1.313 .97
AXFxC .0833 1 .083 .06
AxFxD 3.1250 2 1.563 1.15
FxCxD L,o417 2 2.021 1.49
AxFxCxD 1.1667 2 . 583 43
F x Subj. w. Groups _ _113.8750 _ _ & _ _ 1.3%6__ _ _ _ _ _ _ _ _
Total 227.8124 191
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TABLE XXXIIT

SIMPLE EFFECTS BREAKDOWN FOR ABILITY (A) BY
WORD TYPE (F) INTERACTION FOR THE DE-
PENIENT VARIABLE OF INCORRECT

RECALL
Source SS af MS F
A at f1 1.260 1 1.26 .851
Aat f, 6.510 1 6.51 L ,399%
F at ay 375 1 .38 257
Fata, 9.374 1 9.37 6.331%
Pooled Error 168 1.48
* pL.05

TABLE XXXIV

MEAN NUMBER OF WORDS INCORRECTLY RECALLED FOR
ABILITY (A) BY WORD TYPE (F) INTERACTION

High Frequency Words Pseudowords

High Ability 1.021 .896

Low Ability . 792 1.417
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TABLE XXXV

SIMPIE EFFECTS BREAKDOWN FOR ABILITY (A) BY
WORD TYPE (G) INTERACTION FOR THE DE-
PENDENT VARIABIE OF CORRECT

SPELLING
Source SS daf MS F
A at & L.,163 1 L, 16 3.382
Aat &5 24,000 1 24,00 19.512%*
G at ay 25.011 1 25.01 20.333%%
G at a, 61 .760 1 61.76 50,211 %%
Pooled Error 168 1.23
TABLE XXXVI
MEAN NUMBER OF WORDS CORRECTLY SPELLED FOR
ABILITY (A) BY WORD TYPE (G)
INTERACTION
High Frequency Words Pseudowords
High Ability 8.875 7.854

Low Ability 8.458 6.854




TABLE XXXVII

SIMPLE EFFECTS BREAKDOWN FOR WORD
TYPE (G) BY AGE (C) INTERACTION
FOR THE DEPENDENT VARIABLE
OF CORRECT SPELLING

132

Source SS af MS F
G at ¢y 63.375 1 63.38 51, 528%%
G at c, 244,000 1 244,00 19, 512%*
Cat &, 9.375 1 9.38 7.626%%
Cat &5 37.500 1 37.50 30 .488%*
Pooled Error 168 1.23
TABLE XXXVIII
MEAN NUMBER OF WORDS CORRECTLY SPELLED FOR
WORD TYPE (G) BY ACE (C) INTERACTION
High Frequency Words Pseudowords
9 year olds 8.354 6.729
14 year olds 8.979 7.979
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TABLE XXXIX
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SUMMARY TABLE FOR THE ANALYSTS OF VARIANCE

FCR THE DEPENDENT VARIABLE OF
INCORRECT SPELLING

Source 58 daf MS F P
Between Subjects 227.4531 95
A (Ability) 23.3802 1 23.380  13.29 ,0005
¢ (Age) 43,1302 1 43,130 24,51 .0001
D (Mode) 4. 5938 2 2.297 1.31
A x C L,3802 1 4,380 2.49
AxD . 5104 2 .255 15
CxD 2.9479 2 1.474 .84
AxCxD .6979 2 349 .20
Subj. w. Groups 147.8125 84 1.760
Within Subjects 155. 5000 96
G (Word Type) 81.3802 1 81.380 112.41 .0001
AxG 3.7969 1 3.797 5.24 .0245
G x C 5,0052 1 5.005 6.91 ,0102
GxD 1.7604 2 .880 1.22
AxGx¢C .2552 1 .255 35
AxGxD . 5938 2 .297 L1
GxCxD 1.0729 2 .536 7
AxGxCxD .8229 2 B11 57
G x Subj. w. Groups _ _ 60.8125 _ & __ _ _.72% _ _ _ _ _ _ _ _
Total 382.9531 191




135

TABLE XL

SIMPLE EFFECTS BREAKDOWN FOR THE ABILITY (A)
BY WORD TYPE (G) INTERACTION FOR THE
DEPENDENT VARTABLE OF INCORRECT

SPELLING
Source SS af MS F
Aat g 4166 1 4.7 3.363
A at g 214 .000 1 24,00 19,355%%
G at zii.1 25,011 1 25.01 20.169%*
G at a, 61 .760 1 61.76 49,806%*
Pooled Error 168 1.24
** p .01

TABIE XLT

MEAN NUMBER OF WORDS INCORRECTLY SPELLED FOR
ABILITY (A) BY WORD TYPE (G)

INTERACTION
High Frequency Words Pseudowords
High Ability 125 1.146

Low Ability L2 2.146




TABLE XLIT

SIMPLE EFFECTS BREAKDOWN FOR WORD
TYPE (G) BY AGE (C) INTERACTION
FOR THE DEPENDENT VARIABLE
OF INCORRECT SPELLING

136

Source oSS df MS F

G atcy 63.375 1 63.38 51.,113%x
G at c, 24,000 1 24,00 19.355%*
Cat g, 9.375 1 9.38 7.565%*
C at &5 37.500 1 37.50 30 .242%*
Pooled Error 168 1.24

TABLE XLIITI
MEAN NUMBER OF WORDS INCORRECTLY SPELLED FOR
WORD TYPE (G) BY AGE (C) INTERACTION
High Frequency Words Pseudowords
9 year olds 46 2.27

14 year olds .021 1.021
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Descriptive Statistics for Correct Responses

Descriptive statistics for correct responses on the experimental
tasks were compiled by word type, age, ability and mode of representa-
tion. These statistics appear in Tables XLIV through XLIX.

With regard to words correctly processed by both age levels on
both word lists (Tables XLIV and XLV), it can be seen that subjects in
the imaginal condition took longer to process words than those in the
percept group. In addition, i1t can also be seen that shorter time
scores were accompanied by higher accuracy scores.

On the recall task, subjects of both age levels in the imaginal
condition tended to recall more words on both lists that those in the
percept condition (Tables XILVI and XIVII). Low ability nine year old
subjects in the imaginal condition appeared to recall more words than
their high ability peers; low ability subjects also took longer to pro-
cess the words (Tables XLIV and XIV).

Data on words correctly spelled (Tables XLVIII and XLIX) indicates
that both age levels spelled more high frequency words correctly than
pseudowords; the data suggests a ceiling effect for fourteen year olds
on the high frequency words. In addition, fourteen year olds spelled

more words correctly on both lists than nine year olds.



TABLE XLIV

DESCRIPTIVE STATISTICS FOR THE NUMBER OF HIGH FREQUENCY
WORDS (n = 9) CORRECTLY PROCESSED AND TIME FOR PRO-
CESSING BY AGE, ABILITY AND MODE OF REPRESENTATION

% words correctly _ I X time
processed X SD |
9 year olds I
|
High Ability (n = 8) |
Percept 100.00 9.00 .00 |
Mixed o Ly 8.50 !
Image 93.06 8.38 .70 :
Low Ability (n = 8) '
Percept 97.22 8.75 43
Mixed 77.78 7.00 1.9 |
Image 73.61 6.63 1.4
]
14 year olds I
|
High Ability (n = 8) [
Percept 97.22 8.75 L4301 5
Mixed 93.06 8.38 .70 | .
Image 100.00 9.00 .00 | L,65
|
Low Ability (n = 8) I
Percept 98.61 8.88 33 |
Mixed 76,39 6.88 2.62 |
Image 97.22 8.75 L3001
|

6€T



TABLE XLV

DESCRIPTIVE STATISTICS FOR THE NUMBER OF PSEUDOWORDS
(n = 9) CORRECTLY PROCESSED AND TIME FOR PROCESSING
BY AGE, ABILITY AND MODE OF REPRESENTATION

% words correctly X time SD

|
processed X sp | (sec.) (sec.)

9 year olds !

T

High Ability (n = 8) ‘
Percept 98.61 8.88 .33 | 3.31 .56
Mixed 100.00 9.00 .00 : 4,92 .69
Image 88.89 8.00 1.32 | 6.86 1.80

Low Ability (n = 8) :
Percept 98,61 8.88 33 4,06 L7
Mixed 81.94 7.38 1.22 | 6.67 .72
Tmage 68.06 6.13 1.76 9.57 2.81

1

14 year olds |

|

High Ability (n = 8) [
Percept 100.00 9.00 .00 | 2 .44 .61
Mixed 91.67 8.25 .82 1 3.36 .52
Image ol .l 8.50 711 LLbo .63

|

Low Ability (n = 8) '
Percept 95.83 8.63 A48 1 3.25 1.22
Mixed 91.67 8.25 82 1 3.64 .86
Inage 86.11 7.75 .97 : 5.17 77
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TABLE XLVI

DESCRIPTIVE STATISTICS FOR WORDS CORRECTLY
RECALLED ON HIGH FREQUENCY WORD LIST
(n=09)
% words correctly _
recalled X SD
9 year olds

High Ability (n = 8)
Percept 29,17 2.63 .92
Mixed 3. 72 3.13 .99
Image 37.50 3.38 .92

Low Ability (n = 8)
Percept 27.78 2.50 1.07
Mixed 41,67 3.75 1.39
Image 51.39 4,63 1.41

14 year olds

High Ability (n = 8)
Percept L7,22 L.25 1.04
Mixed 52.78 4,75 1.98
Inage 59,72 5.38 1.30

Low Ability (n = 8)
Percept 31.94 2.88 2.03
Mixed 36,11 3.25 .89
Tmage 55,56 5.00 1.60
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DESCRIPTIVE
RECALLED

STATTISTICS FOR WORDS CORRECTLY

TABLE XLVII

ON PSEUDOWORD LIST (n = 9)

% words correctly

recalled X SD
9 year olds
High Ability (n = 8)
Percept 31.94 2.88 2.10
Mixed 27.78 2.50 1.07
Image 23.61 2.13 1.55
Low Ability (n = 8)
Percept 26.39 2.38 1.06
Mixed 20.83 1.88 .83
Image 36.11 3.25 1.49
14 year olds
High Ability (n = 8)
Percept 51.39 L.63 2.20
Mixed 34,72 3.13 1.46
Image 50.00 4,50 1.77
Low Ability (n = 8)
Percept 29,17 2.63 1.51
Mixed 31.9% 2.88 1.96
Tmage 40,28 3.63 1.88
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DESCRIPTIVE STATISTICS FOR WORDS CORRECTLY

TABLE XLVIII

SPELLED ON HIGH FREQUENCY WORD LIST

(n=09)

% words correctly

spelled X 3D
9 year olds
High Ability (n = 8)
Percept ol 4L 8.50 .76
Mixed 97.22 8.75 L6
Image 100.00 9.00 .00
Low Ability (n = 8)
Percept 90.28 8.13 1.36
Mixed 84 .72 7.63 1.77
Image 90.28 8.13 1.13
14 year olds
High Ability (n = 8)
Percept 100.00 9.00 .00
Mixed 100.00 9.00 .00
Image 100.00 9.00 .00
Low Ability (n = 8)
Percept 100.00 9.00 .00
Mixed 98.61 8.88 .35
Image 100.00 9.00 .00
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DESCRIPTIVE
SPELLED

STATISTICS FOR WORDS CORRECTLY

TABLE XLIX

ON PSEUDOWORD LIST (n = 9)

% words correctly

spelled X SD
9 year olds
High Ability (n = 8)
Percept 86.11 7.75 1.28
Mixed 76.39 6.88 .99
Image 81.9% 7.38 1.92
Low Ability (n = 8)
Percept 70.83 6.38 1.77
Mixed 59.72 5.38 1.60
Image 73.61 6.63 2.07
14 year olds
High Ability (n = 8)
Percept o4 4L 8.50 .53
Mixed 91.67 8.25 Wl
Inage 93.06 8.38 L4
Low Ability (n = 8)
Percept 86.11 7.75 46
Mixed 83.33 7.50 1.31
Image 83.33 7.50 1.69
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APPENDIX L

DESCRIPTIVE STATISTICS FCR INCORRECT

RESPONSES ON EXPERIMENTAL TASKS
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Descriptive Statistics for Incorrect Responses

Descriptive statistics for incorrect responses on the experimental
tasks were compiled by word type, age, ability and mode of representa-
tion. These statistics appear in Tables L through LV.

With regard to words incorrectly processed by both age levels on
both word lists, it can be seen that longer time scores are also accom-
panied by higher error scores (Tables L and LI). Therefore, it can be
concluded that there was no speed-accuracy trade off.

On the recall task, high ability subjects in each age group pro-
vided fewer incorrect responses on the pseudoword list than their low
ability peers in each experimental condition (Table LIII). In addition,
both nine and fourteen year old subjects in the imaginal condition re-
called fewer incorrect responses than their peers in the percept condi-
tion following the pseudoword list,

Data on words incorrectly spelled (Tables LIV and LV) shows that
subjects in both age levels spelled more pseudowords incorrectly than
high frequency words. In addition, nine year olds spelled more words

incorrectly than fourteen year olds.



TABLE L

DESCRIPTIVE STATISTICS FOR THE NUMBER OF HIGH FREQUENCY
WORDS (n = 9) INCORRECTLY PROCESSED AND TIME FOR PRO-
CESSING BY AGE, ABILITY AND MODE OF REPRESENTATION

% words incorrectly

|
. Processed X Sh | (sec .) (sec )

9 year olds I

|

High Ability (n = 8) |
Percept .00 .00 .00 ! 00 .00
Mixed 5.5 .50 .50 12,20 3.62
Image 6.% .63 .70 : L .84 6.62

Low Ability (n = 8) '
Percept 2.78 .25 L3 1.63 3.11
Mixed 22.22 2.00 A e L 26
Tmage 26.39 2.38 1.41 : 12.21 7.64

14 year olds ‘

T

High Ability (n = 8) '
Percept 2.78 .25 43 : 1.00 1.93
Mixed 6.94 .63 70 2.47 3.01
Image .00 .00 .00 | .00 .00

Low Ability (n = 8) :
Percept 1.39 13 33 .25 .74
Mixed 23.61 2.13 2.62 | 3.2t 2.85
Tmage 2.78 .25 43, 1.06 2.01

|

T



TABLE LT

DESCRIPTIVE STATISTICS FOR THE NUMBER OF PSEUDOWORDS (n = 9)

INCORRECTLY PROCESSED AND TIME FOR PROCESSING
BY AGE, ABILITY AND MCODE OF REPRESENTATION

% words incorrectly _ I X time SD
processed X SD I (sec.) (sec.)
9 year olds I
]
High Ability (n = 8) '
Percept 1.39 13 33 ! .50 1.1
Mixed .00 .00 .00 ! .00 .00
Tnage 11.11 1,00 1.32 : 3.86 4 49
Low Ability (n = 8) :
Percept 1.39 13 .33 | . 50 1.41
Mixed 18.06 1.63 1.22 | 6.69 4,90
Image 31,9 2.88 1.7%6 | 13.23 5.21
1
14 year olds |
|
High Ability (n = 8) |
Percept .00 .00 00 .00 .00
Mixed 8.33 .75 83 | 2.9 2.45
Image 5,56 . 50 b1 1 1.97 2.75
|
Low Ability (n = 8) [
Percept b,17 .38 .70 [ .59 1.10
Mixed 8.33 .75 .83 I 2.42 2.64
Image 13.89 1.25 .97 I L .,69 3.48
|
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DESCRIPTIVE STATISTICS FOR WORDS INCORRECTLY

TABLE LII

RECALLED ON HIGH FREQUENCY WORD LIST

(n=9)

% words incorrectly

recalled X SD
9 year olds
High Ability (n = 8)
Percept 12.50 1.13 1.13
Mixed 11.11 1.00 .76
Image 11.11 1.00 .76
Low Ability (n = 8)
Percept 2.78 .25 L6
Mixed 5.56 .50 .76
Image 13.89 1.25 1.39
14 year olds
High Ability (n = 8)
Percept 8.33 .75 .89
Mixed 13.89 1.25 1.28
Image 11.11 1.00 1.31
Low Ability (n = 8)
Percept L.,17 .38 Ll
Mixed 12.50 1.13 .99
Image 13.89 1.25 1.28

149



DESCRIPTIVE STATISTICS FOR WORDS INCORRECTLY

TABLE LIIT

RECALLED ON PSEUDOWORD LIST (n = 9)

% words incorrectly

recalled X SD
9 year olds
High Ability (n = 8)
Percept 12.50 1.13 1.46
Mixed 13.89 1.25 1.04
Image 8.33 .75 7
Low Ability (n = 8)
Percept 15,28 1.38 1.06
Mixed 22.22 2,00 2.67
Image 12.50 1.13 .99
14 year olds
High Ability (n = 8)
Percept L.17 .38 .52
Mixed 9.72 .88 .83
Image 11.11 1.00 1.20
Low Ability (n = 8)
Percept 18.06 1.63 1.60
Mixed 11.11 1.00 .93
Image 15.28 1.38 2.07
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TABLE LIV

DESCRIPTIVE STATISTICS FOR WORDS INCORRECTLY
SPELLED ON HIGH FREQUENCY WORD LIST

(n=09)

% words incorrectly

spelled X SD
9 year olds
High Ability (n = 8)
Percept 5.56 . 50 .76
Mixed 2.78 25 L6
Inage 18.06 .63 1.92
Low Ability (n = 8)
Percept 9.72 .88 1.36
Mixed 15.28 .38 1.77
Image 9.72 .88 1.13
14 year olds
High Ability (n = 8)
Percept .00 .00 .00
Mixed .00 .00 .00
Image .00 .00 .00
Low Ability (n = 8)
Percept .00 .00 .00
Mixed 1.39 13 .35
Tmage .00 .00 .00
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DESCRIPTIVE STATISTICS FOR WORDS INCORRECTLY

TABLE LV

SPELLED ON PSEUDOWORD LIST (n = 9)

% words incorrectly

spelled X SD
9 year olds
High Ability (n = 8)
Percept 13.89 1.25 1.28
Mixed 23.61 2.13 .99
Image 18.06 1.63 1.92
Low Ability (n = 8)
Percept 29.17 2.63 1.77
Mixed L0 ,28 3.63 1.60
Tmage 26.39 2.38 2.07
14 year olds
High Ability (n = 8)
Percept 5.56 .50 .53
Mixed 8.33 .75 71
Image 6.9 .63 L4
Low Ability (n = 8)
Percept 13.89 1.25 L6
Mixed 15,28 1.38 1.41
Tmage 16.67 1.50 1.69
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APPENDIX M

PEARSON CORRELATIONS FOR CORRECT RESPONSE
SCORES ON EXPERIMENTAL TASKS AND

READING TEST SCORES
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Correlational Data for Correct Response
Scores on Experimental Tasks and

Gates-MacGinitie Scores

Pearson correlations were computed for each experimental task with
Gates-MacGinitie raw scores as a function of age, word type and mode of
representation. These correlations appear in Tables LVI through IXI.

As can be seen from Tables LVI and ILVII, low processing times in
the percept condition on high frequency words tend to correlate highly
with high total reading scores on the Gates-MacGinitie for both age
levels (r = -.5% and -.,60). Therefore, it appears that good readers
take less time to process familiar words.

With regard to the ability to recall words, there was a large in-
crease in correlations for the percept condition between nine and four-
teen year olds which indicates a tremendous increase in the ability to
extract perceptual information between the ages of nine and fourteen
(Tables IVIII and IX). In addition, larger correlations for nine year
olds in the imaginal condition than perceptual condition suggests a
depth of processing effect.

With regard to the ability to write words from dictation, it can
be seen from Table LX that nine year olds in the imaginal condition who
made high scores on the spelling test for high frequency words also
made high scores on the Gates-MacGinitie Test (r = .76, .58 and .69).
In addition, the larger correlations for the imaginal condition than
percept condition suggests a depth of processing effect. The zero cor-
relations for fourteen year olds on the high freguency word list (Ta-

ble LX) indicates a ceiling effect, i.e., the words were too easy for
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the fourteen year olds. It can be further seen from Tables IX and IXT
that high spelling scores on the pseudoword list correlate highly with

Gates scores (.50 to .60) for both age levels in the percept condition,



TABLE LVI

PEARSON CORRELATIONS BETWEEN CORRECT RESPONSE TIME
AND GATES-MACGINITIE SCORES: 9 YEAR OLDS

Experimental Task

Gates-MacGinitie Scores

(Response Time) Vocabulary Comprehension ‘Total Reading

High Frequency Words
Percept -.61557% -.43967 - 5431 5%
Mixed -.31683 -.39249 -.37373
Image -.39904 -,48607 -.46026

Pseudowords
Percept - Lhélu3y -.38408 -.43842
Mixed -.61051% -.66721%% -.67398%%
Inage -.48928 - . 58761% - . 55990*%

* pL.05
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PEARSON CORRELATIONS BETWEEN CORRECT RESPONSE TIME
AND GATES-MACGINITIE SCORES:

TABLE LVIT

14 YEAR OLDS

Experimental Task

Gates-MacGinitie Scores

(Response Time) Vocabulary Comprehension Total Reading

High Frequency Words
Percept -.58870% ~-.58422 - . 5967 *
Mixed -.43540 -.39412 -.43458
Image .21180 A7214 20540

Pseudowords
Percept - . 55648% -.56818*% - 57113%
Mixed .28275 -.45629 -.36112
Tmage -.Lb6067 -.25812 -.40357

* p<.05
** p .01

45T



TABLE LVIII

PEARSON CORRELATIONS BETWEEN CORRECT RECALL
AND GATES-MACGINITIE SCORES: 9 YEAR OLDS

Experimental Task Gates-MacGinitie Scores
(Recall) Vocabulary Comprehension Total Reading
High Frequency Words
Percept ~-.059%41 -.23723 -.15903
Mixed .0L663 -.25299 -.10602
Image -.40123 -.38044 -.4osk2
Pseudowords
Percept -.02490 .06513 .0L4788
Mixed 21719 .23992 24110
Image ~.26147 -.09628 -,18387
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TABLE LIX

PEARSON CORREILATIONS BETWEEN CORRECT RECALL
AND GATES-MACGINITIE SCORES: 14 YEAR OLDS

Experimental Task Gates-MacGinitie Scores
(Recall) Vocabulary Comprehension Total Reading
High Frequency Words
Percept L61402% . 58034* .60957%
Mixed .39631 L0436 41353
Image 0412 401k .12159
Pseudowords
Percept 48012 Losoul L7o1h
Mixed 30424 33262 .32620
Image 3951 .35538 .39550
* p<L.05
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TABLE IX

PEARSON CORRELATIONS BETWEEN CORRECT SPELLING

AND GATES-MACGINITIE SCORES: 9 YEAR OLDS

Experimental Task

Gates-MacGinitie Scores

(Spelling) Vocabulary Comprehension Total Reading
High Frequency Words
Percept .30318 .30749 31729
Mixed 6399 5%% .65363%% .68278%%
Image L7591 1 %% . 58169% .69389%*
Pseudowords
Percept .60 53 5% . 50914% . 5761 5%
Mixed J75129%* 75571 %% 79554 %%
Image .36860 .07791 .22858
* p<L.05
** pg .01
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TABLE LXI

PEARSON CORRELATIONS BETWEEN CORRECT SPELLING
AND GATES-MACGINITIE SCORES: 14 YEAR OLDS

Experimental Task Gates-MacGinitie Scores
(Spelling) Vocabulary Comprehension Total Reading
High Frequency Words
Percept .00000 .00000 .00000
Mixed 31148 15824 26217
Image .00000 .00000 .00000
Pseudowords
Percept . 59584 * . 53800% . 58040%
Mixed .38948 21319 .33386
Image 27192 -.08833 14883
*p L05
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PEARSON CORRELATIONS FOR INCORRECT RESPONSE
SCORES ON EXPERIMENTAL TASKS AND

READING TEST SCORES
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Correlational Data for Incorrect Response
Scores on Experimental Tasks and

Gates-MacGinitie Scores

Pearson correlations were computed for each experimental task with
Gates-MacGinitie raw scores as a function of age, word type and mode of
representation., These correlations appear in Tables IXII through IXVII.

As can be seen from Table LXII, the more time nine year olds in
the imaginal condition spent on making an error in processing words,
the lower the Gates score (r = -.57 to -.75).

With regard to incorrect recall of pseudowords, the larger the num-
ber of errors, the lower the Gates scores tended to be for both age
levels (Tables LXIV and IXV).

With regard to words incorrectly spelled, the more high frequency
words incorrectly spelled by nine year olds in the imaginal condition
(Table LXVI), the lower the Gates scores (r = -.76, -.58 and -.69).
These correlations are identical in magnitude to those found on words
correctly spelled; therefore, 47.6% of the variance in total reading
scores appears to be relatéd to spelling of words processed in the ima-

ginal mode.



TABLE ILXII

PEARSON CORRELATIONS BETWEEN INCORRECT RESPONSE TTME
AND GATES-MACGINITIE SCORES: 9 YEAR OLDS

Experimental Task Gates-MacGinitie Scores

(Response Time) Vocabulary Comprehension Total Reading

High Frequency Words

Percept -.10673 -.27578 -.20338
Mixed -.40922 -.34562 -.39912
Image -.57809% -,59011* -.60636*
Pseudowords
Percept .07739 .05096 .06593
Mixed -.59507% -.4oks8 -.57623%
Image - 74 523%% -.70095%% ~-.75001 %%
* p £,05
** p (.01
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TABLE LXTIIT

PEARSON CORRELATIONS BETWEEN INCORRECT RESPONSE TIME
AND GATES-MACGINITIE SCORES: 14 YEAR OLDS

Experimental Task Gates-MacGinitie Scores

(Response Time) Vocabulary Comprehension Total Reading

High Frequency Words

Percept 28614 .18966 24833

Mixed -.15721 -.17553 -,17000

Image -.22706 -.20869 -.22917
Pseudowords

Percept -.19828 -.38612 -.28480

Mixed -.12884 -.37569 -.23062

Image -.42103 -.36510 -.41682
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TABLE LXIV

PEARSON CORRELATIONS BETWEEN INCORRECT RECALL
AND GATES-MACGINITIE SCORES: 9 YEAR OLDS

Experimental Task Gates-MacGinitie Scores
(Recall) Vocabulary Comprehension Total Reading
High Frequency Words
Percept 16105 31183 - 24981
Mixed .07780 .17298 JA3147
Image .00847 09277 .05344
Pseudowords
Percept -.12808 .01789 .05316
Mixed -.22042 -.26452 -.25558
Image -.28233 -.18330 -.24057
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TABLE LXV

PEARSON CORRELATIONS BETWEEN INCORRECT RECALL AND
GATES-MACGINITIE SCORES: 14 YEAR OLDS

Experimental Task Gates-MacGinitie Scores
(Recall) Vocabulary Comprehension Total Reading
High Frequency Words
Percept .06029 03174 .04869
Mixed -.09592 -.12674 -.11145
Image -.06089 12074 .00417
Pseudowords
Percept -.26735 -. 04676 -.17433
Mixed -.17552 -.14538 -.16987
Image -.19681 -.17108 -.19500
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TABLE LXVI

PEARSON CORRELATIONS BETWEEN INCORRECT SPELLING
AND GATES-MACGINITIE SCORES: 9 YEAR OLDS

Experimental Task Gates-MacGinitie Scores
(Spelling) Vocabulary Comprehension Total Reading
High Frequency Words
Percept -.30318 -.30749 -.31729
Mixed -.6399 5% -.65363% -.68278%*
Image -, 75911 %% -.58169% -.69389%*
Pseudowords
Percept -.60535% -.50914% -. 5761 5%
Mixed -.75129%* - .75571%* = 7955H**
Image -.36860 -.07791 -.22858
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TABLE ILXVIT

PEARSON CORRELATIONS BETWEEN INCORRECT SPELLING
AND GATES-MACGINITIE SCORES: 14 YEAR OLDS

Experimental Task Gates-MacGinitie Scores
(Spelling) Vocabulary Comprehension Total Reading
High Frequency Words
Percept .00000 .00000 .00000
Mixed -.31148 -.15824 -.26217
Image .00000 .00000 .00000
Pseudowords
Percept - . 59584% -.53800% - . 58040%
Mixed -.37931 -.18090 -.31462
Image -.27192 .08833 -.14883
* pL.05

697
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