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CHAPTER 1
INTRODUCTION

The purpose of this study was to investigate the
effect of color-coded spelling intervention on the spelling
performance and attitude toward school of sixth-grade
students. The color-coded spelling intervention was
incorporated into the existing school district-adopted
spelling curriculum and teacher instruction was not
modified. Only the visual presentation and motorical
reproduction of the spelling words was altered.

This study's investigation was based on the
supposition that a color-coded intervention might allow
increased attentive behavior and increased attending time
when a student viewed and motorically reproduced a color-
coded spelling word. Additionally, it was speculated that
increased attentive behavior and increased attention time
might strengthen encoding, visual imagery, visualization,
and recall skills and might, therefore, enable the student
to reproduce correct sequences of the letters of spelling
words from memory. Thus, spelling performance might be
enhanced and the resulting improvement in spelling grades
might be associated with a more positive attitude toward

school. Color-coding appears to be of significance to
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study as an information-acquisition intervention since the
active learner involvement using the visual-sensory
modality is employed to attend to, encode, and visualize
both tangible and imagined spelling words. In order to
develop this thesis a comprehensive research of the
literature in regard to color, attention, color vision,
encoding, visual imagery, visualization, spelling, failure,
and attitude was conducted. An introductive overview of
each of these areas, beginning with color, is offered in
this preface.

Color is widely used in instructional materials with
the assumption by publishers that more knowledge will be
learned and retained from colored materials than from black
and white materials (Peterson, 1976). This assumption for
the use of color relates to several theories of attention,
learning, and memory (Anderson, 1976; Bandura, 1977; Hebb,
1955; Sperling, 1960; Thorndike, 1932; ). Color has been
found to aid in the retention of and the direction of
attention to learning (Peterson, 1976; Zentall & Kruczek,
1988). Berlyne (1960) found color, among other stimulating
determinants, to be responsible for increased attention.
Johnston and Winograd (1985) suggest that the use of
appropriate strategies tends to make tasks more readily
accomplished. Salomon (1979) found that there was a direct
relationship between the learning intervention and the
sensory modality that was used to acquire the skill.

Instruction using interventions has been found to improve



academic performance by inefficient learners (Harris &
Graham, 1985; Pressley & Levin, 1986). Overall, children
are unable to effectively ignore color (Black, 1967).
However, intermediate grade level and primary grade level
students responded to color for dissimilar reasons.
Intermediate grade level students attended to color for its
differentiating effect while primary grade level students
responded to color its excitable effect (Black, 1967).
Green and Anderson (1956) found that students were able to
distinguish among symbols through increased attention due
to the use of color.

There seems to be general agreement that efficient
learning is a function of the level of attention to a
presented stimulus (Berlyne, 1960; Dwyer, 1971; Zentall &
Kruczek, 1988). Visual elements of a stimulus have been
found to be important in processes of attention (Zentall &
Kruczek, 1988), encoding, memory, and recall (Hintzman,
Block & Inskepp, 1972; Light et al., 1975). Research by
Dwyer (1971) and Zentall (1975, 1986), among others,
found that color did increase the attractiveness of
materials and, thereby, evoked more attentive behavior on
the part of the learmer.

Spelling i1s an encoding process that is dependent on
recall of visualized imagery of words (Hanna, 1971).
Hendrickson (1988) found that visualization aided spelling.
Bruce and Cox (1983) found that poor spellers neglected a

useful strategy of memorizing. Dean, Yekovich and Gray



(1988) found that orthographic features such as color
differentially affected memory for spelling words. Kirsner
(1974) showed that visually presented words were recognized
significantly better than orally presented words.

Meichenbaum (1977), found that attitudes do, in fact,
influence learning capabilities. Zentall (1986), among
others, found that interference with initial learning
resulted in academic failure. Academic failures were
related to inabilities to employ efficient and organized
(Wong, 1988) task-appropriate (Diener & Dweck, 1978;
Torgesen, 1977, 1982), goal-oriented strategies (Winograd,
1984). Johnston and Winograd (1985) found that children
experienced academic failure due to cognitive, or
motivational, or affective deficits.

Past studies of color have focused generally on the
effects of behavior, single-case or small group
instruction, and the relationship of demographics such as
gender and age to use of, or response to, color (Berlyne,
1960; Dwyer, 1971; Green & Anderson, 1956; Peterson, 1976;
Zentall, 1975, 1986). Most of the evidence regarding color
used in instruction has been obtained with adults rather
than children (Black, 1967).

Proficient spelling and spelling words with equal
facility are often elusive achievements for individuals
(Allred, 1977; Paivio, 1971). Although spelling ability
has been correlated with both reading skill and

intelligence (Hillerich, 1976; Horn, 1969) adequate



intelligence and reading ability alone have not been able
to guarantee success with spelling (Ehri, 1985; Firth,
1980; Ormond, 1985; Perin, 1983).

In regard to the present study it was wondered if
sixth-grade students could be attentive to color and
benefit from the differentiating effect of color-coding, as
suggested by Black (1967), when taught spelling with a
color-coding intervention. Could less interference occur
during initial learning due to increased attention to the
color stimulus? Could a color-coded intervention to teach
spelling be task-appropriate, be goal-oriented, and allow
for efficiency and organization? Could a student's
orthological knowledge base, which has developed by sixth-
grade (Henderson, 1977; Templeton, 1979; Zutell, 1979) be
related to new spelling information (Gagne, 1985), through
the use of color-coding spelling intervention? Could
interest in a novel spelling technique increase motivation
on the part of the learner to be actively involved in the
learning process? Could color-coding serve as an
intervention to develop information-acquisition? Could a
more positive attitude toward school be the result of
increased student involvement and performance success?

Findings by Dean (1983), Nilsson (1973, 1974), Paivio
(1971), and Wicker and Everston (1972) question
instructional interventions which rely totally upon
auditory/semantic presentations and suggest that both

orthographic and semantic features are encoded
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simultaneously. Dean, Yekovich, and Gray (1987) recommend
the addition of wvisual components to instruction to improve
encoding and retriewval skills.

Spelling instruction using interventions has received
little attention in the research (Harris et al., 1988).
Allred (1977) and Paivio (1971) suggest that, because of
the significant role of recall in spelling performance,
strategies to train recall appear to have theoretical and
practical implications for the teaching of spelling and
merit research. It has been suggested that children could
be trained to spell based on visualized orthographic
information held in memory (Dean, Yekovich, & Gray (1988).
Teaching children to focus on the process of using color to
enhance attention, encoding, and recall might produce a
concentration on the application of an intervention.
However, the potential of focusing childrens' attention on
the effectiveness of interventions has been neglected in
the literature (Johnston & Winograd, 1985).

Attitude related to academic performance, for the most
part, has not been directly measured (Greenwood, et al,
1987). More research directed at identifying specific
instructional practices to increase a student's active
involvement in the classroom that can increase academic
performance and improve attitude toward school has been
suggested by Greenwood (1987). Because of the implication
of attitude on achievement it appears that attitude toward

school is an important phenomenon to study (Greenwood,



1988; Klausmeier, 1985).

How to increase accuracy and achievement in spelling
in the regular classroom was addressed by the introduction
of a color-coded intervention into the existing spelling
curriculum. Weekly spelling words or the letters of
spelling words were colored in an attempt to increase a
student's attention to, encoding of, and recalling of
spelling words. Color-coding intervention was intended to
facilitate the instructional process of spelling. The
intervention used in the present study éontained two
color-coding interventions that were based on attentional
aspects of learning theory. The color-coded intexrvention
was an attempt to place a strategic intervention into an
unsuccessful learning situation at an appropriate time in
order to facilitate successful learning. The color-coded
spelling intervention was meant to be an intervention
incorporated classwide by a teacher with a minimum of
intervention training. The wvisual component of
color-coding was added as an intervention to develop
encoding and retrieval skills. Visual-sensory modalities,
in addition to auditory and semantic modalities were
employed to motorically manipulate, encode, store, and
recall spelling words. Students viewed color-coded words
on wall charts as teachers presented the weekly spelling
lesson from the current curriculum. Instructions presented
by the teachers during this time were based on the current

spelling texts with the addition of the color intervention.



Additionally, how to increase attitude toward school
was addressed also by the color-coded spelling intervention
as it related to spelling performance. It was presumed
that affective deficits might bear a relationship to a more
negative attitude toward school. If students were able to
improve spelling performance when using a color-coded
intervention then, perhaps, they would develop a more

positive attitude toward school.

Statement of the Problem

The problem to be examined in this study was: How is
the spelling performance and attitude toward school of
sixth-grade students affected by a color-coded spelling
intervention? Two experimental groups of sixth-grade
students participated in the study. Two color-coding
interventions were employed. One group was treated with a
color-coding intervention that used color to highlight
letters (vowels) of spelling words. This experimental
group colored vowels of spelling words with colored pencils
during the treatment. The other experimental group
received a day color-coded treatment. This experimental
group used one color per day to write all spelling
activities. This day color-coded treatment was meant to be
a placebo and was included to offset a threat to validity
that might have been caused by one group of students being
aware that a group was receiving special treatment. A

control group of sixth graders did not receive either of



the color-coded treatments. A spelling achievement test
and an attitude toward school survey were administered at
the conclusion of the study and analyzed for significant
differences between the groups. Scores on a normed group
achievement test of spelling were used as a covariate.
Spelling performance was operationally defined as scores on
weekly classroom written spelling tests and the Test of
Written Spelling (TWS) posttest. Attitude toward school
was operationally defined as scores on the Survey of School
Attitudes (SSA) posttest.

Limitations

This researcher acknowledged the limited
generalizability of this study's results to sixth-grade
students in regular classrooms and from similar

communities.

Definition of Terms

Definitions of terms specific to the present study are
represented in this section. Definitions at the conceptual
level are presented first. Definitions at the operational

level are presented in the second part.

Conceptual Level

attention -- a readiness to respond to stimuli.

attitude -- a learned, emotionally toned predisposition



imagery --

10
to react in a consistent way toward persons,

objects, and ideas.

formation of an internalized model of sound,
pictures, graphic representation, or movement

upon presentation of a stimulus.

information processing -- a computer-simulation theory

intervention

memoxry -—-

spelling --

of behavior generally described as postulating
the existence within the organism of an array
of information-processing mechanisms, each of
which performs a certain elementary function
and is assumed to be organized and sequenced

in some particular way.

-- an interference that acts as an
influencing force to offer mediation or

modification.

the faculty of retaining and recalling
information to mind or thinking of it again;

the ability to remember.

encoding speech or thought into written words.

visual processing -- interaction of the physical

vision system with the nervous system and

light rays to generate visual experience.

visualization -- the process of seeing or experiencing
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again previously seen or experienced objects

or events.
Operational Level

attention - for the purpose of this study, attention was
the student's ability to attend to, to

concentrate on the color intervention.

attitude - the student's like, uncertainty, lack of
interest in, or dislike for school subjects
as measured by performance on a school attitude

survey.

intervention - the treatment of color-coding applied to the
existing spelling curriculum and instruction
during this study. Two levels, letter color-

coding and day color-coding were used.

spelling - the student's ability to write words from oral
dictation and the performance of this task as

measured by performance on a spelling test.
Rationales
color:

- Color has increased attention to a stimulus
to enable encoding (Green & Anderson, 1956; Zentall,

1988).

- Hebb's (1555) optimal stimulation theory, neuroclogical
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information processing theory, Thorndike's (1932)
salience of stimulus theory, and Sperling's (1960) wvisual
memory theory, appear to offer justification for the use
of color in educational materials to allow for learning

and retention to occur.

attention:

- Support for a verbal plus a visual color-coded spelling
intervention comes from Jensen's and Rohwer's (1970)
finding that audio-visual instruction with mnemonic
elaboration and imagery are likely to maximize the amount
of learning.

- A study which involves the use of color-coded spelling
intervention to increase attention for learning appears
warranted.

- Engagement in attention to task while copying words with
colored pencils might assist recall.

- The use of color-coding to distinguish orthographic
features of words might enable the attention of sixth
grade students to increase during spelling.

- Sixth graders have been found to spell at a morphemic and
syntactic level (Henderson, 1977; Sutell, 1979; and

Templeton, 1979).

visual processing:

- Visual processing was found to be used even by poor

spellers (Harris, 1988).
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- Color might assist visual processing.

- A color-coded spelling intervention that used visual cues
to organize colored letters of vowels might allow for
visual information to be apprlied to a task.

- Invariant sound-spelling relationship difficulties might
be lessened with additional visual information presented
by color-coded words. memory:- Visual instruction plus
imagexry might maximize learning. - Sequencing memory
might be trained through the use of color. - Visual
memory might be enhanced by the addition of color to a

task.
imagery:

- A relationship between the use of visual imagery and
recall can assist learning (Paivio, 1971).

- Recall using visual imagery has facilitated spelling
(Klinger, 1980).

- Few examples of spelling and the use of wvisual imagery
are present in the literature.

- Imagery during the impress process of encoding and
retrieval might be enhanced by color-coding.

- Imagery has enabled memory within the least time and with
the least repetitive drill (Jensen & Rohwer, 1970);
Paivio, 1971; Rohwer, 1970).

- There is a lack of existent research on methods for

improving visual imagery (Allred, 1977).
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visualization:

- Color-coding might assist the occurrence of
visualization.
- Memorization of spelling patterns might be assisted by

the presence of visualized, orthographic information.

information processing:

- Time involved in processing which colored pencils to use
to write vowels of words might allow increased time for

metacognition to occur.

intervention:

- B growing body of research indicates that instruction
using interventions results in improved academic
performance by inefficient learners (Hallahan, Lloyd,
Kauffman & Loper, 1983; Harris 1986 a, 1986 b; Harris &
Graham, 1985; Harris, Wong & Keogh, 1985; Pressley &
Levin, 1986; Wong, 1985).

- Bruce and Cox (1983) have suggested that poor spellers
should use the intervention of memorizing items.

- Salomon (1979) has found a direct relationship between

sensory modality and learning interventions.

attitude:

- Attitudes have been found to influence learning

(Klausmeier, 1985; Meichenbaum, 1977).



15

Research Hypotheses

Both a letter color-coded intervention and a day
color-coded intervention used in spelling instruction
will be more effective than traditional spelling
instruction without color-coded intervention to
increase spelling performance.

Both a letter color-coded intervention and a day
color-coded intervention used in spelling instruction
will be more effective than traditional spelling
instruction without color-coded intervention to
increase a positive attitude toward school.

A letter color-coded intervention used in spelling
instruction will be more effective than a day
color-coded intervention used in spelling instruction
to increase spelling performance.

A letter color-coded intervention used in spelling
instruction will be more effective than a day
color-coded intervention to increase a positive
attitude toward school.

A letter color-coded intervention used in spelling
instruction will be more effective than traditional
spelling instruction without color-coded intervention
to increase spelling performance.

A letter color-coded intervention used in spelling
instruction will be more effective than traditional

spelling instruction without color-coded intervention
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to increase attitude toward school.

7. A day color-coded intervention used in spelling
instruction will be more effective than a traditional
spelling instruction without color-coded intervention
to increase spelling performance.

8. A day color-coded intervention used in spelling
instruction will be more effective than traditional
spelling instruction without color-coded intervention

to increase attitude toward school.

Summary

In summary, the purpose of this study was to
investigate the effect of color-coded spelling intexrvention
on the spelling performance and attitude toward school of
sixth-grade students. This inquiry was developed from the
researcher's supposition that a color-coded intervention
might allow increased attentive behavior and increased
attending time when a student viewed and motorically
reproduced a color-coded spelling word. Additionally, it
was speculated that increased attentive behavior and
increased attention time might strengthen encoding, wvisual
imagery, visualization, and recall skills and, therefore,
enable the student to reproduce correct sequences of the
letters of spelling words from memory. Thus, spelling
performance might be enhanced and the resulting improvement
in spelling grades might be associated with a more positive

attitude toward school.
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This color-coded spelling activity would be meant only
as an intervention into the existing spelling curriculum.
The classroom teacher would maintain current instructional
methods for spelling while continuing to use the school
district-adopted text and teacher's manual during the
study.

The problem of spelling performance has been
consistent in its resistance to a simple solution for both
students and educational scholars. While changes in
curricula have been made, based on much previous research
on spelling, questions remain concerning the importance of
color and its relationship to the issue of spelling. The
role of color in terms of its relationship to other factors
in the learning process and methods to specifically access
attention have yet to be defined in such a way to allow so
teachers to use color methods for instructional purposes.
The present study attempted to determine the relationship
of color to spelling performance and attitude toward
school. Specifically, color and the ability to access the
color factor as related to the use of black and white (non-
color) was researched. 1In addition, the relationship of an
academic intervention to attitude toward school was
investigated. A review of literature relative to color,
spelling, and attitude toward school was conducted to offer
empirical support for these relationships.

The present study will add to the existent reseaxrch on

the utilization of color and attention in spelling. The
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visual sensory modality will be utilized with a color-coded
spelling intervention. Focus will be on the process
(color-coding) of obtaining the product (spelling
performance). Color-coding to provide stimulus
distinctiveness, to provide symbolically repressented
coding, to offer motoric reproduction opportunity, and to
offer motivation and external reinforcement will be

addressed by the present study.



CHAPTER II

REVIEW OF LITERATURE

Introduction

This chapter contains a review of historical and
current literature relative to color, spelling, and
attitude toward school. Included in this review are
theories of attention, spelling, information processing,
and attitude. Empirical support for relationships between
color and attention, attention and learning, learning and
performance, and performance and attitude toward school are
cited. The review's findings, are then summarized and
suggestions are given to warrant the investigation of the
present problem: the effect of color-coding on spelling

and attitude toward school.

Relationship of Color to Attention

Although color has increased the production costs of
instructional materials, publishers continue to use color
in instructional materials based on the assumption that
more knowledge will be learned and retained from colored
materials than from black and white materials (Peterson,

1976). Most supplementary color found in printed materials

19
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is in the form of color cues in children's materials
(Petexrson, 1976). One assumption for the use of color is
that it increases the effectiveness and the attractiveness
of the material (Zentall, 1985, 1986, 1988).

Theoretical justification for attention to
instructional material affecting learning and retention may
be found in theories of information processing, iconicity,
visual memory, optimal stimulation, and salience of
stimulus (Bruner, 1966; Hebb, 1955; Sperling, 1960;
Thorndike, 1932). Two of these theories, optimal
stimulation theory (Hebb, 1955) and salience of stimulus
theory (Thorndike, 1932), appear to relate specifically to
the use of color to create attention. Optimal stimulation
theory suggests that there exists a biological need for an
optimal level of stimulation while salience of stimulus
theory suggests that attention is necessary for element
selection within a stimulus. Each of these theories
provide suggestions that efficient learning is a function
of the presence of, and the level of, attention to a
presented stimulus and its elements ( Berlyne, 1960; Bower
& Hilgard, 1981; Dwyer, 1971; Zentall, 1988).

Several studies, based on these theories, have
researched the ability of color, as well as other
variables, to facilitate attention and learning. Dwyer
(1971) suggested that it was color which increased the
attractiveness of visual material and thereby evoked

attentive behavior which resulted in efficient learning



21
In support of this assumption, Berlyne (1960) found that
color, among other stimulating determinants, was
responsible for increases in attention to novelty. 1In
relation to neurological processing, a novel stimulus
evokes response in the relays of the input channel in the
primary sensory cortex for that input channel (Bower &
Hilgard, 1981). This response allows for perception to
occur.

Children, as well as adults were found to be responsive
to coloxr (Brown & Campion, 1971; Corah, 1966; Corah &
Gospodinoff, 1966; Katz, 1971; Katzman & Nyenhius, 1972).
Black (1967) found that children were unable to effectively
ignore color when responding to other cues and that the use
of supplementary color with consideration of instructional
practice conditions improved performance in training and
transfer tasks. Peterson (1976), along with Zentall and
Kruczek (1988), found that color aided in the retention of
and the direction of attention to learning. Color was
found to increase retention by Katzman and Nyenhius (1972)
and Vandermeer (1954). Dean, Yekovich, and Gray (1988)
found that orthographic features such as color may
differentially effect what is remembered. The application
of these findings to a color-coded spelling intervention to
increase attention for learning appears warranted.

Zentall and Kruczek (1988) found sixth grade children
to be less distractable than younger children. While

younger children attended to coloxr due to their
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impulsivity, older children attended to color for its
differentiating effect (Peterson, 1976; Zentall, 1988).
Color has been found to direct and to increase attention
(Katzman & Nyenhius, 1972) and facilitate task acquisition
(Bourne & Restle, 1959; Peterson & Peterson, 1957; Saltz,
1963; Weiss & Margolius, 1954). When one component of a
multiple compound stimulus was presented in color, in
Bourne's and Restle's (1959) study, it facilitated task
acquisition such as concept identification and paired-
associative learning (Weiss & Margolius, 1954). Color also
reduced search time and increased correct response time in
visual tasks (Poock, 1969; Smith, 1963).

Color was proven to be more effective than black and
white when used to emphasize differences (Vandermeer,
1954). Color was found to be superior to shape in tasks
which involved locating displayed data (Christner & Ray,
1961; Hitt, 1961). McGeoch and Irion (1952) cautioned,
however, that color cues would need to help differentiate
and to not distract the learner's attention. Green and
Anderson (1956) suggested that distinctions among symbols
could be made by using color to increase attention. The
use of color-coding to distinguish orthographic features of
spelling words might enable sixth graders' attention to

increase during spelling instruction.

Learning

It is generally agreed that one prerequisite for
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efficient learning is to have the learner attend to the
information being presented. Guthrie (1935) noted that
learning appeared to accumulate with repetition. Active
learning time (Bloom, 1974; Rosenshine_& Berliner, 1978)
and color usage (Dwyer, 1971; Smith & Thomas, 1964).
were found to contribute to improved achievement (Frederick
& Walberg, 1980). Miller (1957) described learning as a
change in perception. Hale and Lewis (1979) defined the
ability to pay attention and to allocate attentional
resources effectively as the capacity to resist
distraction, to selectively attend to certain aspects of
the stimulus array, to maintain vigilance, or to engage in
goal directed behavior. Similarly, Hunt (1980) stated that
the capacity to learn was dependent on the availability of
attentional resources to carry out processes of encoding in
a brain-behavior relationship.

Simple methods may prove effective in dealing with
children who have deficiencies in concentration.
Bandura's (1977) theory of component processes, which he
contends govern observational learning, provide a
rationale for the variables and research design used in the
present study. Bandura emphasized four interrelated
subprocesses in his analysis of observational learning:

1. Attentional processes: the model stimulus must be
attended to by the learner for learning to occur. A number
of factors are known to influence this attention, including

sensory abilities of the subject-observer as well as
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stimulus distinctiveness of the model. Color-coding might
provide stimulus distinctiveness.

2. retention processes: the model must be coded,
symbolically represented and retained over time in order to
exert influence upon the subject's behavior. Bandura and
Jeffery (1973) and Gerst (1971) demonstrated that subjects
taught a special verbal code for specific components of the
model segmented, labeled, rehearsed, and were far superior
to controls in their later ability to recall and reproduce
the model. Color-coding might provide symbolically
represented coding.

3. motoric reproduction processes: considerable motor
practice through "cognitive rehearsal or "imaginary
practice" i1s necessary to enable performance. Writing
vowels of spelling words with colored pencils might offer
motoric reproduction opportunities.

4. motivational processes: performance of responses
would be perceptually reinforced externally, vicariously,
or by self-reinforcement. An optimal training program
could use this observational method in conjunction with
differential reinforcement (Bandura, 1977). Improved
spelling performance due to increased attention and
encoding, which would be facilitated by color-coding, might

enhance motivation through external reinforcement.

Information Processing

Research relating to brain-behavior relations in the
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past was, at best, confusing. (Bastian (1898), and
Hinshelwood (1900, 1909) provided evidence for
neurodevelopmental deficits in an attempt to present a
strict localizationist perspective of encoding/ decoding
problems. Lashley's (1938) work, however, suggested that
the brain acted as a whole. Orton (1937) refuted both
localization and whole-brain notions by suggesting that the
two cerebral hemispheres competed in the interpretation of
visual stimuli as a result of incomplete establishment of
cerebral dominance. A psycholinguistic-information-
processing model was then developed and has been refined
more recently by Newcombe (1973). In the psycholinguistic-
information-processing model processing is defined in terms
of encoding, processing, long-term and short-term memory
storage, and retrieval. A rudimentary neuropsychological
system has been theorized to explain these
neurophysiologic-neurolinguistic processes. In this system
visual stimuli is registered in the occipital lobes, where
associations are made between visual stimuli and letter
strings which form words. Although the left and right
occipital lobes both have this function, it is believed
that the right occipital lobe processes imageable or
concrete words while the left may have more abstract
processing abilities. 1In support of this concept, Galin
and Ornstein (1972) showed that there was relatively
greater EEG activity from the right to the left hemisphere

when the subject was doing a task involving mental imagery.
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Visual information is then shared with input from other
sensory modalities in the angular gyrus, where the
temporal, occipital, and parietal lobes juncture. This
area is thousht to be the region where phoneme-grapheme
correspondence takes place (Figure 1). Although this
neurolinguistic model may appear to be sequential, Hynd
(1986) suggests that feedback loops probably exist which
make the system recursive and that the efficiency of
cexrtain neural pathways varies considerably from one brain
to the next allowing weak links to possibly result in
impaired processes (Hynd, 1986). Physiological-
neurological processing relates to perceptual information
processing which is another aspect of brain-behavior
interfacing.

Much of the earlier theoretical work regarding
learning problems sought to identify a single deficiency
factor. These single-factor theory models included
deficits in cerebral dominance (Orton, 1937; Satz, Rardin,
& Ross, 1971; Goldstein, 1975), perceptual processes (Lyle,
1969), temporal-order recall (Bakker, 1972), bisensory
memory (Senf & Freundl, 1971; Seng, 1969), perceptual-motor
matching (Kephart, 1967), and crossmodal integration (Birch
& Belmont, 1964, 1965). Current research and theory
regarding neuroanatomical correlates of learning now
includes aspects of both neurocanatomical function and
aptitude-treatment interactions.

Information processing theory suggests that visual
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information requires attention and that memory storage and
later recall will be more successful if mental imaging is
employed (Bower & Hilgard, 1981; Anderson, 1976). Hunt
(1983) wrote of three dimensions of information processing.
The first dimension involved the ability to engage in basic
mental operations of storage and retrieval. Information
processing strategies of problem solving made up the second
dimension. Verbal versus spatial encoding of information
accounted for the third dimension. RAccording to
information processing theory, attention is a requirement
for visual information to be processed by the brain.
Information that is attended to enters into short-term
memory storage through an input process called encoding.
Neurological processes involved in retrieval or recall of
encoded information are thought to be responsible for
learning and memory (Anderson, 1976; Gagne, 1985). 1In
order for the stored information to be retrieved it must
first have left a sufficient memory trace in long-term
storage. The encoded information, or memory trace, is
retained in long-term memory if the bonding has been
sufficient (Figure 2).

When a failure or breakdown occurs in the input and/or
output phases of information processing it is theorized
that the child (1) has interference with the bonding, (2)
poor attentional behavior, (3) has learned the connections
incorrectly, (&) exhibits poor wvisual figure-ground

discrimination, sequencing, depth perception processing



28
and/or perceptual involvements, or (5) has not been
sufficiently reinforced for responses (Gagne, 1970; Owens,
1987). Hynd (1986) theorizes that the load on the
neurological system may make it difficult for a weak
localized area to perform at an optimal level.

Owens (1987) suggests that short-term memory may be
impaired due to poor attentional behavior on the part of.
the child. Several studies addressed possible factors for
this poor attention behavior. Attention appeared to be
related to the attentional effort to process target
information and the kind of information used (Ackerman,
1987 a.). Lane and Pearson (1982) found that the more
effortful and capacity-consuming the processing of the
target, the less the residual capacity available to devote
to inattention. Patterns of efficient selective attention
were found to differ depending on whether the context was
conceptually related or unrelated to the target (Ackerman,
1987 b.). Efficient recall was achieved by processing
context and target information in an effortful interactive
manner (Jacoby & Craik, 1979). Zentall & Kruczek (1988)
found that copying tasks required sustained attention. The
findings of these studies suggest that engagement in
attention to task appears to be critical to recall and,
therefore, a significant instructional variable to study.
Since the use of color and copying tasks have been cited as
being helpful to engagement in attention, perhaps the use

of a color-coded intervention used when copying spelling
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words might be viable to study.

Visual Processing

The central nervous system is one of two nervous
systems of the human body that carries out communication
functions of reception, processing, and storage through
points of interaction between the nerve synapses. The
highly organized cerebral cortex of the human brain is
composed of nerve cell bodies and their synaptic
connections that orchestrate the processes of focusing and
shifting attention. Modality-specific alerting functions
and memory functions are also contained in the cerebral
cortex (Block & Miller, 1986). The recognition of wvisual
stimuli is first set up in the inferotemporal cortex
{Gross, 1973). An associating mechanism is present in the
brain that allows for cross-modal associations so that, for
example, a visual concept node may be connected to a touch
concept node.

In the primary visual pathways, information is
transmitted from the lateral geniculate nucleus to the
cerebral cortex first, at the primary visual area (striate
cortex or Brodman's area 17) and from there to the
prestriate cortex (areas 18 and 19) (Haapasalo, 1982).
Through a bilateral visual system, visual information is
picked up by the retina of each eye and transmitted along
separate optic tracts. These tracts meet at a juncture

called the optic chiasm. After the juncture, the tracts
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separate again, the left one projecting onto the left
cerebral hemisphere and the right one projecting onto the
right cerebral hemisphere. Fibers from the two entering
tracts crossover at the chiasm. Approximately half the
fibers of each tract cross over to the opposite tract as
they emerge from the chiasm juncture. The fibers that
cross are those that arise mainly from the half of the
retina nearest the nose (Figure 3). Because of this
cross-over of fibers at the chiasm, information from the
nose side of the left retina is projected mainly to the
right cortex, whereas information from the lateral left
retina is projected to the left cortex. Visual information
then moves on to the cerebral cortex where the two
hemispheres are in direct communication with one another
through a series of commissures, the fiber bundles that
connect homologous structures on the two sides. The
largest of these connecting commissures is the corpus
callosum, a massive bundle of fibers interconnecting many
parts of the two hemispheres.

Receptive fields of neurons in the striate cortex
are the central mechanisms of vision. The receptive field
of a cell in the visual system may be defined as a region
of the retina (or visual field) which, when stimulated, can
influence the firing of that cell (Motokawa, 1970) (Figure
4). The fibers which carry signals to these visual areas
at the back of the brain produce the sensation of light

(Padgham & Saunders, 1975). Padgham proposes that much of
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the important information the brain receives comes through
the visual sensory channel by way of the eve. It has been
estimated that 85 percent of all information comes through
this visual channel (Shapiro, 1988) (Figure 5). During
meaningful vision the brain carries out at least five
functions: integrating nervous signals, checking feeling,
comparing steps with past experience, redirecting actions
for the most constructive response, and abstracting
representations or symbols and information from current
experience (Hynd & Hynd,1984).

Related to neuroanatomical functioning, wvisual
processing relies more on the right hemisphere of the brain
(Hynd & Hynd, 1984) than on the left hemisphere.
Neurophysiological components important to visual
processing of information include the medial occipital
areas of both hemispheres, the angular gyrus and Wernicke's
Area of the left hemisphere (Hynd & Hynd, 1984).

Although less researched, evidence suggests that wvisual
elements of a stimulus play a prominent role in both the
encode and recall processes {(Hintzman, Block & Inskepp,
1972; Light et al., 1975). Dean, Yekovich, and Gray (1988)
suggested in findings from several investigations, that
both the orthographic and semantic features of a given
stimulus are simultaneously encoded by learners. Smith
(1963) found that visual search was used extensively by
subjects in practical situations. Dwyer (1971) found that

the more qualities a visual shared with the object or
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situation to be depicted, the more realistic the wvisual
and, therefore, the easier to learn. These shared
qualities included shape, size, color, etc. (Dwyer, 1971).
Learners were found to have flexible search strategies that
were easily modified by intexrventions or by practice
(Haygood & Bourne, 1965). Dean, Yekovich, and Gray (1988)
found that learners retrieved stimulus words on the basis
of visual features. Subjects presented with a series of
visual letter-like forms were able to remember pattern, and
therefore, showed a processing capability to organize
stimuli (Cermack & Craik, 1978; Anderson & Reder, 1979).
Mandler (1967) and Tulving (1968) believe that learning and
memory are accomplished by organization. Visual processing
({Hanna & Hodges, & Hanna 1971) is used to determine the
accuracy of an encoding process. Waters, Bruck, and Malus-
Abramowitz (1988) believes that children are more sensitive
to visual rather than to linguistic properties of spellings
and so children do not use linguistic information in
spelling but, instead, read out orthographic forms from
visual memory. Although poor spellers relied on visual
information, they did not sufficiently attend to it.
Therefore, the visual information was not adequately
processed into memory (Waters et al., 1988). Perhaps a
color-coded spelling intervention that used visual cues to
organize colored letters in spelling words would allow a
practical way for visual information to be applied to a

task.
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Color Vision

Color, a subaspect of vision (Haapasalo, 1982),
requires light energy and an intact visual system
(Hurvich, 1981). The perception of color ordinarily
derives from an interaction between physical light rays and
the visual system of the living organism to see objects and
perceive color (Hurvich, 1981). Color is effective as a .
coding dimension for information transmission in the wvisual
domain {Smith, 1962). Possessing color vision means an
organism can receive and handle a greater amount of
information concerning its environment (Padgham & Saunders,
1975). The fundamental mechanism for color vision lies at
the retinal level. The human eye has three cone receptors,
blue, red, and green {Abramov, 1972). Almost all colors
stimulate all three of these cone mechanisms to some degree
Haapasalo, 1982) (Figure 6).

The visual field can be divided into zones. In the

most central portion of the eye ali colors are seen.
Moving to the sides, the eye loses sensitivity to red and
green. Hues are no longer seen at the periphery. Six
fundamentally different colors are seen by the human eve:
red/yellow/green/blue (the four unitary hues) and black and
white (the two extremes of the series of hueless colors
(Hurvich, 1981) (Table I).

The visual cortex of the brain further elaborates the

color information with which it is supplied (Motokawa,



TABLE 1

INCIDENCE OF COLOR CONES IN THE HUMAN EYE

34

cone color wavelength absorbed incidence
blue short (450 nm) 1 million
green medium 6-7 million
red long (650 nm) 6-7 million
FREQUENCIES AND WAVELENGTH OF LIGHT
AND CORRESPONDING COLOR PERCEPTIONS
olorxr wavelength frequency
(nm) Hz x 10
violet 400 7.5
450 6.7
blue 480 6.2
blue-green 500 6.0
green 540 5.6
vyellow-green 570 5.3
vellow 600 5.0
orange 630 4.8
red 750 4.0

Source: Padgham, C.A. & Saunders, J.E. (1975). The

perception

of light and color. San Francisco,

Academic Press, p. 63

CA:
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1970). Michael (1978 a, b, c) has classified the color-
coded cells of the brain's visual cortex into four
hierarchical classes, concentric, simple, complex, and
hypercomplex cells: 1. concentric - first cortical stage
in the integration

of color-contrast information receiving direct

geniculate inputs,
2. simple - have direct connections from the opponent

color concentric cortical cells and are sensitive to

the stimulus presentation of two complementary color,

4, complex and hvypercomplex - respond best to moving

monochromatic bars or edges and are found in layers
I1, I1I, V, and VI and the most cells are driven with
both evyes.

Two classical theories of color vision, trichromatic
and opponent, have been verified by modern research and are
useful in explaining color receptors and higher levels of
the wvisual system (Haapasalo, 1982). Trichromatic theory
(Young-Helmoltz Theory) is based on the fundamental
assumption that at least three kinds of receptors are
necessary for understanding of human color wvision
(Motokawa, 1970). Hering's Opponent Color theory assumes
three pairs of visual substances are necessary for
sensation, white-black, yvellow-blue, and red-green

(Motokawa, 1970).
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Color Blindness

Because the present study employed color, prospective
subjects were screened with pseudo-isochromatic charts for
color defect. Fourteen of these subjects were found to be
color defective and were not included in the final sample
of the study. Physiological, genetic and actuarial
information regarding color blindness is discussed here as
additional literature research relevant to this study.
Color blindness is divided into two categories, total and
partial. Partial color blindness is further divided into
three categories, protanopia (red blindness) deuteranopia
{green blindness) and tritanopia (blue blindness) The
first two are sometimes called red-green blindness
({Motokawa, 1970).

It has been known for over 200 years that color
deficiencies run in families (Hurvich, 1981). Grandsons
seem to inherit the deficiency from color-normal daughters
whose fathers were color-defective (Hurvich, 1981). The
sex linkage of the inheritance of color deficiency accounts
for the fact that there are more color defectives among
males than among females (Hurvich, 1981) (Table II).
Indeed in the present study, of the fourteen color
defectives found through screening, ten were males.

Color defective persons lack an attribute of
perception which may take on varying degrees of importance.

Those who are color blind distinguish a fewer number of
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INCIDENCE OF COLOR DEFICIENCY

Incidence in Males Incidence in Females

Caucasians
Northern European
American
Australian

8.08 + 0.26%

Asiatics
Japanese
Chinese
Others
(e.g., Korean, Philippino)

4.90 + 0.18%

Other racial groups
American Indian
Mexican
American Blacks
Eskimo

3.12 + 0.40%

0.74 + 0.11%

0.64 + 0.08%

0.69 + 0.07%

VISUAL DEFECTS IN THE CAUCASIAN POPULATION

Male Female
Protanopes 1.0 0.02
Protanomalous 1.0 0.02
Deuteranopes 1.1 0.01
Deuteranomalous 4.9 0.38
Tritanopes 0.0001

(0.0027)

Monochromats 0.003 0.002

Source: Hervich, L.M.

Sinauver Associates, Inc.

(1981) Coloxr Vision. Sunderland, MS:



additive reds and greens. A mixture of many wavelengths
appear different in color to the normal subject but appear
identical to the color defectivé (Padgham & Saunders,
1975). 1Individuals who are color blind are at a severe
disadvantage in situations where color is used to
facilitate the communication of visual information or where
color is used to stimulate (Padgham & Saunders, 1975). It
is for these reasons that prospective subjects screened and
found to be color defective were not included in the final

sample.
Visual Perception and Color

Visual sensory input, known as perception, is
interpreted in light of one's conscious experience of the
environment (Padgham & Saunders, 1975). Perception
encompasses the awareness of external surroundings,
symbols, events, and objects by means of sensory processes.
Perception is influenced by such things as prior
experiences, knowledge, orientation (Shapiro, 1988), and
emotions (Padgham & Saunders, 1975). Gestalt theory
suggests that perceptual or conceptual groupings of
material become the "psychological" units" in memory and
recall (Bower & Hilgard, 1981; Padgham & Saunders, 1975).
A theoretical justification for perception can be drawn
from iconicity theory (Bruner 1966). The iconicity theory
("icon", image, standing for something) is a theory of

cognitive development devised by Bruner that is based on
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representation (imagery) through perceptual memory.
Neisser (1967) relates iconicity theory to visual imagery.
Tulving and Thompson (1973) believe that specific encoding
operations performed on what is perceived determine what is
stored, and what is stored determines what retrieval cues
are effective in providing access to what was stored.
Sevush (1983) postulates that visual-nonvisual components
of perception are aspects of a pattern which also includes

imageability components.

Imagery

Imagery is a popular research topic due to the
acceptance of the cognitive view of information processing
and memory (Singer, 1981). Imagery is recognized as one of
the primary modes of representation of information in
memory (Bower, 1972; Coopert & Shepard, 1973; Paivio 1971;
Richardson, 1969). Mental imagery refers to internal
representations which mimic sensory experiences in the
absence of the actual sensory stimulus Gardner & Kurtz,
(1979). Imagery is thought to be helpful in the impress
process in both the encoding phase and the retrieval, or
recall, phase of memory traces (Gagne, 1970; Gardner &
Kurtz, 1979; Bower, 1985; Sarason & Sarason, 1987). Paivio
(1972) identified five factors which relate to imagery and
recall in regard to spelling. Four of these factors
include: vividness, dual-coding (imaginal and verbal

processing), organization processes (spatial and
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sequential), and interference. A color coding process
which creates vividness of vowel patterns in written
spelling words might assist in imaginal and verbal dual-
coding by spatially and sequentially organizing words. ‘The
use of imagery for recall was found to be subject to
manipulation and was related to both the method of input of
information and the subject's internal cognitive structures
(Davis & Annis, 1980; Radaker, 1963; Canelos, 1982-83; Kuhn
& Schroeder, 1971). Bakker (1972) contends that a shifting
of attention occurs from one cerebral hemisphere to
another, developmentally, as children employ different
encoding/decoding (spelling) strategies. The right
hemisphere is considered to be more perceptually oriented
(Gazzaniga & Sperry, 1967). Ackerman (1987 b) found that
sixth grade children preferred to receive information in
perceptual form. Horng (1976) demonstrated that even those
who had poor ability to form images themselves could
perform almost as well as those who were able to form
images with ease when imagery suggestions were provided to
them. Horng's finding suggests that the use of visual
imagery with color-coding might be effective since imagery
suggestions couid be provided through colored spelling
woxrds.

Kosslyn (1980) theorizes that images generated from
long-term memory are not necessarily in pictorial form.
Kosslyn's theory offers support for the imagery of abstract

symbols such as letters rather than "pictures in the brain®
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theories. Visual imagery was found to correlate with the
meaningfulness of an item (Bersted (1983), Day & Bellez:za,
1983; Masson & Miller, 1983), the items' concreteness or
abstraction (Pezdek & Miceli, 1982), the rate of
presentation for encoding, and the method of evoking a
response through recall (Anderson & Bower, 1972). Imagery
was found to enable memory within the least time and with
the least repetitive drill and difficulty (Jensen & Rohwer,
1970; Paivio, 1971; Rohwer, 1970). Levin (1983) reviewed
research on visual imagery strategies and found that, to be
effective, a visual imagery intervention needed to be
directly related to the learning task. Levin (1983) found
that individuals displayved differences in their ability to
successfully employ visual imagery. Radaker (1963), Kuhn &
Schroeder (1971), and Canelos (1982-83) also researched
effects of visual imagery. Radaker (1963) studied effects
of visual image training on spelling with fourth graders.
One group practiced imaging words printed in dark, glossy
letters while the control group was given a period of
socializing and conversation. Spelling achievement scores
were found to be greater for the experimental group than
the control group (F = 5.18 p <.05) over a treatment
interval of one year. Kuhn & Schroeder (1971) combined
oral and visual modes with a multi-sensoxry approach for a
self corrected test method with fourth-grade and sixth-
grade students. Results indicated that the visual test

method was significantly superior to the oral test method.
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Canelos studied the effects of three visual imaging
instructional strategies on recall of free content
materials. The nature of the materials were found to
affect the subjects ability to abstract and internalize an
image. Canelos (1982-83) concluded that reduction of
irrelevant data in pictorial materials significantly
affected recall.

Tulving (1968) recommended that students should image
key concepts when learning initially and should recall
those imaged key concepts during subsequent retrieval of
the related information. Visual memory and imagery might
be enhanced by the addition of color to the task.

Support for a visual color-coded spelling intervention is
lent by the suggestion that visual instruction plus imagery
is likely to maximize learning (Jensen & Rohwer, 1970;

Paivio, 1971; Rohwer, 1970).
Visual Memory

Three theories of visual memoxry have been utilized in
research: iconic, memory cueing, and dual trace. Sperling
(1960) believes there is a rapidly-decaying memory system
which has an impressive capacity to store wvisual
information, and Neisser (1967} calls this visual sensory
memory or "iconic" memory. Sperling's (1960) theory
correlates with Shapiro's (1988) finding that the majority
of information received by the brain comes from the evye.

The basic assumption of Neisser's (1967) iconic memory
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theory is that learning will be more complete as the number
of cues in a learning situation increase. Gagne (1985)
advocates Neilsser's theory and further states that when
information is divided into subsets, the subsets, being
fewer than the individual items, provide a way of keeping
track of much information without actually having all of it
in working memory at -nce (Gagne, 1985). Millexr (1957)
supports this assumption and proposes that the chance of an
individual learning increases as the number of cues
increase. Cued recall was found to be effective for strong
part-whole relations (Watkins, 1974). In their memory
cueing hypothesis, Cox and Griggs (1982) suggest that
people reason better with realistic rather than abstract
materials and have been found to perform better with a
realistic version of the selection task. The third visual
memory theory, the dual trace hypothesis, has been
described by Bower (1972) and Paivio (1971). In this
hypothesis there are two distinguishable, closely connected
but different forms of representation, the imaginal and the
verbal. Bower and Hilgard (1981) suggests that when a word
to be remembered is shown, the subiect enters a memory
trace of it in verbal storage. A duplication of the
imagined or heard word is remembered with two, redundant
copies of the memory trace encoded into memory.

A current hypothesis for cognitive skills memory is
that a complex memory is localized in the association

cortex connected to the sensory cortex that was dominant
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during the learning experience (Bower & Hilgard, 1981).
Anderson (1976) and Bower (1972) theorize that recognition
memory for an item depends on association established in
long-term memory between the item and the contextual
ideation in which the item was presented. McGinnis (1963)
utilized an association method to emphasize the association

of written forms of words with lettexr symbols.
Visuwalization

Visualization is the process of seeing or experiencing
again previously seen or experienced objects or events.
Processed visual information allows visual recognition that
is developed through visuwal comparison, visual memory or
recall, and visual imagery. These three components create
the ability to visualize and is necessary for spelling
skill (Hendrickson, 1988; Waters et al., 1988).
Neurological information processing theory suggests that
visual presentation enables visualization from memory.
Gesell and 1Ilg (1949), Getman (1957-1965, 1960, 1962), and
Henry (1965) argue that visualization is covert, abstract,
learned, and thus trainable. Successfully spelling a woxrd
becomes a proceés of matching the word seen with the word
visualized (Hendrickson, 1988). A spelling intervention
might train letter sequencing memory through the use of
color.

Padgham's and Saunders' (1975) and Shapiro's (1988)

argument, that much of the information that comes to the
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brain comes from the eye, correlates to Sperling's (1960)
theory, which parallels neurological information processing
theory and suggests that visual presentation enables
visualization from memory. The use of visualization
training by way of color-coded words might serve to allow
unfamiliar or difficult spelling patterns to be read out ot

visual memory.

Spelling

A historical review of spelling does not relate
directly to the purposes of this review of the literature
and will be limited in scope. The purpose of this review
is to demonstrate that although spelling has been carefully
studied, there is limited information regarding the
relationship of spelling performance and color. The review
of literature provides a rationale for the examination of
visual imagery, cuing, attention, neurological processing,
and attitude as these factors relate to spelling
performance.

Spelling was among the first curriculum areas to be
critically evaluated Noah Webster (1857), the author of
spelling texts used in American schools, sought, but
failed, to simplify and standardize spelling in the hope of
creating one-to-one correspondence between letter and
sound. Research advanced by Thorndike (1944), Gates
(1937), and Horn (1969), created the development of word

lists based on word frequency. Study-test versus test-
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study-test methods and the application of linguistic
analysis in regard to spelling became the issues of the
1940's and 1950's (Fitzgerald, 1951). During the 1960's a
federal project, Project 1991, developed spelling rules and
programed a computer to spell based on those rules. Both
the regularities and the inconsistences of American English
spelling was revealed through the results of the Project
1991 effort. Historical research in spelling has focused
on curriculum, spelling patterns, instructional methods and
developmental patterns of error. Analyses of spelling have
resulted in study lists, study activities and a systematic
teaching of spelling generalizations. Hanna (1971) states
that spelling is a systematic structural activity of
awareness of patterns. Hodges (1971) and Allred (1977),
along with Hanna, suggest that the spelling process is a
system of rule generalization and that learning the
generalizations will improve the spelling performance.
Hendrickson (1967) suggests, however, that spelling is more
a process of visualization or wvisual recall rather than one
of learning rules. Templeton (1979) supports Hendrickson's
suggestion that spelling acquisition is due to the
development and use of a visual structure.

Neurologically, the left cerebral hemisphere is
relatively specialized for active speech including reading,
writing, and spelling, whereas the right hemisphere is more
specialized for nonverbal perception and spatial reasoning

(Gazzaniga & Sperr, 1967). The right hemisphere has
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capability for passive visual recognition and
comprehension.

Beers and Beers (1981) found that three assumptions
are generally held regarding learning to spell. Two of
these assumptions relate to the purpose of the present
study: (1) the assumption that spelling success is based
primarily on phonics knowledge, and (2), the assumption
that spelling success is primarily a rote memorization
process.

Isaacson (1987) cites four methods used traditionally
to teach spelling: (1) auditory approach, (2) a visual
approach, (3) a meaning approach, and (4) a combination of
any of these approaches that might also include
kinesthetics. The auditory method teaches a student to use
phonetic skills or letter sounds to spell words. The
visual approach teaches a child to look at word shapes
(configurations) and letter clusters (morphemes). The
meaning approach to spelling presents words grouped by the
way they look (a common morpheme) or by a common topic or
rule. The combination approach may use linguistics (word
families) or a morphographic approach that involves meaning
and/or syntax. The kinesthetic approach involves tracing
on sandpaper, shaping letters out of clay, touch typing, or
writing missed words several times. The present study
involved the use of a color-coded intervention and combined
the visual and kinesthetic approaches to teaching spelling.

Spelling ability appears to be a developmental
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process. Waters (1988) found that the use of morphological
information for spelling emerges relatively late with
exposure to written language.' Good spellers have knowledge
of spelling conventions regarding orthographic words by &4th
grade and this knowledge is a major determinant of spelling
ability in children (Waters, et al, 1988). Beers and
Henderson (1977) and Gentry and Henderson (1978) found that
beginning writers used knowledge of phonetics but not
phonics when they spelled. Henderson (1977), Zutell
(1979), and Templeton (1979) concluded that there are
developmental stages of learning to spell and those stages
are prereading (less than six years of age); phonetic
(first to third grade); orthographic (fourth grade); and
morphemic and syntactic (fifth grade and on). It is
generally agreed, therefore, that no single theory
adequately explains the spelling process (Allred, 1977;
Hanna, 1966; Hodges, 1971; Dolch, 1960; Gates, 1931;

Fitzgerald, 1952).

Characteristics of Poox Spellers

Although interrelationships between reading and
spelling problems are cited (Boder, 1970, 1973; Finucci,
Isaacs, Whitehouse, & Childs, 1983), disorders of spelling
do not continually correlate with problems in reading (Hynd
& Hynd, 1984; Roeltgen, 1984). Research has yielded two
subtupes of disabled spellers (Naidoo, 1972; Nelson &

Warrington, 1974;: Sweeney & Rourke, 1978). One subtype
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exhibits reading and spelling deficiencies while the second
manifests only spelling problems. These spellers are
described as not utilizing lexical, or letter-by-letter,
processing (Firth, 1983). Boder (1971) identifies three
groups of poor readers by analysis of spelling patterns:
dysphonetic, dyseidetic, and mixed dyslexia. Dysphonetic
reader/spellers are also called auditory dyslexics by
Johnson and Myklebust (1967). Students in this group tend
to demonstrate bizarre spellings except for those words in
their sight vocabulary (i.e.: mysife for myself:; pleaol for
people). These students seem to have primary deficits in
auditory processing and do not respond to phonics training
as a primary teaching mode. A whole-word strategy approach
appears to be helpful for this type of processing deficit.
Dyseidetic reader/spellers spell correctly only those words
which are phonetically consistent. Many of their words are
identifiable even though incorrectly spelled (i.e. huspetel
for hospital). Johnson and Myklebust identify this group
as visual dyslexics and recommend reading instruction which
emphasized phonetic training. A systematic, highly
structured phonetic approach appears to be helpful for this
type of processing deficit. Boder's third group is termed
mixed dyslexics and are most often nonreaders. Mixed
dyslexics reflect characteristics of both the former two
groups and tend to have difficulties resistant to most
typical remedial techniques. 1Inability to read for this

group will probably persist throughout adult life.
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Multisensory strategy approaches appear to be helpful for
this group (Boder, 1971). A. W. Young and Ellis (1981)
are critical of labeling such as Boder's and suggest that,
rather than being deficient, the poor speller may approach
the task with quite different information-processing
strategies and quite different knowledge bases.

Poor spellers appear to exhibit characteristics not .
associated with proficient spellers. Poor spellers were
found to differ from good spellers in knowledge of sound-
spelling correspondences (Treiman, 1984; Waters, et al,
1988) and of spelling conventions (Schwartz & Doehring,
1977; Schwartz, 1983). Bruck (1988) suggests that poor
spellers rely on phonological information for word
recognition because they have incomplete knowledge of
spelling-sound correspondences. Poor spellers do not build
up word-specific associations but, instead, continue to use
phonological processes and to rely on inadequate spelling
sound correspondence information for word recogniton
(Bruck, 1988). Waters, Bruck and Abramowitz (1988) found
that children have the most difficulty with spellings based
on moxrphological information and the least difficulty with
spellings based on invariant sound-spelling relationships.
This difficulty might be lessened with the application of
additional visual information to the child in the form of
color-coded words. It has been found that poor spellers do
rely on visual information but they do not sufficiently

attend so visual information is not adequately processed
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into memory. Bruce and Cox (1983) found that poor spellers
neglect rote strategies in favor of rule strategies. They
looked for rational characteristics of the task where none
existed and, thereby, neglected the more useful strategy of
memorizing the items. Even though rules are generally
taught to facilitate spelling conceptualization, this
finding by Bruce and Cox (1983) has shown limitations on
the effectiveness of rules. If children could be trained
to base spelling decisions on the presence of visualized
orthographic information held in memory as Dean's (1988)
research suggests, useful memorization might facilitate

success in spelling.

Spelling Interventions

Despite its importance, there has been less research
on spelling than on reading (Waters, 1988), and spelling
interventions have received little attention in the
research (Harris, et al, 1988). Research to date on
spelling has focused on the degree to which children and
adults use visual information (Waters, et al, 1988). It is
considered by spelling researchers that a variety of
approaches should be used in teaching spelling (Allred,
1977; Donoghue, 1979). Hanna (1966, 1971) describes
spelling as an encoding process {(while reading is a
decoding process) that is dependent on recall of the
visualized imagery of the word in the absence of wvisual

clues. Klinger (1980) found that recall using visual
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imagery facilitated spelling. Organization has been found
to facilitate recall (Anderson, 1976; Gagne, 1978; Levin,
et al., 1979; Stein, et al., 1982). It might be useful,
during spelling instruction, to increase the probability
that organization would occur (Gagne, 1985) by organizing
vowel types by color. However, Stevens (1987) notes that
the weekly spelling quiz format, used as a sole means of
learning spelling words, often does not provide the
spelling structure needed for spelling achievement.
Hendrickson (1967) sees little opportunity for students to
use their knowledge about written words because copiers do
not have to think about what they are writing; they merely
execute correct eye-hand coordination. It would appear
that taking the time to change colored pencils to write
various vowels of spelling words would allow for some
amount of metacognition on the part of the learner. In
regard to the writing process and its effect on spelling,
spelling failure may be attributable to dysgraphia. For
this reason sixth grade students presenting with dysgraphia
due to poor fine-motor coordination were eliminated from
the sample for the current study. Barsch (1974) suggests
that visual imagery can be incorporated into an instruction
strategy. Fitzgerald (1951) agrees that the student must
develop some type of image in order to spell a word. Hynd
(1986) suggests that if the grapheme-phoneme correspondence
system is deficient, utilization of another word

recognition pathway will be necessary. Harris and others
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(1988) found that students recalled the correct spelling of
more words when taught by a verbal-visual-kinesthetic study
strategy. Visual-processing deficits can be strengthened
by adding a kinesthetic component to the word-recognition
task (Hulme & Bradley, 1984). The rationale for visual
representation is that more spatial processing will be
involved and would rely on right hemisphere processing
strategies (Hynd, 1986). Visual-language methods rely on
the use of strong visual clues which comprise various
patterns of written spelling (Fitzgerald, 1966). McGinnis
(1963) utilized an association method to emphasize the
association of written forms of words with lettexr symbols.
Although this research supports the contribution of wvisual
imagery to spelling performance, there is a paucity of
existent research on the utilization of imagexry in

spelling.
Failure

Because academic instruction places heavy demands on
verbal abilities (Taylor, Fletcher & Satz, 1986), students
in elementary school often begin to experience academic
failure as early as kindergarten or first grade. This
failure may continue through ensuing grades and may present
with somatic, stress-related behavior and phobic reaction

to school. Students who find themselves in vapid learning
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environments may meet with few opportunities to respond and
with little that is stimulating and challenging enough to
hold their attention. Harris (1988) researched
metacognition by investigating the effects of strategy
training and differing strategy-use conditions on the
development of specific metacognitive skills among learning
disabled children. More research directed at identifying
specific instructional practices to increase active
involvement of the learner in the learning environment has

been suggested by Greenwood (1987).

School subjects including spelling are often targets
of failure for children. For a child, spelling
difficulties may cause a negative association with writing,
an attempt to shun writing situations, or to prolong
written work production. The measurement of comprehension
and skill in school is usually collected from a student in
written form. When a student provides less written
evidence of comprehension and skill, or provides written
evidence riddled with misspellings, the result may be
lowered marks. If grades continue to wane the student may
become disinterested in school. An inferior skill,
combined with declines in schoolwork, grades and school
interest may result in learning failure.

For some children academic successes remain elusive.

The extent to which social and environmental variables
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contribute to manifest failure often present in anxiety,
frustration, and lack of self-confidence in children.
Repeated failure at school may partially contribute to low
self-esteem, but the family's reaction.to the child's
learning problem is also critical. Excessive pressure at
home, a curriculum that does not take limitations in basic
competencies into account, or teasing from friends all
potentially contribute to the child's poor performance.
Theories regarding these neurological and environmental
implications in learning failure may be applicable to
spelling in the classroom (Taylor, Fletcher & Satz, 1986).
It may be possible, then, that the cause lies either with
the child, a pathological dysfunction, or with the child's
amount of interaction with the school enviromment (Flavell,
1971; Gagne, 1985). Several theoretical explanations for

failure have been proposed.
Theorijes of Failure

Failure theorists have suggested that inferior
academic performance may evolve from the learning
environment or the student. These possible causes for
learning failure could be applicable to an academic
learning environment for spelling. Johnston and Winograd
(1985) suggest that poor students respond passively to
interactive tasks rather than actively (Brown, 1980).

An understanding of the concept of passive failure has

evolved from research on attribution (Frieze & Weiner 1971;
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Weiner, 1974), achievement motivation (Atkinson, 1957;
Maehr, 1983; Weiner, 1972), and learned helplessness
(Abramson, Garber & Seligman, 1980; Dweck, 1975; Seligman,
1975). Wong (in press) considers that some children may be
better characterized as inactive learners whose major
problems stem from their failure to use efficient and
organized strategies to perform school tasks. Winograd
(1984) believes that individuals fail, not because of a
lack of ability to do the task, but because goal-oriented
strategies are not employed flexibly and efficiently.
Gagne (1985) theorizes that the cause of failure might be
due to interference with initial learning. Torgesen (1977,
1982) suggests that some children are inactive learmers who
fail to spontaneously use efficient and organized
strategies to perform school tasks. Brown (1980) suggests
that the successful student is an active participant in
his/her own learning. Johnston and Winograd suggest that
the focus should be on the process rather than the product
to offset passive failure in students. Delquadri (1983)
has theorized that poor academic performance may be due to
a lack of active involvement on the part of the learmer in
the classroom that occurs as a result of incomplete
learning. He further postulates that poorly achieving
students may not be able to learn due to a lack of
opportunities provided in the classroom and, as a result of
this, they grow to dislike school (Delquadri, et al, 1983).

Torgensen (1977) suggests that learning failure does not
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necessarily indicate a specific psychological process
deficit in attention, short-term memory, or perception.
Rather, performance decrements are viewed in different task
settings as due to the student's failure to employ
efficient strategies to accomplish the task (Torgensen,
1977; Flavell, 1971). Slavin (1984) agrees with both
Delquadri's and Torgensen's theories and additionally
hypothesizes that incentives are diminished by the
repetitiveness of the tasks and lack of interaction with
and feedback from the teacher or others.

These theoretical conditions of failure may result in
practical spelling difficulties for students.
Investigations of strategies that take into account
neurological processing of information as well as classroom
environment interaction may serve to foster positive

attitudes and combat school failure.

Attitude

Because of its inherent implication on failure,
attitude toward school appears to be an important
phenomenon to study (Greenwood, 1988; Klausmeier, 1985).
Negative experiences associated with school failure often
occur to children (Jersild, 1963).

Students who appear resistant to learning are often
described as being unmotivated, but Gagne (1985) counters
that the lack of motivation might be a result rather than a

cause. The cause of the lack of motivation might be due to
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the cognitive domain, assisted by the affective domain,
interfering with initial learning. Gagne proposes that
this interference spawns resiétance which operates as an
obstacle, inhibits learning, and presents as a lack of
motivation on the part of the student. Gagne's (1985)
solution to this dilemma is to determine a student's
knowledge of the subject and relate that knowledge to new
information through the use of strategies. Gagne (1985)
feels that much could be done through instruction or
supplemental materials to increase elaboration and
organization.

Klausmeier (1985) defines attitudes as learned,
emotionally toned predispositions that are capable of
becoming stronger and changing direction and are used to
react in a consistent way toward persons, objects, and
ideas. Klausmeier, too, suggests, as does Meichenbaum
(1977), that attitudes influence students' learning
capabilities and behaviors and that students are less
likely to engage in inappropriate behaviors when they are
actively engaged in academic behaviors. Klausmeier (1985)
suggests that attitudes are capable of becoming stronger
and changing in direction and contain an affective
component which relates to the emotionality aspect of an
object, person or idea and a cognition component which
refers to one's knowledge about an entity. Affect is the
first stage of reaction to stimuli and is also the first

element retrieved from memory according to Zajonc (1980).
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Therefore, perhaps failure experiences create negative
attitudes and success experiences create positive attitudes
to school subjects. If a color-coding spelling
intervention improved spelling performance and, therefore,
a success experience, perhaps a positive attitude toward
spelling would have been created. The affect experienced
at the time of the original learning is the first element
to emerge during the retrieval process according to Zajonc
(1980). Klausmeiers' (1985) affective components of
attitude and Gagne's (1985) resistance theory, which were
discussed earlier, and Zajonc's (1980) conception that
original learning could be influenced by environmental
affect appears to merit the study of color effects on
spelling performance and attitude toward school. Since the
interaction between a student and the classroom environment
may provide some understanding of school failure, Harber
(1980) has suggested that the ecological system and
antecedent components involved in spelling instxruction

appear to be important variables to study.
Summary

Although this literature review supports the
contribution of visual imagery to spelling performance,
there is a paucity of existent research on the utilization
of imagery employing color to teach spelling.

Teaching children to focus on process, through the use

of color, might produce a focus on the application of an
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intervention. Johnston and Winograd (1985) suggest that
the use of appropriate strategies tends to make tasks more
readily accomplished. The potential of focusing childrens'
attention through the use of color has.been neglected in
the literature, although the importance of the intervention
emerges in various studies (Peterson, Swing, Braverman, &
Buss, 1982; Diener & Dweck, 1978). Salmon (1979) found
that there was a direct relationship between the learning
strategy and the sensory modality that was used to acquire
information. Color coding appears to be of significance to
study as an information-acquisition intervention since the
active learner involvement using the visual-sensory
modality is employed to attend to, encode, and visualize

both tangible and imagined spelling words.



CHAPTER 1I1II

METHOD

Introduction

The primary purpose of this research study was to
provide empirical evidence regarding the effect of color-
coded spelling intervention on spelling performance and
attitude toward school. Two color-coding treatments, one
of which was a placebo, were studied. The spelling
performance and attitude toward school of the students was
measured by weekly spelling tests, the Test of Written
Spelling-2 (TWS-2). and the Survev of School Attitudes
{ssa), Intermediate Level, Form B. Scores on the
Metropolitan Achievement Test (MAT) spelling subtest were

used as a covariate. This chapter contains descriptions of
the sample, instrumentation and research design. Data
collection procedures and methods of analysis are described

and discussed.

Sample

The research sample was comprised of sixth-grade
students enrolled in a public school district in a town
with an estimated population of 26,000 which is near a

large southwestern city. The total student population of

61
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the district was 5,000 and included students in grades
preschool through twelve. Three hundred and forty-three
(343) sixth-grade students were enrolled in 15 classes in
one of five elementary buildings. Two of these classes

were homogeneous while the other 13 were heterogeneous.

TABLE III

SIXTH-GRADE CLASSROOM DISTRIBUTION

Building Total Number of Classrooms
1 2
2 6
3 2
4 4
S 1
Total = 5 - Total = 15

All of the educational staff assigned as teachers for
the sixth-grade were certified elementary education
teachers. The established sixth-grade spelling curriculum
is under the direction of the director of education for the
school system.

Sixth-grade students had previously been assigned to

one of the 13 heterogeneous classrooms by administrative
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procedure. Enrollment in the heterogeneous sixth-grade
classrooms was 291 at the time of this study. The basis of
classroom assignment for the heterogeneous classrooms was
not relevant to this study and therefore it was not
considered to be a biasing variable. Current heterogeneous
sixth-grade classroom assignments and 1988 Metropolitan
Achievement Test (MAT) spelling subtest raw scores were
made available by the school administration prior to the
selection of the final sample for the current research.

The 13 heterogeneous classrooms containing 291 sixth-grade
students became the prospective candidates. A minimal
sample of 160 was deemed necessary for statistical
analysis.

Written permission to participate was requested for
each of these 291 students. A parental consent form, along
with a cover letter explaining the research study, and an
addressed envelope (Appendixes A, B) were mailed to all
parents of the 291 candidates. A return deadline of one
week was requested. This sampling procedure yielded 222
replies (206 consents, 16 refusals) with a return rate of
76 percent. Demographic information from parental consent
forms was collected to be used at the conclusion of the
study to inform parents of each subject's testing results
and implications for the treatment group of which he/she
was a member. In addition, the following information was
gathered and recorded on data collection pages for each of

the 206 candidates by each of the 13 classrooms: student's
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name, 1988 MAT spelling subtest raw score, sex, age,
school, classroom teacher.

The 206 subjects who had parent permission were then
screened with the Dvorine Pseudo-Isochromatic Plates Test
for color blindness. Fourteen students (10 males and 4
females) were found to have abnormal color vision. A
percentage of .0679 (.0485 males, .0194 females) was found
in this population. None of the 206 potential subjects had
auditory or fine motor-graphic disabilities, as reported by
the school nurse or teacher, respectively. Twelve
prospective subjects had no 1988 Metropolitan Achievement
Test spelling subtest raw score. Two prospective subjects
were receiving spelling instruction outside their
respective classrooms in a learning disabilities resource
lab. The distribution of the exclusions from the
prospective sample elicited by screening is referenced in
Table IV. The exclusion of these 28, therefore, created a
final sample (Table V) of 178 sixth-grade students (74
males, 104 females), who met the following criteria:

(1) signed parent permission to participate in study
(2) enrollment in a heterogeneous sixth-grade class
(3) not receiving spelling instruction in learning
disabilities
(4) 1988 Metropolitan Achievement Test spelling
raw score
(5) found to have normal color vision and auditory

acuity



(6) ability to print or write in cursive

TABLE IV

DISTRIBUTION OF EXCLUSIONS FROM
PROSPECTIVE SARMPLE BY CLASSROOM

65

exclusion classroom

1 2 3 4 5 6 7 8 9 10 11 12 13
-L.D. . . . . . 0O 0 0 0 0 O O 1 O 0 1 0 0
spelling instruction
-no MAT . . . . i1 0 0 1 3 O O 2 0 3 1 0
score
screened for:
abnormal color
vision . . . . 0O 0 2 2 0 1 0 1 3 1 1 1 2
Totals = . . . . 1 1 2 2 1 4 0 2 5 1 S 2 2

The resulting sample showing distribution by sex is

referenced in Table V.



66
TABLE V
FINAL SAMPLE DISTRIBUTION BY SEX

classroom
1 2 3 4 5 6 7 8 9 10 11 12 13

SeX:
Male 5 5 6 8 3 5 7 5 9 5 7 3 6

Female 6 7 8 8 10 3 10 15 5 11* 9 6 5
Subtotal 11 12 14 16 13 8 17 20 14 16 16 9 11

Total Males
Total Females

74
104

(* included one set of female twins)

The racial composition of the sample was White (139),
Black, (4), Oriental (3), Native American (27), and
Hispanic (5). The distribution of the sampled population

by racial composition is referenced in Table VI.
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TABLE VI

FINAL SAMPLE DISTRIBUTION BY RACE

classroom
1 2 3 4 5 6 7 8 9 10 11 12 13

Race:
wWhite 8 10 10 13 10 & 13 17 12 13 14 6 8
Black 0 0 0 0 0 1 0 1 0 1 0 1

o O

Oriental O 1 1 0 0 0 1 0 0 0 0 0

Native 3 1 2 3 1 2 2 2 2 2 2 2 3
American

[X)
o
[
o
o
o
o
o
o

Hispanic 0 0 1 0

Total White

Total Black

Total Oriental

Total Native American
Total Hispanic

=
[N w
n<Nwe v

Age range of the final sample was 10-2 to 13-10 (mean

age = 11-9) is referenced in Table VII.
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TABLE VII

FINAL SAMPLE CLASSROOM AGE RANGES
AND SAMPLE MEAN AGE

day color-code letter color-code control class

class X age class X age class X age
1 11- 8 6 11-11 10 11- 8
2 11- 9 7 11- 8 11 11- 9
3 11-7 8 11- 2 12 12- 3
4 11-11 9 11-10 i3 11- 9
5 11-10

Total: Total: Total:
5 11- 5 4 11- 3 [ 11- 7

Age range 10-2 to 13-3
Total mean age = 11-9: (Total CA/N)

Instrumentation
Suxvey of School Attitude

The Survey of School Attitude (SSA); T.P. Hogan, 1972)
was used as a pretest and posttest measure for this study
(Appendix C). The SSA is a group-administered attitude
test designed to measure whether students like, dislike, or
are neutral toward a sample of curricular activities that
they normally encounter in school. The test measures
their affective reaction toward four major areas of the
school curriculum - reading and language arts, mathematics,
science, and social studies. Respondents indicate whether
they like, dislike, or are neutral toward fifteen

activities in each of the four areas.
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Two levels (Primary Level for grades one through three
and Intermediate Level for grades four through eight) and
two parallel forms (A and B) are available. The
Intermediate Level booklet, which is for students in grades
4-8, was used for this study. Form A of the Intermediate
Level booklet was used as the pretest instrument and Form B
was used as the posttest instrument. Both Form A and B
have 60 items each and each form can be given in one
sitting of 30 minutes.

Students may record their answers in the Intermediate
Level booklets. Each written statement about the objective
being illustrated (e.g., reading detective stories, doing
difficult addition problems) is accompanied by a face with
either a smile, frown, or a neutral or straight face. Each
face is described in words, such as "Like," "Not Sure" or
"Don't Care," and "Dislike." Students are guided in how to
answer the sample items, but the examiner does not read the
test to the examinees. A blank page is also included and
contains a set of twelve blank boxes. On this page
teachers are given the opportunity to add their own items,
which enable users to supplement the type of information
assessed on the iest. The theory behind the SSA is that
knowing a student's attitude toward a particular objective
or topic area of a given subject is a valuable tool in
examining the interests of a class.

The S8A was developed and field tested in 1972.

During the initial development, Hogan experimented with
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various response modes, presentation procedures,
approximate timing, various content, and scale lengths, as
well as having the students react to the pictured items in
a test booklet and using a face format for students to
record their answers on the answer sheéts. During
standardization in October, 1973, the SSA was administered
to a sample of 13,500 students who approximated the naturgl
school population on the variables of geographic region,
socioeconomics, minority populations, and community size.

The SSA has been used in numerous correlational
studies comparing attitude variables to achievement
variables. The SSA could be used by psychologists in an
educational context to assess the attitudes of students
toward the content of what they are being taught. The test
may be either hand or machine scores. The "Like" responses
are scored 2, "Dislike are scored 0, and "Don't Know" or
"Don't Care" are scored 1. A test can be scored in less
than two minutes. The scorer calculates the total score
for each of the four scales by multiplying "Likes" by 2 and
"Uncertains" by 1.

The interpretation of the 33A is based on the
objective scores made by the students on the test. There
are two approaches. Thpre is a criterion-referenced system
in which the scores can be translated to "Level Scores'
that indicated the degree to which a student likes or
dislikes a curricular area. Percentile ranks are used in

the norm-referenced interpretation which indicates whether



71
a student "likes" or "dislikes" a curricular area more or
less than students in the same grade (Hogan, 1975, p. 19).
The percentile rank corresponding to a given raw score
represents the percentage of students in the norm group who
obtain scores equal to or less than the given scores.

The split-half reliabilities corrected by the
Spearman-Brown formula on the Primary Level range from a
low of .80 for science to a high of .91 for mathematics in
the fourth grade. The Alpha coefficients are slightly
higher with a few coefficients in the .90'3. Most
coefficients fall in the .80's.

Test-retest results across forms were on a ten-day
interval across grade levels for one school district. The
coefficients ranged from a low of .58 for science to a high
of .85 for reading and mathematics sections of the Primary
Level. On the Intermediate Form and the alternate form the
coefficients ranged from a low of .74 on social studies to
a high of .83 on mathematics.

The construct validity of the test is supported
through results from the factor analysis of the instruments
and the intercorrelations between the scales. The
achievement SSA correlations reported across grades seldom
exceeded .30, indicating that the scale is independent of
student achievements. The test functions effectively with
minority groups and, therefore, is not considered to be

culturally or sexually biased (Drummond, 1985, in
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p. 663-639).

The SSA was selected for its emphasis on attitudes
toward school. Pre and posttesting using the SSA was
conducted in each of the 13 classrooms by the author prior
to and at the conclusion of the treatment phase of the

study.
Test of Written Spelling-2

The Test of Written Spelling-2 (IWS-2, Larsen &
Hammill, 1986) was used as both a pretest and a posttest in
this study. The TWS is a norm-referenced test designed to
assess the spelling of students in grades one through
twelve. The TWS-2 is comprised of two subtests.

The first subtest assesses spelling for "predictable" words
{(those which conform to common English orthographic rules),
while the second subtest assesses spelling for
"unpredictable" words (those which do not conform to
orthographic rules). Test results are reported in terms of
standard scores and percentiles. The TWS-2 is a revision
of an earlier test, The Test of Written Spelling (TWS),
(Larsen & Hammill, 1976). The JTWS-2 is based on the
correct written spelling of words. The TWS-2 employs a
dictated words format in which the student spells the test
words from oral dictation.

The TWS-2 item were selected from a pool of 17,000
frequently occurring words which had been studied for

extent of phoneme-grapheme correspondence (Hanna, Hanna,
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Hodges, & Rudorf, 1966). it was found that the correct
spelling of approximately one-half of the 17,000 words
could be predicted using 2,006 orthographic rules. The
remaining words were unpredictable in terms of orthographic
rules. The authors of the original TWS then compared
spelling words commonly taught in elementary and junior
high schools with the words from the Hanna study (Hanna et
al., 1966). They identified the words in the original pool
that were taught in all ten of the most commonly used basal
spelling series of the mid 1970‘5. These procedures
vielded 126 possible spelling words for an experimental
version of the TWS. The experimental TWS-2 was given to
878 students in grades one through eight, and the 126 items
were analyzed for validity and difficulty. Based on these
analyses the final version of the TWS-2 was reduced to 60
spelling words grouped into the two subtests.

The TWS was revised for two reasons: to expand the
test for use with upper-level students and to strengthen
the weak reliability for the test at the lower age ranges.
For the TWS-2, various words were selected from current
basal readers and a reading core vocabulary list (Taylor et
al., 1979) for use with the lower grade levels, and from
the English Dictionary of Language lists for the upper
grade levels (for which basal readers are not written). A
total of 145 predictable and unpredictable words were
originally selected. These were reduced through item

analysis to a final version of the TWS-2 that contained 100
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words (50 predictable and 50 unpredictable).

The experimental words in the TWS-2 were administered
students in first through twelfth grade using the dictated
word test format. Two measures of item analysis were used:
through item discrimination procedures, words that did not
have a point biserial correlation with the total test score
of greater than .3 were eliminated; through item difficulty
procedures, words that could not be spelled correctly by
15% of the sample , or were spelled correctly by more than
85% of the sample, were eliminated.

The final 100-word version of the TWS8-2 was
standardized on 3,805 students in first through twelfth
grade in 15 states. Characteristics of the normative
population were roughly comparable to national
characteristics with respect to sex, race, ethnicity,
geographic area, and urban versus rural residence. The
resulting normative tables are reported in the manual in
terms of standardized scores (also referred to as
quotients) with a mean of 100 and a standard deviation of
15, and in terms of percentiles based on scores obtained
from the normative population.

Test validity of the TWS-2 was established through
measures of content, criterion-related, and construct
validity. Content validity of the test was examined using
a sample of first- through twelfth-grade studenfs drawn
from the standardization population. Median item

discrimination for predictable and unpredictable words
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combined ranged from .48 (for the first-grade words) to .70
(for the twelfth-grade words). Median item difficulty for
the total test ranged from 0 percent (for the first-grade
words) to 83 percent (for the twelfth-grade words). 1In
general, item discrimination coefficients were comparable
for the predictable and unpredictable words, whereas item
difficulty measures were slightly higher for predictable
words than they were for unpredictable words.

The item discrimination values indicate that the TWS-2
words can be used to discriminate between good and poor
spellers. The mean percentages of item difficulty are
generally in the acceptable range for fourth through tenth
grade. However, the content validity at the lower and upper
age ranges is suspect due to extreme values of item
difficulty.

Measures of concurrent validity were used to evaluate
the criterion-related validity of the IWS-2. Correlations
for spelling words used in both the TWS and the TWS-2
were .91 for the predictable words subtest, .93 for the
unpredictable words subtest, and .93 for the total test.

When the TWS-2 was compared with four other
standardized spelling tests, correlations ranged from .82
to .97 for the spelling subtests of the Durrell Analvsis of
Reading Difficulty. the Wide Range Achievement Test. and
the California Achievement Test. The correlation of the
IWS with the SRA Achievement Series Spelling Test ranged

from .72 to .81. These lower correlations are possibly the
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result of the format of the SRA test used in determining
concurrent validity, which uses a multiple-choice
proofreading rather than a dictated-word format. The
TWS-2 has been found to have a higher correlation with the
criterion of correct spelling in written work than
recognition tests such as the SRA (Croft, 1982).

Construct validity for the TWS-2 between age and
predictable subtest scores, unpredictable subtest scores,
and total test scores are .62, .63, and .64, respectively.
The TWS-2 is also reported to discriminate between ability
groups.

Test reliability for the TWS-2 was éxamined with
measures of internal consistency, standard exrors of
measurement, and test-retest reliability. Internal
consistency coefficient alphas from the normative data
range from .86 to .97 for the separate predictable and
unpredictable subtests, and from .92 to .98 for total test
performance. Standard error of measurement accounted for a
maximum of 85 percent of the variance in the scores and
ranged from one to three words for the separate predictable
and unpredictable words scores and from two to four words
for the total score. Test-retest reliability ranges from
.86 to .98 for the separate subtests and from .91 to .99
for the total score. The magnitude of these correlations
of reliability demonstrateigood reliability for the TWS-2.
The TWS-2 may, therefore, be considered to be a reliable

assessor of spelling ability (Varhagen, 1985, in
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Educational Testing Service Tests Critiques, Vol. II, p.
485-493). The TWS-2 was selected to administer to measure

spelling skill (Appendix D).

Weekly Spelling Tests

Six weekly spelling tests given in the 13 classrooms
during the treatment phase were taken from the basic word
lists of the Spelling Words and Skills, 6th grade level
(Scott, Foresman, & Company, 1985) spelling textbook
Only words from the content words (words from content areas
of social studies, math, health, science, the arts,
language arts, and physical education) and the "wild words"
(unpredictable) lists were scored for
the purposes of this study. The spelling instxuction and
text were part of the normal sixth-grade curriculum for the
school district.

The basic word lists are a result of a study conducted
by Scott, Foresman, and Company in 1976 with a sample of
4800 students' composition samples in grades one through
eight and representing 49 states. The following procedures
were used to develop the basic word lists: a random 50-
word sample from each paper was marked off; each
misspelled word was noted and the correct spelling was
written in front of the misspelled word; the material was
put on a computer; the print-out was studied to determine
words children used in their writing, words they

misspelled, and how they misspelled the words. 1In addition
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to phonics and structural analysis, some lessons in each
grade feature words whose spelling problems are related to
usage problems, such a homophones. Spelling lessons 12

through 17 were used for this study.
Dvorine Pseudo-Isochromatic Plates

The Dvorine Pseudo-Isochromatic Plates. Second
edition, (DP-I), (1953), was used to screen the potential
sample for color blindness. The DP -1. by Israel Dvorine,
is published by The Psychological Corporation. The DP-1
consists of two sections. Section one contains one
demonstration plate (number 48 in red on a blue background)
and 14 plates made up of eight different
color combinations arranged in pairs of identical colors.
Section two contains one demonstration plate (a blue trail
on a red background) and 7 plates featuring trails instead
of digits; each of these plates consists of different color
combinations, but similar to the color combinations of the
first section. The second section may be used to test pre-
school-age children and illiterates, or as a corroborative
test when an individual fails to identify the plates of the
first section. Best results are obtained when the
illumination of the plates approximates that of daylight.
The plates are held about 30 inches in front of the
patient. After being shown the red number 48 of the
demonstration plate, the patient is instructed to call off

the numbers of the 14 plates that follow. No more than 5
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seconds are allowed for the identification of each plate;
and hesitant, studied responses, or tilting and turning of
the head should be noted and recorded. Behavior of this
nature is generally associated with defective color vision.
A similar procedure is to be followed with the second
section is used, with one exception. The patient should be
furnished with a thin brush or other non-scratching pointerxr
and directed to outline or trace the trail on the
demonstration plate and the seven trails that follow it.

The Nomenclature Test of the DP-1 is given to test the
patient's knowledge of names of colors. The Nomenclature
Test is given by rotating the disk to expose each of the
eight circles of color. The responses, both to saturated
and unsaturated colors, should be recorded. If a patient
names the colors on the disk correctly but fails the
general color test, he still is to be classified as color
blind; for many color blind individuals learn to name the
colors correctly by their brightness instead of their hue.
Occasionally, a patient may pass the color discrimination
test but fail to name correctly the colors of the circles
on the rotating disk. This indicates that the patient is
not color blind but that his/her knowledge of color names
is faulty.

The advantages in the use of pseudo-isochromatic
plates as a color-blind test are many, the chief ones
being: ease of operation, convenience and the saving of

time. There are also disadvantages, as in all tests. The
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most frequent error is figure-ground confusion by otherwise
normally seeing individuals. The exact cause of this
antipathy to certain color combinations is not known.
Incorrect grouping by the patient may be a contributing
factor. It may also indicate slight variations from
typical sensitivity. The identification of one digit in a
plate which has two digits shall constitute an incorrect .
response. Tracing only one part of a trail instead of the
entire trail shall also constitute an incorrect response.
Incorrect responses to two or less plates of the first
section are probably due to figure-ground confusion and the
individual is to be considered as having normal color
vision. Incorrect responses to three or more plates of the
first section of this screening test indicates red-green
defective vision. Incorrect response to one plate of the
second section of this test is to be considered normal
color vision. Incorrect responses to two or more plates of
the second section is to be considefed defective color
vision.

There are two types of red-green defective wvision
known as protanoid and deuteranoid types: the first is
associated with abnormal appreciation of luminosity, the
second with normal. Plates 6, 7, and 19 are diagnostic for
these two types. The protanoid type identifies the digits
five and six of these plates and can trace the right half
of the trail, but fails to identify the first digits and

the left half of this trail, or sees them only faintly.
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The deuteranoid type identifies the digits 9 and 2 of the
above named plates and can trace the left half of the
trail, but fails to identify the second digits and the

right half of this trail, or sees them only faintly.

Treatment Procedures

The 13 heterogeneous classrooms were randomly assigned
to one of three treatments: a letter color-coded spelling
intervention treatment, a day color-coded spelling
intervention treatment, and no treatment. Random
assignment of the 13 classes to the three treatments was
made by the use of a random numbers table. As a result of
this random assignment, four classes were assigned to the
letter color-coding intervention treatment. There were 66
students (27 males, 39 females) in this treatment group.
Five classes were randomly assigned to the day color-coding
intervention treatment. There were 60 students (26 males,
34 females) in this treatment group. Fifty-two students
(21 males, 31 females) made up the group of four classes
randomly assigned to the control group which received no
color-coding intervention treatment.

Although the 13 teachers who participated in this
study had never instructed with a color-coding
intervention, adaptations of color-coding intexrvention had
been used previously in this school system by a school
psychologist and several special education and regular

classroom teachers. A learning disabilities teacher



82
reportedly adapted color-coding intervention to a math
application for regrouping in addition, subtraction, and
multiplication classwork with first through third grade
students. Spelling and decoding adaptations included
color-coding syllables, mini-words within a word, and
prefixes and suffixes. Successes reported for these color-
coding interventions had not been formally evaluated priorxr
to this study.

The two experimental groups and the one control group
were exposed to a total of 23 sessions (4 days for five
weeks and three days for one week) and used one of three
intervention treatments. All treatment sessions occurred
during the subjects' regularly scheduled spelling period.
Each of the 13 classrooms comprising the three groups in
the study met in their respective classroom with their
respective teacher daily. Each day of the study one group
studied spelling using a letter color-coded intervention,
one group studied spelling using a day color-coded
intervention, and one group studied spelling using no color
intervention. Posttests on all instruments used to measure
the dependent variables were performed within one week
following the end of the color-coded spelling training.
Subjects were tested in their respective classrooms by the
author.

The purpose of the color-coding intervention utilized in
this research was to focus on color perception, attention,

and recall as functions of information processing. Two
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treatment methods, related to the attention factor were
developed: letter color-coding and day color-coding. The
treatment and the control procedures were carried out using
identical procedures at each elementary building in the
sample. A letter color-coding system, originally
developed by Johnson (1977), used color to enhance vowel,
syllable, or prefix/suffix patterns. Johnson's system was
modified by the author (1988) to emphasize vowel patterns,
since decoding dysfunction has been suggested to be
indicative of vowel pattern mis-sequencing (Boder, 1970).

The modified letter color-coding spelling
intervention used in this research consisted of writing the
vowels of spelling words in color and is described in Table
VII. Basic spelling words of weekly spelling lessons taken
from the classroom spelling text were color-coded on large
posters by the author according to the rules of the letter
color-coding system. A manila poster containing the week's
word list was used by the classroom teacher during spelling
instruction and by the students during written spelling
activities. Intervention for the letter color-coding
group consisted of the following procedure. As students
viewed the color-coded spelling words on the poster, the
classroom teacher interacted by using normal spelling
instruction. Independent practice consisted of students
using colored pencils to write the vowels and graphite
pencils to write the consonants of each word five times and

to complete spelling workbook activities. 1A second level
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of color-coding engaged students in color-coding all
written activities associated with the weekly spelling word
list by using only one color per day. The intervention
consisted of four colors which were used, one per day.
Words were presented on a large poster with all letters
printed in the color for the day. Each poster was used by
the classroom teacher during spelling instruction and by
the students during written spelling activities.
Intervention for the day color-coding group was meant to be
a placebo. The use of one color per day resulted in
elements of the color-coding embedded within this
particular color-coding intervention. As students viewed
the colored spelling words on the poster, the classroom
teacher interacted by using normal spelling instruction.
Students then used one color of colored pencil each day to
write the vowels and the consonants of each word five times
and then to complete spelling workbook activities. The

treatment phase was conducted for a period of six weeks.

Letter Color-ceoding System

The Letter Color-coding System, comprised of six
colors coded to vowels and vowel patterns, was designed for
implementation with sixth-grade students. The six hues
chosen for the system were selected based on ease of
viewing within the wvisual field and on attentional wvalue.
The letter color-coding system was designed by the

author (1988) to compliment the orthographic and phonetic
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rules emphasized in the existing spelling text and

curriculum which was being used by the teacher.

TABLE VIII

SELECTION OF COLORS FOR
COLOR-CODING SYSTEM

hue ease of viewing attentional value
green center high
red near-center high-medium
orange near-center medium
vellow near-center medium

blue outer center medium-low
purple outer low

sources: Padgham, C.A., & Saunders, J.E. (1975). The
perception of light and color. San Francisco,

CA: Academic Press.
Hurvich, L.M. (1981). Coloxr Vision. Sunderland,
MA: Sinauver Associates, Incorporated.
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TABLE IX

LETTER COLOR-CODING SYSTEM

XGreen: long vowel (eg: date)
*Red: short vowel (eg: pencil)
*xOrange: double, twin long vowels (eg: seek)

*Yellow: silent vowel at end of word (eg: time)

*Blue: double, twin short vowels (eg: book)
*Purple: silent vowel within word (eg: beach)
*Black: all consonants

* Each of these colors were selected based on an analyses
of data related to the spectrum of visible color
and availability of pencils in these colors

source: Johnson, B.B. (1977).

Each subject in the letter color-coded intervention
group was given a box containing seven colored pencils
which were used for writing spelling words during the
study. Replacement pencils were supplied by the author
during the treatment when needed. At the conclusion of the
study subjects were allowed to keep the colored pencils for
their own use. Each week students used the appropriate
colored pencils to coincide with the colors coded on the
classroom spelling words chart. Subjects wrote each of the

twenty spelling words three times on Day One of the
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treatment. Days Two through Four subjects completed
workbook pages using the colored pencils to write vowels of
spelling words in the week's list. On Day Five all
subjects who were receiving the word color-coding
intervention treatment were administered an orally dictated
written spelling test over the week's 20 spelling words by
the classroom teachexr. Subijects used black or blue pens or
pencils to write words during the written test. The six
letter color-coded spelling word lists used in the

treatment appear in Appendix E.

Day Coloxr-Coding System

The Day Color-coding intervention was intended to be a
placebo treatment in the study to offset the effect of some
subjects being aware that another group was being treated
differently (Gay, 1981). The Day Color-coding System,
comprised of four colors coded to days of the week, was
designed for implementation with sixth-grade students. The
four hues chosen for the system were selected based on ease
of viewing within the visual field, and availability of the
large numbexr of pencils in the colors which were required.
The day color coding spelling treatment consisted of a
system of writing the spelling words in a different color
each day. A large poster of the day and color assignments
according to the rules of the day color-coding system was
used by the classroom teacher during spelling instruction

and by the students during written spelling activities.
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TABLE X

SELECTION OF COLORS FOR
DAY COLOR-CODING SYSTEM

hue ease of viewing attentional value
greenx center high
Tredx* near-center high-medium
blue* outer center medium-low
purplex outer low

*Each color was selected based on an analyses of data
related to the spectrum of visible color and the
availablity of pencils in these colors.

Sources: Padgham, C.A., & Saunders, J.E. (1975). The
perception of light and color. San Francisco,
CA: Academic Press.
Hurvich, L.M. (1981). Color Vision. Sunderland,
MA: Sinauer Associates, Incorporated.

TABLE XI

DAY COLOR-CODING SYSTEM

DAY ONE --- Green
DAY TWO --- Red
DAY THREE --- Blue
DAY FOUR ---Purple

Each of these colors were selected based on analyses of
data related to the spectrum of wvisible color.
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Colored pencils were used for writing the words. Each
subject was given four pencils representing each of the
four colors used in the treatment. Additional pencils were
made available by the author when needed. Subjects were
allowed to keep the colored pencils for personal use at the
conclusion of the study. Subjects wrote each of the twenty
spelling words three times on Day One of the treatment
using red. During Days Two through Four subjects completed
workbook pages and wrote spelling words using the assigned
color of pencil for the day. On Day Five all subjects who
were receiving the word color-coding treatment were
administered an orally dictated written spelling test over
the week's 20 spelling words by the classroom teacher.
Subjects used black or blue pens or pencils to write words

during the written test.

Creative Writing Samples

Nine informal creative writing samples were obtained
from each subject by the teacher. 1A creative writing
sample was elicited from each subject each week for nine
weeks. Two creative writing samples were taken prior to
the intervention treatment, six creative writing samples
were taken during the intervention treatment phase, and one
creative writing sample was obtained three weeks after the
conclusion of the intervention treatment. Students were
asked to write about topics of personal choice.

The creative writing samples were studied to determine if
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the color-coding intervention might show generalizability
to spelling when writing informally. The writing samples
were taken to be analyzed at a later date for number of
misspelled words compared to total number of words per
writing sample. Comparisons would then be made of the pre-
and post-treatment samples.

Topics for these informal creative writings were chosen
by the students from a variety of suggestions given by the
ciassroom teacher. The creative writing samples were not
revised for misspellings. The writing samples were
collected to measure the effect, if any, of color-coded
intervention on spelling carryover. Sample numbers one,

and nine were analyzed for pre-post differences.
Research Design

A quasi-experimental pretest-posttest-control-group
design was used with three groups of classrooms randomly
assigned to the conditions. The following is a

representation of this design.

A S
2% 2
O O

The combination of random assignment to treatment and the
presence of a control group served to control for all
sources of internal invalidity except mortality (Gay,

1981). Only sixth-grade students were included in the
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sample to control for grade differences related to effects
of experience and maturity (Zutell, 1979). Mortality was
not considered to be a serious threat due to the study's
relatively short treatment time of six weeks. Simultaneous
experimental and control sessions and randomization of the
experimental occasion were possible in this study and,
therefore, history was not a threat to its internal
validity. To accommodate a deprivation effect, one
experimental group received a day color-coded treatment
which was meant to serve as a placebo treatment in the
study. A threat to external validity was considered to be
limitation in this study. The experimental treatments of
letter color-coded intervention and day color-coded
intervention and the control treatment of traditional
spelling instruction were administered by the classroom
teachers in an effort to minimize a reactive arrangement
effect. The students' awareness that they were
participating in a research study, plus the somewhat
artificial setting created by the color coding experiences
may have been a threat to extermal validity. The student
awareness of research participation and the artificial
setting created by the color-coding may have had an
additive effect on treatment results through novelty

{Campbell & Stanley, 1963).
Procedure

The students met as a classroom unit with their
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respective teachers to receive spelling instruction.
The 178 students in the sample each attended one period
of spelling instruction daily. The specific daily
scheduling of the spelling instruction was flexible and
allowed for consideration of the daily activities of the
sixth-grade curriculum and the elementary building. All of
the spelling instruction was given to students of the same
grade level for an uninterrupted period of 30 minutes per
day. Spelling instruction and weekly spelling tests were
given by the same teacher. The role of the classroom
teacher as the instructor using the intexrvention allowed
for opportunities throughout the day when the teacher would
naturally bridge between concepts discussed within the
spelling instruction and a particular class activity.
Weekly written spelling tests consisted of standardized
words from the curriculum text and were intended to measure
recall from orally presented words.

One experimental group in this study received letter
color-coded spelling intervention, while the other
experimental group received day coloxr- coded spelling
intervention. The control group was taught in the same
manner as during the pre-treatment period, oral
presentation of the week's spelling word list by the
teacher, workbook assignments and individual study for the
trial test and the final test over each word list.

The independent variable was treatment (letter color-

coded intervention, day color-coded intervention placebo,
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and no color-coded intervention). The dependent variables
for the study were spelling performance and attitude toward
school raw scores. To aid in‘generalization to other
classroom situations, the letter color-coded training and
the day color-coded training were carried out in the
classroom by the regular teacher (Campbell & Stanley,

1963).
Procedural Steps

The procedural steps for this study began six weeks
before the start of this project and concluded four weeks
after the end of the treatment. 1A procedures schedule
appears in Appendix F. From September 26, 1988 through
October 31, 1988, copies of the TWS-2 and appropriate forms
of the SSA were ordered as well as colored pencils to be
used by the subjects in the treatment groups. Forms and
instructions were constructed next, including: (a) informed
consent forms, (b) an explanation of the project to be read
by the classroom teacher before the consent forms would be
sent home to parents or guardians, (c) four sets of 3' x 4!
posters, each containing one week's spelling list of color-
coded spelling words (printed in colored markers and black
ink for each of the six weeks of spelling (120 words per
set), (d) & sets of 3' x 4' posters containing each week's
spelling list of words printed in black marker for the 6
weeks of spelling (120 words per set), (e) five 1' x 2

posters, each containing day and color assignments
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four 1' x 2' posters, each containing day and color
assignment.

Approval was obtained from the district's
superintendent of schools and the director of elementary
curriculum to conduct the study in the school district.

The author met with each of the five building principals
during the third week in October, 1988, to explain the
study and request the participation of the necessary
classrooms. After securing cooperation from each of the
building principals an initial teacher staffing was held at
each building to elicit teachers' willingness to
participate in the research project and to provide them
with information regarding the responsibilities of
participants. Topics discussed during this initial session
included goals of the research, a schedule of pretesting
times and dates, data collection procedures, and the parent
consent form. Once teacher cooperation had been secured
random assignment of the participating classrooms was made
to treatment groups. A total of five building principals
and 13 teachers were involved in this project. Two weeks
before the study began a packet of information on color-
coding treatment procedures was given to each teacher who
agreed to be in the study. These materials appear in
Appendix G. Five principals and 13 teachers participated.
second staffing was held with the 13 participating
teachers. The purpose of this meeting was to give a

presentation of the two treatments to be used and give out
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the parent letters and consent forms. After this meeting
and approximately two weeks before the study began, the 13
teachers read an explanation of the study to their students
and passed out the parent permission forms to students who
would serve as the experimental group population.

On Friday, October 31, 1988, all materials to be used
in the treatments were delivered to the participating
teachers. Returned permission forms were collected by the
teachers and given to the author by November 2, 1988.

Each of the students in the experimental groups received
letter color-coded spelling intervention or word color-
coded spelling intervention each week for six weeks during
their respective spelling class period and participated in
pre and post testing. Students who did not receive parent
permission to participate in the study continued to be
involved in spelling instruction and activities since the
intervention was sanctioned by the school superintendent as
paxt of the normal spelling curriculum for the district's
students. Scores from those students, however, were not
included in the final data collected and analyzed for this
study.

Weekly visits were made by the author to the
participating teachers in the study to lend support and to
discuss progress. The week after the treatments ended
(December 19, 1988), all students in the experimental and
control groups were assessed using the SSA and the TWS-2.

At the conclusion of the study each participating
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classroom was visited by the author to solicit the
student's opinions in regard to the color-coded spelling
strategies. Cokes were served to all students in the 13
classrooms as a token of appreciation for their assistance

and cooperation during the study.
Testing Procedures

Students whose parents gave permission for them to be
in the study were then screened by the author for color
vision using the DP-I and pretested with the TWS-2 and SSA.
Form A and screened for color acuity with the DP-I. A
roster of participating students by school and classroom
was prepared. All individual and group pretesting and
screening at each school site was completed within a three
day period from November 2 to November 7, 1988. Of the
group measures, the TWS-2 was administered first, followed
by the SSA. The DP-1I was administered individually to each
subject when he/she completed the SSA. An average of 30
minutes was required in administering the TWS-2 and the
SSA. An average of 3 minutes was required to screen for
color blindness using the DP-1. Pretesting and screening
required a total testing time of one hour per student. All
of the pretesting and screening was administered by the
author in the respective classroom of the group being
tested. Those who were absent for a group pretest were
tested by the author, in a group, at a later date.

During the 6-week treatment phase each respective
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teacher gave instruction in the appropriate spelling
lesson, using the randomly-assigned intervention treatment,
and administered each weekly written spelling test to
his/her respective classroom, and collected a weekly
creative writing assignment from each subject.

All individual and group posttesting at each school
site was completed between December 19, 1988, and January
7, 1989. Of the group measures the SSA was administered
first. The TWS-2 was administered last during posttesting
in order to counterbalance testing effects between pretest
and posttest sessions. Total time per subject for

posttesting was one hour.

Data Collection

Demographic data (treatment group assignment, MAT
spelling raw score, sex, chronological age, school and
classroom enrollment) collected on subjects prior to the
treatment phase was recorded on classroom data pages by the
author. Each of the two pretests and the two posttests
were administered and scored by the author according to
prescribed instructions for the instruments. Results (6
scores) were tabulated on classroom data pages for each
subject. The resulting data compilation yielded 18 data
points for each subject which were subsequently examined.
All derived scores permissible per test were recorded,
i.e., standard scores, percent rankings, mental age or

grade equivalents, and stanines.
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The SSA total score of reading, the TWS-2 total score,
and misspellings on weekly written spelling tests were
summed and item tabulated for factor analysis in order to
ascertain their validities as variables for subsequent
statistical analyses.

The SSA posttest and TWS-2 posttest total raw scores
were subjected to factor analysis using the SYSTAT computer
program. All measures of dependent variables were analyzed
by stepwise multiple regression. Residual analyses and
cross-validation procedures were executed. Pearson
correlations were computed between TWS-2 pre and posttest
raw scores, SSA pretest and posttest scores, and MAT
spelling subtest raw scores. Mean scores for each
dependent measure (TWS-2 posttest and SSA posttest) and for
the covariates, MAT., TWS-2 pretest and SSA pretest, were

also calculated.
Dissemination of Information

The parents of all participants were informed of their
child's testing performance on all measures via a form
letter (Appendix H). These letters were mailed April 28,
1989. Individual conferences were held at the parent's
request with the author for further interpretation.

Teachers were also given the results of the group and
individual assessments of their students and the results of
the treatment group their class represented.

A summary of the research conclusions bearing
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significance in the instruction of spelling to sixth
graders was conveyed in a written report to the
Superintendent of Schools, The Board of Education, and the
building principals and teachers who participated in the

study.
Data Analysis

The major objective of this research project was to
compare three educational interventions, one of which
involved a letter color-coded spelling intervention,
one of which involved a day color-coded spelling
intervention, and the other of which involved traditional
spelling instruction with no color-coded intervention. The
color-coded intervention was presented as a tool for to
assist attention, encoding, and recall components of the
learning process. To carry out the purpose of this
investigation the eight hypotheses, in null form, were
tested at or beyond the .01 level of confidence.

Multivariate analysis of variance (MANOVA) which is a
generalization of analysis of variance to a situation in
which there are §everal dependent variables was used to
investigate the eight hypotheses. Tabachnek and Fidel
(1983) identify multivariate analysis of variance as
appropriate for situations involving at least 2 levels of
an independent variable and several dependent variables
that are related. This design facilitated the

investigation of the effects of three spelling training
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techniques (letter color- coded spelling intervention X
day color-coded spelling intervention X no color-coded
spelling intervention) across varying instructional levels
(experimental X control) using several criterion measures.

Computations were completed by using the SYSTAT
program for MANOVA. The significance level for all
statistical tests was set at a conservative alpha level
of .01 to control for experimentwise erxrror. The data
analysis allowed for the examination of the eight wvariables
which were yielded as a result of the assessment at the
termination of the research study. The TWS-2 vielded two
variable scores: the pretest total words misspelled and
posttest total words misspelled. The SSA vielded two
variable scores: the pretest total reading score and the
posttest total reading score. Subjects to independent
variable ratio was 178:1, exceeding the recommended minimum
of 5:1 (Tabachnek & Fidell, 1977).

Data analysis was based on the raw scores which were
vielded from the assessment at the termination of the
research study. The scores were derived from the TWS-2
posttest and the SSA posttest, each of which were genuine
interval scales. The TWS-2 and SSA scores were considered
to be normally distributed in the population since the TWS-
2 and the SSA were normed under that condition. The
variance of the treatment groups was considered to be
homogeneous due to the random assignment of treatment and

control to classes. The raw scores of the MAT spelling
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subtest were used as a covariate for analysis purposes.
The use of covariates attempts to control statistically any
initial differences in the students caused by ability, as
measured by the TWS-2, gender and race. Kirk (1968)
identifies analysis of covariance as particularly
appropriate for situations involving the use of intact
groups since the use of statistical control can remove bias
that is impossible to eliminate by experimental control.
Incorporating multiple covariates increases the power of
the analysis and by adjusting for initial group differences
on those variables reduces the bias in the estimate of
treatment effects (Cook & Campbell 1979).

Of the three groups, containing 178 original cases,
three cases, all from the day color-coding treatment group,
were dropped from analysis. One case was dropped from the
analysis because the subject transferred to another school
during the study. The other two cases were dropped owing
to missing data. It is recommended that the sample size of
the smallest group should exceed the number of predictor
variables (Tabachnick and Fidell, 1983, p. 299). The
current research utilized three groups which included 63
subjects who received day color-coding treatment, 60
subjects who received letter color-coding treatment, and 52
subjects who were in the the control group and received no
treatment. Each of these three groups exceeded the eight
predictor variables analyzed in this study. Consequently

the necessary assumptions have been met.
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Summary

Thirteen heterogeneous classrooms of sixth-grade
students were randomly assigned to one of two treatment
groups or to a control group. Treatment subjects were
exposed to either a letter color-coded spelling
intexrvention or a day color-coded spelling intervention for
four days a week for six weeks.

The dependent variables were spelling performance (as
measured by the TWS-2) and attitude toward school (as
measured by the SSA). Multivariate analysis of wvariance
was used to test eight hypotheses concerning treatment
effect on the two dependent variables across the three

treatment conditions.



CHAPTER 1V
RESULTS
Introduction

The major focus of the study was to examine the
effect of color-coding intervention on spelling performance
and attitude toward school of sixth-grade students. A
quasi-experimental posttest, control-group design was
utilized to analyze the data. The correlation between the
covariate, the spelling subtest raw scores of the
Metropolitan Achievement Test, and spelling performance was
aﬁalyzed. Covariance of pretests of the two dependent

variables was also examined.
Descriptive Statistics

At the termination of the research study, the students
were administered the following assessment instruments:
Test of Written Spelling - 2, (TWS-2), and Survey of School
Attitudes, (SSA), Intermediate Level, Form B. Analyses
were performed on the TWS-2 total scores and the SSA
reading subtest scores. Descriptive statistics of raw
scores included the means and standard deviations for the

control (no color-coded intervention), the letter color-
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coded treatment, and the day color-coded treatment groups
on the covariate, Metropolitan Achievement Test (MAT), and
the two dependent variables, on the independent variable,
spelling performance, as measured by the TWS-2 posttest,and
attitude toward school, as measured by the SSA. Means and
standard deviations for the MAT, the TWS-2 posttest, and
the SSA posttest are shown in Tables XII,, XIII, and 1V,

respectively.

TABLE XII
DESCRIPTIVE STATISTICS FOR METROPOLITAN

ACHIEVEMENT TEST (MAT) SPELLING
SUBTEST SCORES

Covariate Control Letter Day
color-coding color-coding

N=63 N=60 N=52
Spelling X 19.923 19.050 20.095
sb 3.067 3.529 3.680
X = Mean Score (standardized score based on number
of words correct)
SD = Standard Deviation of Mean (standardized score based

on number of words correct)
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TABLE XIII

DESCRIPTIVE STATISTICS FOR TEST OF WRITTEN
SPELLING (TWS-2) POSTTEST

Scale Control Letter Day
color-coding color-coding
N=63 N=60 N=52
Total x 7.038 8.783 8.587
SD 6.612 6.600 6.534
X = Mean Score (number of words misspelled)
SD = Standard Deviation of Mean (number of words
misspelled)
TABLE X1V
DESCRIPTIVE STATISTICS FOR SURVEY OF
SCHOOL ATTITUDES (SSA) POSTTEST
Scale Control Letter Day
color-coding color-coding
N=63 N=60 N=52
Total x 19.212 20.300 19.333
SD 7.078 7.324 6.744
X = Mean Score (total item score: 3 = like; 2 = don't
know, don't care; 1 = dislike)
SD = Standard Deviation of Mean (total item score: 3 =

like; 2 = don't know, don't care; 1 = dislike)
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Analysis of Treatment Effects

The SYSTAT (Wilkinson, 1987) computer procedure of
multivariate general linear hypothesis (MGLH) was used to
estimate and test the univariate and multivariate
hypotheses.

Pearson correlation coefficients for the covariate,
MAT, and the two levels of the two dependent wvariables,
TWS-2 pretest/ posttest and SSA pretest/posttest for
combined treatment groups are listed below in Table XV.
Among all groups, the greatest strength of relationship was
found between subjects and treatment (0.941). The weakest
strength of relationship was found between treatment and
spelling performance prior to treatment, as measured by the
TWS-2 pretest (-0.002). Additionally, the pretest-posttest
measures of spelling performance were more closely related
than the pretest-posttest measures of attitude. The two
measures of spelling ability and spelling performance were
all moderately correlated but assumed negative
relationships. All other correlations between the spelling
and attitude measures for all treatment groups, combined,
were of very weak correlation. In regard to strength of
relationship involving the covariate, Pearson correlation
coefficients for the covariate, MAT, and the two levels of
the two dependent variables, TWS pretest/ posttest and SSA
pretest/posttest for the day color-coding treatment group

are listed in Table XVI.
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TABLE XV

PEARSON CORRELATION MATRIX FOR MAT, TWS,
AND SSA FOR COMBINED TREATMENT GROUPS

SUBJECT TREATMENT MAT
SUBJECT 1.000
TREATMENT 0.941 1.000
MAT -0.093 -0.028 1.000
TWS PRE 0.080 ~0.002 -0.608
SSA PRE -0.076 -0.035 0.185
TWS POST 0.006 -0.091 -0.663
SSA POST -0.020 -0.003 0.126
TWS PRE SSA PRE TWS POST SSA POST
TWS PRE 1.000
SSA PRE -0.095 1.000
TWS POST 0.844 . -0.153 1.000
SSA POST -0.155 0.644 -0.119 1.000

For the day color-coding group, the greatest strength
of relationship was found between spelling ability, as
measured by the MAT, and spelling performance following
treatment, as measured by the TWS-2 posttest (-0.770). The

weakest strength of relationship was found between subjects
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and attitude toward school following treatment, as measured

by the SSA posttest (-0.006).

TABLE XVI

PEARSON CORRELATION MATRIX FOR MAT, TWS, AND SSA
FOR DAY COLOR-CODING INTERVENTION TREATMENT

SUBJECT MAT TWS PRE

SUBJECT 1.000
MAT -0.310 1.000
TWS PRE 0.361 ~-0.567 1.000
SSA PRE -0.026 0.227 -0.03%
TWS POST 0.378 -0.770 0.768
SSA POST -0.006 0.179 -0.135

SSA PRE TWS POST SSA POST
SSA PRE 1.000
TWS POST -0.171 1.000
SSA POST 0.640 -0.152 1.000

Pearson correlation coefficients for the covariate,

MAT, and the two levels of the two dependent variables,
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TWS-2 pretest/ posttest and SSA pretest/posttest for the

letter color-coding treatment group are listed below in

Table XVII.

TABLE XVII

PEARSON CORRELATION MATRIX FOR MAT, TWS, AND SSA
FOR LETTER COLOR-CODING INTERVENTION TREATMENT

SUBJECT MAT TWS PRE
SUBJECT 1.000
MAT -0.070 1.000
TWS PRE 0.032 -0.648 1.000
SSA PRE -0,188 0.222 -0.29%
TWS POST 0.106 0.642 0.841
SSA POST 0.072 0.094 -0.254
SSA PRE TWS POST SSA POST
SSA PRE 1.000
TWS POST -0.298 1.000
SSA POST 0.606 -0.123 1 1.000
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For the letter color-coding group, the greatest
strength of relationship was found between spelling
performance before prior to and following treatment, as
measured by the TWS-2 pretest and posttest (-.841). The
weakest strength of relationship was found between subiects
and spelling performance prior to treatment, as measured by
the TWS-2 posttest (0.032). Pearson correlation
coefficients for the covariate, MAT. and the two levels of
the two dependent variables, TWS pretest-posttest and SSA
pretest/posttest for the control group are listed below in
Table XVIII.

For the control group, the greatest strength of
relationship was found between spelling performance prior
to and following treatment, as measured by the TWS-2
pretest and posttest (0.941). The weakest strength of
relationship was found between spelling ability, as
measured by the MAT, and spelling performance following
treatment, as measured by the Iﬂ&;z posttest (-0,006).

A one-way analysis of variance (ANOVA) was used to
determine homogeneity of treatment groups before the
treatment (Linton & Gallo, 1975). The spelling subtest
raw scores obtained from the 1988 Metropolitan Achievement
Test (MAT). Data analysis indicates that there was no
statistically significant difference between the three
group means on the dependent variables when only dependent

variables were considered.
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TABLE XVIII

PEARSON CORRELATION MATRIX FOR MAT,
TWS, AND SSA FOR CONTROL GROUP

SUBJECT MAT TWS PRE
SUBJECT 1.000
MAT -0.172 1.000
TWS PRE 0.326 -0.620 1.000
SSA PRE -0.221 -0.559 0.941
TWS POST 0.339 -0.559 0.941
SSA POST -0.299 0.140 -0.107
SSA PRE TWS POST SSA POST
SSA PRE 1.000
TWS POST -0.099 1.000
SSA POST 0.687 -0.099 1.000
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TABLE XIX

DESCRIPTIVE STATISTICS FOR
MAT COVARIATE

Scale Control Letter Day
color-coding color-coding
N=63 N=60 N=52
Total x 19.923 19.050 20.095
SD 3.067 3.529 3.680
X = Mean Score (total item score - number of words
correctly spelled)
SD = Standard Deviation of Mean

Regular analysis of variance (ANOVA) indicated no
significant effect for spelling (F=1.142 (2,172) p=0.322).
There was a negligible percentage of total variation of

spelling performance explained by the TWS-2.
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TABLE XX

TEST OF WRITTEN SPELLING-2 POSTTEST
ANALYSIS OF VARIANCE

N: 175 MULTIPLE R: .114 SQUARED MULTIPLE R: .013
SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P
FACTOR 98.896 2 49.448 1.142 0.322
ERROR 7448.499 172 43.305

No significant difference was found to exist for the
treatment groups and the control group when the treatment
effect on spelling performance was considered (F=1.926 (2,
171) p=0.149) or when the treatment effect on attitude was
considered (F=0.662 (2,171) p=0.517). The results for the
ANCOVA for treatment is shown in Table XXI. These results
indicated that the treatment was uncorrelated to either of
the dependent variable measures. In terms of the combined
day and letter color-coded intervention treatments there
was no significant effect at the .01 level for attitude

toward school (F=0.662 (1,171), p=0.517).
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TABLE XXI

SIGNIFICANCE TEST FOR TREATMENT EFFECT

Variable SS DF MS F P
TWS 93.131 2 46.565 1.926 0.149
posttest
ERROR 4143.077 171 24.176
SSA
posttest 64.833 2 32.417 0.662 0.517
ERROR 8378.894 171 48.999
WILKS' LAMBDA = 0.971
F-STATISTIC =

1.278 DF = &, 340 PROB = 0.278
CANONICAL CORRELATION
1 2
0.149 0.086

DEPENDENT VARIABLE CANONICAL COEFFICIENTS STANDARDIZED BY
CONDITIONAL (WITHIN GROUPS) STANDARD DEVIATIONS

1 2
TWS posttest 0.994 0.121
SSA posttest -0.074 0.998

The canonical correlations for the day (1) and letter (2)
color-coding groups indicate that the treatment covariate
provides a very low degree of association between treatment

and group. Less than 1/2% of the variance in the treatment
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factor can be attributed to the intervention. The effect
size was greatest for the day color-coding group on the
spelling performance posttest measure, while it was largest
for the letter color-coding group on the attitude posttest
measure.

A significant difference was found to exist between
the treatment groups and the control group when the
covariate, MAT, was taken into account indicating initial
group differences on the dependent variables prior to
treatment. Analysis of covariance (ANCOVA) was used in the
data analysis for this study to adjust posttest scores for
initial pretest differences. When the covariate. MAT, was
considered, there was a significant treatment effect at the
.01 level for spelling (F=137.050 (1,171), p=0.000). The
results of the analysis of covariance for the covariate,
MAT, is shown in Table XXII. There was no effect on
attitude toward school (F=3.273 (1,171), p=0.072). These
results indicate that the MAT spelling covariate was
significantly correlated (p< .01) with the dependent
variable of spelling performance and was relevant to the

objective of the experiment.
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TABLE XXII

SIGNIFICANCE TEST FOR MAT EFFECT

Variable SS DF MS F P

TWS-2

posttest 3313.299 1 3313.299 137.050 0.000

ERROR 4134.077 171 24.176

SSA

posttest 160.379 1 160.379 3.273 0.072
ERROR 8378.894 171 48.999

WILKS' LAMBDA = 0.552 DF = 2, 170 PROB = 0.000

CANNONICAL CORRELATION
0.669

DEPENDENT VARIABLE CANONICAL COEFFICIENTS STANDARDIZED BY
CONDITIONAL (WITHIN GROUPS) STANDARD DEVIATIONS

TWS-2 0.989
posttest
SSA -0.108
posttest

The canonical correlation of 0.669 for the MAT indicates
that the covariate provides a moderately high degree of
association between prior spelling skill and group
membership. This means that approximately 67 percent of
the variance in the treatment factor can be attributed to

spelling skill rather than to the intervention, itself.
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This result indicates that the MAT spelling covariate was
significantly correlated (p< .01) with the dependent
variable of spelling performance and was relevant to the
objective of the experiment.

Regular analysis of variance (ANOVA) indicated no
significant effect for attitude toward school (F=0.680
(2,172), p=0.508). There was a negligible percentage of

total variation of attitude explained by the SSA posttest.

TABLE XXIII

SURVEY OF SCHOOL ATTITUDE POSTTEST
ANALYSIS OF VARIANCE

N: 175 MULTIPLE R: .089 SQUARED MULTIPLE R: .008
SOURCE SUM-OF -SQUARES DF MEAN-SQUARE F-RATIO P
FACTOR 67.277 2 33.639 0.680 0.508
ERROR 8513.580 172 49.498

Two more variables were analyzed as covariates, the
TWS pretest and the SSA pretest which are shown in Tables
XX1V, and XXV, respectively. When the TWS-2 pretest was
compared to the TWS-2 posttest and the SSA posttest the

effect was found to be significant, at the .01 level, for
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the TWS-2 pretest and the TWS-2 posttest but not for the
TWS-2 pretest and the SSA posttest (F=218.793 (1,169),
p=0.000); (F=3.746 (1,169), p=0.055). The variance between
the TWS-2 pretest and the two, combined, posttest measures
was 76 %, while the variance shared by the two posttest
measures was 97 % for the TWS-2 posttest and 13 % for the
SSA posttest. This means that the spelling pretest and
posttest measures were highly correlated but that the
spelling pretest and the attitude posttest measures showed

negative and very low correlation, as would be expected.

TABLE XXIV

SIGNIFICANCE TEST FOR TWS PRETEST EFFECT

Variable SS DF MS F P
TWS 2328.159 1 2328.159 218.793 0.000
posttest
ERROR 1798.316 169 10.641
SSA
posttest 108.798 1 108.798 3.746 0.055
ERROR 4908.964 169 29.074
WILKS' LAMBDA = 0.419
F-STATISTIC = 116.356 DF = 2, 168 PROB = 0.000

CANONICAL CORRELATIONS

0.762



TABLE XXIV (Continued)
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DEPENDENT VARIABLE CANONICAL COEFFICIENTS STANDARDIZED BY

CONDITIONAL (WITHIN GROUPS) STANDARD DEVIATIONS

TWS Posttest

SSA Posttest

1.001

-0.258

The canonical correlation indicates that the TWS pretest

provides a moderate degree of association between the

pretest and posttest measures of spelling performance and

the posttest measure of attitude.

measures show a stronger correlation.

TABLE XXV

SIGNIFICANCE TEST FOR SSA PRETEST EFFECT

The spelling performance

Variable Ss DF MS F P

TWS

Posttest 12.269 1 12.269 1.153 0.284
ERROR 1798.316 169 10.641

SSA

Posttest 3379.047 1 3379.047 116.330 0.000
ERROR 4908.964 169 29.047

WILKS' LAMBDA = 0.579

F-STATISTIC = 60.958 DF = 2, 168 PROB 0.000
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TABLE XXV (Continued)
CANONICAL CORRELATIONS
0.648

DEPENDENT VARIABLE CANONICAL COEFFICIENTS STANDARDIZED BY
CONDITIONAL (WITHIN GROUPS) STANDARD DEVIATIONS

TWS Posttest -0.229

SSA Posttest 1.004

When the SSA pretest was compared to the TWS-2
posttest and the SSA posttest the correlation was found to
be significant, at the .01 level, for the SSA pretest and
the SSA posttest but not for the SSA pretest and the TW3S-2
posttest (F=116.330 (1,169), p=0.000); (F=1.153 (1,169),
p=0.284). The variance between the SSA pretest and the two,
combined, posttest measures was 65 %, while the
relationship shared by the two posttest measures was very
weak for the SSA posttest but quite strong for the TWS-2
posttest. This means that the attitude pretest and
posttest measures were highly correlated but that the
attitude pretest and the spelling posttest measures showed

negative and very low correlation.
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TABLE OF MEANS
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groups: Control Letter Day
Color-coding Color-coding

MAT X = 19.923 X = 19.050 x = 20.095

SD = 3.067 SD = 3.529 SD = 3.680
TWS X = 8.442 x = 10.433 X = 8.603
pretest

SD = 8.431 SD = 0.958 SDh = 6.776
SSA X = 19.962 X = 21.550 x = 20.619
Pretest

SD = 6.776 SD = 6.624 SD = 6.484
x TWS x = 7.038 x = 8.783 x = 8.587
posttest
SD SD = 6.612 SD = 6.600 SD = 6.534
X SSA x = 19.212 x = 20.300 X = 19.333

posttest
SD Sb = 7.078 SD = 7.324 SD = 6.744
X = Mean score ( number misspelled words)
{ number correct words)
{ number points)

SD = Standard deviation

An analysis of the Table of Means indicates that the

three groups were unequal in spelling ability prior to the

treatment. The day color-coding group displayed the
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highest mean while the letter color-coding group attained
the lowest score of the three groups. In regard to the
TWS-2 pretest, the control group did not misspell as many
words as the other two groups prior to the treatment. The
SSA pretest was used to measure positive attitude toward
school as it related to reading and spelling. The control
group was found to have the more positive attitude toward
school of the three groups. On the two dependent measures,
the control group achieved the best mean score for number
of words misspelled while the letter color-coding group
misspelled the greatest number of words. Attitude toward
school was most positive for the letter control group
following the treatment intervention and least positive for
the control group. Even when the covariate was considered,
no significant intervention treatment effect was found for
attitude toward school at the .01 level (F=3.273 (1,171),
p=0.072).

The effects of the TWS-2 spelling and the SSA attitude
pretests were also analyzed. This analysis was conducted
on the combined day and letter color-coded intervention
treatment groups. When the TWS-2 spelling pretest was
tested for its effect on the TWS-2 posttest, a significant
correlation (F=218.793 (1,169), p=0.000) was found. 1In
terms of the TWS-2 spelling pretest, correlation was found
at the .05 level but not at the .01 level for the SSA
attitude posttest (F=3.746 (1,169), p=0.055). When the SSA

attitude pretest was tested for its effect on the SSA
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posttest, a significant correlation (F=116.330 (1,169),

p=0.000) was found.
Findings Related to Hypotheses

In terms of treatment, for hypothesis one, when the
covariate was not considered, no significant difference was
found between sixth-grade students who were exposed to
color-coded spelling intervention and sixth-grade students
who were not exposed to color-coded spelling intervention
in terms of spelling performance (¥F=1.926 (2,171) p=0.149).
The null hypothesis was not rejected. The canonical
correlations of 0.149 and 0.086 for the day color-coding
group and the letter color-coding group, respectively,
indicate that the treatment function provides low degrees
of association between treatment and group membership with
the lowest degree of association occurring for the letter
color-coding group (day color-coding variance = 14 %;
letter color-coding variance = .08 %). However, when the
covariate, MAT, is taken into account, the null hypothesis
is rejected. The level of significance (¥F=137.050 (1,171),
p=0.000), indicates that the treatment function provides a
high degree of association between spelling scores and
group membership when prior spelling ability is considered.
Canonical correlation provides (a) first a choice of an
initial pair of dimensions (a linear combination of
variables) - one from the group of criterion measures and

the other from the group of predictor variables - that
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affords the highest possible degree of association or
correlation and (b) the progressive selection of remaining
pairs of dimensions until non-chance or reliable variance
in scores has been almost entirely extracted. Each
canonical coefficient portrays the maximum possible amount
of association that yields the most nearly correct
potential prediction of standing on the optimally but
differently weighted numbers of the criterion composite.

In the case of the TWS-2 and SSA posttests, the TWS-2

posttest is the posttest that is more closely associated
and the posttest that gives the most nearly correct
potential prediction of covariance with the MAT. The
canonical correlation coefficient can be squared to
identify what proportion of variance is shared by the pair
of extracted dimensions (Isaac & Michael, 1985, p. 201).
The resulting variance shared by the MAT and the TWS-2
posttest is 99 %, while the variance shared by the MAT and
the SSA posttest is -02%.

For hypothesis two, in terms of treatment, even when
the covariate was not considered, no significant difference
was found between sixth-grade students who were exposed to
color-coded spelling intervention and sixth-grade students
who were not exposed to color-coded spelling intervention
in terms of attitude toward school (F=0.662 (1,171),
p=0.517). Therefore, the null hypothesis was not rejected.

Even when the covariate, MAT, is taken into account,

the correlation is not significant at the .01 level. This
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finding implies that the color-coded intervention treatment
had no significant effect on attitude toward school, even
when the scores were adjusted for initial group
differences.

Since an analysis of variance found no significant
differences between the groups hypothesis three was not
rejected.

For hypothesis four, again, the earlier analysis of
variance indicated no group differences on the dependent
variable so this null hypothesis was not rejected.

Since there were no significant differences between
the group means, null hypothesis five cannot be rejected
unless the covariate, which did show significant
differences, is considered in the statistical analysis.

Attitude toward school was not found to be
significant for any of the groups, even when the covariate
of spelling ability was taken into account. Therefore,
the null hypothesis seven could not be rejected. 1In terms
of differences between group means on the dependent
variable of spelling significance differences were found
only when the covariate was considered in the analysis.
Attitude toward school was not a significant variable for
any of the statistical analyses conducted in this research

study.
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TABLE XXVII

ICANCE OF UNIVARIATE F TEST

FOR EFFECT OF TWS-2 PRETEST ON

TWS-2 AND SSA POSTTESTS

Variable SS DF MS F P
TWS-2
Posttest 2328.159 1 2328.159 218.793 0.000
ERROR 1798.316 169 10.641
SOA
Posttest 108.798 1 108.798 3.746 0.055
ERROR £908.964 169 29.047
SIGNIFICANCE OF MULTIVARIATE F TESTS
FOR EFFECT OF TWS-2 PRETEST ON TWS-2 AND SSA POSTTEST
WILK'S LAMBDA = 0.149
F-STATISTIC = 116.356 DF = 2,168 PROB. = 0.000

CANONICAL CORRELATIONS

0.762

CANONICAL CORRELATIONS BETWEEN CONDITIONAL DEPENDENT

VARIABLES AND DEPENDENT CANONICAL FACTORS

TWS-2 Posttest 0.967
SSA Posttest -0.126
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TABLE XXVIII

ICANCE OF UNIVARIATE F TEST

FOR EFFECT OF SSA PRETEST ON

TWS~2 AND SSA POSTTESTS

Variable ss DF MS F P
TWS-2
Posttest 12.269 1 12.269 1.153 0.284
ERROR 1798.316 169 10.641
SSA
Posttest 3379.047 1 3379.047 116.330 0.000
ERROR 4980.964 169 29.047
SIGNIFICANCE OF MULTIVARIATE F TESTS
FOR EFFECT OF SSA PRETEST ON TWS-2 AND SSA POSTTEST
WIILK'S ILAMBDA = 0.579
F-STATISTIC = 60.958 DF = 2,168 PROB. = 0.000

CANONICAL CORRELATIONS

0.648

CANONICAL CORRELATIONS BETWEEN CONDITIONAL DEPENDENT

TWS-2 Posttest

SSA Posttest

VARIABLES AND DEPENDENT CRNONICAL FACTORS

-0.097

0.974
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Summary

When the treatment effect for spelling performance and
attitude toward school was analyzed in light of a regular
ANOVA, no significance was found. However, when a a
spelling ability covariate was considered, significant
differences were found between the two color-coding groups
and the control group for spelling performance. Even when
the covariate was taken into account for attitude toward
school effect there was no significant level of effect for
either a regular analysis of variance of an analysis of
covariance. The results of the treatment effects analyses
indicate that the intervention does merit consideration as
a possible interaction agent for attention and recall of
spelling words. The results of the analyses suggest that
extraneous threats to the validity of the methodology may
have influenced the findings. These concerns will be
discussed in the next chapter and will be accompanied by
recommendations for those who wish to replicate or modify

the study.



CHAPTER V
DISCUSSION AND SUMMARY
Discussion

The problem of spelling performance has been
consistent in its resistance to a simple solution for both
students and educational scholars. While changes in
curricula have been made based on much previoué research on
spelling, questions remain concerning the importance of
color and its relationship to the issue of spelling.
Color-coding would appear to have theoretical and practical
implications for inducing recall (Allred, 1977; Dwyer,
1971; Paivio, 1971). The role of color in terms of its
relationship to other factors in the learning process and
methods to specifically access attention have yet to be
defined in such a way that teachers can use color methods
for instructional purposes. Jensen and Rohwer (1970)
discount the notion that spelling ability is primarily
associated with a verbal stimuli. Templeton (1979)
concludes that a higher order visual structure is at work
among good spellers. Templeton implies that development of
a basic underlying visual structure for Amerxrican English

words is related to the development of an internal wvisual
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structure of word forms. Radaker (1963) supports the use
of directed visual imagery to assist recall. Kuhn and
Schroeder (1971) improved performance in spelling with
additional visual imagery experiences for elementary
students. There is general agreement that color is an
important factor in attention (Green and Anderson, 1956;
Zentall, 1986). Several studies found that color, as well
as other variables have facilitated attention and learning
(Dwyexr, 1987; Berlyne, 1960; Zentall & Kruczek, 1988).
Klausmeier (1985) and Meichenbaum (1977) suggest that
attitudes influence students' learning capabilities and
behaviors. It has been suggested that a measure of
attitude toward school might be helpful to educational
psychologists in order to assess the attitudes of students
toward the content of what they are being taught (Hogan,
1972).

The problem for the present study was to determine the
relationship of color to spelling performance and attitude
toward school. Specifically, it was predicted that color
would be a factor of spelling performance and that the
ability to access the color factor would occur, due to
increased attention. and would result in better performance
than the use of black and white (non-color). In addition,
it was predicted that the use of color-coding would result
in better attitude toward school due to academic success
experiences brought about by improved spelling performance.

Multivariate comparison of means between the levels of
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day color-coding and letter color-coding and no color-
coding resulted in nonsignificant differences in means.
Statistical analysis, including simple correlation, regular
analysis of variance, and multivariate analysis of
variance, resulted in this nonsignificant effect for
treatment on the performance test when only dependent
variables were concerned. However, when the covariate of
spelling skill, prior to treatment, was considered, the
results were significant for the effect of treatment on
spelling performance but not on attitude toward school.

One explanation for the insignificant results, when
spelling ability prior to treatment was not considered,
might be suggested from the fact that subjects came from
existing classrooms rather than being randomly selected for
classroom assignment at the beginning of the school vear.
Initially, the groups may have been so $ignificantly
disparate in spelling ability at the onset of treatment,
that any effect that might have occurred as a result of
intervention would not be capable of overcoming the group
disparity and attaining significance.

Another explanation might be that the intervention was
not capable of changing spelling performance because of
poor intervention design. Color-coding of spelling words,
carried out by the regular classroom teacher with no
additional attempts to control for variability in
instructional methods, might also explain why the

intervention failed to achieve significant group mean
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differences. Attention has been said to need underlying
structure (Templeton, 1979). If the color-coding system
had addressed patterns and structures of words, perhaps an
alternative result would have been obtained.

Percentages of spelling words generalized is least for
the letter color-coding group and highest for the control
group. One explanation for this may be found in the post
treatment comments of a significant number of the subjects
in the study. Fatigue was the most common complaint.
Students in the letter color-coding group complained of
frustration at having to change pencils often while those
in the day color coding group voiced opinions of having
trouble writing with enough hand pressure to see the
colored writing. Comments such as these were often
followed by acknowledgments that the spelling word study
technique was probably helpful in terms of learning the
letter sequences for the weekly spelling woxrds. Writing
each word five times was not a favorite activity of many of
the students. Some opposition to having spelling practice
was also noted by the students. Modern technology of
computers with spelling checkers was considered by some of
the students to be an alternative to a need to learn to
spell.

Limitations

The present study is limited by the single grade level

used in the research. The Test of Written Spelling (TWS-2)
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which was used to measure the dependent variable of
spelling performance had only one question on each form
that directly related to spelling. Research to determine
the extent, if any, of color blindness on a visual, color
spelling intervention might prove to be valuable. It is
suggested that the subject pool be large enough to give the
necessary power to a statistical test.

Also, an instrument more specifically designed to
address attitude toward spelling would probably have
vielded more conclusive information. Attitude toward
school was not favorably affected by this color-coded
intervention aimed at increasing performance in spelling.
Posttest scores on the Survey of School Attitudes (SSA)
were not significantly correlated with spelling treatment.
It had been predicted that attitude toward school would
manifest itself in a more positive student interest in the
intervention of color-coding during spelling activities.

In reality, quite the opposite occurred. The relatively
short length of time that the color-coded intervention
treatment was conducted might account for this. Research
has shown that time is a function of attitude change
({Marjoribanks, 1988). 1In one study, although attitude
toward school was found to change over a relatively short
span of four months, the change was in a negative direction
(Marjoribanks, 1988). Student's complaints of fatigue and
boredom might have been relieved by the use of markers

instead of colored pencils. The lack of random selection
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of subjects which influenced the disparity found between
groups for spelling skill may also have influenced
disparity between groups for attitudes toward school prior

to the intexrvention.

Conclusions

Although the results of this study do not
overwhelmingly support letter color coding over day color-
coding they do indicate support for an intervention
employing color versus no color for within an existing
spelling curriculum. Several general conclusions can be
drawn which have implication for practice and research.

A positive attitude toward a color-coded intervention
may positively influence spelling performance while a
negative attitude toward the color-coding intervention may
negatively influence attitude toward school. Reported
fatigue and boredom may have tended to negatively influence
attitudes toward school during the intervention phase.

This might offer a reason for the lower SSA posttest mean
scores of the three groups when compared to the SSA pretest
mean Sscores.

Students expressed various opinions concerning the
relative merits and drawbacks of the color-coding
technique. Having to change pencils from letter to letter
was reported by the students to be time-consuming and
tiring. This may partially explain the larger mean scores

of misspelled words on the Test of Written Spelling (TWS-2)
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posttest by the two experimental groups as compared to the
control group which incurred no changes from status quo in
spelling instruction and study. The color and use of
colored pencils in the spelling activities may have
actually served as a distraction rather than an attraction.
In spite of dislike for the method, the letter color-coding
group did achieve the highest adjusted mean score on
attitude toward school. Several students commented that
color coding took more time, that it was frustrating to
have to change pencils, and that it was uncomfortable to
write with the colored pencils. Unbeknown to the students,
colored markers had originally been suggested for use but
were vetoed by the teachers due to their "messiness".
Perhaps the markers would have been more palatable to the
students and would have eliminated the discomforts the
students found with the use of colored pencils.

The use of color-coding may be adaptable to a variety
of situations which require attending skills. The key
element is to direct attention to a visual, on the part of
the student, and to couple attention with kinesthetic
involvement through the writing of the words with the
colored pencils. Color-coded intervention may be
functional as an aptitude-treatment interaction (ATI), as
suggested by Cronback and Snow (1969), to address
individual differences by employing different approaches to
instruction for students of different aptitudes.

The results indicate that color can be a factor in
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attention. Incorporating multiple covariates increased the
power of the analysis and reduced bias in the estimate of
treatment effects by adjusting for initial group
differences on the spelling variable (Cook & Campbell,
1979). Logical or curriculum-based patterning to give
meaning and significance to the color-coding process might

serve as more of a motivation than just copying colors.
Suggestions for Further Research

This study attempted to research a color-coded spelling
intervention to facilitate attentive behavior that could
utilize regular teachers of average students in intact
classrooms, that could be of nominal cost, and that could
be incorporated into an already-present curriculum.

Further research into applications of color to other
academic areas and age levels might increase the
understanding of how this intervention could be of value in
the instructional setting. In fact, color-coding has been
used, informally, to assist multiplication and long
division sequence training with elementary learning
disabled students. Greenwood (1988) suggested that more
research should be directed at identifying specific
instructional practices which would increase active
involvement of the learner in the learning environment.
This might be accomplished through the use of peer-tutoring
(Greenwood, 1988; Greenwood et al, 1987) for a color-coded

spelling intervention. Teaming an attentional intervention
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with an affective intervention, such as weekly guidance
séssions to develop positive self concept, might also be
beneficial to address the affective area of attitude toward
school. A face-to-face student interview, with the
researcher's input, might be an alternative to the
standardized survey instrument used in this study to allow
closer alliance with the objective of attitude toward
school as it relates to spelling. The scores from the
writing samples and weekly spelling tests may be more
powerful measures of spelling performance énd transfer than
the standardized spelling performance test utilized in this
study.

Several suggestions are given for replication of the
study:

(1) Replication of the study linking color to spelling
patterns to combine a knowledge of English spelling
patterns with a knowledge of the visibility spectrum of
color related to attending behavior.

(2) Replication of the study utilizing weekly spelling
test scores and creative writing samples as measures of
spelling performance.

(3) Replication of the study utilizing a sample of
second or third grade students.

(4) Replication of the study substituting coloring
instruments such as markers and crayons for colored pencils
in order to decrease the writing difficulty found for

colored pencils.
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The adjusted results (ANCOVA) support the notion that
attention using color is an important factor in learning
correct spelling and suggests that the use of color-coded
intervention may be an easily implemented intervention for

the classroom teacher in spelling.
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COVER LETTER

Date

Dear

Your child has been selected as a possible participant in a
research project to be conducted this fall through the Sand
Springs Public Schools. The goal of this study is to
compare the effect of two instructional interventions on
spelling performance and attitude toward school of sixth
graders.

All sixth grade students in regular classrooms have been
selected as prospective participants in this research
project. Given parental consent, each participant will be
assigned to either a letter color-coded or a day
color-coded spelling intervention for six weeks in the
classroom. Each participant will be screened for color
acuity. At the beginning and the conclusion of the study
each participant will be administered the Test of Written
Spelling in a group and the Survey of School Attitudes.
Informal creative writing samples will also be collected
from each student during the study. All assessments will
be given during school time over a month's span of time and
will require approximately one hour of testing time.

If you have any questions or concerns, I will be happy to
discuss them with you. To give your permission for your
child to participate in this research study, please
complete these steps:

1. Sign the parent consent form;

2. Return the form in the enclosed envelope by
November

1, 1988.

If you do not wish to have your child participate in this
study, please check the appropriate place on the consent
form and return the form in the enclosed envelope to your
child's school.

‘Thank you,

encl: 2
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PARENT CONSENT FORM

Student: Teacher:
School:

Parents: Home Phone:

Address: Work Phone:

I hereby give permission for my child
to participate in this research project and to be
administered the following screenings and assessments:

Dvorine Isochromatic Plates Color Vision Screening
Test of Written Spelling
Survey of School Attitudes

(date) {signature)
You, as a parent, have the following rights:

1. to refuse permission for testing;

2. to have a copy of all testing results;

3. to have these results explained;

4., to know that all results are kept strictly
confidential

5. to have these results destroyed upon parent request.

(signature)

\_\ I do not give my permission for my child to participate
in this study.
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EXAMPLES OF SSA READING SUBTEST ITEMS

3. Getting a book as a gift.

7. Learning to spell.

12. Finding words that have
the same meaning.

60. Choosing a good word for
a sentence.

LIKE
NOT SURE OR DON'T CARE
DISLIKE

LIKE
NOT SURE OR DON'T CARE
DISLIKE

LIKE
NOT SURE OR DON'T CARE
DISLIKE

LIKE
NOT SURE OR DON'T CARE
DISLIKE

EXAMPLES OF TWS WORDS

up
that
spend
forty

hospital

m?self
nineteen
author
political

agriculture
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10.

irnal

. e:alrsﬁad?(

. backgreund
. billbosrd
. braynsterm
. earthg k
. Cavasdrep
. northwest

. of fshrr

ot law
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LESSON 12

11

I2.

13.

14,

13.

19.

20.

. proofriad
rainfall
reomm:t
samebady
streamls ned
. throughgut
. toechdown
. turnpik
whatever

war kshep
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LESSON 13

. prenicking 11, squirting
. frolicking 12. finish.d
. Crasting 13, effer.d

. wonder-d 14, water-d

. filter:d 19. ~ccurrd
. appered 16, printing
. stooring 17. touching
. roferrsd 18. deliver.d
. pani cked 19, proferrcd

. mimicking 20. transferr:d



. boss

. brgth

. install

LESSON 1

L1,

[ =]
()

4

lacindry

. SIS

. daughter
. lawn

. awful

. 4ppiadd
. ha4nt

. fanced

. frast

. DI’{)::‘J
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—

. £ MErgency

. hirl

 Jrne
. NUreery
. @t a5y
. Courag
. farneh
. observ
. desery

. floarish

LESSON 13
I,
le.
13.
14,

13,

¥ arnal
surfac
terminal
Stdrdy

SEarch

. pearl

. concern
. perch

. flurries

o Marmur

167



mna

N ol

10.

. Conrt
. 5ports
. C-rd
. ENCOT
 Medrn

o C5arS

. normal
. Chnres

Sy C

LESSON 16

L,

L€,

19

20,

i68

rester

)

»1gner
. partton
. Nears
. scorch
. sterm

., ador

fertress

. afferd

chord



10.

. Colegy

. Nataral

. owildl f

. ff‘T'ﬁfStT';f

. surv:val

. TS5 urces

. 5P Ce S

. Enveranment
. conserv i on

energ'y

LESSON

I,

le.

13.

14

13

l6.

17

19

17

solar
niClear
recycl

. disprsal

. purify
antip-llation
. herbjcid

. pesticid

. endangar#d

[ L4
. 2TgENEC
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PROCEDURES SCHEDULE

9/26/88 - 19/31/88:

10/18-20/88:

10/20/88:

10/25/88

10/27/88:

10/31/88:

11/2/88:

11/2-7/88:

11/7/88 to 12-/16/88:
12/19/88 to 1/9/89:
1/12-16/89:

4/15/89:

received approval from superintendent
to conduct study

tests and pencils ordered

forms, instructions, posters
constructed

meetings with five building
principles

initial teacher staffing held

teacher's given information regarding
research project

second teacher staffing held
demonstration of intexrventions

parent letters and consent forms
distributed to teachers

parent letters sent home with
students

pencils/posters delivered to teachers
collected all returned permissions

posttesting and vision screening
conducted

treatment phase (6 weeks_
posttesting conducted
thank you and sodas for students

parent testing results forms sent out
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TEACHER INFORMATION

Dear 10/28/88

Thank you for agreeing to participate in my research
project. I will come to your classroom to give the group
pretest on:

at a.m. p.m.
{date) (time)

Your class has been randomly assigned to the

treatment method during the
6 week treatment phase

Please continue to use your regular style of teaching to
teach during the 6 week treatment phase which begins:

- Monday, Nov. 7 and continues through Friday. Dec. 16

- use lessons 12, 13, 14, 15, 16 and 17.
- containing 20 spelling words each week
- using the regular spelling textbook (HBJ 6th grade level)

I have also included in this packet:

__ 1. 20-woxrd lists for the 6 spelling lessons;

2. a large manila envelope in which to send me your
students' written spelling tests {or number of words
wrong for each student) and creative writing samples
-the envelope will be returned to you weekly for
reuse.

IN ADDITION---- posters of the spelling words, as well as
the colored pencils, will be delivered to
you by November 7.

Please call me if you have questions or items are missing
from your packet! Thanks again for your expertise and
assistance.



APPENDIX G

PARENT REPORTING FORM

174



175
PARENT REPORTING FORM

Dear Parent:

The testing portion of the spelling research project
conducted by the Sand Springs Schools has been completed.
To assist you in interpreting your child's scores the
following information is offered. Your child was one of
178 sixth-graders in 13 classrooms from five elementary
schools in Sand Springs.

Your child's classroom was randomly assigned to the
group. Three other classrooms were
assigned to this group, also. In this group your child
received regular spelling instruction from his classroom
teacher as he/she:

color-coded the vowels of weekly spelling words
for six weeks

used an assigned color per day to write all
spelling activities for six weeks

used no color-coded intervention

Your child was also screened for color acuity and found to

have: no deficiency.
a color deficiency. Therefore, your child's
scores were not included in the final data
collection for this research. However, scores
are being reported to you for your information.
The effects, if any, of color deficiency on
these test scores is unknown so you may wish to
interpret the results with caution.

Your child was pretested and posttested with the Test
of Written Spelling in a group session. Your child's
scores are reported in raw score, grade level and
pexrcentile. In addition, the mean score, grade level, and
percentile for the group in which your child participated
are given for your comparison.

Your child was individually administered the Survey of
School Attitudes, reading subtest, pretest and posttest.
These scores are reported in raw score and percentile for
your child and mean for the group.

If you have concerns, questions, or wish further
interpretation of these results please contact me. Again,
thank you for your willingness and permission to have your
child participate in this research project.

Thank you,
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REPORT OF SCORES FOR:

CHILD'S NAME

TEACHER SCHOOL

PARENTS: PHONE:

ADDRESS:

TEST OF WRITTEN SPELLING (TWS-2)

child's group X
Taw scoreX (* no. misspelled of 60)

standard
deviation

grade level

percentile

SURVEY OF SCHOOIL ATTITUDES (SSA)

child's group X
raw scoreX (* no. of points of 45)

percentile
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CORPUS CALLOSUM

imageable
words
RIGHT’/‘
( ({
) ) )) ( Medial
ANTERIOR Qccipital\ POSTERIOR
Areat ,/////”
‘.'.”

Br:g:as {/7/7 strings ‘///

(oxproseive) Z /////?/,, Z

N

grapheme
Wernicke's phoneme
Area correspondence

(receptive)
speech
Angular
Gyrus

Figure 1. Major Pathways and Cortical Regions of Brain

Source: Hynd, C., & Hynd, G. (1984). Recent
neuropsychological research: Do practical implications

exist? Journal of Educational Neuropsvchologv, 5. 1-7.
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RECEPTORS SENSORY [ PERCEPTUAL
REGISTER I MECHANISM
Teceive, ' selectively
— store attend,
for an ' discriminate,
instant Tecognize,
| etc.
SHORT-TERM WORKING LONG-TERM
STORE ' MEMORY MEMORY
' store
receive, rehearse, receive,
store for { elaborate, store
a few organize, » S— permanently
seconds | integrate,
. etc.
I
Figure 2. Phases and Mental Processes of

Human Information Processing

Source: Klausmeier,

H.J. (1985). Educational Psychologyv,
5th ed). Philadelphia, PA: Harper & Row, Publishers.
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VISUAL CORTEX

OPTIC

RADIATION
Lateral
Geniculate
Nucleus \§SSE;..

OPTIC
CHIASM

NERVE

(right) LEFT RIGHT (left)
------------------ visual fields miaiutieiated by

Figure 3. Neural Pathways from Retina Through
Optic Nerve Tract to Brain

Source: Hurvich, L.M. (1981). Color vision. Sunderland, MA:
Sinauver Associates, Incorporated.
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Region of OFF
Response

Region of ON
Response

Region of ON-OFF
Response

Extent of Receptive Field

Figure 4. Eye and Brain

Source: Padgham, C.A., & Saunders, J.E. (1975). The

pexrception of light and color. San Francisco, CA:
Academic Press, p. 19.
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Brain interprets signals
from eye

Eye receives light

surface
modifies
light

white light

source

Figure 5. Path of Signals from Eye to Brain

Source: Padgham, C.A., & Saunders, J.E. (1975). The

‘perception of light and color. San Francisco, CA:
Academic Press, p. 19.
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Figure 6. Retinal Color Fields of Right Eye

Source: Hurvich, L.M. (1981). Color wvision. Sunderland, MA:
Sinauer Associates, Incorporated.
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