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CHAPTER I 

INTRODUCTION 

Interference phenomenon, in a general sense, can be 

defined as any function of hindrance or prevention. It is 

obvious that one function will occasionally hinder or pre­

vent another action with which it is incompatible. The 

present study is concerned with the interference phenom­

enon which occurs when words are printed in conflicting 

or incongruent colors. For example, the word grass might 

be printed in red color,which is incompatible with the 

color of grass. 

The study of interference or inhibition phenomenon 

is almost a century old. The investigation was begun by 

physiologists prior to 1890 (Bowditch & Warren, 1890). 

At the present time, the continuation of this phenomenon 

has been conducted by psychologists, and numerous studies 

in different areas of interest have been completed. 

?xperiments investigating interference or inhibition 

have produced several unanswered questions. For example, 

researchers are studying questions such as: What is the 

source of interference? Why do people take more time to 

name the colors than read the words? What is the role of 

1 



associative inhibition? What is the role of practice on 

interference? What is the relationship between the per­

sonal variables (sex and age) and interference? Is the 

interference effect due to response competition? Is the 

interference effect due to controlled and automatic human 

information? Is the interference effect a genetic 

factor? Is the interference effect a cognitive differ­

entiation of an individual? Many, many other similar 

questions have been studied. 

2 

The Color-Word Interference Test was first introduced 

by John Ridley Stroop ( 1935) into ·American psychology. 

This test consists of three different cards with 100 

color-words printed in incongruent colors on the first 

page, 100 color patches consisting of varying lengths of 

X's, each patch printed in different colors on the second 

page, and 100 color-words printed in black ink on the 

third page. Most of the experiments have been done by 

using the original aforementioned Stroop Test with adult 

subjects, however, little research has been conducted using 

younger participants. 

In terms of the source of the interference, the main 

questions will still remain: Is the source of the inter­

ference in the materials themselves? Does exposing a sub­

ject to words printed in incongruent colors cause a subject 
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to change her/his attitude toward the test? Do young chil­

dren go through the same interference processes as adults? 

What is the relationship or correlation between the inter­

ference effect and the child's developmental level as 

defined by Jean Piaget (1970)? What is the value of 

studying the interference phenomenon? The present study 

will attempt to consider these unclear questions. 

Statement of the Problem 

Teaching color names with words (such as the word red 

printed in red color) is a dual coding system, and chil­

dren must go through both a verbal (telling) and image 

(recalling) system. Keele (1972) cited that there are 

two different responses with which a child must deal in 

color-word tasks which occur at about the same time. Im­

portant here is that one response (verbal · or recall) is 

usually delayed. The reason for this is that both 

responses (reading the word and recalling the color) can­

not be handled at the same time. Internally, this process 

wi ll affect children's learning systems and will develop 

an in t e r fe r e nce phenomenon. 

Teache r s and p s ychologists should become more aware 

of t he c omplexit ie s of individual learning systems and 

thei r correspondin g curriculum imp lica tions. Such aware­

ness would permit t he organ i zers of e l eme ntary curriculum 
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to point out the possible difficulties existing due to the 

color interference phenomenon. While recognizing the sig­

nificance of the teaching method which incorporates words 

printed in colors, the literature does little to address 

the factors that affect this relevant and important aspect 

of the interference factor. The present study examines 

the interference phenomenon using words and colors. 

Since it was assumed, in younger children, that the 

growth of conservation, as described by Piaget (1930), 

affects the type of interference being studied, correla­

tions between interference and conservations were made 

using Golds~hmid and Bentler (1968) Concept Assessment 

Kit - Conservation Task. 

In order to examine the effect of children's reading 

ability on interference phenomenon, correlations were made 

using 40 words printed in black ink used in the experi­

mental tasks. The objective of testing children's reading 

ability was to control different levelsof reading per­

f ormance within the experimental groups. 

Significance of the Problem 

Re v iew of the literature reveals related information 

conc e rn ing s ome fac t ors that are possible causes of the 

interfer en ce phenomenon. Since almost all the researchers 

have conducted studies by u s ing adult subjects, 
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educational implication is rather rare. Investigators 

have been most concerned with the psychological aspect of 

human behavior in this interesting phenomenon. For 

example, Klein (1964) investigated the effects of verbal 

texts varying in their relationship to the colors. He used 

six different experimental conditions and showed that as 

the words became more meaningful and more closely related 

to colors, subjects showed more interference effect. His 

subjects were 90 undergraduate and graduate students. He 

concluded that the reason for interference increment is a 

function of the meaningfulness of the words; that is the 

semantic relation of the words with colors. 

Schneider and Shiffrin (1977) proposed two fundamen­

tally different theories of information processing. They 

referred to these theories as automatic and nonautomatic 

information processing. They differentiated automatic 

from nonautomatic information processing as follows: 

Automatic information processing occurs involuntarily and 

is independent of the central nervous system. Nonautomatic 

information processing is the activation of unlearned se­

quences of elements within the subject's control and with 

his/her attention. 

Supporting the automatic information processing 

hypothesis, Regan (1978) investigated the color-naming 
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task in two experiments. In the first experiment, he used 

five different word stimuli including neutral words, in­

compatible color-related words, compatible color-related 

words, incompatible color-words, and compatible color­

words based on focal (colors close to the focal point) 

and nonfocal (colors farthest from the focal point) colors. 

The result of the first experiment indicated that color 

naming was delayed by word reading, even when the word 

was not visually, phonetically, or semantically related 

to the color. In the second experiment, Regan used four 

different letter stimuli including a control di~it (the 

digit four), control letter {six letters chosen randomly 

such as C, D, K, N, Q, T), incongruent color-word letter 

(initially incompatible with the ink name, such as letter 

R in blue ink), and congruent color-word letter (initially 

compatible with the ink name, such as letter R in red ink). 

These four different letter stimuli were printed in red, 

green, and blue colors. The result of the second experi­

ment showed that initially incompatible single letters 

delayed color-naming, while compatible single letters 

facilitated color-naming. Moreover, the data from both 

of these experiments support the hypothesis that familiar 

items are processed involuntarily on the basis of auto­

matic information processing . 
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Furth and Youniss (1964) investigated the role of 

environmental influences on human learning by comparing 

five year old hearing children who are exposed to verbal 

experiences, and five year old deaf children, who are not 

exposed to verbal experiences. The experimental tasks 

consisted of four nonverbal color-object-paired associates 

as an indication of response, and four colored cards which 

were incompatible with the color of objects, and four 

colored cards which were compatible with the color of 

objects as an indication of a stimuli. The result showed 

that deaf children had less interference and scored lower 

as compared to hearing children. They concluded that 

deaf children showed superiority because of experimental 

poverty and lack of perceptual rigidity. It is important 

to believe that environment does play an important role 

in human perception, learning, and reacting. 

Piaget's (1955) observations led him to accept the 

crucial importance of experiences in intellectual and per­

c eptual development of an individual. He strongly believed 

t h at development is a function of external elements with 

which t he chi l d comes in contact. 

Pe t e rson a nd Pe terson (1957) examined past research 

on inter ference p h e nomenon and concluded that most of the 

investigated research ha s poor e xperimental instruments, 
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designs, implications, testing atmosphere, and interaction 

between subject and examiner. They believed that strong 

caution should be taken in terms of any result of the ex­

perimental studies. 

Because of a lack of data and research on the inter­

ference effect in young children, this study was an 

attempt to specifically measure this phenomenon using 

words and colors. It is anticipated that updated and 

relevant information revealed by these findings can help 

teachers and psychologists to understand human learning 

better, and thus develop. improved curriculum. 

Purpose of the Study 

John Ridley Stroop (1935) cited that the use of color 

i n printed meaningful words caused processing interference 

resulting in longer processing time. He showed that the 

sub j ects would take more time to recall color names as 

compared to reading the 8olor-words in non-color prints. 

Still, t he quest i on of the role of color in facilitation 

or i nhibit i on remains unclear. There are many centro-

versial researc h s t udie s on how color works in human learn­

ing in many differ en t a reas, using various a pproaches. For 

example , Calvin and Cl iffo rd (19 56 ) showe d tha t subj e cts 

had a more diffi c ult time when concept atta inme nt t a s k s 

we r e p r e s e nte d with color than when they we r e p r e s e n ted 



without color. Supporting this research, Larnberski and 

Myers (1980) also determined that subjects learned better 

and scored higher on black/white learning and testing 

materials than they did on materials printed in color. 

They concluded that color motivated the subject, but pro­

duced no significant achievement effects unless a proper 

time was provided. 

Contrary to these research studies, Saltz (1963) 

showed that color cues enhanced a subject's performance 

on learning and testing conditions. He further con­

cluded that cognitive differentiation became a functional 

cue during the testing condition. 

The course of children's acquisition of color con­

cepts is influenced by their direct or indirect environ­

mental experiences with this complex learning behavior. 

Being conditioned to the many different stimuli in our 

external world along with the associations which· take 

place, enables human beings to control or to direct be­

havior. For example, the red traffic light means to stop, 

and also means the color of the light is red. Children 

have been conditioned to this stimulus, and have obtained 

the concept of the red color from multiple experiences. 

It is evident that environmental influences are factors 

that a r e difficult to control, and affect all aspects of an 

individual ' s behavior (Otto & Askov, 1968). 

9 
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George Guthrie (1975) cited that moving from an old 

situation to a new situation can be a profound and con­

flict-producing experience. The generalization of this 

phenomenon is observed when an individual becomes confused 

in a situation which conflicts with a previously learned 

and adopted behavior. Lee (1965) investigated environ­

mental influences upon form/color preference. He indi­

cated that preference for color decreases around the age 

of six. He suggested that this decrease might be a result 

of the introduction of reading, which causes attention to 

be given to form. One year later, Suchman (1966) tested 

color/form matching tasks in three different countries, 

Zaria, Nigeria, and Africa. A total of 357 children from 

age three to 15 were tested. From 357 subjects, only 24 

subjects preferred form over color. He concluded that 

color preference may be a result of cultures in which form 

is not an important cue. 

The usefulness of color in human learning still re­

mains a question. What particular stimulus should be used 

with which particular group? In other words, a different 

age group, with different ability and skill development, 

may respond differently to available cues. According to 

Piaget 's theory, the children's conceptual and intellectual 

structure develops as they move from the pre-operational 
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to the concrete operational stage (Wadsworth, 1979). 

Qualitative changes of cognitive structure are gradual and 

develop as a result of the children's active experiences. 

Through assimilation and accommodation, children's intel­

lectual development organizes and gives structure to 

thought. In terms of Piaget's (1967) theory, younger 

children whose perception is not yet decentered, attend 

only to one dominant characteristic of a stimulus, but 

older, more cognitively mature, children attend to all 

characteristics of a stimulus, holding "One dimension 

invariant in the . face .of changes in other dimensions" 

(Wadsworth, 1979, p. 83). 

In contrast to young children (before the age of 

seven), it appears that older children (after the age of 

seven) decenter their perceptions and attend to trans­

formations. As the children move from the preoperational 

to the concrete operational stage, they "make cognitive 

a nd logical decisions as opposed to perceptual decisions" 

(Wadsworth, 1979, p. 96). Their actions are directed by 

logi c a l thought processes rather than centering on per­

c eptua l aspects. 

Piage t a nd Inhe l der (1958) describe the complexity 

of conte nt s tructure , sta ting that the content might 

be c ome so structured t hat the learne r would build various 
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logical relationships or associations in order to under­

stand the content. He further says that often the type of 

associative verbal chaining found in most textbooks does 

not lead the learner to build logical relationships and 

does not increase the level of comprehension. 

The purpose of the present study was to identify the 

effect of the association of words with the colors. The 

primary aim was to determine 1) to what extent the seman­

tic association of words with colors affects a subject's 

performance on associate and non-associate color words and 

Persian words printed in colors, and 2) to what extent 

the colors (red, green, yellow, blue, and brown) influ­

ence a subject's correct response in either task. The 

present study specially addressed the following research 

questions: 

1. Do children exposed to familiar words that are 

associated with colors (grass/green) experience more in­

terference in identifying the color if the same words are 

p rinted in incongruent colors (grass printed in red 

color)? 

2. Do children exposed to familiar words that are 

no r mally unrelated to colors (such as table and car) 

expe r ience less interference in identifying the colors? 



3. Do children exposed to Persian words printed in 

colors experience less· interference in identifying the 

colors? 

4. Does the phenomenon of color interference have 

equal effects on children who have not yet developed the 

concept of conservation and on children who demonstrated 

conservation ability? 
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5. Does the phenomenon of color interference have 

equal effects on second, third, and fourth grade children? 

6. Do children with high reading ability experience 

low interference in identifying the colors? 

Statement of the Null Hypotheses 

To carry out the relationship between semantic asso­

ciation of the printed words and the colors, the follow­

ing null hypotheses were formulated: 

1. There will be no statistically significant dif­

ference between the measures of interference in children 

when presented with familiar words associated with colors 

printed in congruent colors, and when presented with 

familiar words associated with colors printed in incon­

gruent colors. 

2. There will be no statistically significant dif­

ference between the measures of interference in children 

when pr esented with familiar words associated with colors 



printed in congruent colors, and when presented with 

familiar words not associated with colors printed in 

colors. 
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3. There will be no statistically significant dif­

ference between the measures of interference in children 

when presented with familiar words associated with colors 

printed in congruent colors, and when presented with 

Persian words printed in colors. 

4. There will be no statistically significant dif­

ference between the measures of interference in children 

when presented with familiar words associated with colors 

printed in different colors, and when presented with 

familiar words not associated with color printed in 

colors. 

5. There will be no statistically significant dif­

ference between the measures of interference in children 

when p resented with familiar words associated with colors 

p rinted in i ncongruent colors, and when presented with 

Pe rs i an words printed in colors. 

6. The r e will be no statistically significant dif­

fe r enc e between the measures of interference in children 

when presented wi th familiar words not associated with 

colors printed i n colors, a nd whe n presente d with Persian 

words prin ted in color s . 
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7. There will be no statistically significant rela­

tionship between the raw scores derived from the conserva­

tion test Concept Assessment Kit, and the time score 

measures of the interference in young children on Card A; 

related color words printed in incongruent colors, Card B; 

related color words printed in congruent colors, Card C; 

unrelated color words printed in colors, and Card D; 

Persian words printed in colors, when reading ability card 

or Card F; 40 words listed in Card ~ and/or Card ~ and 

Card f printed in black ink was used as a covariate. 

8. There will be no statistically significant dif­

ference between the second, third, and fourth grade 

levels, and the time measures of the interference in 

young children. 

9. There will be no statistically significant rela­

tionship between the reading performance on black and 

white printed words and the time measures of the inter­

fe r ence in young children. 

Definition of Terms 

For the purpose o f the present study, the following 

definitions were formulated: 

1 . Assimilation - The cognitive process of integra­

tion of new perceptual stimuli i nto existing schemata. 



2. Accommodation - The process of changing old 

schemata to fit new situations. 

3. Pre-operational Stage - A stage of cognitive 

development as presented by Piaget (1970) which develops 

between the ages of two to seven years. It refers to a 

period when a child is unable to conserve, sequence, and 

to perform logical operation. 

4. Concrete Operational Stage -A stage of cogni­

tive development as presented by Piaget (1970) which 

starts at about the age of seven and extends to the age 

of eleven. In this period,a child is able to conserve, 

to decenter, and ·to mentally manipulate objects and 

reverse the manipulation. 

16 

5. Conservation- According to Piaget (1930), con­

servation is the conceptualization that certain properties 

of an object stay the same regardless of any changes in an 

irrelevant dimension. For this study, the operational 

definition was the score which an individual received on 

the Concept Assessment Kit - Conservation using Form A 

an d Form C. 

6. Invariant Quantity - Mentally capable of identi­

fying the quantity property (weight) of an object regard­

less of a ny chang es in its arrangement. 
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7. Compensation- The capability to simultaneously 

hold in mind two dimensions of visual presentation (de­

centering) and realize that one compensates for the other 

(Labinowicz, 1980). 

8. Reversibility - The cognitive ability to reverse 

an operation, to mentally return the object to its 

original state. 

9. Environmental Exposure - The influence of ex­

ternal elements on the information-processing functions 

within the individual. 

10. Semantic Association of Color-Word - The related­

ness or association of the meaning of the words or of 

different attributes of the words to the colors. 

11. Interference - Any function of hindrance or pre­

vention of an action due to an incompatible situation. 

For the present study, the operational definition for 

interference is the time score which an individual receives 

on four different color names of the experimental tasks 

(Card ~' Card B, Card ~' and Card D) as compared to the 

control Card (Card E) . 

Limitations 

The following limitations were imposed on the present 

study due to the design of the experiment: 
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1. The subjects selected for the present study were 

chosen from second, third, and fourth grade students. 

2. This study was limited to only five different 

colors which were used in the experimental tasks. 

3. When referring to the environmental exposure, 

defined in the Definition of Terms section of this study, 

the influence of the previous environmental factors in 

children's color concept and color learning was not 

evaluated. 

4. When referring to the interference phenomenon, 

defined in the Definition · of Terms section of this study, 

only the speed of color naming was considered as the 

measure of a subject's interference score. 

5. The children's reading ability referred only to 

the subjects' ability to read correctly all of the 40 

words listed on the Experimental Task, excluding Persian 

words. 



CHAPTER II 

REVIEW OF SELECTED LITERATURE 

Introduction 

The review of the literature includes four sections. 

The present study requires a comprehensive survey of the 

literature dealing with the interference phenomenon and 

the young child. Some factors that are related to this 

phenomenon will also be cited. 

Section I considers the past and the present research 

dealing with the interference phenomenon. 

Section II explores the role of color in human learn-

ing and its relationship to the interference phenomenon. 

Section III reveals the theory of semantic associa-

tion and reviews the experimental results related to the 

interference phenomenon. 

Section IV considers the cognitive development or 

cognitive differentiation of a young child and its relation-

ship to the interference phenomenon. 

Past and Present Research Concerning 
the Interference Phenomenon 

Past studies of the interference phenomenon including 

r e searched factors that are primarily related to the 

19 
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present study, go back to the early nineteenth century. 

One of the first researchers in the field of the interfer­

ence phenomenon was James McKeen Cattell (1886}. His ex­

perimental study reported the relative speeds of color 

naming and color-word reading. He found that color naming 

took more time than word reading. Later on, in 1908, 

William James supported Cattell's results, agreeing that 

word reading is an easier task than color naming. Studies 

by Brown (1915) and Lund (1927) also have shown that sub­

jects require more time to name color than to read words, 

and require more time to respond to color patches and non­

sense configurations, compared to reading the words 

printed in black ink. 

The difference in response times between color naming 

and word reading is called the Stroop (1935) Interference 

Effect. This phenomenon was first introduced to American 

psychology by Stroop in 1935. 

Later, a growing interest in examining the Stroop 

Interference Effect developed, and different interpreta­

tions were given by different investigators. The attribu­

tion of such an effect could be due to testing materials 

(Stroop, 1938), mental growth (Das, 1970), output of the 

memory system (Keele , 1972), involuntary a utomatic process­

ing hypothesis (Regan , 1978), response competition (Klein, 
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1964), developmental stages of the participants (Schiller, 

1966), cognitive differentiation of the subjects (Smith & 

Klein, 1953), and semantic association (Dyer, 1972). 

Daniel (1969) developed a new version of the Stroop 

Test which had a higher interference effect. His test 

consisted of words printed in incongruent colors on colored 

backgrounds that were different from the incongruent colors 

of the words. The subject was asked to name successively 

the color of the background, and then the color of the 

word. The results indicated that twice as much time was 

required than in the traditional Stroop Test. In other 

words , repeating double color-naming tasks produced higher 

interference phenomenon. 

The most theoretical aspect of the interference 

phenomenon is the influence of color and word-response 

times which are involved in a color-word interference 

task. A general explanation in most of the research studies 

of the interference phenomenon is response competition 

and/or perceptual conflicts. Hock and Eget (1970) ex­

plained the perceptual conflict hypothesis by saying that 

the subject 1s distracted by the presence of the word, and 

is not able to encode the color dimension because of his 

reading of words . They further explained that a limited 

processing capacity with the word dimension being primary 

is the common cause of the interference phenomenon . 
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Morton's (1969) explanation of response competition 

parallels Hock and Eget's perceptual conflict hypothesis. 

He believes that color-word stimuli will elicit interfer­

ence whenever the subject's response associated with the 

word becomes available before the relevant color response. 

He further explains that the degree of interference is 

dependent upon the recognizability of the words and their 

association and relatedness to the color. He says that 

more recognizability and relatedness of the words to the 

colors will produce more interference. He cites three 

prime and important factors in the measurement of the 

degree of interference phenomenon. These three elements 

include presence of words, presence of colors, and the 

relatedness of words and colors. 

Perhaps the best recent explanation of the response 

competition hypothesis includes Treisman's (1969) claim 

that the subject is unable to focus on either the color 

or the word. As it has been shown in almost all of the 

experiments, word response time is much shorter than color 

re s pons e time. The generalization of this function might 

indic a t e t ha t f ast readers will tend to read the words 

before t hey name t h e colors. Therefore, the task which 

requires the sub jec t to name the colors might take a 

longer time than r eadi ng the word s. 
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Lassen (1974) in his dissertation investigated three 

experiments using a modified Stroop Test in order to mea­

sure the interference phenomenon. In the first experiment, 

incongruent drawings were paired with words. The task was 

to name the pictures and ignore the words. The result of 

this experiment showed a significant interference effect. 

In the second experiment, onset of the irrelevant stimulus 

was varied. The highest interference occurred when pic­

tures and words were incongruent. In the third experiment, 

the Stroop arrangement was the combination of 'same' and 

'different' stimulus/response sequencings. Subjects were 

asked to match either congruent pictures or congruent 

words, but to respond to different picture-word stimuli. 

The results indicated that subjects scored higher on match­

ing the pictures than matching the words, and 'same 

responses' were made faster than 'different responses'. 

Review of the literature and experimentations reveal 

that color-word interference tests with many modifications 

and variations were used to study a variety of other 

variabies, such as the study of drug effects and arousal, 

perceptual styles, personality and developmental variables, 

brain dysfunction, cognitive processes, memory structures, 

and other important factors . Some of these variables will 

be discussed in the following sections of this chapter. 



Role of Color in Human Learning and its 
Relation to Interference 

In recent years, the use of color in educating young 
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children has created widespread interest. The question of 

its positive/negative effect or no effect has remained un-

clear. There is a sizable body of literature on the role 

of color in learning in general terms, but no specific and 

certain answer has been formulated. The purpose of this 

section is to review the literature considering the role 

of color in human learning and its possible relatibn to the 

interference phenomenon. 

In everyday life we are attracted by colors while 

wal~ing or riding along streets, often wondering why some 

signs or cues are more recognizable than others. We live 

with color consciously or without awareness of its effect 

upon us, sometimes with lasting impressions. Visualizing 

ourselve s in a colorless atmosphere gives us a different 

expres sion of our environment. It might logically be said 

that a colorle ss environment would provide a colorless 

human. Unlimited usefulness of color in daily life pro-

vide s a broader opportunity to think, to experience, and to 

wonder about it. We often see the role of color in busi-

ness , sc ience , industry, and symbolic representatives 

(Gatto , 1974) . Several research studies have shown the 

ioportant role of color in enriching the environment and 
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in making it attractive (Birren, 1978). Lamberski's (1980) 

study has also shown that colored learning materials moti­

vate the subject. 

Hudspett's (1979) study of the effect of the colors 

of the teacher's clothing upon the behavior of kindergarten 

children showed a significant result. The result indicated 

a significant difference in motor activity between the con­

trol and the experimental groups. The experimental group 

exhibited higher motor activity when the teacher used warm 

color clothes. Children exhibited less motor activity when 

the teacher used cold color clothes in the classroom 

atmosphere. 

A study of children's preferences for colored illus­

t rated/photographed textbooks was conducted by Conger in 

1 979. Her findings supported a similar study conducted by 

Wh i pple (1953). Conger's and Whipple's studies showed 

that children preferred realistic drawings to photographs. 

Amsd e n (1960) conducted a study using black/white illus­

t r a t e d/photographed and colored/illustrated/photographed 

mater i al s. He r exp eriment included children ages three to 

five . The r e sults indicated that children preferred black/ 

white photograph s to bla c k/ white drawings. Her research 

further indicated t ha t childre n preferred colored illustra ­

tions ove r colored photogr aphs. 
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Influence of color on children's behavior in the edu­

cational environment is the major concern of this section. 

The positive or negative effects of color on human learning 

remain unclear. Ewbank's (1978) study of teaching with 

color points to the importance of colors in designing toys, 

nursery equipment, and teaching materials. Birren (1978) 

says that the most important value of the color is its use 

in a correct way in children's environments. He believes 

that presence of color contributes to children's mental 

and physical growth. 

An apparent concern of research regarding the degree 

of relationship between color and interference has con­

verged from several directions. Recently, Larnberski and 

Myers (1980) conducted a study to assess the efficiency of 

verbal and visual color or black/white coded materials. It 

was indicated that color and black/white coded materials 

produce similar efficiency results. These findings sup­

ported the previous results on movitation, increased atten­

tion, preference, and processing interference (Young, 1973; 

Dwyer, ·1972; Galbraith, Hohmann, & Creutzfeldt, 1975). 

The instructional value of color, obviously, is de­

pendent upon the complexity of the task and the interaction 

of the learner . For example, the application of color in 

nonsense word tasks, letters, shapes, and numbers 
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indicated that color facilitates learning and motivates the 

subjects (Peterson & Peterson, 1957; Underwood, Ham, & 

Ekstrand, 1962; Goodman, 1975). 

Fantetti and Fingeret's (1975) study of the color and 

verbal components of compound stimuli as a function of 

interstimulus conceptual similarity showed that as the 

number of categories decreases, the effectiveness of color 

increases. They further cited that recall for component 

cues was significantly lower in one category and greater 

in eight categories. 

There is some contradictory evidence for the value of 

color . in facilitating or inhibiting a learner's achieve­

ment. Studies of color and black/white instructional 

materials indicated the inferiority of color to black/white 

instructional materials, in that color might distract the 

learner's attention from the important learning cues, and 

might interfere with his/her learning system (Chute, 1979). 

In considering color and its possible relationship to 

interference phenomenon, most of the researchers have used 

a modified Stroop Test or a similar task. Along with the 

Stroop Interference Effect, Dulsky (1935) studied the stu­

dent ' s recall using retrieval tasks. He noted that when 

the subjects had received black/white ins tructional mate­

rials during the acquisition of a concept , measuring their 
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recall withcolor· coded materials might cause interference 

and conflict with their recall. Therefore, alternating 

colored and black/white instructional and testing materials, 

in retrieval tasks, affects a learner's recall. Later on, 

Saltz in 1963 and Lamberski in 1975 noted this issue in 

their investigation indicating similar conclusions. 

Reviewing the literature in terms of color and inter-

ference reveals few findings. Most of the studies have 

been carried out without awareness of such phenomenon. 

The value and effect of color on an individual's learning 

has been studied, but little research has dealt with the 

i n ter f erence phenomenon, specially when the phenomenon in-

v alv es young children. Further investigative research may 

help to clarify this trend. 

Semantic Association and Inter­
f erence Phenomenon 

Olson (1970) de f ines the theory of semantics in terms 

of meaning by de fining a word by pointing to its referent. 

He thinks t hat percept ual knowledge is the basis of 

semanttc meaning , . and cognitive dif f erentiation plays an 

important part in semantic de cision. 

Klein ' s (1964) definition of t h e seman tic the ory is 

based upon the relationship or assoc ia t ion b etween the 

meaning of the words and colors . He shows a p o sitive cor-

relation or relationship between semantic a s sociation and 
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interference phenomenon. Supporting Klein's findings, 

D'alrymple-Alford (1972} indicated a positive relationship 

between interference and similarity of meaning among inter­

fering and response words. He found that the semantic 

similarity of words increased the color word interference 

score. The longer the response time, the greater the 

interference score, and the greater the semantic similar­

ity, the greater the interference. In research similar 

to Klein and D'alrymple-Alford's study, Scheibe, Shaver, 

a n d Carrier (1967) studied the association and the fre­

q uency of words to colors. They indicated that words 

f req uently used with colors produce more interference and 

are related positively to the association of words to the 

co l ors. In other words, frequency and association of words 

with colors are highly related and are the cause of the 

c olor-word inter f e rence phenomenon. It is interesting to 

note that t he resul t o f both studies (Klein, 1964; Scheibe, 

Shaver, & Carrie r, 1967), in the close color-name condi­

tion , s how over t wice t he inter f ere nce of the distant 

color- riame condi tion. 

Re c e ntly , Fox , Sho r a n d Steinman (1971) a pp l ied dif­

fe r e nt dimen s ions besides colo r i n o rder to s tudy semant i c 

assoc iation and its relationship to the i nte r fe r e nce 

phenome non . The ir tasks consisted of demonstr ating spat ia l 

direction and n ume rosity rang ing from incongruent names to 
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nonsense words and figures. Their results were parallel to 

the findings of Scheibe et al. and Klein. They further in­

dicated that the greater the semantic aspects of the 

stimuli, the greater the interference phenomenon. 

Harrison and Boese (1976) investigated the locus of 

semantic interference in the Stroop color-naming task. 

They suggested that the subject's acquisition of verbal and 

visual information is the result of different but inter­

related memory structure. 

Ray (1974) studied the degree of interference in a 

color-naming task. He hypothesized that the degree of 

interference is a function of the semantic relationship 

between the irrelevant word and relevant color response. 

He assumed that manipulating the ease of recognition of 

the words would alter the time taken to respond to the 

stimuli. In this study, he used four different experimen­

tal conditions varying in the set size of the color and 

color-words. These set size conditions were c 3 , c5 , cw3 , 

cw5 • The letter C is the indication of color, the letter 

W is the indication of word, and the numbers are the indi­

cation o f s e t size. He found that the smaller the set 

s i z e , the fas t e r the response time. In other words, a 

negative cor r e l a t ion was f ound between a set size and the 

interference phe n omenon . He f urther s howed that the degree 
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of interference is dependent upon the degree of the rela-

tionship between the words and the colors. 

Reviewing the studies of semantic association and its 

relatedness to the interference phenomenon reveals that 

almost all of the studies reach the same conclusion, imply-

ing that interference has a positive relationship with 

semantic association. 

Cognitive Differentiation of a Young Child: 
Its Relationsh1p to Interference 

Recently, emphasis has been placed upon cognitive 

processes of young children involved in interference tasks. 

In order to analyze the relationship between the cognitive 

differentiation and the interference phenomenon, research 

provides a literature framework, first about the young 

child's cognitive differentiation, and second, its possible 

relationship to the interference phenomenon. A survey of 

the literature reveals a paucity of studies dealing with 

interference and cognitive differentiation in young chil-

dren . For the purpose of the present study, the concept 

of cognitive differentiation and logical principles of con-

servation and transition will be discussed. 

The concepts of conservation and transition are the 

most important factors within the framework of the concrete 

operational stage (Piaget , 1970). A definition of this 

stage is pres en ted in Chapter I in "De£ ini tion of Terms." 
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The period of the concrete operational stage lasts for 

about five years. The influence of the child's immediate 

environment and his/her interaction with it is not a for­

gettable case. During these five years, the emergence of 

new skills will enable him/her to conceptualize the rela­

tionships between objects and events, and to build basic 

scientific concepts, such as the concept of classification, 

seriation, reasoning, and so on. A number of researchers 

have investigated studies measuring the aforementioned 

concepts (Baylor & Gascom, 1974; Smedslund, 1964; Modgil, 

1974; Shapiro & O'Brien, 1970). 

Cognitive funct i oning in the period of concrete opera­

tions, the period which is the focus of interest for the 

present study, involves what Piaget (1926) calls logical 

operations. The child who is at the level of the concrete 

operational stage can solve conservation problems with rea­

soning and logical thoughts. Most important, he/she can 

decenter and transform his/her perception, and can attend 

to a different dimension of an object. A young child 

(before age seven) whose perception is not yet decentered 

and cannot transform his/her ideas and thoughts, will 

attend only to a dominant characteristic of an object. 

Considering these two important characteristics of the con­

crete operational period and applying them to the present 

study , the researcher might see if the child is attending 
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to one characteristic of the stimuli (color cue) or is 

attending to all characteristics of the stimuli (color, 

word, association, and symbolic representation). Discus­

sion of this evidence will be presented in Chapter V of 

this study. For the purpose of relating cognitive differ­

entiation to the interference phenomenon, some studies 

concerning these two factors will be presented. 

If it is logical to assume that the abilities of read­

ing, matching, preferring, and numbering require some level 

of cognitive functioning during the concrete stage of 

development, then a relationship between the interference 

phenomenon and these variables should exist. Some research 

studies related to these factors will be presented. 

Shor (1970) analyzed the processing of spatial infor­

mation from pictorial and verbal symbols. His subjects 

included 30 undergraduate students. His experimental tasks 

consisted of the drawing of arrows pointing up, down, 

right, and left, printed with corresponding word names. 

His design was a matched and mismatched design printed 

wi t h in the arrows. The task was first to name the direc-

t i on of the arrows and second to read the words. He found 

an i n te r fe r e nce p henomenon the same as the Stroop Effect, 

indicating tha t misma tched conditions produced more inter­

ference phenomenon t han matche d conditions. 
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An interesting study by Hobbs (1978) indicated a rela­

tionship between attentional interference and self-

actualization. He believed that attentional interference 

is the process of cognitive functioning and is related to 

self-actualization. His experimental tasks included the 

Stroop Color-Word Test as the measure of attentional inter­

ference, and the Personal Orientation Inventory as the 

measure of self-actualization. The subjects were 100 

undergraduate male and female students. It was hypothe­

sized that the self-actualized person will have less inter­

ference phenomenon compared to subjects who are less 

self-actualized. The result shows a significant correla­

tion between color-naming on the Stroop Test and self­

actualization on the Personal Orientation Inventory. 

Golden's (1975) study of the Stroop Interference 

Effect and its relation to brain dysfunction is an inter­

esting research study about the relationship between these 

two phenomena. This study used 141 adults with neuro­

psychological problems. In order to measure and diagnose 

the subject's right brain damage, left brain damage, dif­

fuse damage , or no brain damage, the Halstead-Reitan 

europsychological Battery (HRNB) was administered. In 

addition to HRNB , the Stroop Color-Word Interference Test 

was given to each subject in order to analyze the 
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relationship between these two variables (brain dysfunction 

and interference variable). A multiple correlation analysis 

indicated a high positive correlation of .45 (p< .001) 

between the Stroop Test and HRNB. It was further found that 

word naming correlated with the measure of left brain damage 

(by correlating the subscale of HRNB on verbal IQ and 

Aphasia scores), and the performance on color naming, cor­

related with the measure of both right and left brain 

damage scores. The author suggested that the Stroop Test 

is a good instrument to screen the brain damaged from non­

brain damaged patients, because of a high correlation 

between th~se two scales. He further concluded that color 

naming is a better predictor than word reading, because it 

can identify both right and left brain damage. 

Smith and Klein (1953) indicated that the individual's 

response pattern in serial behavior (representative behavior 

in the Stroop Effect) is controlled by his/her cognitive 

processes . Supporting their hypotheses, Justus (1979) con­

ducted two different experimental conditions by manipulat-

ing three different factors: a) number of alternatives for 

the word , b) number of alternatives for the color, and 

c) congruent or incongruent color-words. In the first con­

dition , the high compatible condition, the subject was 

asked to press the button corresponding to the color and 

say the word . In the second condition, the low compatible 
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condition, the subject was asked to press the button cor­

responding to the word and say the name of the color. One 

subject was used in each experimental condition. 

From the results of this experiment, the author sug­

gested two causes for the difficulty of dual response in 

the Stroop Task. First, the source of delay might be the 

subject's decision about naming the color or reading the 

word. In this process the subject can only make one deci­

sion at a time, and that is a single channel response 

hypothesis. Additionally, it was suggested that when the 

subject was asked to name the color, the decision about 

the word was made first, and when the subject was asked 

to read the words the decision about the color was made 

first. Thus, the order of the decision was dependent upon 

how the task was presented, and upon what response was 

asked from the subjects. 

A second cause of delay was that the subject's mental 

p rocesses parallel or follow the two decisions, and are 

p rolonge d when the stimuli conflict. In other words, 

de c i s i on making is a cognitive process related to the sub­

jec t 's performance on the indicated or similar experimental 

task s. 

Cramer (1967) s tud ied the Stroop Effect in preschool 

aged children . She provided a n expe r imenta l task consisting 
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of forms with nameable colors. Testing the children with 

experimental and control tasks (words with nameable colors) 

showed that children had a more difficult time, and had 

more interference on the control task than on the experi­

mental task. She suggested that naming the color names is 

perhaps more difficult when they are presented in a written 

form, than naming the colors when they are presented in 

form shapes. 

Children's responses to color cues have different 

notions. For example, Lamberski (1980) concluded that 

young learners generally prefer color cues in passive 

materials due to motivational rather than identified cogni-

tive functions. T.V., films, slides, and pictures are 

considered as passive materials. He did not find a sig­

nificant difference between children's performances on 

color/black and white coded active materials. Textbooks, 

posters, and programmed instruction are considered as 

active materials. Crowder (1976) and Estes (1976) both 

indicated that responses to color cues change as a person 

goes through maturation and developmental processes. They 

believed that development of verbal skills is highly 

related to an individual's cognitive growth, and that it 

has a reliance relationship with the development of color 

concepts . 
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For studying a comprehensive review of past and pres­

ent empirical findings along with theoretical studies, the 

reader is referred to Dyer's (1973) study. In his survey, 

the use of the Stroop Test in some other areas as a tool 

for the study of different variables is discussed. 



CHAPTER III 

METHODOLOGY 

The main purpose of the research was to study the 

interference phenomenon in young children as measured by 

the Color-Word Associate Test. The relationship between 

interference phenomenon and children's cognitive differ­

entiation was also explored by using Goldschmid and 

Bentler (1968) Concept Assessment Kit (CAK)- Conserv~tion 

Task. This chapter discusses the procedures used to col­

lect the data, and will include the subjects, description 

of the instruments, collection of the data, design and 

procedure of the study, and analysis of the data. 

Subjects 

Second, third, and fourth grade students were used. 

The number of participants was 72. Because the children 

were tested with five different colors (red, yellow, blue, 

green , and brown), students were checked to .see if they 

knew these colors prior to the experimental sessions. 

Those subjects who had problems with color recognition 

we r e excluded from the experiment . One of the subjects 

who had a color recognition problem was excluded from the 

experiment . The subjects wishing to participate were 
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tested to see if they are able to read the 40 words listed 

in the Experimental Tasks (see Appendix B), excluding 

Persian words. The children who had problems with this 

word-reading task were excluded from the experiment. None 

of the participants had problems with the word-reading 

task, and therefore all were included in the study. Since 

reading ability affects children's performance on the 

interference phenomenon, approximate reading ability of the 

subjects on the 40 words listed in the Experimental Task 

controlled reading variability. The main interest was to 

see how reading ability and cognitive differentiation 

affected interference rasks. Children who were familiar 

with the Persian Language were also exluded from the study. 

Important here was to see how children responded to the 

color cue without going through the word recognition task. 

Written permission for testing was requested from 

parents of children who were enrolled in the second, third, 

or fourth grade levels (see Appendix A) . The parents re­

turned the signed permission letter to the school or 

teacher, and the investigator collected the letters prior 

to the child's participation in the experimental sessions. 

Instruments 

Two different experimental instruments were used: 

First , the Color-Word Associate Test (CWAT) consisting 

of six different cards labelled A .through F with six 



41 

different tasks, which had been prepared by the investiga­

tor. A description of each of these cards is as follows: 

1. Card A consists of 20 familiar words normally 

associated with colors (red, green, blue, yellow, and 

brown) printed in different (incongruent) colors. For 

example, the word grass was printed in red ink. Using this 

card, each child was asked to name the printed colors and 

ignore the written words. It was expected that environ­

mental influences upon children's color learning and color 

concept development would interfere perceptually in the 

completion of this task. In other words, there would be 

an interference effect as a result of previously acquired 

experiences. 

2. Card B consists of the same 20 familiar words 

that a child would likely associate with a particular color 

due to environmental exposure. These words are printed in 

the expected colors. For example, the word grass is 

printed in a green color. It is assumed that children 

often experience these associations in their culture and 

environment , and that they associate certain words with 

certain colors. Using this card, each child was asked to 

name the printed colors and ignore the written words. 

3. Card C consists of 20 familiar words that are un­

likely to be a ssociate d with particular colors due to 
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environmental exposures. These words were presented in 

random selected colors, such as red, blue, green, brown, 

and yellow. For example, table was printed in red or blue 

ink. With this card, the child was asked to name the 

printed colors and ignore the written words (Stroop Inter­

ference Effect, 1935). It is obvious that there are some 

objects that a child sees in a variety of colors and to 

which he/she is not, therefore, expected to make a definite 

color association. 

4. Card D consists of 20 Persian words printed in 

red, blue, yellow, green, and brown ink. In this instance, 

the association of words with colors is minima 1 and the 

concept of the printed words is none. Therefore, a child 

should have the least difficulty in obtaining the correct 

response on this task. 

5. Card E consists of 20 color patches (different 

numbers of the letter X) printed with felt-tipped pens in 

either red, blue, green, yellow, or brown ink. This card 

is a control card whose purpose is to check the child's 

ability to name and identify the printed colors. 

6. Card F consists of 20 words associated with colors 

(identical with the words printed on Card A and/or Card B), 

and 20 words not associated with colors (identical with the 

words printed on Card C). These 40 words were printed in 

black ink . The purpose of this card was to check the 
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child's ability to read the printed words as accurately as 

possible. All the items on each card were arranged in ran­

dom order. The words listed on Card A and Card B were 

identical, but were printed in a different color format. 

Second, the Concept Assessment Kit - Conservation Task 

(CAK) was administered to measure the child's ability to 

perform conservation tasks. The Concept Assessment Kit -

Conservation Task (CAK) was developed by Goldschmid and 

Bentler in 1968. This test consists of three scales: 

Form A, Form B, and Form C. Forms A and B are parallel 

forms, each including six tasks: Two-dimensional space, 

Number, Substance, Continuous Quantity, Weight, and Dis­

con t i nuous Quan tity. The items in Form C include a mea­

s ure ment of the conservation of Area and Length. On each 

scale, the level of conservation is measured by both the 

c hild 's judgment and comprehension, or ability to adequately 

expl a in the j ud gme n t. For the purpose of the present study, 

sinc e Forms A and B are parallel, only one, Form A, was 

administer ed i n con j unction with Form C. 

Co l l e ction of Data 

A total o f 7 2 s ub j e cts f rom second, third, and fourth 

g rade students partic ipated i n this s t udy . The investi-

g ator acted as the e xaminer. Th e examiner expla ined what 

was e xpecte d of the children p rior to the experimenta l 
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sessions. Approximate testing time, including the direc­

tions, was one-half hour on each experimental task (Color­

Word Associate Test and Concept Assessment Kit - Conserva­

tion Task). In order to prevent the fatigue effect, 

interference and conservation tasks were given one hour 

apart. The time was scored and coded by using a stopwatch 

for each individual for data processing. At each testing 

session, a room separate from the regular classroom was 

used. Prior to the administration of the interference 

task s, the child's reading ability on the 40 words, which 

were used i n the task, was determined (see Appendix B) . 

All of the participants were checked to see if they 

knew and recognized the colors which were used in the 

experi me nt prior to the experimental sessions. One of the 

sub jec t s who had a color recognition problem was excluded 

from t he exper i ment. 

Design and Procedure 

Prior t o t he a dmi nistra tion of the interference tasks, 

Card F was pre s ent ed to each subject. The subject was 

asked to read the print e d word s as accurately as he/she 

could . Time was recorded f o r e ach subject by using a stop­

watch . After the c ompletion of Ca rd ~ ' using the interfer­

ence tasks , the following general instructions we re g i ven 

to e ach subject : 



A series of cards will be presented to 

you. You will be asked to perform a certain 

task on each card. The following instructions 

are for Card A, Card B, Card ~' and Card D. 

Your job is to name the color of the ink in 

which the words appear, as fast as you can. 

On Card E, your job also is to name the color 

of the ink in which the color patches appear. 

Name only the colors. Start at the left and 

go to the right. When I give you a signal, 

begin immediately. Name the colors as fast 

as you can without making a mistake. If you 

make a mistake, correct it, but do not start 

over from the beginning of the list. Do you 

understand? 

45 

Following these instructions, the cards were presented 

in the following order: Card E, Card ~' Card ~' Card ~' 

and Card A. 

On Card E, which consists of 20 color patches, the 

sub j ect was asked to name the colors as fast as he/she 

c o u ld . On Card D, which consists of 20 Persian words, the 

s ubjec t was a ske d to name the colors. The same performance 

was expected o n C ard~' Card B, and Card~; i.e., naming 

the color of the i n k in which the word s appeared. A 

stopwatch was used t o measure the time score on e ach task. 
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A specially prepared scoring page enabled the experimenter 

to follow the subjects word-for-word, and to record the 

number of errors made by each subject. The measure utilized 

was the total time taken for responding to the 20 items and 

the number of errors made by the subjects on each card. 

The measure of interference was the total time taken by the 

subjects on each card, with Card E acting as a covariate. 

The second experimental task, Concept Assessment Kit -

Conservation Task, was given to all subjects who had no 

problems in the color recognition and the word reading task. 

The Conservation Task was administered approximately one 

hour after the first experiment. This test was administered 

individually, and instructions were given according to the 

manual. The scoring procedure was followed step-by-step 

as described in the manual. A standardized scoring sheet 

was used to obtain the subject's conservation score. The 

scoring procedure on each of Form A and Form C was as fol­

lows: One point was given for the child's conservation 

judgment, and one point was given for the comprehension or 

explanation of the judgment, if both were correct. Compre­

hension was judged correct if one of the three principles 

were indicated: Invariate Quality, Compensation, or 

Reversibility . 
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Analysis of Data 

The primary aim of this study was to determine the 

relationship between the association of the words and the 

colors. The aim was to determine to what extent the colors 

affected a subject's correct responses in the experimental 

tasks. The secondary aim was to relate the subject's per­

formance on the association of the words and colors to a 

Piagetian Conservation Task. The final aim was to deter­

mine to what extent the subject's reading ability of 

black/white printed words affected his/her performance on 

interference and convervation tasks. Expectations were as 

fol.lows: 

1. It was expected that reporting the color of the 

words which are associated with the colors and printed in 

congruent colors (grass printed in green) would take more 

time than reporting the color of the words which are not 

associated with the colors (e.g., table and car). 

2. It was expected that reporting the color of the 

words which are associated with the colors and printed in 

incongruent colors (grass printed in red) would take more 

time than reporting the color of the Persian words. 

3 . It was expected that reporting the color of the 

words which are not associated with the colors (table and 

car) would take more time than reporting the color of the 

Persian words . 
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4. It was expected that reporting the color of the 

words which are associated with the colors and printed in 

incongruent colors (the word grass printed in red or blue 

ink) would take more time than reporting the color of the 

words which are printed in congruent colors (the word grass 

printed in green ink) . 

5. It was expected that reporting the color of the 

words which are associated with the colors and printed in 

congruent colors (grass/green) would take more time than 

reporting the color of the Persian words. 

6. It was expected that reporting the color of the 

words which are associated with the colors and printed in 

incongruent colors (the word grass printed in red or blue 

ink) would take more time than reporting the color of the 

words which are not associated with the colors (car and 

table) . 

7. It was expected that conservation would account 

for differences in the interference phenomenon for all 

interference tasks. 

8~ It was expected that second grade subjects would 

take more time and show more interference phenomenon com­

p ared to the third and fourth grade subjects for all 

interference tasks. 
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9. It was expected that reading ability (Card ~) would 

account for differences in the interference phenomenon for 

all interference tasks. 

Data were recorded for each subject on each task 

separately. A total time score and total number of errors 

made by each subject on each card were obtained. 

To determine whether there were statistically signifi­

cant differences between a subject's performance on each 

card, the data were analyzed by using Two Factor Repeated 

Measure Analysis of Covariance. For this analysis, Card E 

(the color patches card) was used as a covariate. It was 

presumed that Card E would yield some measure of the 

child's overall ability to name colors. Effects of Card E, 

or variances due to Card ~' were removed from the rest of 

the experimental design to control the individual differ­

ences in color naming ability. Card E was not used as a 

treatment card. Significant effects were further analyzed 

using Student-Newman-Keuls technique in order to test all 

possible pairwise differences among the four different 

levels of treatment variables . 

. 05 was used for all analyses. 

A level of significance of 

To determine whether there was a significant relation­

ship between the subjects' grade level and the interference 

phenomenon , data we r e analyzed by using a Two Factor 
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Analysis of Covariance, using Card E as a covariate. The 

primary interest was to see the main effects of different 

grade levels on the interference phenomenon, while control­

ling for Card E (or the color patches card) . In order to 

test all possible pairwise differences among the three 

different grade levels, the Student-Newman-Keuls procedure 

was applied at .05 level of significance. 

To determine whether there was a significant relation­

ship between a subject's reading ability (Card F) and 

interference phenomenon, data were analyzed by using the 

Two Factor Analysis of Covariance. In this analysis, 

Card E and Card F were used as the covariates. 

The method of scoring on Concept Assessment Kit -

Conservation was carried out exactly as described in the 

Test Manual. On Form A and Form C, one point was given for 

each child's correct conservation behavior, and one point 

was given for each correct comprehension statement, as 

described previously. After obtaining the raw data, the 

conservation scores were used to determine whether there 

was a significant relationship between conservation and the 

interference phenomenon. Two Factor Analysis of Covariance 

with Repeated Measures was applied by using Card F and a 

combination of Form (A+C) conservation scores as the 

covariates . The primary interest was to observe the main 



effects (interference and conservation effects) and the 

interaction of these effects. 
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In order to represent the experimental effects, and to 

apply the results to the null hypotheses of the present 

study, the following factors were determined: 

First, there will be no statistically significant 

difference between the effects of the four levels of 

factor A (interference factor) • 

Second, there will be no statistically significant 

relationship between the interference factor and the con­

servation factor (factor B). 

Third, there will be no statistically signifirant 

difference between the effects of the three levels of 

factor C (grade level factors) . 

Fourth, there will be no statistically significant 

relationship between reading ability and grade level 

factor differences on interference. 

Fifth, there will be no statistically significant 

relationship between the conservation factor and grade 

level factor differences on interference. 

Sixth, there will be no statistically significant 

relationship between sex differences on interference, 

reading ability , and conservation factors. 



CHAPTER IV 

RESULTS OF THE STUDY 

The primary purpose of the present study was to iden­

tify the relationship between colors and words. Colors 

which were used in this study were blue, red, green, brown, 

and yellow. Words were categorized into three areas. The 

first category was 20 related color-words such as grass, 

lemon, etc. printed in congruent and incongruent colors. 

The second category was 20 unrelated color-words such as 

table, car, etc. The third category consisted of 20 

Persian words w~ich were unknown and unfamiliar to the sub­

jects. The words on the second and the third categories 

were printed in red, green, blue, brown, and yellow colors 

selected in random order. Twenty color patches varying in 

length, printed in aforementioned colors, were employed as 

a control variable. The 40 words of the first and second 

categories were p rinted in black ink to measure the sub­

jects ' _reading ability. 

For the pur pose of the present study, two different 

instruments were administered to all o f the subj e cts. The 

first instrument was the Color-Word Associate Test (CWAT) . 

52 
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This test included six different cards labelled A through ~ 

with six different tasks, which was prepared by the inves­

tigator. This test was employed to collect data from 

second, third, and fourth grade students. The purpose of 

this test was to measure children's performance on inter­

ference phenomenon using words and colors. 

The second instrument, the Concept Assessment Kit -

Conservation Task (CAK) developed by Goldschmid and Bentler 

(1968) was used to measure subjects' Conservation ability. 

The data was collected during the Fall of 1980. 

Chapter IV is divided into six sections. The first 

section contains a description of the population used in 

the study. Section two addresses the analysis of the CAK 

and CWAT. Section three exp.lores the analysis of the 

interference phenomenon. Section four describes the rela­

tionship between interference and reading ability or con­

servation and reading ability. The fifth section of this 

c hapter presents data which resulted from the use of 

multiple corre l a tion. In the last section, the null 

hypotheses will be discussed. All of the analyses include 

sex and grade variables. The alpha level that was used to 

determine significance was .05. 
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Description of the Population 

A total of 72 second, third, and fourth grade students 

participated in this study. Out of 72 subjects, 26 were in 

second grade, 25 were in third grade, and 21 were in fourth 

grade. Of the students surveyed, 35 were boys and 37 were 

girls. Table 1 shows the frequency of conservation, inter­

ference, and reading ability scores which the subjects had 

obtained in the experiment. The score of interference and 

reading ability was the total time taken on each card by 

each subject in seconds. This table also shows the number 

of subjects in different grade levels with regard to their 

sex. No attempt was made to control for socioeconomi~ 

variables. There was no investigation of parents' educa­

tional or occupational backgrounds. 

Because the study was concerned with colors, it was 

necessary to screen the subjects' color recognition ability. 

One of the subjects who had a color recognition problem was 

excluded from the experiment. 

Since it was assumed that the subject's reading 

ability would affec t his/her interference score, this 

variable was controlled by giving the subjects a short 

reading ability test. The words listed in this test were 

chosen by the investigator, and were identical with the 

words listed on Ca rd A and/or Card B (color related words 
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printed in colors) and Card C (unrelated color-words printed 

in colors). Appendix B contains the word lists. 

In order to see the effect of conservation on the sub-

jects' interference score, the participants were tested 

with the Goldschmid and Bentler (1968) Conservation Task. 

The subjects' correct responses on Form A (conservation of 

eight different tasks such as: two-dimensional space, 

number, weight, substance, continuous quantity, discontinu-

ous quantity) and Form C (conservation of area and length) 

of the conservation test were obtained. The summary sta-

tistics are displayed in Tables 2, 3, 4, 5, 6, and 7 which 

include the mean time scores and the standard deviation for 

different sex and grade levels on different cards (Tables 2 

and 3), mean total interference score (in seconds) and 

standard deviation for different sex and grade levels 

(Table s 4 and 5), and the subjects' correct responses and 

standard deviation for different sex and grade levels on 

Form A and Form C of the Conservation Task (Tables 6 and 7). 

Results of Analysis of 
the CWAT and CAK 

The program used for the analysis of the interference 

r elated to the conservation score for this study was Two 

Factor Analysis of Covari ance (ANCOVA ) of the University 

of California Statistical Package for the Health Sciences 

(SPSS) , which was performed at the computer cente r a t the 
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Table 2 

Mean Time Scores (in Seconds) and Standard Deviation 

for Each Sex on Different Cards 

Sex Card Mean Time Standard Deviation 

Male A 34.57 8.65 
B 31.23 7.52 
c 34.29 9.52 
D 21.26 6.98 
E 19.94 5.55 
F 60.06 62.77 

F e male A 31.46 8.16 
B 28.97 6.06 
c 28.03 7.89 
D 18.00 3.06 
E 17.27 3.45 
F 46.62 30.68 
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Table 3 

Mean Time Scores (in Seconds) and Standard Deviation 

for Different Grade Levels on Each Card 

Grade Card Mean Time Standard Deviation 

Second A 34.35 7.98 
B 31.35 5.95 
c 34.62 9.21 
D 21.65 7.55 
E 20.23 6.38 
F 80.77 60.85 

Third A 31.04 9.47 
B 29.32 7.30 
c 28.36 6.68 
D 18.44 3.44 
E 17.40 3.33 
F 43.68 42.47 

Fourth A 33.57 7.82 
B 29.38 7.42 
c 29.91 10.45 
D 18.38 3.87 
E 17.91 3.21 
F 30.24 10.34 



Sex 

Male 

Female 

59 

Table 4 

Mean Total Interference Scores (in Seconds) and 

Standard Deviation for Different Sex 

Mean Total 
Interference 

Scores 
Standard Deviation 

207.00 83.10 

169.76 42.77 



Grade 

Second 

Third 

Fourth 
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Table 5 

Mean Total Interference Scores (in Seconds) and 

Standard Deviation for Different Grades 

Mean Total 
Interference 

Scores 
Standard Deviation 

229.65 81.29 

168.20 52.52 

159.52 33.35 



Sex 

Male 

Female 
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Table 6 

Mean Correct Responses and Standard Deviation 

for Each Sex on Form A, Form C, and 

Combination Form (A+C) 

Form 

Form A 
Form C 
Combination 

Form (A+C) 

Form A 
Form C 
Combination 

Form (A+C) 

Mean Correct 
Responses 

10.74 
11.12 

21.86 

10.78 
11.02 

21.87 

Standard 
Deviation 

2.75 
2.08 

4.70 

2.55 
1.74 

3.90 



Grade 

Second 

Third 

Fourth 
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Table 7 

Mean Correct Responses and Standard Deviation 

for Different Grade Levels on Form A, 

Form C, and Combination Form (A+C) 

Form 

Form A 
Form C 
Combination 

Form (A+C) 

Form A 
Form C 
Combination 

Form (A+C) 

Form A 
Form C 
Combination 

Form (A+C) 

Mean Correct 
Responses 

9.58 
10.04 

19.69 

11.32 
11.76 

23.08 

11.57 
11.52 

23.10 

Standard 
Deviation 

3.57 
2.43 

5.61 

1.80 
0.88 

2.59 

1.36 
1.54 

2.86 
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Texas Woman's University in Denton, Texas during the spring 

of 1981. Analysis of Covariance was used to determine the 

relationship between the total interference score, as a 

dependent variable, and conservation effects in regard to 

sex and grade variables. In this analysis, Card~ and 

Combination Form (A+C) conservation scores were used as the 

covariates. The reason for using conservation scores as 

the covariates was to control statistically for conserva­

tion effects by removing dependent variability due to con­

servation. Conservation variability did not allow blocking 

on conservation, so direct effects of conservation could be 

tested. 

Using this analysis, the following results were ob­

tained: There were statistically significant differences 

between sex and grade level factors, indicating that male 

subjects had higher interference than female subjects. The 

r e sults show that the subjects who were in the second 

grade had higher i nterference than third and fourth grade: 

and third gr a de had less interference than second grade, but 

higher int e r fe r e nce than f ourth grade students (2>3>4) re-

ga r d l e s s o f s ex . The results indicate d that there was no 

interac tion between sex b y gra d e v a riable s using Card E and 

Combination Form (A+C) conservation score s a s the covari­

ates , indicating that a n i nc rea s e o f one p o i nt in the score 
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on Card~ decreased the conservation score by six points. 

In other words, conservation and interference factors are 

negatively correlated. Summary statistics are displayed in 

Table 8. 

Data Results from Analysis of the 
Interference Phenomenon 

In order to analyze the total time taken by each sub-

ject to respond to each card, Two Factor Analysis of Co-

variance was used. In this method, Card E was used as a 

covariate, and the total interference score was used as a 

dependent variable. The results indicated statistically 

significant differences among the grade levels, showing 

that fourth grade students had the least interference 

effect, third graders had a higher interference effect than 

fourth graders, and second graders had the most interfer-

ence effect (2 >3 >4). 

The Student-Newman-Keuls procedure was applied,at .05 

level of significance, in order to compare significant dif-

ferences among the grade levels. The comparison of three 

grade levels, using this me thod, indicated that fourth grade 

students had the least interference with the lowest mean, 

third grade students were in the middle, and second grade 

students had the most interference with the highest mean 

(second grade= 229. 65>third g r ade= 168.20 > fourth 

grade= 158 . 86) . 

The results indicated no statistically significant 

differences between male and female subjects. Therefore, 
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it seems that sex differences disappeared when there was no 

control on conservation. However, using Card ~ and Combi­

nation Form (A+C) conservation scores showed a sex differ-

ence, and showed no difference when only Card ~was used 

as a covariate. Summary statistics are displayed in 

Table 9. 

In the second analysis, Two Factor Analysis of Covari-

ance with Repeated Measures was used. In this analysis, 

scores on Cards A through D were the Dependent Variable. 

Card E was used as a covariate. This analysis showed no 

statistically significant differences between sex and 

grade level, and no interaction between sex by grade. In 

other words, card effect with Repeated observation factors 

did not interact with sex by grade variable. The results 

showed significant differences among the cards due to 

Card D having less interference effect than the other 

cards. The statistical results of this analysis are shown 

in Table 10. 

Analysis of Interference, Reading 
Abllity and Conservation 

Section four of this chapter indicates the effects of 

reading ability and conservation on the interference 

phenomenon. Two different statistical analyses were used 

for the pur pose of analyzing these variables. These 

analyse s were a) A Two Factor Analysis of Covariance and 
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b) A Two Factor Analysis of Covariance with Repeated Mea­

sures. Three separate Analyses of Covariance were used on 

part (a) and three separate Analyses of Covariance with 

Repeated Measures were used on part (b) . 

On part (a), the first analysis was a Two Factor 

Analysis of Covariance using Card F as a first covariate, 

Form A conservation score as the second covariate, and 

Form C conservation score as the third covariate. The 

total interference score was used as a dependent variable. 

The result of this analysis indicated a statistically sig­

nificant difference between sex, regardless of grade, 

showing that male subjects had higher interference effect 

than female subjects. There were no grade differences and 

there was no interaction between grade and sex variables. 

As far as the covariates are concerned, Card F is a sig­

nificant covariate, which means that it is significantly 

corre lated with the total interference score. The second 

covar i ate, Form A conservation score, is not a significant 

cov ari a te b y itself. The third covariate, Form C conserva­

tion s core , i s a signi f icant covariate by itself. Alto­

gether , three cova riates are significant. This means that 

when we take into a ccount Form A , Form C, and Card F co­

variates , there is a sex d iffe r e nce . 

As f ar as th e weight o f t h e covar iate s is conce rned, 

the we i ght of the Ca r d ~ c ovaria t e is positiv e, which means 
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that the higher the Card F score (reading ability), the 

higher the interference. The weight of the Form A conser­

vation score is negative, which means that the more con­

servation, the less interference. The third covariate, 

Form C conservation score, is significant by itself, and 

has negative weight. The negative weight indicates that 

the more conservation, the less interference. Statistical 

analyses are shown in Table 11. 

On part (a) , the second analysis was Two Factor 

Analysis of Covariance, using Card ~ as the first covariate 

and Combination Form (A+C) conservation score as the second 

covariate. The t~tal interference score was used as the 

dependent variable. The result of this analysis showed a 

statistically significant difference between sexes indi­

cating that male subjects had higher interference scores 

than did female subjects. There were no significant dif­

ferences among the grade levels, and no interaction between 

grade and sex variables. Both covariates were significant 

predictors, and were highly related to the interference 

phenomenon . As far as the weight of the covariates are 

concerned, the weight of the Card F covariate is positive. 

This positive weight indicates that the higher the Card F 

score, the higher the interference. The weight of the 

Combination Form (A+C) conservation score was negative, 
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indicating that subjects with low conservation scores 

showed higher interference, and that those with high con-

72 

servation scores showed low interference. There is a ten-

dency that when the interference score goes up by one point, 

the conservation score is decreased by six points. The 

result of this analysis is shown in Table 12. 

On part {a) , the third analysis was Two Factor Analysis 

of Covariance using Card F as the first covariate and Card E 

as the second covariate. The total interference score was 

used as the dependent variable. The result of this analysis 

indicated no statistically significant differences between 

sex or grade variable, and no interaction between these 

two. However, both covariates were statistically signifi­

cant. Summary statistics are displayed in Table 13. 

On part (b) , the first analysis was Two Factor Analysis 

of Covariance with Repeated Measures. In this analysis, 

Cards ~' ~' C, and D were used as dependent variables. 

Card F and Combination Form (A+C) conservation score were 

u s ed as the f irst and second covariates, respectively. The 

resu l t -o f this a n a lysis showed statistically significant 

sex difference s i ndica ting that males have a higher inter­

ference score tha n fema l e s. The r e was no grade effect and 

no interaction of s ex by g r ade . The re sults showed a sig­

nificant card effec t indica t ing that Ca r d D h a s the least 

inter fe rence s c ore of all oth er c ards . Card effect d i d not 
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interact with sex by grade, so there were two main effects 

that were significant; the card by itself and sex by itself. 

As far as the covariates are concerned, Card F and 

Combination Form (A+C) conservation scores are so highly 

correlated that the Combination Form (A+C) conservation 

score, the second covariate, was eliminated from the 

analysis, and only Card~ was used. Card F, though, was a 

significant covariate for the card effect so that when 

Cards~' ~' C, and~ were adjusted by Card F, differences 

between the cards remained. This means that Card D is 

lower than Cards A, ~' and C in interference score. Sta­

tistical analysis for this procedure is shown in Table 14. 

To determine pairwise comparison among the cards, the 

Student-Newman-Keuls procedure was applied at .OS level of 

significance. The results of this technique showed that 

Card D has the lowest mean among all other cards (Card D = 

19.58 ~ Card B = 29.88 ~Card C = 31.07< Card A= 32.97). 

On part (b) , the second analysis was Two Factor 

Analysis of Covariance with Repeated Measures using Card F 

as the first covariate, Form A conservation score as the 

second covariate, and Form C conservation score as the third 

covariate. The dependent variable was the total score of 

each of ~ ' ~ ' C, and ~cards. The results showed signifi­

cant sex differences , indicating that male subjects had 
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higher interference scores than females. 

77 

There were neither 

grade differences nor grade by sex interactions. The 

result showed significant card differences, with Card D the 

lowest, and Card F being a significant covariate or pre­

dictor. Second, Form A, and third, Form C, covariates were 

highly correlated so they were eliminated. The result of 

this analysis is shown in Table 15. 

On part {b) , the third analysis was Two Factor 

Analysis of Covariance with Repeated Measures using Card F 

as the first covariate and Card E as the second covariate. 

The dependent variable was the total score of each of A, 

B, ~' and ~Cards. The result of this analysis showed a 

significant sex and card difference. In this analysis, 

males had a higher score than female subjects, and Card D 

was lower than the other cards. Card F covariate did not 

significantly affect the sex effect, but it did signifi-

cantly affect the card effect. Card E covariate was not 

significant. When Card F was considered as a covariate, 

sex by card interaction was not significant. But, overall, 

in terms of interference, male subjects showed a higher 

interference effect than female subjects, regardless of 

which card was being used. See Table 16 for further 

analysis . 
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Data Results from Multiple 
Correlation Coefficients 

80 

In order to correlate different variables used in this 

study, a Pearson Correlation Coefficient, which might be 

called a Square Symmetric Correlation Matrix, was applied. 

A total of 19 variables with 361 correlations were analyzed. 

Twelve of these variables were the focus of interest for 

the present study. Considering four different factors (sex, 

grade, conservation, and interference), the results of the 

correlation indicated that total interference had a nega-

tive correlation with sex (-0.277). Total conservation 

had a positive correlation with sex (0.001). Total inter-

ference had a negative correlation with grade (-0.432), 

indicating that the lower grade students had more inter-

ference effect than upper grade students. Total interfer-

ence had a negative correlation with conservation (-0.646), 

indicating that the subjects who scored high on interference 

tasks showed less conservation ability. Conservation had a 

positive correlation with grade (0.334), showing that the 

fourth _grade students had a higher conservation ability 

than third and second grade students. Table 17 gives a 

comprehensive review of these and other correlations among 

different variables . 

For the significant results, Factor Analysis was not 

recommended . The reason was that so many important 
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variables could be reduced, and some important factors 

could be eliminated. 

Concluding Statements of 
the Null Hypotheses 

In order to retain or to reject the null hypotheses 

for the present study, several statements concerning each 

null hypothesis may be made. First, Two Factor Analysis 

of Covariance with Repeated Measures testing the first 

null hypothesis showed a significant difference among the 
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cards, due to Card D being lower than the other cards. The 

Student-Newman-Keuls technique further analyzed the card 

effect, revealing that Card B was lower than Card ~' or 

Card ~ was higher than Card B (Card A = 32.97 > Card B = 

29.89). This result indicated that subjects had lower 

i n terference when they were presented with familiar words 

a s s ociated with colors printed in a congruent color (CardB) 

and had higher interference when presented with familiar 

words associated with colors printed in different colors 

(Ca r d A). There f ore, the first null hypothesis, which 

stated, "There will be no statistically significant differ-

ence between the measures of interference in children when 

present e d with f amiliar words associated with colors 

printed in congruen t color s, and whe n p resented with 

familiar words assoc iat e d wi th colors printe d in incong ruent 
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colors" was rejected, since there was a significant differ­

ence resulting between Card A and Card B. 

Two Factor Analysis of Covariance with Repeated Mea­

sures testing the second null hypothesis indicated a sig­

nificant difference among the cards due to Card ~ being 

lower than the other cards. For further analysis, the 

Student-Newman-Keuls technique was applied. This technique 

did not show a significant difference between Card ~ and 

Card C. This result indicated that the subjects showed 

statistically an almost equal amount of interference on 

Card ~ (congruent color-words) and Card C; unrelated color­

words (Card B = 29.88 ~Card C = 31.07). This result 

indicated that subjects had the same amount of interference 

when they were presented familiar words associated with 

colors printed in a congruent color (Card B) and when pre­

sented with familiar words not associated with colors 

printed in colors (Card C). Therefore, the second null 

hypothesis, which stated, "There will be no statistically 

significant difference between the measures of interference 

in children when presented with familiar words associated 

with colors printed in congruent colors, and when presented 

with familiar words not associated with colors printed in 

colors " was retained, since there was no significant dif­

ference resulting between Card B and Card C. 
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Two Factor Analysis of Covariance with Repeated Mea-

sures testing the third null hypothesis indicated a sig-

nificant difference among the cards due to Card D being the 

lowest. In order to compare the significant difference 

among the cards, further analysis of Student-Newman-Keuls 

was applied. The result of this technique indicated that 

subjects shown familiar words associated with colors 

printed in congruent colors {Card B) had higher interfer-

ence scores than when presented with Persian words printed 

in colors (Card D) • In other words, subjects scored higher 

on Card B than on Card D {Card B = 29.88> Card D = 19.58). 
- - -

Therefore, the third null hypothesis, which stated, "There 

will be no statistically significant difference between 

the measures of interference in children when presented 

with f amiliar words associated with colors printed in con-

gruent colors, and when presented with Persian words 

p rin t ed in colors" was rejected, since there was a sta-

tist i cally significant difference resulting between Card B 

and Card D. 

Two Factor Analysis of Covariance with Repeated Mea-

sure s te sting the f ourth null hypothesis indicated a sig-

nificant difference among the cards, due to Card D being 

lower than the othe r c a r d s. The Student-Newman-Keuls 

proc edure was applied to che c k this sig n i fic a nce. Using 
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this procedure, the result showed that the subjects' per­

formance on Card A did significantly differ in performance 

on Card~ (Card A = 32.97> Card~= 31.07). Therefore, the 

fourth null hypothesis, which stated, "There will be no 

statistically significant difference between the measures 

of interference in children when presented with familiar 

words associated with colors printed in different colors, 

and when presented with familiar words not associated with 

color printed in colors" was rejected. 

Two Factor Analysis of Covariance with Repeated Mea­

sures testing the fifth null hypothesis indicated a sig­

nificant difference among the cards due to Card D having 

the least interference effect. In order to check this 

significant difference among the cards, the Student-Newman-

Keuls technique was applied. Using this procedure, the 

results showed a significant difference between Card A and 

Card ~' indicating that subjects scored significantly 

higher on Card A than on Card D (Card A = 32.97 > Card D = 

19.58). Therefore, the fifth null hypothesis, which stated, 

"There will be no statistically significant difference 

between the measures of interference in children when pre-

sented with familiar words associated with colors printed 

in incongruent colors, and when presented with Persian 

wo rds printed in colors" was rejected, since there was a 
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statistically significant difference between Card A and 

Card D. 

Two Factor Analysis of Covariance with Repeated Mea-

sures testing the sixth null hypothesis indicated a sig-

nificant difference among the cards due to Card D being 

lower than the other cards. The Student-Newman-Keuls 

procedure was applied to check this significant differ-

ence. The result of this technique showed a significant 

difference, indicating a higher score on Card ~ compared 

to Card D (Card C = 31.07 >Card D = 19.58) at the .05 level - -

of significance. Therefore, the sixth null hypothesis, 

which stated, "There will be no statistically significant 

difference between the measures of interference in young 

children when presented with familiar words not associated 

with color printed in colors, and when presented with 

Persian words printed in colors" was rejected, since there 

was a significant difference between the subjects' perform-

a nce on Card C (familiar words not associated with color 

printed in colors) , and Card D (Persian words printed in 

colors). 

Two Factor Analysis of Covariance with Repeated Mea-

sures testing the seventh null hypothesis showed a sig-

nificant difference among the cards, due to Card D being 

lower than the other cards. The Card F and Combination 
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Form (A+C) covariates indicated the high correlation between 

these two covariates, so that the Combination Form (A+C) 

covariate was eliminated. Since these two covariates were 

highly related, and Card F was a significant covariate for 

card effect, therefore, the Combination Form (A+C) covari­

ate would also be a significant covariate. Consequently, 

the seventh null hypothesis, which stated, "There will be 

no statistically significant relationship between the raw 

scores derived from the conservation test Concept Assess­

ment Kit, and the time score measures of the interference 

in young children on Card A; related color words printed in 

incongruent colors, Card B; related color words printed in 

congruent colors, Card ~; unrelated color words printed in 

colors, and Card D; Persian words printed in colors, when 

reading ability card or Card F; 40 words listed on Card A 

and/or Card B and Card ~ printed in black ink was used as 

a covariate" was rejected due to a significant relationship 

between the conservation and the measure of interference 

in young children. 

Two Factor Analysis of Covariance testing the eighth 

null hypothesis indicated a significant grade level factor. 

The Student-Newman-Keuls procedure was applied to check 

this significant difference. The result of this technique 

showed a significant difference indicating that the second 
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grade students showed higher interference compared to third 

grade and fourth grade students (2>3>4). Consequently, 

the eighth null hypothesis, which stated, "There will be 

no statistically significant difference between the second, 

third, and fourth grade levels, and the time measures of 

the interference in young children" was rejected. 

Two Factor Analysis of Covariance testing the ninth 

null hypothesis showed that the subject's reading ability 

is a significant predictor of his/her performance on inter­

ference phenomenon. Therefore, the ninth null hypothesis, 

which stated, "There will be no statistically significant 

relationship between the reading performance on black and 

white printed words and the time measures of the inter­

ference in young children" was rejected. 

Summary conclusions of each of the null hypothesis, 

considering the comparison of the experimental tasks on 

interference (Cards ~through D), conservation tasks, grade 

level, and reading ability are shown on Table 18. 
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CHAPTER V 

SUMMARY, CONCLUSIONS OF FINDINGS, AND 

SUGGESTIONS FOR FUTURE STUDY 

Summary 

Reviewing the literature survey on the subject of the 

interference phenomenon indicates that the interference 

phenomenon appears when two conflicting and/or incompatible 

functions both appear at the same time. Possible causes 

of this phenomenon have been reviewed, but still some 

questions remain unanswered. 

The present study was designed to determine: a) the 

measure of interference phenomenon, in young children, 

using words and colors, b) the relationship between chil­

drens' growth of conservation and the interference phe­

nomenon, c) the effect of children's reading ability on 

the interference phenomenon, and d) the relationship be­

tween the interference phenomenon and grade level 

factor~ . 

The Color-Word Associate Test (CWAT) was administered 

to all subjects in the study. The CWAT measures inter­

ference phenomenon using words and colors. This test in­

cluded six different tasks, and was developed by the 

90 
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investigator. The Concept Assessment Kit (CAK) - Conserva­

tion Task was administered to all subjects in the study. 

The CAK measures children's conservation ability, and was 

developed by Goldschmid and Bentler (1968). Prior to the 

administration of the interference task, the children's 

reading ability was measured by using the 40 words listed 

in the experimental tasks (see Appendix B), excluding 

Persian words. The children's color recognition was also 

checked prior to the experimental sessions. 

Written permission for testing was requested from 

parents of children who were enrolled in the second, third, 

and fourth grade level (see Appendix A) . Prior to the 

child's participation in the experimental sessions, let­

ters of permission to participate signed by parents were 

collected, and each child was asked if he/she wished to 

participate in the study. Seventy-two second, third, and 

fourth grade students were tested. Data were gathered 

during the fall of 1980. No regard was given to socio­

economic level or parental education. 

The data were analyzed using Two Factor Analysis of 

Covariance, and Two Factor Analysis of Covariance with 

Re p eated Measures. Significant results were further 

ana l y ze d by using the Student-Newman-Keuls procedure. The 

l eve l of s ignificance which was used in the study was .05. 
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Discussion of the Results 

Significant findings resulting from the present study 

relating to the experimental hypotheses would warrant dis­

cussion about the importance of the child's concept of 

color and its important relationship to his/her conserva­

tion and reading ability with regard to his grade level 

factor. 

The data were analyzed by two different statistical 

procedures. The first procedure was the Analysis of 

Covariance with Repeated Measures, testing the interfer­

ence phenomenon by computing the total time taken by each 

i n dividua l on each interference card (Caids A through D) . 

In this procedure, the child's overall ability to name the 

colors was measured by the color patches card (Card E) • 

This card was used as a covariate in order to control the 

individual differences in color-naming ability. 

The second procedure was the Analysis of Covariance 

u s i n g the total interference score as the dependent vari­

a b le . The cov ariates were varied within the purpose of the 

rela t e d hypo thesis. 

The purpo s e of hypotheses one through six was to mea­

sure t he inte r fe r e nce phenomenon in young children by 

presenting words a nd color s. Ana l yzing data by comparing 

the total time taken on e ach c a rd i ndic a t e d that childre n 
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exhibited more interference when they were presented famil­

iar words instead of unfamiliar words. The Student-Newman­

Keuls procedure further analyzed the card effect by 

indicating the least interference effect on unfamiliar 

words (Persian words). Therefore, comparing the subject's 

performance on familiar and unfamiliar color-word tasks 

supported the view that being familiar with the words in 

identifying the colors will lead the subject to show more 

interference phenomenon. 

It seems likely that being familiar with the words 

when identifying the colors tends to interfere with the 

subject's perception, and therefore causes delay in the 

color-naming task. This notion parallels the perceptual 

conflict hypothesis developed by Hock and Eget (1970) 

which was followed by Dyer (1974). They hypothesized that 

subjects are distracted by the presence of the words and 

are not able to name the color dimensions due to efforts 

to read the words. 

The reason for using the Persian words listed on 

Card D was an effort by the researcher to discover the 

source of the interference phenomenon. All of the chil­

dren who participated in the experiment showed signifi­

can tly less interference when this card was compared to 

the other cards. It is likely that the subjects' attention 
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was not divided between the written words as the indication 

of stimuli and naming the colors as the indication of 

response. In other words, Persian words were highly un­

familiar to the subjects, and were highly not associated 

with the colors, therefore subjects showed less confusion 

and did not go through the two-step procedures of naming 

colors and reading the words. The channel of association 

between the written words (Persian words) and naming the 

colors was minimal, therefore, the subjects did not asso­

ciate the words with the colors, and had an easier time 

recalling the color-names. This result seems to indicate 

that the dual coding system did not appear, and the sub­

jects had only one choice. That choice was to name the 

colors. An attempt to read the words did not interfere 

in naming the colors, and therefore the subjects took less 

time to respond to the colors. Moreover, each word or a 

p art of a word (letter) of familiar words can also provide 

related information and serve as an important cue ih the 

p rocessing of information. These cues could result in 

elici ting processing inter f erence, and therefore cause 

subjects to take more time. Persian words, in contrast, 

c arr y less information, and thus take less time to process. 

In general , fi nding s o f the present study relate d to 

the notion that be i ng famil iar a nd/or un familiar with the 
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words support the expectation that being familiar with the 

words will cause more interference than being unfamiliar 

with the words. 

In order to define the interference effect further, 

familiar words were categorized into two different areas. 

The first category was the words which were familiar to 

the subject and related to color-words such as grass, 

which is related to green color. This category was printed 

in congruent and incongruent colors. The second category 

was the words which were familiar to the subject, but un­

related to a color-word such as car, which is unrelated 

to green color. 

Findings of the present study and a review of the 

literature reveal that relatedness of words to colors is 

the other possible cause of the interference phenomenon on 

color-word interference tasks. Presenting a subject with 

related color-words printed in incongruent colors, which is 

a highly incompatible situation, causes conflicting 

behavior. The primary explanation is that perceptual con­

fusion is caused by a conflict situation which a person 

must deal with, and must decide to which dimension to 

respond. Therefore, a person falls into a confused state, 

and s pends more time in decision-making processes than in 

r e s p ond i ng . 



96 

Comparing the subjects' performance on Card~ (congru­

ent color-words) with Card A (incongruent color-words) 

revealed a significant result. Subjects showed more inter­

ference on Card A when compared to Card B. A possible 

explanation is that the subjects matched the colors with 

corresponding words on Card B, and decreased the tension 

of the conflict situation, and therefore took less time to 

respond to the color. 

Significant results of the subjects' performance on 

Card C (not associated or unrelated color-words), indicates 

that semantic association of words and colors plays an im­

portant part in the subjects' performance on a color-word 

interference task. This result supports Stroop (1938), 

Klein (1964), and Dyer's (1973) findings concerning the 

power of the semantic association theory. The subjects' 

performance on Card ~ indicates that the subject was less 

confused due to less semantic association or relatedness 

with color and words on Card C compared to Cards ~and B. 

The significant result seemed to be that the higher the 

association between words and colors, the higher the inter­

ference phenomenon. In general, findings of the present 

study supported the expectation that related color-words 

will cause more interference than unrelated color-words. 
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Findings resulting from the Analysis of Covariance 

with Repeated Measures, testing the seventh null hypothesis, 

showed a significant relationship between the interference 

and the conservation factors. 

The significant relationship between conservation and 

interference appears to indicate that the conservation 

ability of the subjects plays an important part in their 

performance on a color-word interference task. A multiple 

correlation coefficient analyzing this relationship also 

showed a significant negative relationship between conser­

vation and the interference factor. 

Piaget's (1970) theory of the concrete-operational 

stage supports an idea about what might be the cause of 

negative correlation between interference and the conser­

vation factor. Piaget believed that children at the age of 

7-11 would provide increased emphasis on logical reasoning 

and differentiation, and also would establish correspon­

dence or identity among elements in different ways. Most 

important, children at this stage of cognitive development 

can establish transformation, classification, and corre­

spondence. Analyzing the subjects' scores on the Persian 

word card relating to the principle of differentiation 

gives evidence that the subjects could differentiate 

colors from the words , with no perceptual conflicts, and 
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therefore could score lower and show less interference. 

Since all of the students included in the present study 

scored lower on the Persian card, it might be concluded 

that differentiational processes of 7-11 year old children 

were the primary indicators of their performance on inter­

ference tasks. 

The result of the present study relating to hypothesis 

seven supported the expectation that conservation would 

account for differences in the interference phenomenon for 

all interference tasks. 

Two Factor Analysis of Covariance testing the eighth 

null hypothesis showed significant differences among grade 

levels. The Student-Newrnan-Keuls, comparing this signifi­

cance among the grade levels, indicated that the second 

grade students exhibited higher interference than the third 

and the fourth grade students, but the third and fourth 

grade students did not differ significantly. 

A significant result seems to indicate that the sub­

ject 's response to the experimental tasks in terms of a 

different grade level is a function of the subject's 

developmental growth of cognition and his/her differentia­

tion . Another possible explanation for this significant 

difference could likely be due to the fact that the second 

grade students , tested in the present study, did not per­

form proficiently because they were younger than the third 
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and fourth grade students. The result of the present study 

testing the eighth null hypothesis supported Schiller (1966) 

and Comalli, Wapner, and Werner's (1962) developmental 

study of the interference phenomenon in subjects from dif­

ferent age groups. 

The results of the present study relating to hypothesis 

eight supported the expectation that the second grade sub­

jects would take more time and show more interference when 

compared to the third and the fourth grade subjects for all 

interference tasks. 

Two Factor Analysis of Covariance testing the ninth 

null hypothesis showed a significant relationship between 

the reading performance on black and white printed words 

and the time measures of the interference in young chil­

dren. This result appears to indicate that the subjects' 

reading ability did account for performance on all inter-

ference tasks. Estes (1976) and Crowder (1976) showed 

t h at the subjects' color concept is highly related to the 

deve lopment o f verbal skills. Testing the children's 

read i ng ability , the present study showed that the reading 

s kill o f the subj e cts had a positive relationship with 

their perfor ma nce on the total interference task. This 

indicated t ha t the subj ects who scored high on Card F had 

higher inte r fe r e nce tha n t he subj e cts who scored low on the 
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reading ability card. A possible explanation for this 

occurrence is that the subjects who are good readers 

attempt to read the words rather than name the colors. For 

example, on Card D (Persian words), reducing word legi­

bility reduced the reading response, and therefore weakened 

the color-naming interference. 

The results of the present study relating to hypothe­

sis nine supported the number nine expectation of this 

study, that is, it was expected that reading ability 

(Card F) would account for differences in interference 

phenomenon for all interference tasks. It was concluded 

that the subject's reading ability is a good predictor of 

his/her performance on interference tasks. This conclu­

sion seems to support the theory of the dual coding system 

of color-word interference tasks. 

Conclusions of the Study 

In synthesizing the outcomes of the present study, 

several significant results among the important factors 

of interference, conservation, reading ability, grade 

level, and sex were obtained. 

Particularly, comparison of the interference exhibited 

on different cards supported the hypothesis that the inter­

ference is a function of the semantic relationship between 

stimulus and response. Moreover, the interference 
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phenomenon appears when the represented stimuli is other 

than what had been learned and habituated in daily life. 

Considering the experimental tasks of interference (CWAT) 

used in the present study, each card differed in the 

strength and the power of the semantic association between 

stimuli and response. The degree of the interference per­

formed by each subject was dependent upon the degree of the 

semantic relation. The results of the present study sup­

ported Klein (1964) and Bakan and Alperson's (1967) find­

ings in that the degree of interference is a function of 

semantic relatedness or association. As the relationship 

between words and colors decreased, the interference phe­

nomenon also decreased. As the words got more meaningful 

and more related to the colors, the subjects showed more 

interference and scored higher. It is logical to conclude 

that the interference effect can be diminished if there is 

no direct semantic association between the printed words 

and the required color names. It seems clear that the 

implication of color cues tends to be a useful and less 

confounding variable when other cues and similarities are 

minimal. 

Significant negative correlation between total con­

servation and total interference appears to indicate that 

subjects who scored high on conservation tasks showed 



lower interference phenomenon. This result supports the 

view that as children get older, their differentiational 

processes become higher, and therefore they can focus on 

different dimensions of a stimuli (Piaget, 1970). 
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The results of the present study showed that the 

second grade subjects had higher interference than the 

third and fourth grade subjects. Performance at this age 

level reflected undifferentiated response tendencies, and 

thus required more time. The reason is that when the two 

response tendencies become more differentiated, the sub­

jects will have a better chance to choose the correct 

response by taking less time, having greater speed, and 

showing less interference. In the case of the second grade 

students, the reverse was true. 

The effect of the subjects• reading skill on the 

interference phenomenon was one of the other significant 

results which was found in the present study. The results 

indicated that the students who scored high on the reading 

ability card had higher interference than the students who 

scored low on the reading ability card. This result paral-

leled the grade level factor, that is, second grade stu­

dents who were also poor readers had higher interference 

when compared to the third and the fourth grade students. 

Results seem to indicate that reading ability accounts for 

the interference by showing that ~s the reading ability 



score on Card F increases, the interference phenomenon 

increases. 
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Subjects' grade level, as mentioned before, showed a 

negative correlation with the total interference effect. 

Lower grade subjects had higher interference, and higher 

grade subjects had lower interference phenomenon. Per­

haps one possible interpretation of this result is that 

children in the lowest grade (second graders) were not old 

enough to differentiate, and therefore took a longer time 

to choose a correct response. The result of the present 

study supported Schiller's (1966) findings on color-naming 

using different grade level subjects. 

The results of the present study indicated that female 

subjects exhibited lower interference than male subjects. 

If it is reasonable to accept the fact that females are 

more verbatim than males, then good readers (female sub­

j ects) should have shown more interference compared to 

poor readers (male subjects). The result of the present 

study was contrary to this view, by indicating a lower 

i n t erf erence effect among the female subjects than the 

ma l e subj e cts. 

In summary, it was the belief of the researcher that 

semantic a ssocia tion greatly contribute s to the source of 

inter fe r enc e and is depende nt upon several factors which 

can affect a nd d e termine this int~resting phenomenon. 
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This belief is supported by the results of the present 

study and a review of the literature. 

Generalizing the conclusion of the present study in 

order to take into consideration the interference phenorne-

non, it seems helpful to imply that teaching the colors 

without knowledge of color-words or without using the 

color-words themselves might help children to understand 

the color concept and help to prevent the perceptual con-

flict and interference effect. This effort might help 

children to overcome a conflict learning situation in some 

other areas which might affect their learning system in 

the long run. 

Implications of the Results and 
Recommendat1ons for Teachers 

Based on the findings and analysis of the present 

study and the review of the literature survey on inter-

ference effect, the following implications and recommenda-

tions are made: 

1. The primary implication is that teaching the con-

cept of color to a young child without going through a 

dual coding system is very important for his/her future 

learning behavior. It is recommended that teachers become 

aware of this phenomenon in order to help prevent the 

interference effect in young children. 
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2. An implication, based on the dual coding system, 

is that different teachers have different methods of teach-

ing colors to a young child. Almost all of the literature 

dealing with the interference phenomenon supports the idea 

that semantic association of color-words, shapes, forms, 

symbolic representatives, numbers, or any other semantic 

referents are the cause of the interference effect. There­

fore, it is highly recommended that teachers should provide 

a single channel response, and should avoid combining two 

concepts, no matter what they might be, in order to be more 

effective with the young children's learning behavior. 

3. Since the results indicate a negative relation­

ship between conservation and interference, teachers are 

advised to be aware of the young child's developmental 

level, and not to push the child to a level that he/she 

cannot perform. For example, what is the use of teaching 

a child different dimensions if the child cannot attend to 

all of the characteristics of a stimulus? 

4. Since there was a significant relationship be­

tween children's reading ability and interference, it 

should be helpful for teachers to be aware of such a re­

lationship in order t o take steps to prevent reading 

difficulties . For example , a nonverbal method of teaching 

color concepts might prevent a young child's reading dif­

ficulty in the early grades. 
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5. Last and most important, school systems should be 

aware of these and other complex learning behaviors in 

order to prepare proper curriculum to help handle conflicts 

and difficulties created by the interference phenomenon. 

Suggestions for Future Research 

Past and present research studies, including interfer­

ence phenomenon using different tasks and methods, have 

developed many new questions but some old questions still 

remain unanswered. Observing new effects are the usual 

procedures of research, but finding the 'causes' and 

answering the 'whys' are the difficult aspects. Therefore, 

it would be helpful for future studies to search the fol­

lowing needed areas: 

1. It might be profitable to carry out a future ex­

p eriment using several other colors in order to test the 

subject's performance on interference tasks. Would sub­

jects perform differently if they were or were not accus­

tomed to certain colors? 

2. Research is needed in the area of interference 

phenomenon by providing 'real objects' and asking chil­

d ren to name the color with congruent and incongruent 

con d i t i ons. 

3. So fa r little experime ntation h a s b een carri e d 

out on the r o le o f p ronounceab i lity of the words, f ur t h e r 
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experimentations need to explore this important aspect of 

the degree of the interference phenomenon. 

4. Further experimentations are needed to explore the 

habit strength of the subject in order to study the source 

of the interference phenomenon. 

5. Further experiments are needed in the area of 

young children's performance on conservation and the 

interference effect. 

6. Since there is very little or no application of 

color-word interference effect for children, further re­

search needs to explore this interesting phenomenon by 

using young children. 

7. Since reading ability is an important predictor 

for the interference effect, further research is needed 

to examine the relationship between these two factors. 

In order to measure the interference effect by controlling 

the reading ability of the subjects, it is recommended 

that the subjects be required to point to specific colors 

rather than name specific colors. 

8. Children's reactions to meaningful words, as 

opposed to nonsense syllables, also need more experimen­

tation and exploration . 
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September, 1980 

Dear Parents, 

I am a graduate student at the Texas Woman's University and 
I am conducting research concerning children's concepts of 
color. Your child has been selected to participate in this 
study if he/she has your permission. The interaction be­
tween the investigator and child will be about 30 minutes 
in duration. It is believed that the results of this study 
will be helpful in children's color learning and color con­
cept in the future. 

This study will be completely anonymous and only the 
results will be used in the research. Individual children 
and schools will not be identified in the report of this 
study. If you agree to let your child participate please 
sign the enclosed form and return to your child's teacher. 

Please feel free to call me with any questions at (817) 
566-1600. 

Enclosure 

Sincerely, 

Fatemeh Bafighadimi Firoz 
Texas Woman's University 
Doctoral Student 
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LIST OF 20 RELATED COLOR WORDS WITH YELLOW, RED, 

BLUE, GREEN, AND BRO~'lN COLORS 

banana corn mustard lemon 

heart lips tomato blood 

ocean sky blue jay blueberry 

pickle grass lettuce spinach 

coffee tea brownie chocolate 

LIST OF 20 UNRELATED COLOR WORDS 

table car food toy book 

dress cup cake hat bell 

chair bus shoe dog ring 

paper cat gift bed boat 
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