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ABSTRACT 

In the first of two experiments , a vi sual monitoring 

task, called X- Checking , was tested to det ermine whether it 

would interfer e with performance on a concur r ent imagery­

medi ated task. Thirty six high-school students wer e gi ven 

four tasks: (a}Picture Words , which required the generation 

of vi sual images for stimulus words , (b}Letter Tracking , in 

which subjects indicated the corner positions of block 

letters from memory , (c}Opposites, an antonym task, and 

(d}Sound Track i ng , in which subjects said the first sound of 

words i n a sentence . Subjects performed these tasks under No 

Int erference (task alone} , and concurrently with the 

X- Checking task present ed at two rates for Low Int erference 

and High Interference . On all dependent variables (e.g, task 

errors, response time} the X-Checking task interfered 

significant ly more with the Letter Tr acking task than with 

the other three. These results wer e interpreted in support of 

the clai m that the X-Checking task interferes with t he 

sustainment of vi sual i mages . 

Experiment II invest igated the effects of imagery 

interference, task concreteness and imagery instructions on a 

divergent thinking task. Eighty high- school students were 

assigned to one of four groups formed on the basis of type of 
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question (Concrete or Abstract) combined with type of 

instruction (Imagery or Non-imagery). Students responded to 

the diver gent thinking questions under No Interference 

(question alone) and High Interference (question concurrent 

with x - checking task). The dependent variables were Fluency 

scores (total number of responses) , Flexibility scores 

(number of categories used) and X- Checking errors . Fluency 

scores were significantly higher for Concrete t han Abstract 

questions, and under No than High interfe rence . Flexi bility 

scores were higher under No interference. No differences in 

X- Checking errors were found between Concrete and Abstract 

quest i ons. No effects were found for the Instructions 

variable nor for any of the interaction effects. These 

results were a ttributed to task difficulty. No support was 

found for t he claim that sustainmemt of visual i mages is 

critical to performance in these concrete divergent t hink ing 

tasks, although the generation of images may play role. These 

findings are compatible with imagery models that posit 

distinct imagery processing components rather than an 

undifferentiated imagery ability. 

Examiners: 
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CHAPI'ER I 

INTRODUCTION 

Aristotle believed we could not think without images 

(Humphrey , 1963). Since Ar i stotle ' s time, this notion of 

imagery ' s preeminent role in thinking has been a point of 

debate for philosophe r s and an issue of heated controversy 

for psychologists s i nce their discipl i ne ' s infancy (Hilgard , 

1981). Imagery is often credited with a privileged role in 

creativity, a claim supported by numerous testimonials from 

scientists and artists (Shepard, 1978) . 

One component of creativity is divergent thinking , 

defined as the capacity to generate a number of different 

potential solutions to a problem. Divergent .th inking is 

considered to be an essential element in models of problem 

solving (Dewey , 1910; Gagne, 1966; Guilford, 1967; Wallas, 

1926) and in accounts of creativity (Guilford, 1967; Osborn, 

1963; Parnes , 1967; Tor r ance, 1965). 

The question at hand concerns the role of visual imagery 

in divergent thinking . Given that imagery ha~ been proposed 

as one format for cognitive representation and as a distinct 

mode for processing information (e.g., Paivio , 1971; 

Richardson, 1969) , it is legitimate to wonder about the role 

of imagery in divergent thinking. Does imagery have a role 

in divergent thinking? If so, is it task - specific to 

concrete tasks? Is it subject- specific, only functional in 

those individuals who are high-image r s? Do instructions to 
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use imagery enhance dive r gent thinking? How do these 

variables interact with each other? These questi ons wil l be 

addressed in the present study . 

The natu r e of the r elationsh i p between visual imagery 

and dive r gent thinking warrants eluci dation . Aside from the 

numerous anecdo tal reports in support of visual imagery's 

role in dive r gent thinking, most of the studies in this a r ea 

have been correla tional , attempting to demonstrate an 

a s sociation between imagery ability and di ve r gent 

production. Studies to date have looked at subject 

variables, as indexed by imagery test scores , but no 

research has yet been undertaken to investigate task and 

instructional variables . Both task concreteness and imagery 

i nstruct i ons are presumed to engage the i mage ry mode , and 

have been found to produce significant and reliable effects 

in tasks such as paired - assoc iate learning, free recall and 

mnemonic training. In the present study , these variables 

were manipul ated to determine whether similar effects would 

be observed in divergent thinking tasks. 

A critical issue in the present s t udy and to i mage ry 

r esearch in general ranains one of validating the presence 

of imagery. The tradi tional approaches used to manipula t e 

i magery have consisted of using imagery i nstructi ons , 

var ying task concreteness or selecti ng subjects on the basis 

of i magery abi lity . These appr oaches do not ensure t hat 

subjects are actually using imagery dur i ng the expe rimental 

task. Thus, the basis for assuming that imagery can account 
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for 'treatment' effects can be tenuous. To address this 

problem, the first study tested a visual monitoring task to 

determine whether it interfered with the use of imagery. 

This interference procedure was subsequently used in the 

second study to disrupt the use of imagery in divergent 

thinking tasks. 

The second study was designed to address the following 

questions: Can visual imagery be shown to contribute to 

divergent thinking? Is imagery's role in dive r gent thinking 

task-specific? Do instructions to use imagery enhance 

divergent thinking? Do high-imagers perform better than low 

imagers in divergent thinking tasks? 

A review of the literature is presented in Chapter Two . 

The theoretical and empirical bases for imagery's role in 

cognition will be presented, followed by a discussion of the 

methodological issues cr itical to the present investigation. 

The resea rch on imagery in divergent thinking will be 

reviewed. Chapter Three describes the methodology and 

results of the two studi es undertaken. The first study 

tested a v isual monitoring task to determine whethe r i t 

interferes with performance on a task that relies on visual 

imagery. The second study investigated the effects of 

imagery interference,· imagery instructions and task 

concreteness on performance in a divergent thinking task. A 

general discussion of the findings and their implications 

are contained in Chapter Four. 



CHAPI'ER I I 

REVIEW OF THE LITERATURE 

A general overview of the theoreti cal and empi rical 

bases for i mage ry as a cognitive process is present ed , 

followed by a detai led review of the empiri cal evidence of 

imagery's role in dive r gent th i nking . The image ry and 

di vergent thinking va riables relevant to this study will 

then be discussed. 

Imagery and cognition: Theoretical and empirical 

foundations . 

4 

The essential cla i ms put forth by imagery theor i sts have 

to do with i magery as a format and pr ocess for mental 

representations. The format of imagery is presumed t o 

prese rve the f i gural , spatial , and appearance information 

available in v isual percept i on. Image r y is the mode of 

representation for non-verbal thought. 

Many theor i sts (e . g. , Bruner , 1964; Piaget and Inhelde r, 

1971; Neisse r, 1976, Werne r and Kaplan, 1963) have 

incorporated imagery into their accounts of cognitive 

functioning. The imagery theories of Kossl yn (1980) and 

Paiv i o (1971) are the most de tailed and comprehensi ve , and 

have gene r ated much of the empi rical work . 

Paivio (1971, 1975 , 1983) has i ncorporated imagery into 

a model for associative memory . For Paivio , i mage ry provides 

a format for "encod i ng , storing, organi zing and retrieving 

information conce r ning concrete objects and events ... The 
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other system (verbal) is specialized for dealing with 

information concerning discrete linguistic units and 

structures 11 (1975,p. 635). The processes operating on images 

are pr esumed to be di stinct from those operating on the 

verbal codes. The forme r a r e descr i bed as synchronous and 

paral l el , whereas the processes for the lingu i stic code are 

presumed to be sequentially organized. The basic assumptions 

of Paivio's theory are that images have perceptual- l i ke 

qualities , that they are stored as 'imagens ' i n long-term 

memory, and that learning involves the formation of 

associati ons of images with each other and with ' logogens' , 

their ve r bal counterparts. 

Wher eas Paivio focused on the function of imagery in 

memory , Kosslyn and Shwartz (1980, 1982) attempted to 

delineate the structure of imagery representation and 

processing . Thei r goal was to specify the nature of the 

mental structures and processes that allow images to se r ve 

as repositories of information in memory . They postul ated 

data structures in long-term memory , which can be displayed 

in short-term memory on a ' visual buffer '. A number of 

processes operate on the da t a structure in long term memory 

to find and generate images. Other processes (e.g ., scan , 

rotate, zoom , pan) operate on the image displayed on the 

visual buffer . Th i s theory diffe r s from Paivio ' s in its goal 

and in the nature of the information stored in long 

term- memory (imagens vs. propositions) . Both theories 

ascr i be to the imagery r epresentations 'pr i v i leged 



properties ' and si;ecialized processes, and give images 

percept- like qualities . 

6 

Over the last twenty years, research in different f ields 

has supported the claim of imagery as cognitive process and 

a distinct forma t for mental representations. A brief , 

general overview of this work follows. 

Much of the imagery research has focused on the 

similarities between visual imagery and visual perception. 

Results of these studi es appear to demonstrate that we 

ope r ate on images much like we operate on visual percepts . 

For example , Finke and Schmi dt (1977) reported that the 

McCollough effect in v i sual perception, where pred i ctable 

visual after- effects follow the presentation of visual 

stimul i consisting of hor i zontal and vertical bars , was 

obtained when naive subjects we r e asked to imagine the 

stimuli . The functional equivalence between i mage r y and 

perception has also been demonstrated in studi es comparing 

reaction times between perceived and imaged objects in 

mental rotation studies (Shepard & Cooper , 1980), scanning 

times for perceived and imaged f igures (Kosslyn, Bal l & 

Reise r, 1978), and pattern verif i ca t ion (Podgorny & Shepard , 

197 8) . 

The claim that imagery and perception share processing 

systems is further supported by studies in modality- specif i c 

interference. An early study by Perky (1910) demonstrated 

that when subjects were asked to image a common object wh i le 

dim facsimiles were presented to them on a screen, they 
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tended to report an image rather than a perceptual 

experience. In a systematic replication of Pe r ky ' s study, 

Segal & Fusella (1970) showed that the generation of 

irrelevant visual images i nterfered more than irrelevant 

auditory images with the detection of visual signals . 

Conver sely, auditory images interfered more than visual 

images in the detection of auditory stimuli. A similar 

pattern of findings was reported by other investigators 

(e.g., Pellegrino, Siegal , and Dhawan, 1975; Warren, 1977) 

who found verbal distracting tasks to interfere more with 

memory for words than pictures , whe r eas the opposite effect 

was obtained for nonverbal distractors. Modality- specific 

interference effects have also been reported by Brooks 

(1967) and Saltz & Donnenwerth-Nolan (1981). These studies 

support the claim for shared processes between imagery and 

perception, and for distinct processes for the imagery and 

auditory/language systems. Marks (1983) commented that these 

findings have not been integrated into models of attention , 

although they can easily be explai ned by multiple- resource 

theories (e.g. , Kahneman , 1973; Navon and Gopher , 1979) 

wh i ch predict the interference effect on the bases of 

competition for resources dedicated to v i sual processing 

(Wickens , 19 84) . 

These modality- specif i c interference studies have 

prompted a numbe r of investigators (eg. , Glass, Eddy and 

Schwanenflugel, 1980; Klee and Eysenck , 1973; Kaufmann, 

1981) to use this experimental paradigm as a procedure for 



manipulating imagery. They attempted to disrupt the use of 

imagery by presenting a concurrent visual perceptual task. 

8 

In this way, they could compare task performance under the 

conditions of imagery interference and non-interference, and 

thereby assess the contribution of imagery to task 

performance. 

A neurological basis for the distinction between imagery 

and verbal processes has been suggested by localized brain 

lesions that disrupt imagery but not language processes 

(Humphrey & Zangwill, 1951; Jones, 1974), and by EEG studies 

(e.g., Robbins & McAdams, 1974) reporting greater activation 

of the right hemisphere concurrent with the use of imagery. 

Although localization of cognitive functions (i.e., language 

processes in the left hemisphere, spatial and imaginal 

abilities in the right hemisphere) is far from clear cut, 

reviews by Ley (1983) and by Paivio and teLinde (1982) 

support the notion that, for most people, language processes 

are lateralized to the left hemisphere whereas a number of 

processes presumably mediated by imagery (e.g., episodic 

memory for non-verbal stimuli, spatial reasoning) are 

lateralized to the right hemisphere. 

Investigation of individual differences in imagery 

abilities has provided convergent support for the idea that 

imagery is a distinct format of representation that is 

functional in cognition. Psychometric data have 

consistently shown that verbal abilities are factorially 

independent from imaginal and si:atial abilities (Di Vesta, 



Ingersoll and Sunshine, 1971; Guilford, 1967). Imagery 

abilities have been assessed through the use of objective 

tests (e.g. , The Space Relations subtest of the 

9 

Differential Aptitude Test; Bennet, Seashore and Wesman, 

1947) and subjective measures ( e.g., Test of Visual Imagery 

Control; Gordon, 1949). Numerous studies have shown 

significant positive correlations between high scores on 

imagery tests and performance on tasks presumed to be 

mediated by imagery. For example, McKelvie & Demers (1979) 

identified high and low imagers according to results of the 

Vividness of Visual Imagery Questionnaire. High-imagers 

performed better than low imagers in long-term recall for 

concrete words and pictures but not for abstract words. High 

imagers , identified by the aforementioned test, perform 

better than low-irnagers in paired- associate learning for 

concrete words (Rossi & Fingeret, 1977), and in tests of 

picture recognition (Marks,1983). High imagers , as 

identified by the Betts Questionnaire upon Mental Imagery , 

showed stronger heart-rate decelerative conditioned 

responses to an imaged conditioned stimuli (Arabian & 

Furedy, 1983). These studies indicate that individuals vary 

in their imagery abilities , and that these abilities are 

functional in tasks which are presumed to be mediated by 

imagery. 

The last area of i nvestigation to be considered is the 

seminal work carried out by Allan Paivio and his colleagues 

(see Paivio , 1971 and 1983 for reviews) who have attempted 



to integrate imagery into models of associative memory . 

Paivio has argued that concrete words are more likely to 

evoke imagery than abstract words, and that th i s 

imagery-evoking capacity of concrete words accounts for 
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thei r superiority over abstract words in paired associate 

learning , free recall and recognition memory. These effects 

of word imagery/concreteness are probably the most reliable 

and robust in the imagery literature, and the imagery 

interpretation (see Paivio , 1983, for a review) of these 

effects remains the most viable vis- a- vis those that r ely on 

linguistic or semantic attributes , or on propositional 

models (e.g. , Anderson, 1978; Pylyshyn, 1973, 1981). 

The above ove rview was brief and selective, presented to 

outl i ne the essential clai ms of imagery theories and to 

summarize find i ngs in areas of research that have given 

convergent support to the proposition that imagery is 

functional i n cognition. 

Methodological issues. As Kaufmann (1980) and Shepard (1978) 

have noted , the privacy of imagery gives it i ts 

i diosyncratic quality or ' semantic individuality'. Its 

pr i vacy a l so poses methodological pr oblems. If we a r e to 

bring imagery under greater experimental contr ol , we must 

first be able to observe it or validate its presence . The 

di fficulty i n validating the presence of imagery constitutes 

the central methodological problem in i mage ry research. 

Relative to this problem, o t her methodological issues such 



as comparability of imagery instructions, validity of 

imagery tests, and tacit demands appear less critical. 
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The procedures typically used to 'manipulate' imagery 

(i.e., use of imagery instructions or concrete materials, 

and the selection of 'high imagers' on the bases of test 

scores) may make it more likely that subjects will use 

imagery during the experirrental task but in no way can they 

guarantee or confirm that subjects actually used imagery. 

Furthermore, such procedures cannot rule out the use of 

imagery by the •control' group. 

Self-reports have often been used to confirm the use of 

imagery during the experirrental task. Although self reports 

provide valuable information, they cannot by themselves 

constitute sufficient evidence, particularly given the 

problems associated with the privacy of the imagery event. 

Consider the situation where two persons reported the use of 

imagery. It is difficult to determine if the vividness or 

flexibility of these images were similar, or whether these 

images actually had a functional role in the task. In fact, 

it is possible that the imagery of a person who reports 'no 

imagery• is identical to that of a second person who reports 

'strong' imagery. In short, self-reports cannot stand alone 

as a procedure for validating the presence and functional 

role of imagery. 

The hope for a reliable physiological or neuropsycho­

logical measure of imagery has not yet materialized 

(Anderson, 1978; Zikmund, 1972). 
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In the absence of a procedure to val i date or conf irm the 

presence of image ry , an alternative is to employ one that 

di srupts or inhibits the use of imagery. Such procedures a r e 

suggested by the modality- specif i c i nterfe r ence studi es . 

Var i ati ons of this pr ocedures have been used (e . g. , 

Kaufmann , 1981; Saltz and Nolan , 1981) to investigate the 

effect of imagery interference on peformance in va riou s 

tasks. For example , Klee and Eysenck (1983) found that speed 

of comprehension for concrete, h i gh imagery sentences was 

selectively di srupted by a concurr ent v i sual-spa tial memory 

task whereas abstrac t sentences we re more disrupted by a 

verbal task. By usi ng a procedure that selectivel y disrupts 

imagery, we can assess the r ole imagery plays i n a given 

t ask by compa ring conditions where i t was and was not 

di s r upted . Thus , a selective interference procedure appea rs 

to prov i de the researche r with an objective way of 

contr oll i ng for the use of imagery dur i ng the experimental 

t ask. 

Imagery and divergent thinking: Theoretical bases . 

Kaufmann (1980) has prov i ded the most comprehensi ve 

analysis of the role of image ry in problem solving , an 

analysis that applies to dive r gent th inki ng. He adopts the 

position t hat imagery is mainly functioning within 

linguistic representation, as ancillary to language. He 

a r gues that imagery is part icularly well suited for the 

transformational aspects of think i ng , those aspects t hat 
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provide problem solvers with novel information. Although 

transformational ope r ations may be carried out faster and 

more easily through language , the transformational potential 

of language is limited by its 'semantic convent ionality' 

(Shepard, 1978, p. 156 , refe r s to the same idea in terms of 

' social conventionality '). Imagery, owing to i ts ' semantic 

individuality', can assist verbal thinking when the problem 

solving task takes on a high degree of novelty . Thus , he 

links imagery to the discovery and language to the 

gene r alizing functions in thought . In the initial discove ry 

phase of p r oblem solvi ng , imagery plays a predominant role, 

while subsequent transfer activ i ties wil l i ncreasingly 

depend on linguistic representation. With increasing 

task-familiarity language will inject speed , stabil ity and 

gene r ality into problem sol vi ng activ i ty. Aside f r om the 

idiosyncratic nature of images, Kaufmann clai ms that another 

characteristic of imagery, that of paral l el or synch ronous 

processing , is a l so vital to problem solving. He s t ates: 

... imagery may have a spec i alized and 
important job t o do in t he form of 
simultaneous organization of information 
wh i ch consists of bringing together hitherto 
unrelated pieces of information and making i t 
possible to examine them together in a 
unified or unifying i mage .... Visual imagery 
is especial l y adapted to the s i multaneous 
organization of information that is needed in 
the initial, exploratory phase in problem 
solving ,... whereas the ve r bal symbolic 
system may have its most important function 
in a subsequent , sequentially organized 
analytical stage of problem solving ... (p . 
124,125). 
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One variable found to be critical in imagery research 

(e . g ., paired associate learning) is missing from Kauffman ' s 

(1980) account: task demands in the concrete/abstract 

dimension . When a problem requires the manipulation of 

concrete aspects of a stimulus and when the stimulus is 

imagable , then it is easy to accept his analysis . Some 

problems however , are abstract and the objects of the 

problem are hard to capture with images. Consider this 

question: In how many ways does logic assist morality? The 

point here is that imagery ' s role in problem solving and 

divergent thinking may not be solely the function of task 

novelty, as Kaufmann suggests , but also of task demands and 

stimuli characteristics along a concrete/abstract dimension. 

Thus , consistent with imagery research in other areas , 

concreteness must be included as a task variable in any 

analysis of imagery ' s role in divergent thinking . 

Kaufmann ' s conclusion on the role of imagery in problem 

solving (i.e ., provides flexibilty for novel tasks) make 

intuitive sense , but is supported more by anecdotal than 

empirical evidence. His conclusion was premised on the 

i diosyncratic nature of imagery and on the synchronous 

quality of imagery processing . Another argument , more 

powerful and supported by empirical data , can be added to 

buttress Kaufmann's conclusion. It goes as follows: imagery 

is particula rly well suited, relative to verbal 

representations , to provide figural detail , appearance and 

spatial information about an object or event. An image of an 
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object is more like an object than its ve r bal 

representatation, or , as Kaufmann (1980) put it, "images 

come nearer than words to being instances of the concept 

they represent ... they may be regarded as 

quasi-instantiative parti cula r s ... 11 (p. 15). This al l ows us 

to mentally explore and manipulate such an object almost as 

if it were in front of us. This manipulation can reveal 

different aspects of the object . As Shepard (1978) has 

noted , 11 
••• the richness of concrete visual imagery, together 

with its structurally 'isomorphic ' relation to the external 

objects , events or processes that it represents may well 

perm i t the notici ng of significant detai l and relationships 

that are not adequately preserved in a pur ely ver bal 

formulati on 11 (p. 156) . It al lows us to test possibilities , 

and thus assists problem solving. We know that where tasks 

permit manipulation of objects, the degree of manipulation 

significantly affects the number and flexibil ity of 

responses to a problem task (Torrance , 1963). In the absence 

of the object, its image can be manipulated . 
' 

A central hypothesis about the role of image ry in 

divergent thinking eme r ges from the above discussion. When 

the task is concrete, imagery is expected to contribute to 

the flexibil ity more than to the fluency component of 

divergent thinking. Imagery should assist in the production 

of different kinds of responses but not necessarily 

contribute to the numbe r of responses with i n each class. For 

example, in the 'Uses of Bricks ' task , imagery will 
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contribute more to the flexibility score (different kinds of 

uses such as a building material, as a weight , weapon , 

ruler , etc ., ) than to the fluency score (total number of 

responses), since the production of numerous responses for 

one category (e . g., building a house , a church , an apartment 

buliding, a wall) is presumed to be mediated by verbal 

processes. The role of imagery would be minimal in abstract 

tasks. 

Imagery's role in divergent thinking: Empirical evidence . 

Practically all of the available evidence of the role of 

imagery in divergent thinking is correlational . This 

evidence is reviewed below . 

Hargreaves & Bolton (1972) factor analyzed the most 

commonly used test of creativity to determine whether 

creativity is a unitary dimension across these tests , and to 

determine the degree of relationship between these and tests 

of ability . Ten and 11 year-old boys and girls served as 

subjects. Although secondary to the main purpose of the 

study, imagery ability, as measured by performance on a 

paired- associate task using concrete words and imagery 

instructions , showed a moderately high correlation (r= . 56 , 

p<0 . 001) with performance on divergent thinking tests . 

Durndell and Wetherick (1976) investigated the 

relationship between two self- report measures of imagery 

control and vividness , and performance on three cognitive 

tasks (divergent thinking , problem solving and concept 
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task). The divergent thinking task included verbal (uses of 

a shoe) and figural (draw as many things as you can with 

'0 0 ' ) stimuli . In addition , some subjects received 

imagery instructions whereas others received compa rable 

non-imagery instructions. Subjects were also asked to rate 

their use of imagery during the experimental tasks . The 

major find i ng was a significant superiority of high imagers 

(for imagery control) on the divergent thinking measures. 

The ratings given by subjects of their use of imagery whilst 

performing the divergent thinking tasks correlated 

significantly (ranging from 0 . 58 to 0 . 29 , p< . 05) with their 

performance on these tasks . The effects of instructions were 

not significant . 

The above study points to some important issues . First , 

self reported use of imagery showed a stronger correlation 

with the divergent thipking task using a verbal than a 

figu r al stimulus, supporting Paivio's (1971) claim that 

concrete words can evoke imagery just as figural stimuli 

can. Thus , it cannot be assumed that a task is ' verbal ' 

simply because it uses words as s t imuli . Second , the 

correlation between self reported use of imagery and task 

performance gives a measure of support to the use of 

self- reports in imagery research. Third , the negative 

results reported for imagery inst ructions are not 

surprising. While little information is given about the 

exact nature of these instructions, it appears that they 

were weak. They were brief, written instructions without any 
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elaboration. Such instructions are usually ineffective. 

Two other studies revealed a relationsh i p between 

imagery ability and divergent thinking. Kaufmann (1981 ) 

tested h i gh- school students on the Uses Test (e . g., uses for 

a brick , shoe , e t c . ). Performance on this test correlated 

significantly with performance on a measure of spatial 

manipulation, but only in the later stages of the task. 

Scores on the divergent thinking task were summed ove r time 

intervals (f irst, second , third and fourth minutes of the 

task). The pr edictive efficiency of the spatial abil ity test 

increased with production time ending in a significant 

correlation between spatial manipulation score and 

ideational fluency score. Mode of task presentation (verbal 

vs. visual) was not significant. No s i gnificant sex 

differences were found . One interesting find i ng in this 

study is the relationship between working time and 

predi ctive efficiency of the imagery test. These results 

were interpreted as follows: imagery is presumed to become 

active in the later stages of production, after the 

conventional and stereotyped responses have been given . 

Although this interpretation is feas i ble, Kaufmann (1981) 

does not provide evidence from h i s own study to demonstrate 

that responses given later in production were indeed more 

original. 

Lastly, evidence of a relationship between imagery 

ability and divergent thinking emerged out of a study by 

Kosslyn et al. (1984) designed to assess di stinct imagery 
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abilities in the context on his model of imagery processing. 

A significant and moderately high cor r elation was reported 

between a visual/spatial manipulation test and the ' Uses' 

task. 

Kaufmann (c i ted in Kaufmann, 1980 , p .140) has produced 

the onl y study on the role of imagery in di vergent thinking 

using an experimental design . Subjects responded to an 

ideational fluency task under two conditions: visual and 

auditory interference. The former consisted of instructing 

subjects to look at cards with colored letters , whereas i n 

the auditory i nterference subjects had to listen to letter s 

as they performed the fluency task. It was expected that 

visual stimuli would interfere more with the fluency task 

than auditory stimuli . Significant results were obtained 

only for males. This study is more important for its 

methodological procedures than for its results. It attempts 

to exercise greater experimental control ove r the subjects ' 

use of imagery. However, the approach shows serious 

weaknesses. The most signif i cant is that the experimente r 

did not report on how he determined whether the interference 

procedure was operative. There was no way of establishing 

the extent to which subjects attended to the interference 

stimuli . 

In summary , the theoretical and empiri cal bases for the 

clai ms of imagery as a distinct mode of representation and 

information-processing were reviewed. The role of imagery in 



problem solving was then considered, in particular 

Kaufmann's (1980) proposal that imagery provides 
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flexibility in problem-solving tasks that are novel. Applied 

to divergent thinking for concrete tasks, it is expected 

that imagery will facilitate flexibility (i.e., the 

generation of different types or classes of responses), but 

not fluency (i.e., generation of instances of the same class 

or type). Imagery is not expected to contribute to divergent 

thinking in abstract tasks. 

Imagery variables potentially relevant to divergent 

thinking, 

Subject, task and instructional variables potentially 

relevant to divergent thinking are considered below. 

Subject variables, If individuals differ in their use of 

imagery and if imagery plays a role in divergent thinking, 

then such differences are relevant to an individual's 

performance in a divergent thinking task. 

Richardson (1980) distinguished between coding ability 

and coding preference. Coding ability refers to the person's 

capacity to generate vivid images, to his self-reported 

control over his imagery, and/or his performance on tasks 

(e.g., visual-spatial manipulation) that are presumed to be 

mediated by imagery. Coding preference refers to differences 

in preference for the use of one representational mode or 

another (i.e., visualizer vs. verbalizer). 

Most of the research on individual differences in 
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imagery has been concerned with imagery ability, as measured 

by self reports of imagery vividness (e.g ., the Marks' 

Vividness of Visual Image ry Questionnaire , Marks , 1973) , or 

control (The Gordon Scale of Imagery Control , reprinted in 

Richardson , 1969) , or by pe rformance on an objective test 

such a The Minnesota Paperboard Form . In respect to 

divergent th i nking , correlational studies have found that 

imagery control (but not vividness) and v i sual- spatial 

ability are associated with enhanced performance in 

divergent thinking tasks (Durndell & Wetherick, 1974; 

Kaufmann, 19 81) . 

The second approach to individual differences is to view 

imagery as a coding pr eference. As noted by Richardson 

(1978) , the crucial question is not how well someone can 

employ a given mode of symbolic representation, but which is 

his preferred mode . Coding preference will make it more 

likely that a person will use that mode of representation 

during the experimental task , irrespective of the level of 

ability. Coding prefe r ence can be assessed by using the 

Individual Differences Questionnaire (Paivio , 1971; Paivio & 

Harshman , 1983). 

Coding prefe r ence is of interest because it has not been 

investigated in the context of divergent thinking , and 

because it can be expected to interact with two of the other 

variables in question : interference and imagery 

instructions. In general terms , it is expected that 

performance of individuals who show an imagery coding 



preference (visualizers) wil l not be affected by imagery 

instructions because they are already using imagery. 

Furthe rmore , visualizers could find the interference 

procedure particula rly disruptive to their performance , 

because their habitual mode of representation is being 

disrupted . 

Two other subject variables , age and gender are 

potentially relevant to the present studies . The age 
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variable is pertinent in v i ew of the claims of Piaget & 

Inhelder (1971) and of Bruner (1964) that imagery is 

particularly functional in the earlier stages of cognitive 

development but that it plays a more limited role in later 

stages . Developmental effects have been reported in the 

ability of subjects to respond to imagery instructions, with 

older children (above age seven) benefiting more from 

instructions than younger children. The strength of the 

relationship va rie s for different tasks (e.g, 

paired- associate and prose learning, see Pressley , 1977 , for 

review) . 

In respect to gender as a subject variable , sex 

diffe r ences have not been found in imagery vividness 

(Sheehan , Ashton & White , 1983) or imagery control (Forisha, 

1983). However , sex differences were found in five of the 

six factors of Paivio ' s Individual Differences 

Questionnaire , and have been consistently observed in the 

area of spatial abilities (Maccoby & Jacklin , 1974) , 

including in performance in the mental rotation task (Tapley 
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& Bryden, 1977). Typically, by early adolescence boys tend 

to perform better than gi rls on these tasks. Given these 

findings, it is possi ble that a modality- specif i c 

interference procedure based on visual- spatial tasks will 

affect males and females different ly. These factor s must be 

considered in the selection of experimental and interfe r ence 

tasks. 

Task var i ables . Task variables can vary along a 

concrete- abstract dimension, a di mension that has been 

pivotal in imagery research. Paivio , Yuille & Madigan (1968) 

reported that concrete words were more likely to arouse 

images than abstract words . The i mage ry-evoking capacity of 

concrete words results in their ease of recal l i n 

paired- assoc i ate tasks and f r ee recall (Paivio, 1983). 

Elaborating on the concrete-abstract d i mension, Singer 

(1979) suggested that "the imagery system prov i des the basis 

for considerably more de t ail about a specif i c event or 

interpersonal transaction" (p.32) . Simi larly , Slee (1983) 

proposed that imagery is particularly useful when the 

solution to a task r equires figu r al or appearance 

information rather than conceptual information. For example, 

i magery may not be required t o remember what was seen but 

becomes important for recalling how something looked . 

Consider i ng the above, i magery may be functional in 

those dive r gent think i ng tasks wher e the stimulus is 

concrete and where figural and appearance information is 

cr i tical to performance (e.g ., give as many diffe r ent uses 
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as you can think of for a cardboard box) . In contrast, 

imagery may not be necessary for abstract divergent thinking 

tasks where conceptual and semantic information is critical 

(e.g. , give as many similarities as you can think of between 

a computer and a mind) . In short, task concreteness may be a 

cr itical var i able to imagery's role in dive r gent thinking. 

The attending demands of a task will also affect the 

likelihood of imagery being used. As already noted in the 

discussion of modality- specific interference, tasks 

demanding visual monitoring or the continuous involvement of 

visual perception will inhibit or disrupt the use of 

imagery. The interference effects of visual pe rceptual 

activities on imagery processes have been used as a way of 

experimentally controlling for the use of imagery (e.g., 

Klee & Eysenck, 1973; Kaufmann, 1980). We could therefore 

expect that the use of visual imagery for a divergent 

think i ng task could be di srupted by a concurrent v i sual 

processing task. 

Imagery i nstructions. Imagery instructions have been 

used extensively in imagery research as a way of 

manipulating imagery. They have been found to enhance 

performance in paired associate learning (Paivio and Yuille, 

1967) and free-recall (Ri chardson , 1976), i mprove prose 

recall in children (Pressley, 1976), facilitate concept 

acquisition (Katz and Paivio, 1975) and improve performance 

in a syllogistic reasoning task (Shaver, Pierson and Lang, 

1975). Richardson (1980) has noted that imagery instructions 
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have "demonst r ated cons istent, reliable and s~stantial 

i mprovement in pe rformance " (p. 71) across va rious tasks 

and conditions. Th is claim, however , i s not s upported by 

other researchers (e . g ., Anderson and Kulhavy , 1972; 

Durndell and Wetherick , 1976; Ti r re, Manelis and Leicht , 

1979) who have found imagery instructions to have no effect 

on task pe rformance . 

The question of effectiveness of i mage ry instructions is 

hard to evaluate given the diffe r ences between studies . 

There is l ittle co nsi s tency in the wording , length or mode 

of presenta tion of instructions. Furthe rmore , instructions 

have been used with different age- groups and tasks . To my 

knowledge , no a t tempt has yet been made to syst ematical l y 

manipul a te t hese instructiona l va riables within one study . 

There appears to be a trend wher eby for complex tasks , s uch 

as prose comprehension, instructions become more effective 

for older children. Generally, ' s t rong ' instructions which 

provide for practice and feedbac k tend to be more ef f ective 

than ' weak ' instructio ns that me rely s uggest t he use of 

image ry . 

In spi te of the somewhat inco nsist ent reports as to the 

effectiveness of i mage ry instructions , their popula r i t y as a 

rese a r ch tool and possible practica l appl i ca tions of image ry 

instructions pr ov i de compelling reasons for conside r ing t hem 

in rel ation to divergent thinking . 
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Factors i n dive r gent thinking relevant to the pr esent s t udy . 

A complete review of the di ve r gent t h i nking literature 

i s beyond the scope of this pape r. Only those va ria- bl es 

relevant to t he present studies a r e r ev i ewed below . 

Sex differences have be en repor t ed with dive r gent 

thinking tasks , but these reports a r e ve ry inconsistent 

(Maccoby and J ac klin, 1974). For high- sc hool students , the 

age- group in question for t h i s s t udy , no s i gnificant sex 

di fferences have been reported (Bieri , Bradburn & Gal i nsk i, 

19 5 8; Kaufmann , 19 81 ) . 

Task demands and instructions have been reported to 

af f ect divergent thinking , al though here agai n the res ults 

a r e not consi s tent. Surkes (1979) found no effects for six 

t ypes of instructions on ove r all divergent thinking 

pe r formance of Gr . 7 s t udent s , al though there we r e 

interactions be t ween sex a nd type of instruction. Surkes 

r ecommended using exempla ry/maximum instructions , which 

provide clear directions about t he expect ed behavior and 

examples of possible r esponses . 

Pe r haps t he most r elevant va riable i s amount of time 

alloted for the task . Christensen, Guilford & Wilson (1957) 

repl icated previous findings showing that r a t e of production 

of response s i s v irtually constant up to about 10 to 1 2 

mi nutes , and that original and novel r esponses a re g iven i n 

the later stages of production. As noted above , Kaufmann 

(1981) has conf irrned t hese findings with a 4 mi nute 



response-time . Gi ven these results , it appea r s that a 

working period of at l east 4 minutes should be al l owed for 

t he di vergent thinking task . 
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Lastly, a study by Tor r ance (1963) showed the effect of 

sex stereot yped s t imulus objects on dive r gent product i on . 

Boys suggested more possible improvements t o a fi r e truck , 

but gi rls suggested more for a nurses ki t . The researcher 

should ther efor e attanpt to use stimul i that are unl i kely to 

gene r ate sex- ste r eotyped r esponses . 

Summar y and stat ement of the problem. 

Ther e appea rs to be ample ev i dence to support t he 

proposition that imagery i s functional i n cognition, 

pa r ticularly to performance i n tasks that cal l for the 

manipulation of concrete, f i gural and/or spa t ial 

informati on. I t is the r efore legi tima t e to wonde r about its 

role i n di ve r gent thinking . 

The modal ity int erfe r ence effect , whereby concur r ent 

v i sual processi ng t asks appear to di s r upt the use of 

imagery , has been used a s a procedure for t he exper i mental 

manipul a t ion of image ry usage . An elaborat ion of th i s 

approach was used i n this study . The fi rst expe riment was 

designed t o test a v i sual monitoring task to de t erm i ne 

whether it selectivel y di srupts i magery but not language 

processi ng . The goal s we r e to address t he me t hodolog i cal 

issue of validating the presence of image ry , and to develop 

a procedur e to be used in t he seco nd study to i nterfe r e with 
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the use of imagery in the di vergent thinking tasks . 

The above review of the studies on imagery and divergent 

thinking revealed that there is a strong relationship 

between h i gh imagery ability , as measured on tests of 

image ry control and visual spatial ability , and diver gent 

thinking . These correlational da t a are suggestive but , by 

thei r very na t ur e, a re insufficient to establ i sh the role of 

image r y in divergent thinking . The sole study using an 

experimental design is i mportant prima rily due to the 

researcher's attanpt to control imagery through a selective 

interference procedure, but the results of the study are 

difficult to interpret due to methodological weaknesses 

(e . g ., lack of control over subject ' s compliance with 

interference task). 

The present study follows Kaufmann ' s (1980) lead and 

extends the investiga tion of imagery ' s r ole i n divergent 

thinking to include variables which have proved cr i t i cal in 

other areas of imagery research . These variables are : 

concreteness of stimul i, i mage ry i nstructions and the 

subjects' prefe r ence for either the imagery or verbal mode . 

The age variable is one of considerable inter est to imagery 

resea r chers but practical considerations dictated that it 

not be included in the present study . Subjects were 

high- school students. As already noted , prev ious research in 

diver gent thinking has not revealed sex- differences in these 

tas ks . However , sex diffe r ence may a rise from the 

differential responses to the interfe rence task . Thus , the 



possible effects of sex differences will be controlled 

through subject allocation procedures, but are not of 

primary interest. 

29 

The basic question to be addressed in the second 

experiment is whether imagery plays a role in divergent 

thinking, and whether it contributes more to the flexibility 

than the fluency component, as Kaufmann (1980) claims. 

Imagery is expected to play a role for concrete but not for 

abstract tasks, consistent with findings on other tasks such 

as paired-associate learning and sentence comprehension. The 

effects of instructions are expected under certain 

conditions: imagery instructions should facilitate 

performance for concrete but not abstract tasks, and should 

depress performance under interference conditions since the 

instructions would be in contradiction of task demands. It 

is also expected that imagery instructions will be 

differentially effective for visualizers and verbalizers, 

since visualizers should be using imagery spontaneously. 

This potential interaction between imagery instructions, 

task demands and subject variables is of practical 

significance. If we can specify more precisely the 

conditions under which instructions facilitate divergent 

thinking performance, we can then apply these findings to 

instructional programs that use imagery instructions to 

teach problem solving or creativity. 
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Two experiments were conducted. The purpose of the first 

experiment was to determine whether a visual monitoring task 

would show a selective interference effect. It was expected 

that this task would disrupt performance on a concurrent 

task presumed to require the sustainment of visual images 

but have no detrimental effect on language mediated tasks or 

on a task that required only the generation, but not the 

sustainment, of images . The goal of the first experiment was 

to develop a procedure that could be used to interfere with 

the use of imagery in the second experiment. 

The second experirrent was designed to determine the 

effects of imagery interference, task concreteness and 

imagery instructions on performance in a divergent thinking 

task . 

Experiment I 

The first experiment was designed to test a visual 

monitoring task as a selective interference procedure. This 

task, called the X-Checking task, was not expected to 

interfere with the generation of images but to disrupt the 

sustainment of images. It should not significantly interfere 

with performance on language tasks, nor with tasks that only 

require generation of images. Two imagery tasks (Picture 

Words and Letter Tracking) and two ve r bal tasks (Opposites 



and Sounds Tracking) were performed under three levels of 

interference: No , Low , and High Interference. A number of 

criterion measures were used as indices of interference: 

task errors , visual- monitoring errors, response time and 

difficulty ratings. 

The following hypotheses were tested: 

Hypothesis 1: For each t ask, the number of task errors 

obtained under No Interference will not differ from those 

obtained under Low Interference . 

Hypothesis 2: Subjects will make significantly more 

total errors (task errors plus X- Checking errors) in the 

High Interference condition than in the other levels of 

interference . 
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Hypothesis 3: More total errors will be observed for the 

Letter Tracking task than for the other three tasks. 

Hypothesis 4: Under the high interference condition, 

subjects will make more total errors in the Letter Tracking 

task than in any other task . 

Method 

Subjects . 

Eighteen female and eighteen male high- school students 

served as subjects . They were randomly selected from a pool 

of volunteers i n two high- schools . Thirty-two subjects 

attended a public school and the remaining four subjects 

were enrolled in a pr i vate school. Both schools se rve an 

upper-middle class clientele. 
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The students ranged in age from 16 years , 5 months to 19 

years , 3 mont hs . Thei r median age was 17 years, 6 mont hs. 

Their self-repor t ed academic ach ievement , expressed in 

l ette r grades, ranged from C to A, with 19 student s 

reporting gr ades in the C range and 15 students r eporting in 

the B r ange . 

Tasks , material s and instructions. 

The tasks, ma t er i als and instructions fo r each of t he 

expe rimental tasks a r e described below . All instructions and 

stimul i (i.e., word lists, sentences , letter names) were 

tape r ecorded and presented aural ly to subjects. Each of the 

four expe riment al tasks had three sets of stimul i (e.g., 

three word l i sts for the Opposites task), designed to be 

equivalent stimuli. 

Picture Words task. Subjects were instructed to generate 

visual images for words presented aurally v i a tape recorder. 

Lists of words were present ed at a r ate of one word eve ry 

three seconds . For each word, subjects would attempt to 

conjure a v i sual i mage . They would say ' Yes ' if they were 

able to conjur e an image for the stimulus word . If unable to 

generate a v i sual i mage , they would say noth ing and a ttempt 

to gene r ate an image for the next s ti mulus word . 

Four lists of stimulus words were created, a sample list 

for the fam i liarizati on trials and three expe riment al lists. 

The lists (see Append ix A) we r e composed of nouns equa t ed 

for their i mage r y val ue and frequency r a t ings (Paiv i o et 

al ., 1968). Only words that would presumably tap v i sual 



visual imagery were selected . Words such as lemon and kiss 

that could tap other imagery modalit i es were not i ncluded. 

The instructions for the Pict ure Wor ds task were as 

fol lows: 

In this task, you will be asked to v isualize , 
to make a ment al picture for different words . 
For example , if I say 'house ' , can you 
v i sualize a house? ... (Pause to allow for 
subject ' s response) .. . Can you descr i be the 
house you visualized? .... (Pause to allow for 
brief descr iption) ... You will hear a number 
of words , one at a time. After each word , you 
will have a few seconds to try to visualize or 
make a ment al picture for that word. Once you 
have a mental pi c t ure say ' Yes '. Do not say 
yes until you have a mental pict ur e for t he 
word. If you cannot ge t a mental picture for a 
word , try the next one. Try to visualize each 
word , but don ' t worry i f you cannot make a 
ment al picture for all wor ds . Remember , say 
' Yes' when you get a ment al pi cture for th e 
word; if you can't get a ment al picture, say 
nothing and try the next word . 
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Le tter Tracking task. Th i s task i s an elabor ati on of an 

imagery task used by Brooks (1967). Four block letters (see 

Appendi x B) were mounted on 7 X 2lcms . ca r ds . An asterisk in 

the bottom left corne r of all letters indicated t he starting 

po i nt for the tracking task, and the a rrow indicated the 

direction of the tracking . These cards were used to 

illustrate the task , which consi sted of the sub j ect t r acking 

clockwise along the periire t er of t he letter from cor ner to 

corne r. At each corner the subject would have to ve r bal ly 

indicate i ts posi tion (i.e., top, mi ddle or bottooi). For 

example , for the letter [? the subject would say: "bottom, 

mi ddle , mi ddle , mi ddl e , mi ddle , top, top, middle , mi ddle , 

middle , mi ddle , bo-ttooi . 11 The expe rimental task required 
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subjects to perform th i s task without looking at the card , 

from memory. Upon hear i ng the letter name , the subject would 

then proceed with the Letter Tracking task . 

The letters E, Hand S were selected as experimental 

stimuli because they appeared to be very simila r to one 

anothe r in respect to one cr i tical feature: al l three have 

twelve corner points. 

The letter-tracking task was i ntr oduced with the 

following instructions: 

This task is called Letter Tracking . See 
these letters on these ca r ds ••• (pause , 
exper i menter points to the fou r cards) ••• What 
you have to do is to s t art at the bottom left 
hand corne r, at these points . •• (pause , 
experimenter points to asterisks on ca r ds) 
... , and travel clockwise f r om corner to 
corne r. At each corner you have to say 
whether that corne r is at t he top, middle or 
bottom positions. These corne r s a r e all in 
the bottom ... (pause , exper i menter points to 
bottom positions of the four letters) ••• , 
these corners are all i n the top •• • (pause, 
experimente r points to top positions) ••• , and 
these are all in the mi ddle 
positions ... (pause , expe rimenter points to 
mi ddle positions). For example , for the 
l etter ' F ', starting at th i s corner, you 
would say: ' bottom, top, top, middle , middle , 
mi ddle , mi ddle , middle , middle , middle , 
bottom '. Now you try it with the same 
letter ... (pause, subject tracks letter 
' F ' ) ... Are there any questions about what you 
have to do? . . . (pause) ... Remember , always 
start at the bottom left , (exper i menter 
points to asterisks) , tr avel clockwise , and 
finish at the last corner before the starting 
point. Now , what you will have to do is to do 
the tracking without looking at the letter, 
from a mental p i cture of the letter. 

_QpPQsites task, Subjects were instructed to give an 

antonym for each word of a list presented aurally. Subjects 
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were given 3 secs. to respond to each word. Four lists, one 

for familiarization and three for the experimental trials, 

were created, containing ten words varying in difficulty. 

The words comprising each list and the criteria for 

selection are presented in Appendix C. 

The opposites task was introduced with the fol l owing 

instructions: 

This task is cal l ed Opposites. You will hear a 
word and you wil l give its opposite. For 
example , i f you hear ' day' , you would say 
' night ', or if you hear ' hostile ' you could 
say ' fr i endly '. You wil l hear a number of 
words , one at a time. You will have a few 
seconds to say the opposite for each word . You 
have to respond before the next word is 
presented. If you can ' t think of an opposite 
in the alloted time , forge t about that word 
and try to give an opposite for the next wor d 
you hear . Do not worry if you can ' t give an 
opposite for all words . Let ' s try it. Give me 
an opposite for : (pr act ice list was 
presented). 

Sound Tracking task . This task was designed as a 

verbal/auditory analog to the Letter Tracking task. 

Subjects were aurally present ed with a s i mple sentence 

(i.e. , "The bird made a nest in the tall tree" ) and were 

asked to say the first sound of each word of the sentence 

(e.g ., th, b, m, a , n , i , th , t , t). Thus , like in the 

Letter Tracki ng task , subjects had to sequentially track 

items within a unit (sentence or letter) from memory. 

Four sentences (a sample sentence and th r ee expe riment al 

sentences) were created , attempting to equate them for 

number of syll ables, sentence structure, and noun frequency . 
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The sample sentence was: "The cat has to sleep i n t he green 

box". The three experimental sentences we r e: (1) "The man 

goes to work in his new ca r", (2) "The gi rl rides to school 

on her red bike " and (3) "The bird made a nest in the tall 

tree". 

Subjects we r e introduced to t h i s task with the fol l owing 

i nstructions: 

Th i s task i s cal l ed sound tracking . You will 
hear a short sentence and then have to say the 
f irst sound of each word . For example , if you 
hear 'The cat has to sleep i n the green box ', 
you would say: 'th, c , h, t, s , i, th, g , b '. 
You see , I said the fi rst sound fo r each of 
the words i n t he sent ence. Now you try it. Say 
the first sound of the words in the sent ence 
' The cat has to sleep in the green box ' 
.... (pause for subject ' s response) ••• Now let' s 
try the same sentence aga i n . Say the first 
sound of the words in the sent ence ' The cat 
has to sleep in the green box '. 

Interference task. The int e rfe rence task, r efe rr ed to as 

the ' X-Checking task', was computer generated (see Appendix 

D for computer prog r am). Th i s task consi sted of either one 

of two stimul i ('X' or 'XX') displayed at one of four • 

positions (12 , 3, 6 or 9 o ' clock) on a televis i on screen. 

The orde r and location of stimul i presentation was 

randomized. Subjects we r e i nstructed to monitor the TV 

screen and to press the ' n' or ' m' keys on the computer 

keyboard in response to the appea r ance of ' X' or ' XX '. These 

keys we r e labeled with the nume r al s 1 and 2 respectively. 

The number of sti mulus presentations and the duration of 

exposure for each stimul us could be va ried across trials , 

although the duration of exposure could not be vari ed for 



stimul i with i n a tr i al . The computer program kept track of 

correct, incorrect or missed responses. 

37 

Subj ects were i n troduced to th i s t ask with the following 

instructions: 

Th i s task i s cal led 'X-Checki ng '. You will see 
one or two Xs appear on the screen ... (pause; 
experimenter activa tes the program) ... see? You 
have to press this key (experimenter po i nts to 
key with numeral 1 on it) when one X appea rs 
and this key (expe rimenter points to key wi th 
numeral 2 on i t) when two X' s appear . Use 
these two fingers (shows index and mi ddle 
finger) to press the keys. Now you try it. 

Levels of interference. There were three levels of 

interference. Unde r the No Interference condition, subjects 

remained seated i n front of the TV monitor but it was 

clea r ed of any s i gnals. Subjects we r e instructed to look at 

the empty screen wh i le pe r form i ng the tasks. The Low and 

High Inte rference cond i tions diffe red i n the dur ation of the 

exposur e of the simuli ( 1 X 1 or ' XX 1
) . The rates we r e 

selected on the basis of avai lable data (Paivio, 1971, p . 

344) suggesting that i mage generation for s t imul us words 

requires about . 6 to .7 5 seconds . In the Low Int erfe r ence 

condition, the stimul i ( 'X' or ' XX ' ) remained on the screen 

for about 2 . 8 seconds, whereas in the High condition the 

stimuli wer e displayed for about 1.4 secs . Unde r both 

conditions subjects had sufficient time to respond to the 

stimuli and generate an image. However, the Low condition 

could prov i de addi t i onal time to sustain , manipulate or 

inspect an image wher eas the High condition afforded no such 

opportunities . Neither int erference condition was expected 
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to disrupt tasks that only require the generation of images 

(i.e., Picture Words) but the High condition should disrupt 

tasks where images need to be sustained so they can be 

manipulated or ins~cted (i . e ., Letter Tracking) . 

Ratings of task difficulty . After each trial , subjects 

were a s ked to judge the difficulty of the task just 

performed. These judgment were based on a seven- point , 

Likert-type scale (l=ve r y easy; 7=very difficult) . To 

facilitate these judgments, a graphic representation of the 

scale, moun t ed on a 8 X 26cms . card , was in ful l view of 

subjects. 

This rating procedure was explai ned to the subjects with 

the fol l owing instructions: 

You will be doing a number of different tasks. 
You will be asked to judge how easy or 
difficult you found each of them . If you find 
a task very easy, give it a one; if you find 
it very difficult, you will give it a seven. 
You can use a rating between one and seven if 
a task is neither very easy nor very 
difficult . You may find all tasks equal ly 
difficult or equally easy , or some may be 
easier than others . Feel free to use the 
entire range of numbers , from one to seven; at 
the same time, don ' t be concerned about how 
often you use a pa rticula r number as long as 
it is your true judgment. This pictorial 
representation (experimenter points to the 
card with graphic representation of the scale) 
will remain in front of you for your 
reference . 

Procedure, 

Subjects we r e tested individually and received all 

experimental treatments. After being welcomed to the 
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experimental setting, subjects were told that this study was 

designed to investigate how people go about solving 

problems. A very brief description was given of each task. 

The experimenter then asked subjects to rate their overall 

academic achievement (expressed in letter grade) and to 

report their age. 

They sat at a table in front of an Apple II (Plus) 

computer with a 14" black and white TV monitor, placed about 

.75m. from their eyes . The experimenter was seated to the 

right of the subject , so that he could program and activate 

the X-Checking task . Behind the subject , on a small table, 

two tape recorders were placed to give the tape recorded 

intructions. These tape recorders were also activated by the 

experimenter. The graphic representation of the rating scale 

was in full view of the subject , to the left of the 

keyboard . 

The testing session consisted of familiarization and 

experimental trials . These are described below . 

Familiarization trials . These trials were designed to 

familiarize the subjects with the experimental tasks and 

procedures and to obtain baseline measures on task 

performance and difficulty ratings . 

Subjects were first introduced to the rating scale using 

the tape recorded instructions described above. They were 

then familiarized with the four experimental tasks . Each 

task was introduced with the tape recorded instructions . For 

the Picture Words and Opposites tasks , they received 
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practice with the sample lists (see Appendices A and C). For 

the Letter and Sound Tracking tasks, two practice trials 

were given with the respective sample items and one practice 

trial with each of the experimental letters (see Appendix B) 

and sentences. 

The sequence of task presentation and of stimuli with i n 

task was partially counterbalanced. Half the subjects were 

given the imagery tasks (Picture Words , Letter Tracking) 

first, followed by the two verbal/auditory tasks (Opposites, 

Sound Tracking). The other half of the subjects received the 

reverse sequence, with the language tasks first followed by 

the imagery tasks . In addition, the order of stimul i for the 

Letter and Sound Tracking task was also partially 

counterbalanced, using three sequences . These were: sequence 

one had E, Hands for Letter Tracking, and Sentences 1, 2 

and 3 for Sound Tracking. Sequence two had letters s , E and 

H, and sentences 2, 3 and l; sequence three had letters H, S 

and E, and sentences 3 , 1 and 2 . Thus, combining the two 

sequences for task presentation with the three sequences for 

stimul i-within- task, six sequences of presentations were 

created. Subjects we r e assigned to one of these six 

sequences using a sampling without replacement procedure. 

For each familiar i zation trial, the experimenter 

recorded the subjects ' responses (e . g. , items to which they 

said ' yes ' in the Picture Word task), the positions (top, 

middle or bottom) given in the Letter Tracking task, the 

antonyms given to stimuli words in Opposites task, and the 



sounds for the Sound Tracking task). The experimenter also 

recorded the response times for the Letter and Sound 
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tracking tasks . Timing began immediately after the stimulus 

was presented and stopped when the subject stopped tracking 

the stimulus. The difficulty ratings given after each trial 

were also recorded . 

After practice had been given with the four expe rimental 

tasks and each trial was rated for difficulty , subjects were 

asked to rate the difficulty of these four tasks . 

In the last phase of the familiarization procedure , the 

subjects were introduced to the interference task 

(X-Checking task) using the instructions described above . 

The experimenter set the r a t e (i . e. , 1 . 4 or 2.4 secs . 

per stimuli) and the number of stimuli (i . e ., 22 or 11) for 

each trial and started them by pressing t he ' Return' key on 

the keyboard. The two rates were present ed alternately. 

Practice stopped when subjects attained two consecutive 

trials with fewer than two errors in each trial. This 

completed the famil iarization portion of the exper i ment . 

Experimental trials. The experimental trials followed 

immediately after the familiarization procedur es . In general 

terms, subjects had to do the four experimental tasks either 

by themselves (under No Interference condition) or 

concurrently (unde r Low and High Interference conditions) 

with the X-Checking task . 

The sequences of task presentation and of stimuli within 

task were partially counterbalanced according to the plan 
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shown in Table 1. 

These sequences partially counterbalanced order of task 

presentation and order of stimul i presentation within task. 

The three levels of interference for each task were 

presented consecutively, with the sequence of presentation 

(e.g. , Low , No , High Interference) random i zed for each task 

and for each subject . Subjects were assigned to one of the 

four sequences using a sampling without replacement 

procedure . 

Fol l owing the familiarization trials , subjects were 

introduced to the experimental tr i als with the fol l owing 

instructions: 

You have had practice doing the four tasks 
(Opposites, Picture Words, Sound Tracking and 
Letter Tracki ng). You wil l be doing them 
agai n, but this time either by themselves or 
together with the X-Checki ng task. For 
example , you will do the Opposites task by 
itself or with the X- Checking task. I wi l l 
first get you started with the X-Checking 
task and after a few seconds you will hear a 
list of words and you have to say their 
opposites. Let's have a trial run. I'll 
start you on the X- Checki ng task and then you 
wil l hear the first word . Give its opposite 
but keep on pressing the keys for the one or 
two Xs. Try to make as few errors as possible 
on the X-Checking task. Let' s t r y it. Ready? 

The procedure was similar for all tasks . The stimuli 

(e . g., lists , sentences , letter names) were on tape. For 

each trial , the experimenter activated the tape recorder to 

present the stimuli . A tone cued the expe rimenter to start 

the X- Checking task for the No and High Int erfer ence trials. 

Approximately five seconds later, the experimental stimuli 
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Table l 

Counterbalancing plan for Exper iment l 

Task order (stimuli order) 

First Second Third Four t h 

Sequence 1: PW (3 , 2 , 1) LT (E , H, S) Op. (2,3 , 1) ST (1 , 3,2) 

Sequence 2: ST (3 , 2,1) PW (1 , 2 , 3) LT (H , S, E) Op. ( l, 3 , 2) 

Sequence 3 : Op . (3,1,2) ST (1 , 2 , 3) PW (2,3 , 1) LT (E , S, H) 

Sequence 4: LT (S , E , H) Op. (1 , 2 , 3) ST (3 , 2 ,1 ) PW (3,1 , 2) 

Note. PW=Picture words; LT=Letter Track i ng; Op. =Opposi t es; ST= 
Sound Tracking. The numbers (1 , 2 or 3) refer to task stimuli, 
such as sentence #1 or list #2 . The letters (E , Hand S) refer 
to stimuli letters for Letter Tracking . 
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(e.g., words for Opposites task) were resented. Under the No 

Interference conditions, subjects would perform these tasks 

by themselves , as they did during the familiarization 

trials . For the Low and High Interfe rence conditions, 

subjects performed each of the experimental tasks 

concurrently with t he X-Checking task . 

Each of the four experimental tasks was re-introduced 

with a brief se t of instructions. The picture words tas k was 

introduced as follows: 

Remember the task where you had to generate 
mental pictures for words. You will hear 
words and you will try to generate mental 
pictures for them. Say "Yes" when and if you 
have a mental picture for each word . You will 
be doing this task by itself or together with 
the x-checking task. I'll let you know 
beforehand if you are doing both or the 
mental pictures by itself . Ready? 

The experimental trials for the Letter Tracking task 

were introduced with the following instructions : 

Now we will be doing the Letter Tracking task 
again. Remember to always start here 
( .. pause , experimenter points to the 
asterisks on the cards ... ) and end at this 
positions ( ... pause , experirrenter point s) . Go 
clockwise from corner to corner, saying 
whether it is a 'top', ' middle' or ' botton' 
position. You will be doing t his task by 
itself · or together with t he X-Checki ng task. 
I 'll let you know beforehand whether you are 
doing both or the Letter Tracking task by 
itse lf. Ready? 

Prior to each of the three trials , subjects were exposed 

to the four cards for 4 seconds. They were told whether the 

upcoming trial consisted of concurrent tasks and then the 

stimulus was introduced with "Track the letter ••• •• " 
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The experimental trials for the Opposites task were 

introduced with the following instructions: 

Now we will do the Opposites task . Like 
before , you will hear a word and you have to 
say its opposite . If you can ' t do i t in the 
alloted time , try the next word . You will be 
doing this task by itself or together with 
the X- Checking task . I'll let you know 
beforehand if you are doing both or the 
Oppo sites task by itsel f. Are you ready? 

The f cl lowing instructions in traduced the expe r irrental 

trials for the Sound Tracking task : 

Now we will do the Sound Tracking task . 
Remembe r that you have to say the firs t sound 
of each of the words in a se ntence . You will 
be doing this task by i t se lf or togethe r with 
the X- Checking task . I ' ll let you now 
beforehand if you are do ing both or the Sound 
Tracking by itse lf. Are you ready? 

The expe rime nter recorded the subjects ' responses as 

described in the familiarization procedure. At the end of 

each t r ial the difficulty rating was recorded , as well as 

the number of e rrors made on the X-Checking task during the 

Low and High levels of Interference. 

After all expe r i mental tasks we re completed , subjects 

were asked to generate and sustain an i mage of their chosing 

for 5 seconds under two conditions: No and High 

Interf e r ence . After each of these , they were asked to r a te 

the ease or difficulty of the task using the above mentioned 

rating scale. 
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Results 

As described in the Procedure section, each of the four 

experimental tasks had three se t s of stimuli. For the 

purposes of this study, these sets (e . g ., three stimuli 

lists for t he Opposites task) we r e presumed to be equivalent 

to each other. Th is as s umption was supported by empir i cal 

da ta for t he s t imuli sets for t he Pict ure-Words and 

Opposites task (see Appendices A and C) . Data from the 

fam i liariza tion trials r evealed t hat t he stimuli se ts for 

the other two tasks can also be considered t o be equivalent . 

The mean numbers of tracking e rror s for each of t he t h ree 

s t imuli l etters ( 'E', ' H' and ' S') of t he Letter Tr ack i ng 

task did n ot diffe r significantly, as indica ted by a one- way 

repeated measures Anova (F(2,70)=1.57 , p=.21) . Simila rly , no 

significant diffe r ences we r e found be t ween the numbe r of 

sound- tracking errors made for each of the three sentences 

of the Sound- Tracking task , wi th F(2,70)=2.63, p=.07 . These 

find i ngs a r e not centr al to the main que stions of interest , 

but support the assumption of s t imuli equivalency. Failure 

to sa t isfy this assumption could confound the interpretation 

of the r esults . 

The main purpose of this study was t o determine whether 

the X- Checking tas k woul d di srupt pe rformance on the Letter 

Tracking task more than on the other s . A numbe r of cr ite rion 

meas ures wer e used as i nd ices of interf e rence . They we re: (a) 

t ask errors (e . g . , subject gives an incor r ect ant onym to 

Opposites task) , (b)X- checking errors made in the Low and 
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High Interfe r ence conditions (e . g , subject presses key with 

numeral 1 1 1 when two Xs a r e displayed) , (c)total errors , 

derived by adding task and X-Checking e rror s , (d)difficulty 

ratings given to the tas ks under the th r ee interference 

condi tions, and (e) tracking time r equi r ed for the le t ters 

and sentences in the Letter- Tracking and Sound Tracking 

tasks . Results for each of these criterion measures are 

discusse d below . Data obtained during the fam iliar ization 

trials are presented in Append i x E. 

The rate of s t imuli prese ntation in the X-Checking task 

was twice as fast for the High vs. than Low Int erference 

conditions, although the duration of trials was the same . 

This meant t hat twice as many s t imuli were presented in the 

High vs . Low Interfe r ence , and therefore subjects had twice 

as many opportunities for making e r rors in the High 

condition. For t h i s reason, raw scores were considered 

inappr opriate for compa r ing pe rformances and we r e therefore 

converted to percentage scores . For the same reasons (i.e ., 

differ ences in the total possible scores) , task errors were 

also converted to percentage scores . 

Task e r roro , As noted above , task errors we re des igna ted 

a s one me asure of interfe r ence . For the Picture-Words task , 

task errors we r e defined as the subjects ' inability to 

gene r ate i mages for stimuli words , ev i denced by the failure 

to say ' Yes ' to one or more stimuli words . Thus, in th i s 

task , no respon se was scored as an error . Task e r rors in the 

Letter- Tracking task were def ined as subjects saying one or 
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more wrong corner position. For example , the right res ponses 

for the letter s were "bottan, mi ddle , mi ddle , mi ddle , 

mi ddle , top, top, middle , mi ddle , mi ddle , mi ddle , bo ttan" . 

An error was any substitution, omission or addition to that 

sequence . For th e Sound- Tracking task , task errors we r e 

dete rmined by counting t he total n umber of omissions , 

subst itutions or additions made to the correct sequence of 

initial sounds for the words of each sentence . Task errors 

on the Opposites task we r e incorrect ant onyms for the 

stimuli words or failure to respond . The Bo ok of synonyms 

and antonyms (Urdang , 1982) was used as the criteria for 

judging reponses . 

Means and s t andard deviations of pe r centage of Task 

e rrors under the three Int erfe r ence conditions are presented 

in Table 2 . Figure 1 shows the mean pe r centage of task 

e rrors f or the four expe rimental tasks under the three 

levels of Interfe r ence. Although the four expe r imental tasks 

di ffe r ed in their baselines of pe r centage Task - e r rors , they 

a re conside red to be compa r able i n difficulty, as 

demonstrated by subjects ' difficulty r atings (see section on 

' Difficulty Ratings ' below} . 

The question of interest rela t ed to the ef f ect of the 

X- Checking task on t h e concurrent expe rimental tasks . A Task 

by Interfe r ence effect was expected . Visual ins~ction of 

Figur e 1 suggests that the interference (X- Checking) task 

had a negligible effect on task pe r formance for three of the 

exper i mental tasks , but appea r ed to have a substantial 
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Table 2. Means and Standard Deviations ( ) for Criterion 
Measures on the Experimental Tasks under No, 
Low and Interference . 

Experimental Tasks 

Levels Picture Letter Opposites Sound 
of 

Inter£ . Words Tracking Tracking 

% Task Errors 
No 24 . 7 3.9 19 . 7 6.5 

(15 .4) (12 . 7) (12 . 3) (10 .1) 

Low 24 . 4 12 . 7 23 .1 5 . 3 
(15.6) (24.4) (10 . 4) (9 . 8) 

High 24 . 7 22.5 25 . 3 6.5 
( 16 . 8) (21.0) (11 . 8) (10 . 7) 

% X-Checking Errors 
Low 1 . 7 13.6 4 . 5 6 . 4 

(4 . 2) (15 . 3) (5.6) ( 8. 7) 

High 5 .6 32 . 7 9.9 16 . l 
( 5 . 9) (13 . 1) (8.4) (13 . 0) 

Difficulty ratings 
No 2 . 4 2 . 0 2.3 2 . 6 

(1 . 3) ( l . 1) (1 . 0) (1 . 3) 

Low 2 . 7 4 . 6 2 . 8 3.4 
(1 . 2) (1.5) (1 . 1) (1.6) 

High 2 . 9 5.6 3.2 3.9 
(1 . 2) (1 . 3) (1 . 2) (1.5) 

Tracking time (secs.) 
No 10.0 8 . 9 

(3 . 3) ( 3 . 5) 

Low 17 . 6 10 . 4 
(4 . 7) ( 3 . 0) 

High 21 . 0 10 . 9 
(4.4) (2.7) 
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effect on task performance for the Letter- Tracking task. 

A four (Tasks) by three (levels of Interference) 

repeated measures Anova was performed on these data . A 

summary of this analysis is presented in Table 3 . The 
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results of multivariate test of significance for these and 

the othe r dependent measures are shown in Appendix F. The 

Anova revealed a significant Tasks by Interference effect , 

with F(6,210)= 6.58 , p< . Dl. Tests for simple main effects of 

the Task by Interference interaction indicated that , as 

suggested by Figure 1 , this overall interaction resulted 

pr i marily from an interaction between Letter Tracking and 

Interference . This interaction was highly significant , with 

F(2 , 70)= 13 . 21 , p< . 001. The r e was also a significant 

Opposites by Interference interaction, with F(2 , 70)= 4 . 02 , 

p< . 05. The other two tasks , Picture Words and Sound 

Tracking , did not show significant simple main effects with 

F[2 , 70]= 0 .11, p> . 9 and F[2 , 70]= . 40, p> . 6 respectively . 

Hypothesis One predicted that there would be no 

significant di ffe r ence in the number of task errors fo r each 

of the expe rimental tasks under No and Low Interference . 

This was evidently true for the Picture Words and Sound 

Tracking tasks. Insi:ection of Table 2 and Figure 1 shows 

that the mean pe r centage errors obtained under No And Low 

interference were ve ry similar for these two tasks . A 

planned comparison showed that the percentage of task errors 

for the Opposites task were not significantly different 
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Table 3: Summary Analysis of Variance on Task Errors for 
Factors: Tasks and Interference. 

Source df MS F p 

Within Subjects 

Tasks 3 81 02.12 23 .36 < .o 01 
Error 105 346 . 82 

Inter£ erence 2 1310.01 11 . 47 <.001 
Error 70 114.19 

Task X Inter£ erence 6 693.21 6 . 5 8 < .o 01 
Error 210 10 5 . 3 2 
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under No and Low In t erfe r ence (F[l , 70]= 1 . 75 , p>.05) . 

However, significant ly more task e r rors we r e obtai ned in the 

Low vs. No I nterference for the Letter-Tracking task , with 

F(l , 70)=12. 19 , p< . 01 . Thus, Hypothesis One was partially 

supported . 

These results ind i ca t e that the X- Checking task produced 

significant deter iorat ion in t he pe r formance on the Letter 

Tracking task , as evidenced in task errors . A s tati stically 

significant but less robust ef f ect was obtained for the 

Oppos i tes task . Int erference effects we r e not obtained for 

Picture Words and Sound Tracking tasks . Ther efore , these 

data prov i de initial support for a diffe r ential interference 

effect of the X-Checking task . 

X- Checking e rrors . Under the Low and High int erfe r ence 

conditions , subjects could make task errors (described 

above) as well as e rrors i n the X-Checking t ask . The latter 

could be made by pressing the wrong key (e . g ., pressing the 

key with t he numeral 2 wh en one X was displayed on the 

monitor) , or by neglecting to respond to the stimuli . These 

X-checking e rror s were taken as another index of 

interfe r ence . 

As noted above , the X- Checking e r rors obtained for each 

task under Low and High In t erefe r ence were conve rted t o 

pe r centage scores . Means and s tanda rd dev i ati ons are 

reported in Table 2 . The mean pe r cent ages of X-Checking 

e rrors are presented in Figure 2 . 

Vis ual inspection of Figure 2 suggests that more 
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X-chec king error s we re made unde r High t h an Low 

Interference , but that this ef f ect was more pronounced for 

the Letter Trac king than for the three other tasks . A two 

(High and Low Interference) by fou r (Tasks) repeated 

measures Anova yielded a significant Task by Interfe rence 
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interaction , with F(3 , 105)=14 . 06= p <. 01 . Table 4 s ummarizes 

t he results of t his analysis . Tests for t he simpl e mai n 

effects of t he interaction r evealed significant Task by 

Interference interactions for Le tter Tracking (F[l , 35]= 

56 . 48 , p<.001) , Sound Tracking (F[l , 35]= 14.63 , p< . 001) and 

Opposites (F[l , 35]= 4 . 59, p< . 05). The Picture Words by 

Interference interaction was not significant , with F(l,35)= 

2.29, p>.05. 

As expected , the greatest numbe r of X- Check i ng e rrors 

was obtained in t he Letter Tracking task , with a substantial 

increment in e rrors in the High vs . Low Interf e r ence. 

Contrary to expectations, a simila r but less pronounced 

pattern of results was obtained for two other tasks (Sound 

Tracking and Opposites) . No effect wa s obtained for Pict ure 

Words . As with tas k errors , these res ults were general ly 

consistent with t he expectation that t he X-Chec king task 

would be most disruptive to pe rformance in Letter 'l'rac king . 

Total errors . Recall that subjects performed the 

experimental tasks concurrently with the X-Checking task in 

t he two Interference conditions . Thus , subjects could make 

e r ror s in ei ther or both tasks . It i s conce ivabl e t hat 

subjects could devo t e t heir attention to one task and ign ore 



Table 4: Summary Analysis of Variance on X- Checking 
Errors for Factors: Tasks and Interference. 

Source df MS F p 

Wi thin Subjects 

Tasks 3 5171.11 47. 84 <.001 
Error 1 05 108 . 07 

Interfe rence 1 6537.93 56 . 23 <.001 
Error 35 116.25 

Tasks X Interference 3 843 . 45 14 .06 <.001 
Er r or 105 59 . 98 
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the concurrent one. In such cases , consideration of errors 

from one source alone would not provide an accurate picture 

of the interfe rence effect. A more accurate account of the 

overall interference effect can be made by de riving a score 

that combines the sources of errors (X- checking and task 

errors) . Such scores , called Total errors, we re computed by 

adding the percentage Task errors and X-Checking errors 

obtained for each task under Low and High Interference. 

Al though the underlying metric of these two types of scores 

may not be equivalent , their summation is a meaningful 

representation of the overall interference effect , much like 

the summation of ma r ks on diffe rent courses represe nts 

academ i c achievement or the combination of di ffe rent 

physiological measures provides an index of physical 

fitness . In this study the Total Errors score represents the 

overall interference effect . These data are presented in 

Table 2 and in Figure 3 . 

The summary of a two (Low and High Int erference) by four 

(tasks) repeated measures Anova is prese nted in Table 5 . 

This analysis reve aled a significant Task by Interference 

interaction, with F(3 , 105)= 9.85 , p<.001. Test for simple 

mai n effects of the interaction revealed that the Letter and 

Sound Tracking tasks contribiuted to this interaction. Total 

e rror s obtained under Low and High Interference did not 

diffe r for Picture Words and Opposites ( F[l,35]= 1 . 12 , 

p>.05 and F[l , 35]= 3 . 87 , p>.05 respectively) , but did differ 

for the Letter and Sound Tracking task ( F[l , 35]= 54.73 , 
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Table 5 : Summa r y Analysis of Var iance on Total Er r ors for 
Factors : Tasks and Int erfer ence . 

Source df MS F p 

Wit h i n Subjects 

Tasks 3 6850 .16 17 . 66 <.001 
Error 105 387 . 90 

Interference 1 11969 . 15 43 . 81 <. 001 
Er r or 35 27 3 . 19 

Tasks X Int erfe r ence 3 2169 . 83 9 . 85 <.0 01 
Error 105 220 . 14 
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p< . 001 and F[l , 35]= 7 . 90 , p< . 01 respectively). 

The main effect of Interference was significant, with 

more Total errors obtained under High vs. Low interfe rence 

(F[l , 35]= 43.8, p< . 001). These results support Hypothesis 

Two . 

The third hypothesis predicted that more Total error s 

would be made in the Le tter Tracking task than in all 

others . A planned compa rison was undertaken. Collapsing 

across levels of interfe r ence , significantly more Total 

errors were made in t he Letter-tracking task than in the 

Opposites task , which showed t he second highest r ate of 

e rror s ( F(l , 35)=6 . 96 , p< . 05) . Thus , hypothesis three was 

supported . 
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Hypo t hesis four s t ated t hat in the High Int erference 

condition, subjects wil l make more errors i n the Letter 

Tracki ng task than in all others . Here agai n , the error s in 

the Letter tracking task we r e compa r ed with those of the 

task (Opposites) with the second highest numbe r of e r rors . 

Significant ly more e r rors we re obtained for the letter 

tracking task , with F(l,35)=16 . 7 , p< .01. The fourth 

hypothesis was also supported . 

These data on Total errors are consistent with task and 

X-Chec king e rrors . The X-checking task disrupted performance 

on the Letter Tracking task consistently and substantially 

relative to the other tasks . An interfe rence effect was also 

obtai ned for the Sound Tracking task , al though less 

pronounced. No i nterference effect was found for the Picture 
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Words and Opposites tasks . 

Difficulty ratings . Another index of an interfe r ence 

ef f ect was difficulty ratings . After each t r ial , s ubjects 

rated the task for difficulty. The mean r a t ings and their 

standa r d deviations are prese nted in Table 2 . These da ta are 

plott ed i n Figure 4 . 

Not ice t hat t hese subjective ratings r ef l ect the 

patterns of f i ndings obtai ned on t he dependent measures 

described above . The Letter Tracking task was pe r ceived as 

becom i ng increasingly difficult across level s of 

int erfe r ence , reflecting the actual incr ease i n Letter 

Tracking and X- checking e rror s . A s imi l a r but less 

pronounced pattern of i nc reas ing difficulty was r eported for 

t he Sound Trac king task . 

The results of a t h r ee (levels of Int erfe rence) by four 

(Tasks) repeated measures Anova pe rformed on t hese da ta a r e 

summarized in Table 6 . A significant Task by Interfe rence 

interaction was obtai ned , with F(6 , 210) =25 . 32, p <. 01 . 

Unde r No int e rfer ence t he four tasks di d not diffe r in 

t heir rated di fficulty (F[3 , 105]= 1.75 , p> . 05) . However , as 

ev i dent by inspection of Figure 4 and consistent with data 

from Tot al , Task and X- checking e rrors , the Let ter Tracking 

task became incr easingly difficult rela t ive to the other 

tasks unde r Low and High Interfe r ence . Thus , the specific 

interfe r ence effect of X- chec king on the Letter Trac king 

t ask is supported by objective data (e . g , task errors ) but 

also by subjective r atings of task di f ficulty . 
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Table 6. Summa r y Analysis of Variance on Difficulty Ratings 
for Factors: Tasks and Inte r fe r ence . 

Source df MS F p 

Within Subjects 

Tasks 3 44 . 49 22 .1 3 <. 001 
Error 105 2 . 01 

I nterference 2 91 . 15 11 8 . 7 9 <. 001 
Err or 70 

Task X Interference 6 19.07 25.32 < . 001 
Error 210 . 7 5 
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Tracking time for l e tters and sounds. Whereas the 

response time for the Opposi t es and Pictu r e words task was 

fixed , subjects were al lowed to take as much time as needed 

for the Letter and Sound Trac king tasks . Thu s , response time 

can then be used as yet another index of interfe r ence . Hean 

t rac king times and s tanda rd dev iations for these t wo tasks 

unde r the three levels of interfer ence a re shown i n Table 2 . 

These tr acki ng times are plotted in Figu re s . 

Visual inspection of Figu re 5 reveals that whereas the 

amount of time required to track the initial sounds of words 

in the Sound Tracking task was rela tively unaf f ected by Low 

and High I nterfe r ence , tracking time for the Letter Tr acking 

task was affe cted by Interfe rence . A t wo (Tasks) by t h ree 

(levels of Interference) Anova yielded a signif i can t Task by 

Interfe r ence interaction, with F(2 , 70)=49 . 26 , p <.01. Table 

7 summarizes t he r esults of this analysis . Tests for simpl e 

mai n effects of this inte r action did show a Sound Trac king 

by Interfe r ence interaction (F[l , 70]=13 . 24 , p< . 001) . Further 

compar i sons showed that subjects took significant ly l onger 

to do t he Sound Tracking tas k under Low vs . No Interference 

(F[l , 70] =6 . 34 , p< . 05) , but no significant di ffe rence was 

found between Low and High Interfe r ence (F[l , 70 ] = . 68 , 

p> . 10) . 

As repor ted in Table 7 , the Task effect was highly 

significan t , with F(l , 35)= 87 .47 , p< . 001, indica t ing that 

the amount of ti me required for the Letter Trac king task was 

s ubs tantially l onge r than for Sound Trac king , even though 
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Table 7: Summary Analysis of Variance on Tracking Time 
for Factor s : Tasks and Interference. 

Source df MS F p 

Within Subject s 

Tasks l 2012 . 39 87 . 47 < . 001 
Error 35 23 .oo 

Interfe rence 2 816 . 01 117 . 54 < . 0 01 
Error 70 6 . 9 4 

Tasks X Inte rfe rence 2 37 6 . 41 49. 26 < . 001 
Er r or 70 7.64 
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there was no diffe r ence in t r acking times between these 

tasks in No Interfe r ence (F[l , 35]= .92, p>.05). 
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These results for tracking t i me a r e cons i s t ent with 

those reported above . They show that the X- Checking task 

interferes mor e with pe rformance on Letter Tracking than on 

the other tasks . 

Recal l that the last t as k pe rformed by subjects 

consisted of generating an image of their choice , 

maintaining it for 5 secs . , a nd then generating a nd 

sustaining it again co ncurrent ly with th e X- Checking task 

under High Int erfe r ence . Subjects we r e then asked to rate 

the difficulty of sust aining t hat image unde r those two 

conditions. The mean difficulty rating under No Inter ference 

was 1 . 6 and 3 . 0 under High Int erfrence . At- test revealed 

that these means diffe r ed signif i cant ly from each other , 

with t(35)=5.89 , p< . 01 . 

Discussion. These r esults indicate that the X-Checking task 

had a small and inconsistent detrimental ef f ect on the 

pe r formance of Picture Words , Opposites and Sound Tracking , 

which can best be attributed to t h e added difficulty of 

pe rforming concurrent tasks . Above and beyond this trend , 

the above res ults consistently demonstrated that the 

X- Checking task disrupted pe rformance on the Letter Tracking 

task mor e than i t di d on t he other th r ee tasks . As expected , 

it selectively interfered with pe rformance on the Letter 

Tracking task . Th i s finding is robust, and cor r oborated by 



al l the criterion measures empl oyed . The interpretation 

given to these find ings assumes that the Letter Tracking 

task relies on the sustaining of a v i sual image of the 

stimulus letters , a process that i s disrupted by the 

X-checking task . The claim is that the X- checking task, by 

actively engaging the v i sual processing channel , prevents 

the simultaneous sustaining of a visual ima ge . Other tasks 

we re not simil a rly disrupted because their execution does 
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not rely on t he sustainment of a visual image . The other 

imagery task , Picture Words , was not disrupted since it only 

required the generation of images . 

Thi s interpretation i s suppor ted by data and 

observations from this study . Recall that in the last task 

of the expe riment , subjects reported it became significantly 

more difficult to sustain an image under High Int erfe r ence . 

Furthermore, s ubjects spontaneously reported during the 

Letter Tracking task (usually unde r High Interference) that 

"I lost it" . When questioned , they sa i d t hey had lost the 

image . 

An alternate interpretation i s t hat these results are an 

a rtifact of tas k demands . The most likely interpretation 

along this vein would suggest that more errors we r e obt ained 

in the Letter Trac king task because if one momentarily lost 

cne ' s place in the tracking seque nce , the l ast response 

given (e . g., mi ddle) would not provide a helpful cue to 

relocate one ' s position. This i s t he case because , for 

instance , there are more than one "middle" positions. The 



situation i s diffe r ent for the Sound Tracking task , where 

each sound provides a better cue for retrieving one ' s 

position i n the seque nce were one to lose one ' s place . If 

this analysis were correct , we should f i nd that those 

subjects who made no tracking e r rors in th e Letter Tracking 

task would also make fewer X- checking e rrors and tracking 

time should decrease . Th is was not the case . Seven subjects 

made no Letter- Tracking e r rors under High Int erference . 

Thei r me an tracking time was 19 . 8 secs . and thei r me an rate 

of e rror s was 25% , both similar t o the means for the whole 

group (21 . 0 secs . and 32 . 7% r espectively). This suggests 

tha t even t hose subjects who made no task e rror s found their 

pe r fo rmance disrupted in t erms of x- checki ng e rror s and 

tracking time . 

The da ta obtained i n t his f irs t expe riment revealed that 

the X- Checking task substantially and consistently disrupted 

pe r formance on the Letter Tracking task , giving support to 

the claim that t he X- Checking task interfe r es with t he 

sust ainment of v i sual images. Th i s f i nd i ng then prov i des a 

basis for usi ng the X- Chec king procedure as a way 

de termining the effect of i mage ry inte rfe r ence on task 

pe r for mance . Th i s approach was pur s ued in the second 

experiment , in wh i ch the role of v i sual i mage ry in dive r gent 

think i ng was i nvesti ga t ed . 
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Experiment II 

The second experiment was designed to determine whether 

visual imagery contributes to performance on dive r gent 

thinking tasks . 

Subjects were presented with concrete or abstr act 

questions designed to elicit divergent thinking. They 

responded to these questions under two conditions: No 

Interference (question presented by itself) and High 

Interference (question presented concurrently with 

X-Checking task) . Half the subjects were instructed to use 

visual imagery , whereas the other subjects received no 

image ry instructions. In addition , a test of habitual use of 

image ry was administered to determine whether scores on this 

test correlate with effectiveness of instructions and with 

task performance . 

A three-factor mixed design was used, with Questions 

(Concrete/Abstract) and Instructions (Imagery/No-imagery) as 

between- subject factors , and with imagery Interference (with 

and without concurrent X- Check i ng task) as the 

within- subject factor . 

In general , consistent with Kaufrnann ' s (1980) analysis , 

it was expected that imagery would play a greater role in 

the flexiblity than the fluency as:pects of divergent 

thinking but only for concrete tasks . Imagery was not 

expected to play a role in abstract divergent thinking 

tasks . Image ry instructions were expected to improve 

flexibility scores only for Concrete Questions, and only in 
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the No Int erference condition. Because they are in 

cont radiction t o task demands , Image ry Inst r uctions should 

have a negative effect on pe rformance on Abstract Questions, 

and on Concrete Questions unde r High i nterfe r ence . A 

positive correla t ion was expected be t ween scores on the 

imagery test and flexibil i ty scores for concrete tasks unde r 

No Int e rfe r ence . 

The following hypotheses wer e tested : 

Hypothesis 1 : Fluency scores for Concret e Questions wil l 

not differ in the No and High int erfer ence co nditions. 

Hypothesis 2 : Subjects responding to Abstract Questions 

without Image ry Instructions will attai n h i gher Fluency 

scores than their coun t erpart s who r eceived instructions. 

Hypothesis 3: Subject s without Imagery Instructions 

responding to Concrete Questions in the High Interference 

condition will attai n highe r Flue ncy scores than thei r 

instructed counterparts . 

Hypothesis 4: Fluency scores of subjects in t he 

Abstr act , No Instructions group will not be affected by 

Interfe r ence . 

Hypothesis 5: Subjects responding to Concrete Questions 

will attain highe r Flexibility scores in the No than the 

High Int erfe r ence conditi ons . 

Hypothes i s 6 : For Concrete Questions the Image ry 

instructions group will obtain higher flexibil t y scores than 

the No Instructions group unde r No Int erfe r ence , but t he 

opposite effect is expected in High Interfe r ence . 
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Hypothesis 7: Higher Flexibility scores will be obtained 

for Abstract Questions by the non-instructed than the 

imagery instructed group. 

Hypothesis 8: Interference will have no effect on the 

performance of the Abstract , Non-instructed group. 

Hypothesis 9: More X-Checking errors will be made for 

the Concrete than t he Abstract questions. 

Hypothesis 10: For Concrete questions under No 

Interference , low imagers who we r e given i magery 

instructions will attain higher scores than their 

non-instructed count erparts . 

Hypo t hesis 11: A positive cor r elation will be obtai ned 

between scores on the imagery questionnaire and Flexibility 

scores of subjects in the Concrete , No-instructions group 

under the No Interference condition. 

Method 

Subjects . 

The subjects were 40 male and 40 female h i gh- school 

students. They were randomly selected from a pool of 

volunteers from three high- schools . Seventy-two student s 

at t ended two public schools and eight were enrolled in a 

pr iva te school . These schools serve a mi ddle and upfer 

mi ddle class clientele. 

The subjects ranged in age from 16 years , 2 mo nths to 19 

years , 3 months . Their median age was 17 years , 9 months . 

Their academic achievement (self reported ), expres sed in 



letter grade , ranged from A to c- , with 42.8% of the 

students reporting achievement in the C range , and 46 . 3 in 

the B range . 
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Tasks , materials and instructions, The materials for each of 

the experimental tasks are descr i bed below . 

Divergent thinking tasks. Two types of questions , 

Concrete and Abstract , served as di vergent th inking tasks . 

These questions were alike in that they we r e open ended , 

allowing many possible responses . 

The Concret e questions we r e adapted from the 'Uses' test 

(e . g ., Give as many uses for a tin can as you can think), 

which are part of tests of creativity and diver gent thinking 

tests (Guilford , 1967; Tor r ance , 1966). Th r ee co ncrete 

diver gent thinking questions were used , one as a practice 

item and two as exper i rrental items. The practice question 

was: "Give me as many uses as you can think of for a metal 

coat hange r". The two expe rimental items we r e: (1) "Give me 

as many uses as you can think of for a brick" and (2)"Give 

me as many uses as you can think of for a ca r dboard-box" . 

The Abstract questions were created by the expe rimenter. 

Based on pilot tr i als , they were selected because they 

generated nume r ous responses and were judged by the 

expe rimenter to require more abs tr act th inking th an the 

Concrete questions. This judgment was made on the basis of 

perceived abstractness of the nouns in the sentences , and 

the relationship between the elements of the sentence being 
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more abstract than in the concrete questions. Validation of 

the abstractness of these questions is presented below . The 

practice question was: "Give me as many reasons as you can 

think why health is important to people and society". The 

two experimental questions were: (1) "How do weather and 

climate affect people and society? Give me as many effects 

as you can th i nk of" , and (2) "How do technology and machines 

affect people and soc i ety? Give me as many effects as you 

can think of ." 

The concrete/abstract dis t inction was valida t ed by the 

ratings of experienced h i gh-school teachers . These teachers 

rated the abstract questions as requiring more abstract 

thinking than the concrete questions. These questions were 

also rated for difficulty. These ratings are presented in 

Appendix G. 

The following tape- recorded instructions were used to 

introduce the divergent thinking questions : 

This is a study of divergent thinking . Divergent 
thinking is the ability to give many different 
solutions to a problem or quest ion. You will be 
asked two questions. You have to try to give as 
many and as many different ki nds of answers as you 
can . For example , if I asked you why people live 
in cities , you could say because there are lots of 
movies , lots of places to shop, many restaurants 
or theatres to chose from , and so on. These are 
all good answers but they are all of the same 
kind: amenities found in a city . Can you think of 
different reasons why people live in cities? 
( .. . pause for subject's response . . . ). Yes , they 
also live in cities because they can get work , 
they need si:;ecific medical a t tention, are 
attending university, or were simply born t here. 
All these are different reasons why people live in 
cities. For the questions you will be asked , try 
to give as many responses and as many different 



kinds of responses as you can think of. Let ' s try 
an example . 
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Imagery interference. The X-Checking task, developed for 

and tested in the first study (for details , see Materials 

section of Expe riment I), was used in this second study as a 

procedure for interfering with the use of imagery. Only the 

High level of Interference was used in the second study . 

Under No Interference, subjects responded to a question 

by itself. In the High Interference cond i tion, subjects 

responded to a question while simultaneously performing the 

X- Checking task. 

Image ry instructions. Subjects who received imagery 

instructions were given the following tape-recorded 

instructions: 

I would like you to try to use mental 
pictures when you are thinking. People often 
use mental pictures t o solve problems or to 
think about things. Try to form mental images 
of what you are thinking to help you with the 
questions I will ask you . 

Subjects in the Imagery Instructions gr oups we r e 

reminded three times dur ing the experimental tasks to use 

i mage ry . 

Imagery questionnaire. Th i s questionnaire was composed 

of those items of the Individual Differences Questionnaire 

(Paiv i o , 1971) that, according to Paivio and Ha r shman 

(1983) , tap the habitual use of imagery. The quest ionnaire 

appears i n Appendix H. 
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Procedure . 

Two mal e expe riment e rs co nducted the study . All subjects 

were tested individually . Us ing a random sampling 

without-replacement procedure , s ubjects were assigned to one 

of the four conditions: Concrete Quest i ons without Image ry 

Instructions , Conc r ete Quest i ons with Imagery Instructions , 

and Abstract Questions with and without Imagery 

Instructions. In all f our conditi ons, subject s responded to 

t hese questions under No and High Interference . 

The order of presentation of the Interfe r ence trial was 

coun terbal anced so t hat half the subjects received t he 

Interfe r ence trial f irst . The order of presentati on of the 

questions (e.g ., questi on 2 presented f irs t, fol l owed by 

question 1) was randomly de te rmined for each subject . 

Subjects we r e seated a t a table in f r ont of an Apple II 

computer with a 14 " black and white TV moni tor . The 

expe rimenter was seated to the subject' s right. 

Subject s i n the Image ry Instructions groups were asked 

to compl e te the Image ry Questionnaire. Subjects i n the 

No- Instructions gr oups comple ted the quest ionnaire at the 

end of the session so as to avoid any implicit demand for 

image ry use that may r esults from completing the 

q uestionnaire. 

Familiarizations trials . Subjects we r e first 

fam i lia rized with t he di ve r gent t h i nking task . They were 

presented with t he instructions described above and we r e 

then gi ven two practice questions, one co ncrete and one 



abstract . They were given 90 secs . to respond to each 

question and were encouraged to give as many and as many 

different kinds of responses as possible . 
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Following these practice trials with the two questions , 

subjects were familiarized with the X- Checking task using 

the familiarization procedure described for Experirrent 1 , 

with the exception that practice was only given with High 

Interference (i . e ., the Xs were displayed for 1.4 secs . ) . 

Subjects practised until they reached a criterion of two or 

fewe r errors for two consecutive trials . 

Subjects we r e then told that they would be given two 

more questions, and that they would have to respond to one 

concurrently with the x-checking task . Prior to presenting 

these two questions, subjects received a practice trial with 

both tasks concurrently . They were started on the X-Checking 

task and five seconds la t er were given one of the practice 

questions. Subjects in the Concrete experirrental conditions 

were given the Concrete practice question . The abstract 

practice- question was given to subjects in the Abstract 

experimental conditions. This practice trial lasted for 90 

secs. 

Experimental trials . Immediately following these 

practice and familiarization trials , subjects were presented 

with the exper i rrental questions. Subjects in the Imagery 

Instructions groups listened to the tape-recorded image ry 

instructions. They were raninded (approximately every 

minute) to use imagery during the expe r imental trial s . 



For the Int e rference t rials , subjects were started on 

the X- Check i ng task . After five secs ., the quest ion was 

present ed . Subjects res ponded to the questions or ally , and 

were given four minutes to respond to each question . 

The expe r imenter recorded the number of visual 

monitoring e r ror s and the responses to the divergent 

thinking tasks. 

Subjects were then asked to rate , on a scale of one to 

seven , the extent to wh i ch they used imagery to answer the 

expe r imental questions. 
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Scoring . Responses to the divergent thinking questions 

were scored for fluency and flexibility . Fluency scores were 

der i ved by count ing the total number of response s that could 

be assigned t o any of the categories . Flexibilty scores were 

the number of d ifferent kinds or ca t egor i es of r esponses 

given to a question. For example , in response to the 

question of different uses for a ca r dboa r d box , numerous 

res ponses can refer to the same general use (eg ., to draw on 

it , make a painting on it , use it for art , etc ., ) and these 

differ from another category of r esponses (e . g , burn it to 

keep warm , use i t to start a fire , use as combustible , 

etc. , ) . Thus, flexibility refe r s to the number of categor i es 

that were used by a r espondent. 

The procedures used for scor i ng the questions are 

present ed in Appendix I , together with a description of the 

categor i es employed to derive the f l exibility scores . Data 

comparing the inclusiveness of the categor i es i n the four 



79 

question can be seen in Appendix J . Descr i ptive data 

pertaining to the reliability of assignment of resp:,nses to 

categories are presented in Appendix K. Inspection of the 

information provided in these appendices indicates that the 

scoring criteria used by the experimenter were generally 

reliable in that independent judges we r e very likely to 

assign any given resp:,nse to the same categor y . 

In terms of inclusiveness , these categories we r e quite 

homogenous across tasks . For all four questions , rela t ively 

few categor i es accoun t ed for most of the resp:,nses . 

Conve r sely , for al l four questions , the least used 

categories accounted for ver y few resp:,nses . 

Results , 

Fluency scores. Fluency scores for each subject we r e 

de r ived by adding the total number of resp:,nses that could 

be assigned t o any of the categor i es descr i bed as Appendix 

I . Mean Fluency scores for the eight expe r imental condit ions 

are prese nted in Fi gure 6 , and also appear in Table 8. 

An Anova was pe rformed on the Fluency scores using a 

th r ee- factor mixed design , with Questions 

(Concrete/Abstract) and Instructions (yes/no) as 

between- subject factors , and Int erfe r ence (No/High ) as the 

with i n subject factor . The results of this analysis appear 

in Table 9 . Neithe r the three- way int eraction (Questions X 

Instructions X Interference) nor any of the two- way 

interactions reached statistical signif i cance . 
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Table 8: Means and Standard Deviations ( ) for Fluency , 
Flexibility , X- Checking Errors and Imagery 
Usage Ratings in the Four Experimental 
Conditions. 
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Concrete Questi ons Abs tr act Questions 
Levels 

of Imagery No Imagery No 
Interf. Instr uc. Instr uc. Instr uc. Instr uc. 

Fluency 
No 17.7 19.8 15. 3 13.8 

(4 . 6) (4. 0) (4 . 6) ( 3 . 3) 

High 16.2 15. 7 14 . 3 12.4 
( 6 . 9) ( 6 . 3) (5 . 0) ( 4 . 3) 

Flexibility 
No 7.8 8. 5 8.1 7 . 9 

(1 . 8) (2.0) (2 . 2) (2.3) 

High 7 . 4 7.1 7 . 8 7 . 4 
(2 . 4) (2 .1 ) (2.0) ( 2 . 3) 

X-Checking Errors 
High 17 . 55 17 . 90 13 . 85 13 . 90 

(10.2) (13 . 5) (9 . 3) (11 . 1) 

Rated Use of Imagery 
No 5.7 5.9 5 . 4 4. 8 

( 1 . 2) (1 . 3) (1 .4 ) (1. 6) 

High 4 . 9 4.6 4.2 3 . 7 
( 1 . 7) (1. 6) (1 . 3) ( 1 . 3) 



Table 9: Summary Analysis of Variance on Fluency Scores 
for Factors : Instructions, Questions 
and I nterference. 

Source df MS F p 

Between Subjects 

Instruct ions 1 7 . 23 .19 
Questions 1 455 .6 3 12 . 27 <. 002 
Instructions X Questions 1 63 .50 1 . 68 
Error term 76 37 .07 

Within Subjects 

Interference 1 160.00 12 . 70 <.002 
Int erfer ence X Instructions 1 24.03 1 . 90 
Interference X Question 1 27 .23 2 .16 
Int erf . X Intruc . X Quest. 1 1 2 .10 .96 
Er r or term 76 12 . 60 

Note. Values of p> .05 not r epor t ed . 
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Two of the main effects were significant. Fluency scores 

were higher for Concrete t han for Abstract questions 

(F[l , 76]=12.79, p <. 001). Higher Fluency s cores we re also 

attained in the No- Interference compa r ed to the High 

Interfe rence condition ( F[l , 76]=12 . 79 , p<.001) . Image ry 

Instructions did not have a significan t effect on Fluency 

scores (F[l , 76]= . 19 , p> . 65) . 

Hypothesis 1 predicted that Fluency scores for the 

Concrete Questions would not differ between No and High 

Interfe r ence . Given that, overall , Fluency scores were 

higher under the No-interference condition and that there 

was no significant Question X Interference interaction, it 

follows t hat Hypothesis one was not supported . 

Hypothesis 2 stated that for the Abstract Questions the 

No-Instructions group would attain higher scores than the 

instructed group. Since neither the main effect for 

Instruction nor the Instruction by Question interaction were 

significant , Hypothesis 2 was not supported. 

Hypothesis 3 predicted that for Concrete questions under 

High Int erference , the non-instructed group would achieve 

higher scores than their counterpa rts who received imagery 

instructions . Th i s hypothesis was not supported by a plan ned 

comparison between the me ans for these two groups, which 

yielded a value of F(l,76)=0 . 06 , p> . 25. 

For subjects in the Abstract , No Instructions group, the 

High Interference condition did not significantly affect 

their fluency s cores (F[l , 76]=1.55 , p> . 10) . Thus , Hypothesis 



4 was supported. 

In summary, the main findings for Fluency scores were 

that higher scores were observed with the Concrete (vs. 

Abstract) questions and under No (vs . High) Interference . 
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The expected interactions between Question and Instructions, 

and Question and Int erference did not materialize. 

Flexibility scores . Flexibilty s cores were computed on 

the basis of the total numbe r of different categor ies used 

by subjects in t heir responses to one of the questions. Mean 

Flexibility scores for each experimental condition are 

presented in Figure 7 and also are shown in Table 8 . 

An Anova was performed of the Flexibility scores using a 

mixed factorial des ign, with Instructions and Question as 

between-subject f actors, and with Interf e r ence as t he 

within- subject factor. Inspection of Table 10 , wh ich 

summarizes the r esults of this analysis , reveals that no . 

interaction effects we r e significant. 

The only signi ficant finding was for t he Interference 

effect , with F(l,76)=4 . 42 , p<.05. Significantly higher 

Flexibility scores we re observed under the No Interference 

than unde r the High Interference condition. Give n this 

finding and the lack of Question by Interference 

interaction, the data supported the prediction, as stated in 

Hypo t hesis five, that for Concrete questions higher 

Flexibility scores would be attained in t he No- Interference 

condition. 

Hypo t hesis 6 predicted an interaction be tween 
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Fi gure 7 . Mean Flexi bility Scores f or Experimental 
Task Under No and Hi gh Int erfer ence . 



Table 10: Summary Analysis of Variance on Flexibility 
Scores for Factors: Instr uctions , Questions 
and Interfe r ence . 

Source df MS F p 

Between Subjects 

Instructions 1 . 16 . 03 
Questions 1 . 51 . 09 
Instr uct ions X Questions 1 2 . 76 . 49 
Er r or t erm 76 5 . 63 

With in Subjects 

Inter fer ence 1 16 . 26 4.43 < .o 5 
Interfe r ence X Instructions 1 3 . 91 1.06 
Interference X Questions 1 1 . 81 . 49 
Interf . X Intruc. X Quest . 1 1 . 41 . 3 8 
Er r or term 76 3 . 67 

Note . Val ues of p> . 05 not repor t ed . 
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Interference and Instruction ef f ects for t he Concrete 

questions , whereby Imagery Instructions would enhance 

pe r formance under No-interfe rence and have the reverse 

effect under High Interference. Since none of the 

interactions were significant , this hypothesis was not 

supported . 

Hypothesis seven stated that for Abstract questions the 

non-instructed group would receive h i ghe r fluency scores 

than the image ry instructed group. Given that neither t he 

Instruction effect nor the Instruction by Question 

interaction were significant , Hypothesis seven was not 

supported. 
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In order to test Hypothesis eight , a planned comparison 

was made between the means of the No vs . High Interference 

for t he Abstract/No-Instructions group. In support of this 

hypot hesis , no significan t diffe rence was found betwe en the 

No and High interfe rence conditions for the 

Abstract/No-instr ucted group, with F(l , 76)=0.82 , p>.05. 

In summary, the only significant effect obtained for 

flexibility scores was one for the Interfe r ence factor, with 

higher scores obtained for the No-interference condition. 

X-Checking errors, One of the main features of this 

study was the use of the X-Checking task as a procedure to 

interfere with the use of imagery. In t he High Int erference 

condition, s ubj ects responded to the questions while 

concurrently performing the X-Checking task (described in 

detail in Experirrent 1). The number of X-Checking errors 
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were presumed to reflect the degree of i nterference betwe en 

the concurrent tasks . Therefore , more X-Checking e rror s were 

expected for those conc urrent tasks t hat called for t he 

sustainment of visua l image ry . 

Mean x-checking e rrors a re presented i n Table 8 and 

shown i n Figure 8. 

An Anova was pe rf ormed on t h e X-Checking data using a 

Question by Instruction f a ctor i al design. A summary of this 

analysis i s presented in Table 11. Inspection of this table 

reveals t hat neither the interaction nor the main effects 

(Instruction and Question) we r e significant. Although more 

error s we re obse rved for the Concrete Questions, this 

diffe r ence fai l ed to r each statistical signi ficance . 

Therefore , hypothesis nine was not supported . 

Rated use of irrage ry . Subjects in the four experirrental 

cond itions we re a sked to rate the degree to wh ich they used 

i magery when answering the questions under No and High 

interf e rence . The mean ratings appear in Table 8 and are 

also shown in Figure 9 . 

These data were submit ted to an Anova using a mixed 

factorial design , with Instructions and Questions a s 

repeated factor s and with Interference as within factor. The 

summary of this analysis is prese ntend in Table 12. 

As with previous criterion measures , none of the 

interaction effe cts proved significant. In terms of mai n 

effects , subject reported greater use of imagery with the 

Concrete t h an with Abstract questions , with F(l ,7 6)= 7.47 , 
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Table 11: Summary Analysis of Variance on X- Checking 
Errors for Factors: Instructions and 
Questions. 

Source df MS F 

Between Subjects 

Instructions 1 1.75 .o 1 
questions 1 3 06 .91 2.47 
Instructions X Questions 1 .. 12 . 0 0 
Error 76 124. 12 

Note. Value of p>.05 not reported. 
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Table 1 2 : Summa ry Analysis of Variance on Image ry Use 
Rat ings for Factors: Inst r uct ions , Quest i ons 
and Interfe r ence . 

Source df MS F p 

Bet ween Subject s 

Instructi ons l 3 .6 0 1.12 
Questions l 24 . 03 7 . 46 <. 01 
Instructions X Questi ons l 2 . 03 . 6 3 
Error term 76 3 . 2 2 

With in Subjects 

Interfe r ence l 48 . 40 52 . 36 <. 001 
Int erfe r ence X Instructions l . 90 .97 
I nt erfe r ence X Questi ons l .2 2 • 2 4 
Int erf . X Int ruc. X Quest. l 1 .22 1 . 3 3 
Er r or term 76 . 92 

Note . Values of p> . 05 not r eported . 



p<008. Subjects also r epor t ed mu ch gr eater use of in~ge ry 

unde r the No- Interfe r ence cond i tion r ela t ive to 

High-Interfe rence , with a very significant F(l , 76)= 52 . 36, 

p<.001. Interestingly , there was no s i gni fican t diffe rence 

between t he Instruction groups as to their reported use of 

imagery . Th i s suggests t hat Image ry Instructions did not 

predispose subjects to repor t greater use of i mage ry . 
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Image ry questionnaire scores. Subjects responses to each 

of the questions (see Appendix H) of t he Imagery 

Questionnaire were given a score of three , two or one , 

depending on whethe r t hey judged t he question to be , 

respectively, ' True ' , ' Not sur e ' or ' False ' • Each question 

was a statement about the respondents ' habitual use of 

image ry. The maximum po ssible s core was 39 . 

The distribution of scores was nega t ively s chewed . 

Scores ranged from 17 to 39 , with a mean of 34 .73 and a 

standard dev iation of 4.54. The median score was 36 . Th e 

major i ty of subjects a ttained a h igh i magery score , with 62% 

of repondents obtaining scores betwe en 39 and 36. Given the 

nature of this distribution, th e logical and statistical 

bases for sepa rating l ow and high image r s became 

questionable. The r ef ore, a direct test of Hypothesis l O by 

comparing h i gh and l ow image r s was not unde rtake n . 

Pearson product mome nt correla tions were computed 

between the scores on t h e Image ry Questionna ire and other 

measures (e.g., total Fluency and Flexibility s cores , 

X- chec king e rrors) . These correla t ions are presented in 
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Table 13 . 

Hypothesis eleven predicted a positive cor r elation 

be t ween scores on t he Imagery Questionna i re and Flexibility 

scores in the Concrete , No I nstructions, No-inteference 

condi tion. As shown in Table 13, th i s obtained correlation 

was negative , weak and non- s i gn i fican t ( r=-.27, p>.12). 

Inspection of Table 13 reveals an i nt eresting pa ttern . 

Si gn ifican t and mode r ately s trong cor rel a tions between 

Imagery Questionna ire scores and other er iter i on measures 

were obtai ned for only one of the expe riment al groups : 

subjects in the Abstr act Question/ No Instructions group. 

Fur t hermore, th i s group ' s scores on t he i mage ry 

quest ionnaire showed the highest correla t ion (r=.59, p< . 001) 

with self-r epor t ed use of i magery dur i ng t he expe rirrent al 

t ask . 

Discussion, 

The main findings of the seco nd expe riment can be 

summarized as follows: higher Fluency and Flexibilty scores 

were a ttained unde r No (vs . High) Interference , and higher 

flue ncy scores were obtained for Concrete (vs . Abstract) 

questions . Image ry instructions had no significan t effect . 

These three variables (Questions, Interf e r ence and 

Instructions) did not interact . 

These findings are not consistent wi t h the pr edicted 

r ole of ima ge ry in divergent th inking , namely th at 

pe r formance on concrete dive r gent t h inking tasks would be 



Table 13: Correlations between Imagery- Questionnaire 
scores and scores on other er iter ion measures 
in the four experimental conditions. 
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Criterion Imagery Questionnaire Scores for (group) : 
Measures 

Concrete 
No instrc. 

Fluency scores: 
No interf. -. 06 

High Interf. - .10 

Flexibility scores: 
No inter. -.27 

High interf. - .09 

x - check. errors: -.1 3 

Rated use of 
imagery under: 

No interf. 
. 34** 

High interf. 

*p<. 0 5 
**p<.001 

.10 

.14 

Concrete Abstract Abstract Total 
Instruct . No instrc. Instruct. Sample 

.09 - .22 -. 21 - .07 

. 34 -.4 5* -. 04 . 0 2 

.11 .66 -.o 2 -.01 

.29 -.39* .17 .o 4 

-. oo .53** .12 .08 

.46* .59** .39 

.4 4* .47** .10 . 2 5* 
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impaired when subjects ' ability to sustain visual images was 

disrupted . In this ana lysis , the effects of imagery 

interference should be selective to those tasks that evoke 

the use of imagery (i.e., concrete tasks) . I n other words , a 

Quest ion by Int erfe r ence inter action was expected . It was 

not obtained. 

The most parsimonious explana t ion for the prese nt 

findings is task difficulty . We know from the teacher 

ratings (Appendix G) that the Abst r act questions were rated 

as more difficult than t h e Concrete ones . On this basis , we 

can expect to obtain more responses for the easier items . We 

also know from the first study that tasks become more 

difficult when done concurrently with the x- checking tas k 

(see Figure 4) . Thus, on the basis of increasing difficulty , 

we can expect fewe r responses unde r High than No 

Interference . 

Although task difficulty can explai n these results , they 

were not a foregone conclusion. An opposite pa t tern of 

results was obtained in the first study , whe r e the easiest 

task (Letter Tracking) was most disrupted by the 

interfe r ence procedure (see Figures land 4, and Appendix 

E) • 

We cannot conclude that imagery plays no role in 

diver gent thinking. Subjects repor ted using image ry in 

response to t h e q ue st i ons, more so with Concrete than 

Abstract questions (see Figu re 9). Fur t hermore, more 

X- Checking e r ror s were made with Concrete than Abs tract 
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questions. Although this effect was not stati stical ly 

significant , the direction of the trend is opposite to what 

would be predicted on the basis of task difficulty alone . 

What appears to be the case is that the sustainment of 

visual images is not essential to performance on the 

divergent thinking questions. In contrast to the Letter 

Tracking task of the firs t study , concrete dive r gent 

thinking tasks of the type used in the second stu dy can be 

performed by r elying on other modes of represe ntation , or 

other imagery processes . Th i s would be consistent with 

Kosslyn's (1980) model of imagery, whereby diffe rent tasks 

call for diffe rent imagery processes (e.g., focus , enla r ge , 

scan, etc.,). In fact , Kosslyn ' s model posits distinct 

processes for the generation and insI;ection of images . In 

the prese nt study , subjects could not sustain images (under 

High Interference) but they did conjure images briefly , as 

witnessed by their reports. What functional role was played 

by these i mages is an open question . 

The lack of ef f ect for Image ry Instruct ions was not 

comple tely unexpected . Image ry instructions h ave not shown a 

consistent ef f ect in previous studies and have not been 

tested with divergent think i ng tasks . Diffe rent type of 

image ry instructions may prove effective . An interesting 

result in connection with instructions pe rtains to subjects ' 

reported use of i mage ry. Neither Imagery Instructions nor 

respond ing to the Imagery Questionnaire pr edis p::> sea subjects 

to report higher use of imagery. This suggests that reports 
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of imagery use may be quite resi s tant to tacit task demands . 

Kauffman's (1980) contention t hat imagery plays a 

greater r ole in t he flex i bility t han fluency aspects of 

dive r gent thinking was not supported by the prese nt study , 

but only in respect to sustained use of v i sual i mages . Other 

image r y pr ocesses may wel l contribute to divergent t hink i ng . 

Furthermore, vi sua l i mage ry may be critical to divergent 

t h inking with figural information, as suggested by Guilford 

(1967) . 



CHAPI'ER IV 

GENERAL DISCUSSION AND CONCLUSIONS 

The main purpose of the first expe riment was to 

determine whether the X-Checki ng task would interfe r e with 

the sust ainment of v i sual images, ref l ected in the 

deterioration of pe rformance in Letter Tracking. Results 
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from al l the criterion meas ures (i . e ., task error s , 

X-Checking e rror s , tracking time, rat ed difficulty) 

consistently supported the conclusion that the X- Checki ng 

task had t he expected interference ef f ect on the Letter 

Tracking task. It di srupted performance on that t ask mor e 

than on others. The effect was interpreted in t erms of 

interf e r ence with the sust ainment of images , an 

interpretation supported by subjects ' reports of greater use 

of image r y under No than High Interference. Thus , these 

findings prov i de strong support for the use of the 

X-Checking task as an imagery interference procedure , and 

a re consistent wi t h the claim (e. g., Finke, 1980) that 

image ry and v i sual pe r ception share unde rlying processes. 

The X-Checking task disrupted the sustaining but not the 

gene r ation of images , as ev i de nt in its lack of effect on 

the Picture Words task. The critical f actor r esponsible for 

this interference was the rate of stimuli presentation. The 

f a stest rate, wh i ch displayed a s t imulus _(X or XX) for 1.4 

seconds , al lowed sufficient time to moni tor the stimulus , 

make a response and also generate an image. This image coul d 

not be sustai ned for long because anothe r s t imulus appeared . 
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It is presumed longer presentation rates would allow the 

sust aining of images and would therefore be less disruptive 

to performance in the Letter Tracking task. Conve r sely , it 

is presumed that fas t er rates would begin to int erfere with 

the generation of images , but would also make the X- Checking 

task increasingly di fficult . One area of further 

investigations pertains t o determining the rate of t he 

X- Checking task which interfe r es with the generation of 

images but does not make it substantially more di fficult . 

This would allow us to investiga t e the role of imagery 

generation vs . sustainment across a variety of tasks . 

The X- Checking task has many features to recommend it as 

a procedure for manipulating imagery . It is flexible in that 

the rate of presentation and dur ation of t rial can be 

varied. More i mpor t antly , the computer program keeps a 

record of X- Checking errors , wh i ch gives the expe r imenter an 

objective measure of interfe r ence as well as way of 

verifying that the interference task was in f a ct attended 

to. The development of this int erfe r ence procedur e is 

considered to be a contribution to the methodology available 

to image ry researchers . 

The second study calls attention to a numbe r of issues . 

The first one pertains to the use of self reports as 

evidence for the involvement of imagery in a given task . The 

first study showed ve r y close cor respondance between changes 

in performance as documented by objective data , such as task 

error s , and subjective reports such as difficulty ratings 
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and spontaneous repor t s from subjects r ega rding the loss of 

the image dur i ng int erfe r ence . Thus , there was a gr ea t 

degree of co ngruence i n t he f i rs t s t udy be t ween subjective 

repor t s and the object i ve da t a . In the seco nd s t udy , 

subjects also r epor t ed greater use of i mage r y unde r No t han 

High I nt e rfe r ence. Howeve r, given that the results of the 

se cond study fa i led to est abl i sh an ima ge ry ef f e ct on 

diver gent thinking , i t i s di fficul t t o asse r t what 

functional r ol e , if any , was played by these r eported uses 

of image r y. I t is clear that self-repor t s are not by 

themse l ves suffici ent to establish i magery ' s role i n a task . 

Col l ate r al infor ma tion must be obtai ned . Fur t hermore , as 

ev i dent by the spont aneous repor t s during t he Lette r 

Tr acking task and consi stent with Ericsson and Si mo n' s 

(1980) d i scussi on of verbal r epor t s as da t a , these r epor t s 

a r e more valuable i f they can be obtai ned as the task 

unfolds r athe r than after i ts comple t ion. 

Another issue pert ains to using 

concret eness- abstractness as a c riteria for de t ermin i ng 

whether image ry might be cal l ed for i n a gi ven task . Ther e 

a r e two pr obl ems, one of the definition and the othe r of the 

locus of the attr i bute . When the sti mul us i s di scret e or 

simple , such as stimulus words , i t appears to be relat ively 

simple to de t ermine whether i t i s co ncrete or abstr act . The 

situation become s problema t ic fo r mor e compl ex sti mul i. In 

the second study , a numbe r of cr i ter ia wer e used t o c r eate 

abstr act di ve r gent th i nk i ng quest ions . It i s co ncei vable 
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that the thinking elicited by these questions was quite 

concrete. For instance , in response to the question, 'How do 

machines and technology affect people and society?', one can 

th i nk of a specif i c machine , such as a ca r , hav ing a 

specif i c effect , such as more frequent travel , just as in 

the case of the concrete questions one would th i nk of a 

specific brick used for a parti cula r situa t ion. Furthermor e , 

we may be mi staken in assuming that stimuli a re concrete or 

abstract . Rather , these may be attributes that th e person 

br i ngs to a task, dependent on the context , task demands and 

cognitive capacities. • 

Th i s br ings our attention t o a rel a t ed issue . There are 

a small number of tasks , such as concrete vs . abstr act 

stimuli i n paired- as soc ia t e learning or the mental rota ti on 

task , which have been shown to engage the i mage ry mode . 

Imagery researchers would benef i t from a much la r ge r 

inventory of tasks which a r e imagery mediated . It will be 

easie r to understand how i mage r y works when we can be more 

certa i n when and where i mage ry is funct i onal . The 

interfe r ence procedure used in t h i s study could be one of 

the tools used to make this inventory . 

Concerning the i ssue of imagery instructions, the seco nd 

study found them to have no effect on performance on the 

di vergent thinking t asks . Fur th e rmor e , subjects we r e more 

predisposed to use image ry by task demands , such as Concrete 

questions or No-interf e rence , than by instructions. Th i s was 

in spite of having provided subjects with fairly de tail ed 



instructions and with raninde rs during the task to use 

imagery . Perhaps greater training mi ght have produced an 

effect. These results suggest we need to be cautious and 

refrain from assuming that the mere suggestion to use 

imagery will invoke its use or have beneficial effects . It 

is premature to suggest that image ry instructions will 

enhance divergent th i nking. Th i s question merits 

clarification through research that compares different 

instructional variables across different tasks wi thin one 

study. We could then begin to specify those factors that 

make instructions ·effective for a given task . 
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As to the central question of this study , that of the 

contribution of imagery to di vergent thinking and in 

particula r Kaufmann ' s (1980) claim for a privileged role in 

t he flexibility component , the present results do not 

support t he proposition that the sustainment of images is 

essential to performance in these divergent thinking tasks. 

There was evidence to suggest that subjects we r e more 

predisposed to use imagery with the concrete questions, but 

imagery interference did not selectively disrupt performance 

for these concrete tasks . Th is may mean that these tasks can 

be performed using a verbal processes , or that the 

generation but not the sustainment of imagery plays a role 

in these tasks. What role might be played by image 

generation is an open question. It may be epiphenomena! , as 

Pylyshyn has suggested (1973) or it may be an essential one . 

Image generation might represent the essence of an idea that 



is then translated and elaborated through language. This 

issue also merits further investigation. 
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The present study does not rule out the use of sustained 

visual imagery in other kinds of divergent thinking tasks, 

such as with the figural stimuli used in pa rts of Torrance's 

(1966) test of creativity . Investigation of the role of 

visual imagery with figural divergent-th inking tasks would 

be a logical extension of the present study . 

The present findings should generalize to the adult 

population, as sug gested by pilot studies. Their 

generalization ' to Sfecial populations, such as the mentally 

retarded , and to younger age groups is an open question . 

Finally , as previously noted , these results are 

compatible with a theory, such as Rossl yn ' s (1980), which 

posits distinct imagery processes rather than an 

undifferentiat ed imagery ability. 
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APPENDIX A 

Stimulus words for Picture Words task . 

(*)Imagery (*)Frequency 
Value Value 

Sample list: 
Pencil 6.37 40 
Alligator 6.87 1 
Quality 3.10 A 
Sky 6.73 AA 
Duty 3 .17 AA 
Library 6 . 7 3 A 
Idea 2 . 20 AA 
Hammer 6 . 73 34 
Soul 2 .13 AA 

Experimental lists: 
List 1: 
Truck 6 . 60 23 
Tower 6 . 53 A 
Fate 2 . 37 A 
Star 6.70 AA 
Position 2 . 97 AA 
Queen 6. 57 AA 
Attitude 2 .77 A 
Tree 6 . 77 AA 
Method 2 . 6 3 AA 
Moment 2.50 AA 
List 2: 
Snake 6.90 28 
Flag 6.60 A 
Situation 2 . 53 A 
Ship 6.67 AA 
Knowledge 2 .97 AA 
Gold 6 . 47 AA 
Excuse 2 .77 A 
House 6.67 AA 
Amount 2 . 7 3 AA 
Chance 2.50 AA 
List 3: 
Fox 6.73 25 
Coin 6.50 A 
Fault 2 . 83 A 
Cat 6. 80 AA 
Mind 3.03 AA 
Book 6 . 43 AA 
Event 2.90 A 
Door 6.60 AA 
Answer 2.77 AA 
Truth 2. 7 3 AA 

( *) Imagery and frequency values from Paivio , Yuil l e & 

Madi gan (196 8) . 
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APPENDIX B 

Stimulus letters for Letter Tracking task, 

(1) (2) 

I 

I 

I 

(2) (2) 

(1)= Practice item. 
(2)= Experirrental items. 
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Appendix C. 

Stimulus words for Opposites task. 

Sample list Experimental lists 

List 1 List 2 List 3 

(1) Hard (l)Deep (!)Black (!)Short 
(!)Sweet (l)Slow (l)Cold (!)High 
(2)Acquit (2)Abstract (2)Gradual ( 2) Spontaneous 
(l)Sad (1) Ugly (l)Loud (l)Old 
(l)Sell (!)Smooth (l)Love (l)Never 
(2)Ferocious (2)Private (2)Bold ( 2) Specific 
(1) Sit (l)Clean (1) Push (l)Dark 
(2)0dd (2)Success (2)Temporary ( 2) Rude 
(2)Reject ( 2) Simple (2)Friend (2)Liguid 
(l)Fat (l)Day (l)Good (l)Up 

(1) These words were taken from Paler mo and Jenkins (1964) 

and from Carrol, Kjeldergaard , and Carton (1962) . They were 

selected because they have been found to elicit antonyms as 

their most frequent responses in word association tasks . They 

are also familiar words , and were included in the lists as the 

easy items. 

(2)These words were selected on the basis of locally 

obtained data . Sixty eight high school students were given 24 

words , presented orally at the rate of one every 7 secs . 

Students were asked to write an antonym for each word within 

the alloted time (7 secs.). Students' responses were scored as 

either correct or incorrect using The basic book of synonyms 

and antonyms (Urdang , 1978) as the criteria. Twelve words were 

selected because they were found to be difficult for high 
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school students (i.e., a small percentage of students gave 

cor r ect ant onyms) , and four words were selected because they 

wer e easy. The words presented to the students are shown below , 

with the percentage of students giving a cor r ect antonym , and 

the eventual assignment in the study . 

Stimulus word 

Private 
Cruel 
Odd 
Gradual 
Abstract 
Spontaneous 
Weal th 
Temporar y 
Rude 
Acqu i t 
Fer ocious 
Create 
Rapid 
Liquid 
Simpl e 
Hor i zontal 
Agi le 
Greedy 
Specific 
Bold 
Jubilant 
Reject 
Success 
Fr i end 

Percent of students (N=68) 
who gave correct antonym 

56 . 7% 
92 . 6% 
79 . 4% 
16 % 
16 % 
16 % 
63 .1% 
75 % 
76 . 5% 
21 . 9% 
61 . 7% 
82 .4% 
86 . 8% 
95 . 6% 
97 .1% 
100% 
43.9% 
70.6% 
55 . 8% 
55.8% 
41.2% 
79.4% 
73 . 5% 
97 .1% 

Assigned to: 

List l 
Not used 
Sample 1 i st 
List 2 
List 1 
List 3 
Not used 
List 2 
List 3 
Sample list 
Sampl e list 
Not used 
Not used 
List 3 
List 1 
Not used 
Not used 
Not used 
List 3 
List 2 
Not used 
Sample li st 
List l 

List 2 



100 
110 
120 
130 
140 
150 
16 0 
170 
180 
190 
200 
210 
220 
23 0 
240 
250 
26 0 
270 
280 

290 
300 
310 
320 

330 
340 
350 
360 

370 
380 
390 
40 0 
410 
420 
43 0 
440 
450 
46 0 
47 0 
490 

APPENDIX D 

Computer progr am for X- Checking task. 

home 
input "r "; k 
input "nmbr "; 1 
for i = 1 to 600: next i 
for i = 1 to 1 
a = Y 
x = int ( 2 * rnd (1 ) ) 
if x = 0 then x$ = "x" 
if x = 1 then x$ = "xx" 
if x$ = "x" then t = 206 
if x$ = "xx" then t = 205 
y = int (5 * rnd (1) + 1) 
if y = a goto 210 
home 
on y goto 250,280 , 320 , 360 
pr i nt tab( 20)x$ 
go sub 43 O 
goto 390 
print : pr int : pr i nt 
: print : print : pr i nt 
: print : pr i nt : print 
pr i nt tab( 38)x$ 
go sub 43 0 
goto 390 
print: print : pr i nt 
: print: print : pr int 
print : print : p rint 
pr i nt tab( 20)x$ 
go sub 43 O 
goto 390 

pr int : pr int 
print 

: pr int 

pr i nt : print 
: pr i nt 
pr i n t : pr i n t 

pr i nt : pr int: 
: pr int : pr int 
: print : prin t 
pr i nt x$ 

print pr i nt : print 
pr i nt pr i nt 

gosub 43 O 
home 
next i 
pr i nt q; " 
go t o 57 O 
let c = o 

: print : pr i n t 

n; p; " II; f 

poke 49168 , s: rem clear keystrobe 
for j = 1 to k 
if c = O th en 4 90 
for g = 1 to 9:next 
if peek (491 52) < 128 then 540 

116 
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500 let c = 1 
510 s = peek (49152) : ifs= t then q = q + 1 : 

goto 53 0 
5 20 p = p + 1 
530 poke 49168 , s : rem clear keystrobe 
540 next j 
550 if c = 0 then f = f + 1 
56 O return 
57 O end 
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APPENDIX E 

Data for familiarization trials in Experiment I . 

Table 14 . Means and Standard Deviations ( ) for Criterion 
Measures Obtained During the Familiari zation Trials . 

Tasks 

X- Checking Picture Letter Opposites Sound 
Words Tracking Tracking 

Low High 

% Task Err ors 
2 . 0 2.0 19.7 3.4 23.8 8.7 

(4.4) ( 3. 4) (15.9) (13.4) (11 . 9 ) (11.3) 

Difficulty 
ratings 2 .0 2 .7 2.3 4.3 

( .9) (1.2) ( 1 . 0) (1 .4) 

Tracking time 
(secs.) 11.0 11 . 5 

( 3 . 7) ( 3 . 6) 

Note . The data for Low and High X- Checking task - errors are 
averaged over two practice trials . 



119 

APPENDIX F 

Summary of multivariate tests for Experiment I. 

Table 15 

Multivariate F tests Using Wilk ' s Lambda Criterion. 

Source df {Hyp.) df{err) F p< 

Task Errors Task 3 33 30.19 .001 
Interference 2 34 10.97 .001 
Task X Inter f . 6 30 4 .77 . 002 

X- Checking Task 3 30 42.33 .001 
Errors Task X Interf. 3 33 10.11 . 001 

Tot al Er r ors Task 3 33 14. 43 .001 
Task x Int er£ . 3 33 4.91 .006 

Difficulty 
Ratings Task 3 33 23 .0 8 .001 

Interference 2 34 122.46 . 001 
Task X Inter£. 6 34 15 .01 .001 

Track i ng 
Time Int e r fe r ence 2 34 126. 40 .001 

Task X Interf. 2 34 56.67 . 001 
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APPENDIX G 

Teacher ratings of Concrete and Abstract questions . 

Twenty high- school teachers , each with more than seven years 

of teaching experience , responded to the questionnaire below . 

The purpose of the questionnaire was determine whether the 

Astract questions created for Experiment II were judged by 

professionals familiar with high- school students to require more 

abstract thinking than the Concrete questions . 

Questionnaire . 

Questions presented to high- school students di ffer along 
many dimensions . One of these is the concrete-abstract 
dimension . Some questions may require the student to think very 
concretely whereas other questions may demand more abstract 
thinking . Below you will find six questions . Please rate each 
question as to the deg ree to which it demands concrete/abstract 
thinking. Rate each question along a continuum, from ' l' (very 
concrete) to ' 7 ' (very abstract) . Feel free to use the whole 
range or you may think that all questions rate the same . Use 
your own judgment to rate the concrete/abstract demands of each 
question. 

Very Very 
Concrete Abstract 

1 How do technology and machines 7 J 
affect people and society . 
Give as many effects as you 1 2 3 4 5 6 7 

can think of . 

2 Give me as many uses as you 
can think for a brick . 1 2 3 4 5 6 7 

3 Give me as many uses as you 
can think of for a card- 1 2 3 4 5 6 7 

board box . 



4 How do weather and climate 
affect people and society. 
Give as many effects as you . 1 

can think of. 

5 Give me as many reasons as 
you can think of why health 
is important to people and 1 

society 

6 Give as many uses as you can 
think of for a metal coat 1 

hanger . 

2 3 

2 3 

2 3 
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4 5 6 7 

4 5 6 7 

4 5 6 7 

Results from this questionnaire showed the following: the 

mean abstractness ratings for the Concrete Questions 

(experimental items, numbers 2 and 3 above) were the same (=2 . 8) 

whereas the Abstract Questions (questions 1 and 4 above) 

received mean ratings of 5.25 and 5 .15 respectively. At- test 

showed that the Abstract questions were rated as significantly 

more abstract than the Concrete Questions , with t(l9)= 4 . 58 , 

p<0 . 01. 

The same questionnaire, but with different instructions and 

anchor labels (l=very easy; 7= ver y difficult) was also 

completed by the same group of teachers . Results showed that the 

Abstract Questions wer e rated as significantly more difficult 

than the Concrete Questions , with t(l9)=4.41, p<.01. 
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APPENDIX H 

The Imagery Questionnaire used in Experiment II is shown 

below . The items were selected from Paivio ' s (1971) 

Individual Differences Questionnaire on the basis of a 

facto r analyt ic study (Paivio and Harshman, 1983) which 

showed t he items below loaded primarily on one factor 

presumed to be related tO the habitual use of imagery . 

l1Ub.9.,ry QuestionnairE: 

People report that they have mental pictures or images. They can remember an 
event by visualizing a mental picture of that event. or can use mental pictures 
to solve problems or plan actions. Whereas some people report frequent use of 
menta l picturea, others report that they rarely use or are aware of mental images. 
The questions below are designed to determine the extent to which you experience 
mental pictures. Answer the questions belov by putting a check(,/) in the appro­
priate column to indicate •r,.,..· , "Not. Sare or "1alse" for each question. 

I can easily picture moving objects in my mind 

I have only vague viaual impr•••iona of acenea 
I have experienced 

I think most people think in terms of mental 
pictures whether they are completely aware of 

it or not 

I can close my eyes and easily picture a scene 
I have experienced 

When someone describes something that happened to 
him, I sometimes findllfself vividly imagining the 

events ,that happened. 

I never use mental pictur'es or images when trying 
to solve problems . 

I find it difficult to form a mental picture of 
anything 

Lietenina to 1omaone recount hie experi•ncaa doea 
not ueually arouee mental picture■ of the incident• 

b• in& d•ecribed 

My thinking often conei•t• of mental picture• or 
imagea 

I do not form• mental picture of people or 
plac• • vhen reading of them 

I often enjoy the u•• of m~ntal picture• to 
uainiece 

When remembering a acene, I use verbal descriptions• 
rather than mental pictures 

I often use mental images or pictures to help me 
remember things. 

TRUE HOT 
sur:i:: 

FALSE 
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APPENDIX I 

Criteria for deriving Fluency and Flexibity scores. 

Responses to all four questions were assigned to 

categories. These categories we r e derived by first surveying 

all responses to dete rmine commonalities in the types of 

responses given to questions. For example , the question on the 

uses for a brick elicited some common classes of uses , such as 

using it for some construct i on purpose , as a tool or as a 

weapon. An initial set of categories for each question was 

established. Using these categories , r esponses were scored to 

determine whether these categories we r e unambiguous and 

capable of classifying most responses. The system of 

categories was further refined so that approximately 95% of 

the responses could be assigned to one of the categories. Most 

of the other responses were assigned to a miscellaneous 

category. These were valid responses but too infrequent to 

create a category to cover them . Some responses (less than 

. 5%) were not scored for being too vague , totally irrelevant 

or a repetiti on of a previous response. 

The Fluency score was the total number of responses that 

could be assigned to any of the categor i es . The Flexibility 

score was the total number of categor i es used by a subject in 

h i s responses to a questi on. 
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The categories for each of the four questions are 

described below , with sample responses. They are listed in 

order of their frequency , with t he most frequently used 

category listed first. 

Categories for Concrete Questi on 1 : Uses for a brick , 

Cat egory 1. use for construction - conventional. Sample 
responses : bu ild a house, make a wall , build a chimney , 
build a f ire place . 

Category 2 . Use for construction - unconventional. Sample 
responses : build a dog house , build a boa t, make stoves , 
build a book case , make a road , bu i ld a table. 

Category 3 . Use as a weight or to hold things down . Sample 
responses: use as a pape r weight , keep plastic down for a 
tent , stop things from blowing , keep front of boa t down , use 
as an anchor. 

Category 4. Use as a tool to pound or scrape . Sample 
responses: to open a coconut , to fla t ten a box , squash 
appl es , f latten out metal , hammer a na i l , scrape something , 
grind gr ain . 

Category 5 . Use to prop up, suppor t or raise off the gr ound . 
Sample responses : stabilize short l eg of a chai r, to place 
thing on it, hold boat up, prop up a ca r, hold up a sofa , as 
a booster to make something taller. 

Category 6. Use brick as a weapon. Sample responses : to beat 
someone , for self- defense , hitting people on the head , th row 
at people you hate , tie on rope and h it people on the head . 

Category 7. Use as an art ma terial, or for pain ting or 
wr i ting . Sample responses: make a ca rving , make a des i gn 
with it, paint or draw on i t , use for art, make a sculpture, 
write a message on it, use instead of canvass . 

Cat egory 8 . Use brick as a stoppe r. Sample responses: stop car 
from from rolling, block a door , put under car wheel s , door 
stop, use as a stopper , to block some t h ing . 

Category 9 . Use as pa r t of a game or as toy. Sample responses: 
as toys, s tack and use as bl ocks , throw for shotput , pe t 
r ock , use for game , play catch , as hockey puck, dance a round 
it, use as building blocks . 
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Category 10 . Use material from crushed brick. Sample 
responses: make it into dirt and dust , make pigment , make 
clay out of it , crush and use as sand , grind it up and use 
for paths , grind it up and use for cosmetics . 

Category 11 . Use for decoration. Sample responses: to decorate 
with , to make a pattern , make an ornament , hang it from tree 
as ornament. 

Category 12 . Use as insulation, to protect from heat . Sample 
responses: put behind a stove , put hot things on it , line 
inside a wood furnace , put hot pots on counter , hold ashes 
in fire. 

Miscellaneous . Uses for br i cks that do not be assigned to any 
of the above categor i es . Sample responses: heat it up and 
use as iron, to test bonding strength , file it and make it 
round for a wheel , heat i t up and cook an egg on it , de r ail 
a train , hide a key , make noi ses with it. 

Categories for Concrete Question 2: uses for a cardboa rd box . 

Ca t egory 1 . Use cardboa rd box for stor i ng things . Sample 
responses: to store things , put milk in it , keep keepsakes , 
for storage , to store shoes . 

Category 2. Use cardboard box for keeping or trapping animals. 
Sample responses: keep kit t ens , make a cat box , put animals 
in it , cages for pets , make a nest for a bird. 

Category 3. Use cardboard box for play material . Sample 
responses : make a dol l house , make a sword , use for puppet 
theat re , play game by throwing it around , pl ay house . 

Category 4 . Use cardboard box as container for mov i ng or for 
carrying things. Sample responses: carry groce r ies , carry 
stuff , collect eggs , use for moving . 

Category s. Use cardboard box for furniture . Sample responses: 
use as table , for baby cradle , as chai r , for book racks . 

Category 6 . Use cardboa rd box for ar t and crafts material . 
Sample responses: make mobile , cut up and draw on it , pa i nt 
on it, cut shapes , for drawing on . 

Category 7 . Use cardboard box to package or mai l things . 
Sample responses: to send things in the mail , package gifts , 
for packaging , ship th ings in it . 

Category 8.Use cardboard box to make or repair things . Sample 
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r esponse s: make a lamp shade , repair a shoe , make a hat, f ix 
br oken glass , make book cove r s . 

Category 9 . Use cardboa rd box as combustible. Sample 
responses: burn i t for fi r e , to burn , start a fire . 

Cat egory 10. Use cardboard box to pr o t ect or cove r something . 
Sample responses: to keep wa t er or dirt from someth ing , to 
pr otect something, cove r things up, cove r a windsh i eld , 
cover a whole . 

Category 11. Use ca r dboa rd box for writing ma terial . Sample 
responses: wr i te on it , make signs, use for adverti s ing . 

Ca tegor y 12 . Use cardboa rd box to hide things. Sample 
response s: to hide something , for ki ds to hide stuff in , 
hi de stuff in it. 

Category 13. Use ca r dboa rd box for building material . build a 
wall, to build things , make a div i de r, make a tower . 

Category 14. Use ca rdboa r d box for ga rbage containe r. Sample 
responses: put garbage in it , keep rubbish in it, put 
compost in it , as waste pape r baske t. 

Category 15 . Use cardboard box as pot for pl an ts. Sample 
responses: put plants in it, grow toma toes in it, pl ant 
t h ings i n i t . 

Category 16. Use cardboa rd box for clothing or costumes . 
• Sample responses: make halloween costumes , wear it as 

shorts . 

Category 17. Use cardboard box as a mat. Sample r esponses: put 
it on t he floor as mat, use as entrance mat. 

Miscellaneous . These r esponses could not be assigned to any of 
the above categories. Sample responses: live in it, wa tch it 
decompose , stand on it , use as straight edge . 

Categor i es for Abstr act Question 1 : How do weather and climate 
affect people and society. 

Category 1 . Affects ki nd and/or l evel of non- work activity . 
Sample responses: cold climates have more winter sports , 
sporting activ i ties available , want to do more when sunny , 
what you do on weekends . 

Category 2. Affects moods and temperament . Sample responses: 
feel happy when sunny , affects our mood , get grumpy when 
weather is bad , affects people emotionally . 
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Category 3. Affects business productivity and economic 
development . Sample responses: countries with different 
climates produce different things , creates employment in 
different areas like waterproofing , when it is too cold you 
can ' t work , need for different products like umbrellas . 

Ca t egory 4 . Causes disaster . Sample responses : tidal waves 
cause epidemics , can destroy a city , can br i ng destruction , 
tornadoes kill people . 

Category 5. Affects where people live and settle . Sample 
responses: people tend to live in wa rmer places, makes you 
want to move to a place , affects where people live , can ' t 
live in the ext r emes . 

Category 6. Affects type and amount of food available . Sample 
response s: if there is no rain food will not grow , affects 
food and crops , food available to eat, crops are dependent 
on weather. 

Category 7 . Affects t r anspor t ati on. Sample responses: need a 
snowmobile if the r e i s a lot of snow , type of ca r you drive , 
affects transportation , hinder space crafts. 

Category 8 . Affects type of clothing . Sample responses: 
affects attire , clothes you wear , clothes you buy , different 
clothing needed for different climates , affects style . 

Category 9 . Affects fauna, flora or soil . Sample responses: 
affects furs on animals , affects plants, soil , trees , 
vegetation, rain waters plants. 

Cat egory 10 . Affects health and sanitation. Sample responses: 
weather can be bad for people ' s health , too much sun gives 
you sun stroke , can get frostbit ten , people tend to get sick 
when it is cold . 

Category 11 . Affects type of shelter needed. Sample responses: 
climate affects buildings and structures , buildings a r e 
adapted to climate , affects type of shelter , style of 
houses . 

Category 12 . Affects lifestyle. Sample responses: lifestyles 
are changed by weather , affects the way people live , affects 
our lifestyles , have to learn to adjust to weather. 

Category 13 . Affects level of productivity . Sample responses: 
work less when weather is good , when weather is bad there is 
less absenteeism, might be hard to go to work , mi ght want to 
skip work . 
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Ca tegory 14 . Affects vaca tion plans and dest i na tions. Sample 
response s : affect travel plans , decide wher e to holiday 
because of weather , go skiing where the r e i s snow . 

Cat egory 15 . Affects interpersonal relationships . Sample 
response s: affects relations with others , se rves as a 
conve r sation piece , keeps people together, good thing to 
talk t o other people . 

Category 16 . Affects people ' s physical characteristi cs . Sample 
r esponse s : affects shin color , people ' s weight , how people 
look , makes people ' s skin diffe r ent color. 

Category 17 . Affects weather- sensitive occupations . Sample 
response s: makes trouble for fa rme r s , affects sailors , 
important for farmers . 

Ca t egory 18 . Affects amount of heating required . Sample 
responses: how much heati ng you need , how much hydro is 
used, in some parts you need air conditioni ng . 

Miscel l aneous . Responses that could not be clearly assigned to 
any of the above ca t egor i es . Sample responses: g ives police 
clues to a murder , rain keeps things clean , make life more 
i nteresting , produces fresh wa t er . 

Categories for Abstract Question 2 : What a r e the effects of 
machines and technology on people and socie ty? 

Category 1 . Make life easier and provide conveniences . Sample 
response s: life is easie r with more conveniences , lifestyle 
not as much work , improved standard of living . 

Category 2 . Affect the s~ed , diversity and/or efficiency of 
production. Sample responses : cars a r e made faster , do 
things fast and effici ent , peopl e can do more things i n a 
day , mach ines s~ed up production. 

Category 3 . Affect the level of emplyment. Sample responses: 
the r e ' s loss of jobs , creates employment , computer s c rea t e 
new jobs , robots replacing people . 

Category 4 . Affect t r avel and t r ansportati on . Sample 
response s: t r ansportation i s now more convenient , technology 
helps transportation , travel is easier and fas t er . 

Category 5 . Affect health and medici ne . Sample r esponse s: 
people kepst alive longer , al l ow medical breakth roughs , 
assist health and medicine , new cur es for deseases . 
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Category 6. Make possible scientific ach i evement and 
discove ries . Sample responses: scientif i c advances are 
quicke r, al l ow for exploration in SP:ice and t he oceans , 
makes r easearch easier, can discove r new things. 

Category 7 . Produces s tr ess and alienation in interpersonal 
relations. Sample responses: people are less open , there is 
animosity be tween people , fear of nuclear bombs , makes 
people feel smaller . 

Ca tegory 8 . Threat man and envi ronment . Sample r esponses: 
i ncreased threat of total dest r uction, technology of warfare 
endange r s people , create pol lution. 

Category 9 . Amoun t of knowledge has increased and people a r e 
more informed. Sample responses: pe ople are more aware , 
aver age person is brighter , learning more about ou r own 
earth , expanded hor i zon. 

Category 10. Facilitates communication. Sample r esponses: 
eas i e r to find t hings out, talk to people around the world , 
ge t information qui cker. 

Category 11. Af f ect how people learn and the need for 
education. Sample r esponses : more education i s now needed, 
computer used for teaching, more training to ope r ate 
machines . 

Category 12. Affect r ecreation and entertainment. Sample 
responses: new forms of entertainment , sci- f i effects in 
movies a r e more va ried , machines help us in our leisure 
time . 

Category 13. Increased leisure time . Sample responses: more 
free time , increased leisure time , less working hours per 
week . 

Category 14. Increased rate of change . Sample responses: life 
has speeded up, l ife has faster pace , people have t o adapt 
to rapid changes , makes everyth i ng faste r. 

Ca t egory 1 5. Mach i nes and technology are controlling socie t y . 
Sample responses: machines are taking over, they 'll be 
running our coun try , computers run t hings by themselves , 
people can be programmed. 

Cat egory 16. Raised level of expectations. Sample r esponses: 
people expect more , wan t more , want to get th i ngs . 

Category 17. Affect the accumula ti on and distr ibutio n of 
wealth . Sample responses: more money for one pe r son , sel l 
more and make more money , ot her people made poorer . 
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Category 18. Create dependency on machines . Sample responses: 
we ' ve become dependent on TV , don ' t do th i ngs for ourselves , 
dependent on technol ogy . 

Category 19. Allow us to do things we h i therto could not . 
Sample responses: computer s working on problems we could 
not , can do work humans can't, allow us to do different 
things like fly . 

Category 20 . Affect how people think of the world and 
themselves . Sample responses: becoming awa r e of what man can 
real l y do , allow people not to rule things out , affect the 
way we think of ourselves. 

Category 21 . Make people th i nk less . Sample r esponses: people 
don 't have to think anymore , don 't have to use our brai ns , 
getting dumber . 

Category 22. Eve r yth i ng is more art ific i al , less natural. 
Sample responses: eve ryth i ng i s synthesized , makes food 
taste diffe r ent , th ings a re less natural . 

Miscel l aneous . Responses we re assigned to this category i f 
t hey could not be assigned to any of t he above . Sample 
r esponses: prompts polit i cal debate, made people lazy, feel 
more conf i dent , causes cities t o get bi gge r, affects s i ze of 
the farn ily . 
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APPENDIX J 

Inclusiveness of categories used for obtaining 
flexibility scores . 

The ca tegor ies used to de rive Flexibility scores are 

desc ribed in Appendix I . Table 16 below shows the percentage 

of responses assigned to t he categories for each question. 

Tabl e 16 

Pe r centage of responses assigned to each response category . 

Concrete Questions 
Question 1 Question 2 

Cat.# % of 
Resp. 

1 32.2% 
2 11.8% 
3 11.7% 
4 9 . 9% 
5 6.6% 
6 4 . 7% 
7 4 . 6% 
8 3 . 8% 
9 3 . 5% 

10 2 . 5% 
11 1.6% 
12 1 . 4% 

Misc . 5 . 7% 

Cat . # % of 
Resp. 

1 28 . 0% 
2 10. 6% 
3 8 .4% 
4 8 .1% 
5 6.7% 
6 5 . 9% 
7 4 . 4% 
8 4.3% 
9 3 .4% 

10 3 . 2% 
11 3 . 2% 
12 2 . 9% 
13 1 . 8% 
14 1. 5% 
15 1.2% 
16 1 . 0% 
17 .8% 

Misc. 4 . 8% 

Abstract Questions 
Question 1 Question 2 

Cat.# % of 
Resp. 

1 16.5% 
2 14.8% 
3 9 . 7% 
4 9.4% 
5 6 .6 % 
6 5.6% 
7 5 . 1% 
8 4 . 5% 
9 3 .9 % 

10 3.7 % 
1 1 3 .0% 
12 3 . 0% 
13 2.2% 
14 1.9% 
15 1.7 % 
16 1.3% 
17 1.1% 
18 .9% 

Misc . 5 .3% 

Cat . # % of 
Resp. 

1 14.9% 
2 11.2% 
3 9 . 1% 
4 9.1% 
5 6 .4% 
6 6 . 4% 
7 5 . 2% 
8 4.5% 
9 4 . 5% 

10 4 . 3% 
11 3 .4% 
12 3 .4% 
13 1.9% 
14 1 . 7 % 
15 1.7% 
16 1.4% 
17 1. 2% 
18 1 . 0% 
19 1.0% 
20 1.0% 
21 . 9% 
22 • 7 

Mi sc . 5 . 7% 

Note . The total numbe r of responses obtained for each 
question we r e a s follows: Concrete Question l= 634, Concrete 
Question 2= 729; Abstract Question l= 534 , and Abstract 
Question 2= 581. 
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APPENDIX K 

Reliability of expe r imenter ' s assignment of responses to 
categories. 

In order to determine whether the experimenter ' s 

assignment of res:ponses to categories was reliable , three 

judges we r e asked to categorize 240 responses (60 responses 

to each of the four questions) . The categor i es used for each 

question are described in Appendix I . 

The rationale for the categories was explai ned to 

the judges and sample responses were shown. Sixty responses 

for each of the four questions were randomly selected. The 

judges were given these responses and had to assign them to 

one of the categories . Table 17 below summarizes the degree 

of agreement between the experimenter and the judges ' 

assignment of responses to categor i es . 

Table 17 

Frequency of agreement between experimenter and judges ' 
assignment of questions to categories. 

Concrete: 
Question 1 

Question 2 

Abstract: 
Question 1 

Question 2 

Number and percentage ( ) of res:ponses 
assigned to the same category by 

experimenter and: 

All 3 

judges 

2 of 3 

judges 

1 of 3 

judges 

38(63.4%) 15(25. 0%) 2(3.3%) 

48(79 . 9%) 4( 6 . 7%) 4(6 . 7%) 

42(70 . 0%) 12(20.0%) 3(5.0%) 

39(65 . 0%) 8(13.3%) 11(18 . 4%) 

None 

5(8 . 3%) 

4(6.7%) 

3(5.0%) 

2(3 . 3%) 
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