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ABSTRACT 

Spatial ability has been studied primarily through 

two perspectives: the developmental.and the information proc

essing orientations. This research combines these approaches. 

Mental rotation (the ability to mentally rotate objects) was 

examined by focusing on the developmentalists' concern for age 

of acquisition of this ability and the information theorists' 

attention to stimulus factors influencing this competency. 

Sixty students, twenty each in kindergarten, third, 

and fifth grade, participated in the study; there were equal 

numbers of males and females for every grade. Each student 

was shown 240 slides featuring two line drawings, a standard 

stimulus on the left, a trial stimulus on the right. For each 

slide, the subject indicated whether the stimuli were alike or 

different by pressing an appropriate button. The standard 

stimulus was always upright; the trial stimulus was upright 

or was rotated to 45, 90, 135, or 180 degrees. 

The four standard stimuli used each consisted of a 

circle. They differed, however, by possessing or lacking a 

cone atop the circle and by having an orthogonal or oblique 

internal axis. Each standard stimulus was paired with a trial 

stimulus which was a: 1) match, 2) reflection, or 3) internal 

mismatch (orthogonal axis paired with an oblique axis and 
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vice-versa) of the standard stimulus. 

When the subjects indicated their judgment, their 

choice and their response time were recorded, providing both 

competency and process data. A series of analyses were per

formed, the outcome of one directing the course of the next. 

Two analyses of variance were made on competency data (for 

zero and for the rotated positions) and one on process data. 

The research yielded several significant findings, 

the most important of which was a interaction between the na

ture of the to-be-rotated stimulus and the degree of the ro

tation. This interaction indicated that short reaction times 

occurred when the interal axis of the test item was ortho

gonal j long reaction times occurred v/hen the axis was oblique. 

These results were ~iscussed with regard to developmental and 

information processing views of mental rotation. 



CHAPTER 1 

IN'IIRODUCTION AriD REVIE\I,J OF LITERATURE 

Introduction 

Recently there has been a growing interest in the ac

quisition and use of spatial ability. In part this interest 

may be related to a larger cultural phenomenon--our increas

ing involvement with the visual modality. This involvement 

seems to have been spurred primarily by the invention and 

subsequent rapid pervasiveness of television, tIle foreD0st 

visual medium (Schramm, Lyle, and Parker, 1961). Some theo

rists postulate that TV and its related visual technologies 

. are actually responsible for a presumed shift in the ~aj.n co

dHlity of our culture from the primacy of the written word 

to the primacy of the visual image (r1cLuhan, 1964; Ong, 196[;; 

Shane, 1977). \'Jhether such a shift is really occurring is, 

of course, debatable; nonetheless, there is an increasing 

awareness of issues relating to the visual domain in general 

and to spatial ability in particular. 

One aspect of spatial ability currently of great in

terest to psychologists is the processing and manipulating 

of spatial information. This area has received attention 

from diverse psychological lines of inquiry. Differential 

psychologists have been drawn to the study of spatial ability 
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because research findings that indicate that females generally 

perform less well than males on tests assessing spatial ability and rea

soning (Maccoby and Jacklin, 1974; Fennema and Sherman, 1977). 

Since success in spatial ability is related to successful per-

formance in certain mathematical content areas such a geometry 

(Fox, Fermerna, and Sherman, 1977) and calculus (Mc Gee, 1979) and in 

design fields such as architecture, engineering, and drafting 

(r:ic Gee, 1979), the differential performance of males and females 

has been of increasing research concern. Physiological psycho-

logists have also been attracted to the study of spatial abi-

lity. Their interest in spatial ability is attributable in 

large part to the pioneering surgical work of Sperry (1968), 

who investigated cerebral lateralization. This line of re-

search has led to more experimentation designed to explore 

the right hemisphere as the physiological processing center 

for spatial information (Ornstein, 1977; Gazzaniga and Le 

Doux, 1978). 

While spatial ability is of interest to differential 

and physiological psychologists, it is also of primary im-

portance to cognitive psychologists, whose focus is on how 

people develop and learn to use spatial ability. 

These kinds of inquiries concerning spatial ability 

have been examined through two main theoretical perspectives: 

the developmental approach and the information-processing approach. 

Al though both approaches have focused on the same domain, spatial 

ability, they have carved out different areas for exploration. 

The efforts of cognitive-developMental psychologists 
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working in the areas of spatial ability have focused o~ the 

relationship between age and the acquisition of spatial com

petence. The develornental perspective, advocated foremostly 

by Piaget and Inhelder (1956), investigates the organization 

of spatial ability fron an age-stage model. Data from such 

inquiries provide evidence for the existence of age-related 

stages through which children pass in the acquisition of 

spatial ability, with performance on certain critical tasks 

being used to indicate a child's level of spatial competency. 

Consequently, the emphasis of developmentnlists is on when 

spatial ability develops and the changes it undergoes from 

its rudimentary stages to adult levels of competency. 

While cognitive-developmental psychologists focus on 

age-stage relationships, information-processing theorists 

have centered their attention on individl1al processing com

ponents which constitute spatial ability (Shepard and ~etzler, 

1971). Their emphasis is on the processing associated with 

spatial ability and on what affects these processes, examin

ing particularly information related influences. Informa

tion-processing theorists explore the skills and strategies 

associated with spatial ability, but do so in its fully de

veloped form. Consequently, their research is almost exclu

sively with adults. 

The clearest picture of the acquisition and use of 

spatial ability may come from an integration of these two 

approaches which would combine a concern for age-related 
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stages for the acquisition of spatial ability with a concern 

for the processes underlying spatial ability and what affects 

these processes. Mattson (1981) suggests such an integra-

tion of these two research perspectives which would combine 

developmental predictions with an information-processing mo-

del to more fully explore the spatial abilities of young 

children. 

The present research provides just such a combination. 

This study focuses on the age of acquisition of a particular 

spatial competency as this competency relates to the pro-

cessing of certain types of spatial information. 

Review of Relevant Literature 
and Theoretical Rationale 

Much of today's research interest in spatial ability 

was spurred by Piaget and Inhelder's 1948 French publication 

and the subsequent 1956 English translation of The Child's 

Conception of Space. In the book, the Genevans hypothesize 

the child's age-related development of cognitive structures 

used to organize spatial information. Piaget and Inhelder 

continued their exploration of the acquisition and use of 

spatial ability extending it to include the employment of 

mental imagery with the 1971 pUblication of Mental Imagery 

of the Child. Just as the Genevans proposed age-related 

changes in the organization of spatial information, so too 

they proposed age-related changes in the nature of the 

child's mental imagery. The researchers suggest that there 
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are two main kinds of imagery, static and kinetic (imagery 

representing movement). Piaget and Inhelder (1971) maintain 

that kinetic imagery begins to emerge in the child's think

ing at 7 to 8 years of age, but that this evolution mirrors 

a more basic transition from preoperational to operational 

thought: 

In short, the two main periods of image development 
correspond to the preoperational (before 7 to 8 
years) and the operational levels .•. the images of 
the first period remain essentially static and con
sequently unable to represent even the results of 
movements or transformations and a fortiori unable 
to anticipate processes not yet known. But at about 
7 to 8 years a capacity for imaginal anticipation 
makes its first appearance, enabling subjects to re
constitute kinetic and transformation processes, and 
even forsee other simple sequences (Piaget and 
Inhelder, 1971, p. 358). 

According to Piaget and Inhelder (1971), it is the 

very mode of thinking which the preoperational child employs 

which precludes success on kinetic imagery tasks. The de-

velopmentalists have noted that in general the pre-opera-

tional child tends to focus on stationary objects, rather 

than on moving ones. When moving objects are attended to, 

these children fail to realize that the components of these 

objects change in coordinated ways. Additionally, when such 

children imagine a moving object, they may distort one or 

more of its properties. The Genevans, consequently, theo-

rize that until children are capable of operational thought, 

they cannot employ kinetic imagery. 

While Piaget and Inhelder (1971) have focused on 
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mental imagery from a developmental point of view, other 

theorists have sought to quantify the very components of 

such spatial competencies. Following an extensive review 

and reanalysis of the factor analytic literature dealing 

6 

with spatial imagery, Lohman (1979) isolated three major 

factors: "spatial orientation," "spatial visualization," and 

"spatial relations." All three factors involve the mental 

manipulation of an object. The "spatial orientation" factor 

centers on the ability to imagine how a stimulus array will 

appear from another perspective by actually reorienting one's 

own position in space, rather than simply rotating the array. 

The "spatial visualization" factor involves the ability to 

mentally manipulate two-and three-dimensional objects. The 

final factor, "spatial relations," focuses on the mental ro

tation of a visual stimulus. 

The last two factors, "spatial visualization" and 

" spat ial relations" have been of much re E',earch intere st to 

information-processing theorists (Shepard and Chipman, 1970; 

Shepard and Feng, 1972; Metzler and Shepard, 1974; Cooper 

and Shepard, 1975). The "spatial relations" factor, in par·

ticular, has generated major findings in the information

processing literature. 

"Spatial relations" factor literature has as its 

common thread studies which involve the mental rotation of a 

visual stimulus. The importance of studying mental rotation 

has been articulated by Shepard and Cooper (1982), pioneers 
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in this line of research, who propose four reasons for their 

interest in this factor. Of most importance to Shepard and 

Cooper (1982) is the fact that anecdotal accounts of scientists 

and inventors indicate that mental rotation has played a key 

role in many creative achievements. Secondly, mental rotation 

is considered by these investigatorstote a very important sub

class of the possible movements of all objects in space. 

Thirdly, in some instances, there is even a rotational compo

nent in purely linear movement which is induced by the observ

er's perspective view of an object. Shepard and Cooper give 

the example of a passenger on a moving train looking out at a 

building and seeing first one side, then the front, then the 

other side as though the stationary building is rotating. 

Lastly, objects which are rotated pose a special problem for 

our perceptual interpretative mechanism because readily ex

tractable visual features of stimuli like vertical, horizon

tal, or oblique orientations vary when stimuli are rotated. 

The importance of the study of mental rotation led 

Shepard and Metzler (1971) to research this phenomena. 

The early work by these investigators established the basic 

experimental paradigm for rotation studies which is still 

being employed today. 

In general, the image rotation paradigm examines how 

long it takes a subject to mentally rotate an object. 

Although there are variations on the basic methodology, the 
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prototypic rotation task requires the subject to mentally 

rotate a visual stimulus around a fixed axis until it is 

congruent with a similar figure. The subject usually then 

decides whether the two figures are alike or different. 

The actual way in which the stimuli are presented 

varies. In some instances, the subject is shown two stimuli 

simultaneously with a given angular discrepancy between them 

then asked to make the "same-different" judgment. In other 

cases, the subject is shown a standard stimulus, then 8 ro

tated stimulus and asked to make the discrimination judgment. 

In still other situations, the subject is shown a stimulus, 

the position the stimulus is to be rotated to, then a test 

stimulus rotated to that position before a decision is 

elicited. These and other variations on the basic paradigm, 

however, typically yield the same information: accuracy 

rates and reaction time data. 

The findings from rotation studies have led to spec

ulation on the nature of the process of mental rotation it

self. For mature subjects, rotation research establishes a 

relatively reliable linear relationship between reaction 

time and the degree of rotation of the test stimulus up to 

180°. Consequently, the length of time the subject requires 

to decide if the standard and the test stimuli are alike or 

different increases linearly as the test stimulus departs 

in degrees of rotation from the standard stimulus up to 1800 

(Shepard and Metzler, 1971; Shepard and Metzler, 1974; 
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Cooper and Shepard, 1978; Shepard and Cooper, 1982). 

Discovery of the linear relation between reaction 

time and angular discrepancy between the stimuli has inter

esting ramifications for the nature of the rotational proc

ess. Cooper and Shepard (1978) suggest that mental rotation, 

which they define as encompassing preparation for or re

sponding to a visually rotated object, involves a process 

that is in some sense "an internal analogue of an actual 

physical rotation of an external object" (p. 122). These 

researchers mainfain that both internal and external rotation 

processes manifest a trajectory of intermediate stages so 

that the intermediate stages of the internal rotation and of 

the external rotation of an object have a one-to-one corre

spoYldence (Cooper and Shepard, 1978; Shepard and Cooper, 

1982). Internal and external processes are, consequently, 

thought to be isoMorphic in that the internal process is a 

simulation of the corresponding physical process in the ex

ternal world. 

In addition to an examination of the process employ

ed in mental rotation, recent research also attempts to ex

amine the nature of the internal representation itself. A 

study by Cooper and Podgorny (1976) suggests that the inter

nal representations which undergo mental rotation are holis

tic in nature. This finding suggests that what is encoded 

is actually a quasi-pictorial representation of the physical 

stimulus (Kosslyn, 1978). However, this position is not 
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without dispute from propositional theorists who discount 

the existence of such a quasi-pictorial code. These individ

uals propose instead discrete propositional data structures 

as the appropriate format for the internal representation of 

visual objects (Pylyshyn, 1973, 1979; Palmer, 1975; Norman 

and Rumelhart, 1975; Anderson, 1978). 

Anderson (1978) has pointed out, however, that ulti

mately the issue of whether representations in memory of 

physical stimuli are pictorial or propositional in nature 

cannot be resolved by the collecthm of empirical data, since 

either position can explain existing research results. 

Consequently, the concern for the basic nature of the under

lying representational form is now regarded as the "indeter

minancy issue." As a result, in contemporary ir.1agery research 

more emphasis has been placed on the role of imagery in spa

tial problem-colving and on the role of information features, 

such as stimuli, on the use of an image mediator. These 

considerations have once again led to investigations of how 

imagery works and what affects the way in which it works. 

For adults the exploration of rotation imagery has focused 

on the nature of the process employed. For children both the 

nature of the process and the acquisition of the process 

have been of concern. Relevant rotational studies which 

utilize adults as subjects and relevant research focused on 

children will now be reviewed. 



Rotation Studies With Adults 
As Subjects 

1 1 

Shepard and Metzler (1971) were the first to examine 

response latency as it relates to the internal representation 

of rotated objects. The use of chronometric techniques had, 

however, already been successfully applied to processes of 

mental comparison by such experimental psychologists as 

Sternberg (1966), Moyer and Landauer (1967), and Posner and 

Mitchell (1967; see also Posner, 1969). Essentially Shepard 

and Metzler (1971) borrowed from this tradition by using 

response latency to attempt to time mental processes corre-

sponding specifically to spatial rotations. By examining 

the time it takes to mentally perform such rotations, the 

investigators reasoned that more could be learned about the 

nature of the process itself (Shepard and Cooper, 1982). 

While the dependent measure of real interest to 

Shepard and Metzler (1971) was reaction time, the accuracy 

of the subjects' discriminations was also of importance. In 

the tradition of the use of chronometric techniques, reaction 

time is only analyzed on accurate discriminations. Erroneous 

data are discarded. Consequently, Shepard and Metzler (1971) 

and other researchers following their basic rotation para-

digm examined the accuracy of their subjects' responses as 

well as the reaction times based on these accurate discrimi-

nations. 

In the first experiment conducted by Shepard and 



Metzler (1971), subjects were presented with pairs of per

spective line drawings and were asked to determine whether 

12 

the pairs were congruent with respect to three-dimensional 

shape (the drawings consisted of ten solid cubes which. were 

attached face-to-face forming a rigid, armlike structure with 

three right-angled elbows). In half the pairs of drawings, 

the two objects could be rotated into congruence; in the 

other half, the objects differed by reflection as well as by 

rotation. Accuracy rates for the subjects were invariably 

high. Reaction time for the "same" pairs was found to be a 

linearly increasing function of the angular difference, be-

tween 0 and 180 degrees, in the orientation of the two ob-

jects. These results were replicated by Metzler and Shepard 

(1974) in an experiment using simplified objects with only 

seven cubes and two right-angled bends. Both studies sug-

gested an analogue between internal imagery and physical 

processes. 

The finding of a linear relationship between reaction 

time and angular difference of the stimuli was reconfirmed 

in several studies which provided variations on the initial 

research by Shepard and Metzler (1971). Two popular lines 

of inquiry emerged. One series of experiments focused on the 

time to prepare for an object in a specified orientation. 

The other series of studies centered on the time to respond 

to an object while imagining it rotating. 

Cooper and Shepard (1973 a, 1973 b) made one of the 
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first investigations examining the time a subject requires 

to prepare for an object in a particular orientation. These 

researchers initially found that the average time required 

to determine whether an alphanumeric character was presented 

in its normal or reflected version increased as the charac

ter's angular departure from upright increased from 0 to 180 

degrees. When the subjects already knew the identity of the 

next character and when advance information about its orien

tation was provided, however, reaction time actually decreas

ed. Interestingly, the subjects indicated that they had, in 

fact, prepared for the rotated stimulus by imagining the I:or

mal version of the character rotated to the designated orien

tation, allowing them to make a quick match against the en

suing stimuli. Given sufficient preparation time, reactioll 

time was rapid and constant for all character orientations. 

When the time of exposure to the orientation cue was decreas

ed, reaction time again increased with the departure of the 

character from the standard stimulus, a finding consistent 

with previous research. 

Cooper (1975) looked more directly at the time re

quired to prepare for a rotated test item. Subjects were 

told to imagine one of eight pre-learned, randomly generated 

polygons (indicated by an outlined identity cue) being ro

tated into an orientation indicated by a tilted arrow. As 

in the Cooper and Shepard (1973 a, 1973 b) study, subjects 
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were thus informed in advance of the identity and orienta

tion of the upcoming test form. T~ey were additionally al

lowed to indicate when they were prepared for its external 

presentation. Performance results suggest that the time for 

determining whether the test form was standard or reflected 

was constant for all test-form orientations, regardless of 

the perceptual complexity of the test form and the orienta

tionselected for initial learning. However, preparation 

time for the test forms increased linearly with the angular 

departure of the form from the learned orientation, again 

replicating the relationship established in earlier studies. 

Cooper and Podgorny (1976) also gave their subjects 

advance information concerning the identity and orientation 

of the test form in a study designed to investigate the 

ability to discriminate pre-learned versions of angular 

shapes from distractor shapes. Subjects were instructed to 

prepare for the test form by mentally rotating an internal 

representation of the standard form to the appropriate 

orientation. As in the Cooper (1975) experiment, subjects 

controlled the amount of preparation time. The findings of 

Cooper (1975) were, in fact, replicated. Actual identifica

tion time was rapid, but preparatioh time increased linearly 

with degree of departure of the test stimuli from the stand

ard stimuli. Reaction time was not seen to be a function of 

stimUlUS complexity, suggesting with such finely discrimi

nated stimuli, that the internal representation of the sub-
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ject preserves considerable detail of the spatial structure 

of complex visual shapes. As was previously noted, the re

sults of this study led Cooper and Shepard (1978) to argue 

that the internal representations employed in mental rotation 

are holistic in nature and are integrally transformed. 

Research examining the time to prepare for an object 

in a specific orientation seems to consistently demonstrate 

a linear relationship between reaction time and angular dis

crepancy. Using a different method for tapping into this re

lationship, studies centered on the time to respond to an 

object while imagining it rotating have yielded similar 

results. 

Cooper and Shepard (1973a) instructed their subjects 

to imagine an alphanumeric character rotating in a blank 

circular field. The rate of rotation of the character was 

paced by auditory commands corresponding to six successive 

positions around the circle. A visual test ch~racter appear

ed at unpredicted points in the sequence. Reaction time for 

test characters in an unexpected orientation increased 

linearly with the angular difference between the test orien

tation and expected orientation, as indicated by the auditory 

command. 

In an experiment resembling that of Cooper and 

Shepard (1973a), Hay (1975) probed the subjects with a nor

mal or backward alphanumeric character as they imagined it 

in continuous rotation. Instead of being paced by auditory 



commands, the expected orientation was controlled by the 

subject. When the probe appeared at the expected orienta

tion, reaction time was short; when it did not, reaction 

time increased with the departure of the stimulus from the 

expected orientation. 
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Metzler (1973; see Metzler and Shepard, 1974) also 

explored the time needed to respond to an object while imag

ing it rotating. In a previous experiment, Metzler estimated 

the mean rotation time for each subject for a specified an

gular departure of an object from the standard orientation. 

Each subject was shown a 3-dimensional object depicted by a 

perspective line drawing and told to mentally rotate that 

object. A second picture was shown after a delay consisting 

of the subject's mean rotation time for the test orientation. 

In general, reaction times were virtually constant, regard

less of the angular differences between the stimuli. 

Cooper U97Q also used subjects' estimated rotation 

rates from a previous study (Cooper, 1975) to examine res

ponse to a rotating object. The researcher instructed his 

subjects to imagine a random two-dimensional polygon rota

ting at a self-determined rate in a blank field. Test 

shapes presented which were consistent in orientation with 

the estimated rotation times of the subjects were rapidly 

discriminated. Test shapes in unexpected orientations took 

longer to discriminate, again with reaction time increasing 

linearly with the angular departure of the test stimulus 
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from the expected orientation. 

Although the specific experimental conditions show 

some variation, the majority of studies wittl adult subjects 

yield essentially the same data--high accuracy rates regard-

less of stimulus complexity and a linear relationship between 

reaction time and the angular disparity between a standard 

and a test stimuli. While the research findings for adult 

subjects are relatively consistent, the results of develop-

mental inquiries are equivocal. 

Rotation Studies With 
Children as Subjects 

Developmental research dealing with mental rotation 

has sought to determine if children employ kinetic imagery in 

the same way adults do. Also germane to this issue is when 

children begin using mental rotations. Consequently, inves-

tigators try to find the linear relationship between reaction 

time and angular discrepancy in stimuli established with re-

lative reliability with adult subjects in the performance of 

children of different ages. 

Replicating the basic rotation paradigm employed by 

Shepard and Metzler (1971), Marmor (1975) investigated the 

ability of five - and eight-year olds to use kinetic imagery. 

The subjects were instructed to use mental rotation to enable 

them to judge the equivalence or non-equivalence of two panda-

bear shapes, one upright, the other rotated between 0 and 

180 degrees. For both age groups, reaction times increased 
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as a linear function of angular discrepancy between stimuli. 

Having replicated the adult finding with her young subjects, 

Marmor concluded that both age groups represent rotation in 

their imagery. This finding, however, is in conflict with 

the Piagetian theory of kinetic imagery which suggests this 

ability does not develop in the child until seven to eight 

years of age. 

A subsequent study of Marmor (1977) employing the 

same stimuli and methodology indicated that children four and 

five years of age evokE' ar.d use kinetic imagery. Additional 

results from this study failed to yield any association 

between kinetic imagery and conservation, suggesting that the 

ability to use kinetic imagery does not depend on the attain

ment of concrete operations, as Piagetian theorists postulate. 

Childs and Polich (1979) and Kail, Pelligrino, and 

Carter (1980) also explored children's use of rotational 

imagery; however, each study used older children who would 

already be predicted by Piagetian theory to be competent at 

using kinetic imagery. Both studies also used adult subjects. 

Using stimuli and experimental conditions which were identi

cal for their nine, eleven, and twenty year old subjects, 

Childs and Polich (1979) found the linear relationship char

acteristic of the adult research in the performance of all 

three subject age groups. Kail, Pelligrino, and Carter (1980) 

also found the linear relationship in the performance of their 

third, fourth, and sixth graders and college students. Slop8G 
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became shallower with development, suggesting that the proc

ess of mental rotation becomes swifter as the child gets 

older. 

An interesting aspect of this study is that the re

searchers used two kinds of stimuli, alphanumeric characters 

and figures from the Primary Mental Abilities (PMA) battery 

to see what effect this would have on rate of rotation. 

Although in general complexity of stimuli has not been found 

to affect rate of rotation in the adult studies (Cooper and 

Shepard, 1978; Shepard and Cooper, 1982), all age groups in 

this study rotated the PMA characters more slowly than the 

alphanumeric characters. Additionally slopes for the PNA 

characters were steeper. 

The basic finding, however, that the studies of 

Marmor (1975, 1977), Childs and Polich (1979), and ~ail, 

Pelligrino, and Carter (1980) share is that children's men

tal rotation performance mimics that of adults in the sense 

of exhibiting a linear relationship between reaction time 

and degree of angular discrepancy of the stinluli. The per

formance of older children (seven and up) displays this 

function, but so too, according to Marmor (1975, 1977), does 

the performance of children as young as four or five, a 

finding in conflict with Piagetian theory. 

Dean (1979) has taken issue with Marmor's contention 

that children who are pre-operational can evoke and use 

kinetic imagery and has conducted a series of experiments 
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with results discordant with Marmor's. Administering 

Euclidean geometric operations tasks and kinetic imaginal 

drawing tasks to subjects four and thirteen years of age, 

Dean (1976) found a relationship between level of operation 

achieved and use of kinetic imagery supportive of the 

Piagetian stance. 

In a later study, Dean (1979) also obtained results 

which suggest the interdependency of operational thought and 

kinetic imagery. Changes in children's performance level on 

Euclidean geometric operations tasks over a three-year period 

were found to be related to changes in the forms of children's 

drawings of anticipated rotation movements, providing support 

for Piaget's theory that kinetic imagery has as its basis 

operative thought. 

It should be noted, however, that the use of children's 

drawings as an index of kinetic imagery ability, such as that 

employed in Dean's studies, has been criticized as reflecting 

a lack of drawing ability, rather than a lack of kinetic 

imaginal ability (Marmor, 1977; Kosslyn, 1980). Recently, 

however, Dean and Scherzer (1982) sought to justify the use 

of children's drawings in kinetic imagery research by demon

strating a correspondence between performance on a drawing 

version and a reaction time version of the same Piagetian 

rotation task. 

The line of research established by Dean (1976, 1979) 

obviously conflicts with the findings of Narmor. Nowhere is 
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this conflict more marked than in a study undertaken specif

ically to replicate Marmor's experiments (1975, 1977). 

Employing parallel procedures, reaction time data, and stim

uli adapted from Piaget and Inhelder (1971), Dean and Harvey 

(1979) failed to replicate the relationship of reaction time 

and degree of rotation with young children which Marmor found. 

The linear function was obtained for seven and nine year aIds, 

but not for four to six year olds. Dean and Harvey (1979) 

used their results to reiterate their support of the kinetic 

imagery acquisition pattern advanced by Piaget and Inhelder 

( 1971 ) . 

Clearly the findings of Marmor (1975. 1977) and Dean 

and Harvey (1979) concerning the use of kinetic imagery by 

young children are at odds. If the discrepancy is not a 

chance occurrence. then it is reasonable to assume that there 

must be some feature which differs in the two experiments, a 

feature which must ultimately be related to the child's per

formance. Yet. the studies employed the identical mental 

rotation paradigm, suggesting an equivalence in task demands 

of the two experilnents which should have led to a correspond

ing equivalence in performance. However, there was one very 

important source of difference in the studies--the nature of 

the stimuli employed (Rosser, Ensing. Mazzeo. 1981). ~armor 

(1975. 1977) used panda bears for her rotational stimuli; 

Dean and Harvey (1979) used blocks adapted from a Piagetian 

task. 
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As Rosser (1981) notes, cognitive performance, par

ticularly the cognitive performance associated with percep

tion, is actually an intersect between a process (strategy or 

operation) and the specific context to which the process is 

applied. Both process and the particular context in which 

the process is applied are important to the perceptual act. 

Both can vary. If it is assumed that the process Dean and 

Harvey's and Marmor's subjects employed was analogous, then 

the context in which the deployment of that strategy oc

curred merits further consideration. 

Horizontal decalogue (Flavell, 1963) is a construct 

prevalent in the Piagetian developmental literature which 

describes the phenomenon in which an operation or strategy, 

presumed to be constant, varies with specific content. The 

result is uneveness in performance associated with contex

tual changes. Hori~ontal decalogue has been used to explain 

discrepancies in empirical findings across studies which 

reveal conflicting pictures of children's competency to per

form a cognitive operation depending on the stimulus context 

to be operated on. Such empirical discrepancies abound in 

the developmental literature (adorn, 1978; Braine, 1959). It 

may be that the discrepancy between the finding of Marmor and 

of Dean and Harvey illustrates horizontal decalogue as it 

applies to stimulus differences. 

One of the primary factors proposed as a means of 

explaining apparent instances of horizontal decalogue is the 
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perceptual salience of the stimuli to be acted upon (Odom, 

1978), with "salience" connotating the extent to which a 

relevant stimulus attribute is likely to be attended to. 

Stimulus salience has often been shown to be related to task 

success (Odom, Astor, and Cunningham, 1975; Odom and Corbin, 

1973) and may have had some bearing on the differential task 

success of the young subjects of Marmor and of Dean and 

Harvey. However, a clearer understanding of the components 

of the rotation process itself may further clarify how the 

nature of the stimulus may ultimately be related to perform

ance on a rotation task. 

Rosser, Ensing, and Mazzeo (1981) have conceptualized 

the rotation paradigm as having three main components: 

1) Recognition of the angular disparity between two figures 

(performance A), 2) Rotation of the two figures into con

gruence (performance B), and 3) Determination of equiva

lency (performance C). Performance B is assessed by reaction 

time data, performance C by accuracy data; performance A is 

assumed. Indiviauals competent at all three phases, as 

adult subjects are, demonstrate high accuracy rates and the 

observed linear function between reaction time and degree ai' 

rotation. 

However, Rosser, Ensing, and Mazzeo (1981) note that 

young children may not be competent at all three phases. 

These researchers suggest that failures in the discrimination 

ability of children may affect performances A and C, which 
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may, in turn, subsequently impact on performance B. For 

example, if a youthful subject can accomplish performance A 

(recognition of the angular disparity between two figures) 

and performance B (rotation of the two figures into congru

ence), but not C (the deter~ination of equivalency), discri

mination error rates should increase to levels predicated on 

the basis of chance. Such chance discrimination responding 

introduces random variation into the performance data which 

could conceivably affect reaction time data as well. 

Ultimately discrimination errors may mask any systematic 

function even if the rotational strategy had been appropri

ately deployed. High discrimination error rntes were, in 

fact, associated with the younger age children in Dean and 

Harvey's study (1979), suggesting the possibility that not 

only performance B, but also performance C may have been 

problematic. Moreover, if the child cannot detect an angular 

discrepancy between the stimuli to begin with (performance A), 

then there is no reason to expect the subject to appreciate 

the necessity of employing a rotational strategy (performance 

B) at all. Consequently, a failure to engage in performance 

B due to a lack of ability to accomplish performance A will 

also result in high error rates and random reaction times. 

Therefore, problems which appear to be with performance B, 

the deployment of rotational strategy assessed by reaction 

time, may really be problems with performances A and C, which 

are not associated with rotational imagery per se, but with 
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discrimination competence. Failure to find a linear function, 

the case in the Dean and Harvey study, may really be related 

to a failure in discrimination ability. 

Discrimination competence has, in fact, been shown 

to be a particular difficulty for young children. This po

pulation demonstrates an insensitivity to orientation (Braine, 

1979), difficulty discriminating rotations (Rosser, Horan, 

Campbell, Mattson, Mazzeo, and Swarner, 1980), problems with 

mirror-image reflections (Mattson, 1981) and even difficul

ties noting orientation differences when directly examinirlg 

two juxtaposed stimuli (Rosser, Ensing, and Mazzeo, 1981). 

However, even so, Marmor (1975, 1977) found high accuracy 

rates and a linear fUl1ction for her subjects while Dean and 

Harvey (1979) did not. Why? 

Rosser, Ensing, and Mazzeo (1981) suggest that suc

cess on the discrimination tasks related to performances A 

and C depends on attending to orientation, the relevant stim

ulus attribute to rotation and reflection discriminations. 

Consequently, the discrepancy between the Narmor and the 

Dean and Harvey findings seems again to relate to a ~jffer

ence in the stimul~ ability to provide orientation cues. 

Marmor's stimulus was a panda bear, a concrete object whose 

body form and raised paw could have served an orientation 

cuing function. Conversely, Dean and Harvey's stimuli were 

squares (an adaptation of Piagetian blocks), not as concrete 

and lacking orientation cue markers on the stimulus edges. 
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Shepard and Cooper (1982) maintain that stimulus 

factors do not seem to affect the proficiency or rate of 

mental rotation for adult subjects. However, the same find

ing may simply not be true for children. Recently, examining 

the effect of the characteristics of the to-be-rotated stim

ulus on the performance of children has become an area of 

research interest. Kail, Pellegrino, and Carter (1980) fo

cused on differences in rotation and encoding, comparing 

rates of familiar and unfamiliar stimuli. Results suggest 

that young children process unfamiliar stimuli more slowly 

than familiar. While this study does examine the differences 

in two kinds of stimuli (alphanumeric characters and PMA 

figures), the two kinds of stimuli do not differ in any 

systematic ways, yet systematic variations in the nature of 

the stimulus could provide valuable information about how 

children actually employ kinetic imagery. 

A recent study by Rosser, Ensing, and Mazzeo (1981) 

has established such a line of research by systematically 

examining the stimulus characteristic of orientation salience 

as it relates to the ability to discriminate rotations and 

reflections. Although this line of inquiry grows out of the 

existing rotational research paradigms, it differs in res

ponse format from them. In the existing paradigms, the sub

ject decides whether a standard stimulus and a rotated test 

stimulus are alike or different. The standard stimulus is 

paired either with a test stimulus which is a rotated match 
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of the standard, resulting in an equivalency decision by the 

subject, or with a mirror-image (reflection) of the standard, 

resulting in a non-equivalency judgment by the subject. 

The Rosser, Ensing, and Mazzeo (1981) research modi

fied the typical paradigm by using a multiple choice response 

format, rather than a "same/different" judgment on the part 

of the subjects, to examine how stimulus salience relates to 

discrimination of rotations and reflections. 

Three to four year old children were directed to 

mentally rotate a stimulus to a specified location, then to 

discriminate the rotated stimulus from a set of alternatives. 

Four stimuli were employed which varied from high (two or 

three cues) to low (no or one cue) levels of orientation 

salience. One of the low salient stimuli was reminiscent of 

Dean and Harvey's blocks; one of the high salient stimuli 

bore a close resemblance to Marmor's pandas. The researchers 

found that orientation discriminations only exceeded chance 

levels when a cue indicating orientation existed on the outer 

edge of the stimulus, not when it appeared on the interior 

of the stimulUS. Performance rates increased as the number 

of exterior edge cues increased from zero to three. These 

investigators, consequently, suggest that Dean and Harvey 

(1979) may have failed to detect a linear function because 

of the low orientation salience of their stimuli which may 

have caused discrimination competency problems. 

Two other important findings of this research s}lould 
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be noted. the first is that the random responding of chil

dren was most pronounced when reflection discriminations were 

required, yet most rotation studies require just such a dis

crimination. This fact led the authors to suggest that once 

again imagery failure (performance B) and discrimination fail

ure (performance C) may be confounded. If the child cannot 

make the required discrimination, whether the rotational strat

egy has been properly deployed cannot be determined. 

A second noteworthy result afforded by this study is 

a significant sex effect. Nost adult rotational literature 

has addressed the issue of differential performance by males 

and females rather sparingly (Shepard and Cooper, 198~); how

ever, in this developmental study,' the authors found that 

males significantly outperformed their female counterparts. 

A second study sought to amplify the findings of the 

first by looking more closely at children's use of salient o

rientation cues. Rosser, Glider, Ensing, and Lane (1982) 

employed the same rotational paradigm as the previous study 

to test a hypothetical model which predicted perfor~ance for 

match and reflected trials on stimuli with zero to three edge 

orientation cues. The researchers designed four stimuli so 

that each of them was a variation upon the first, a plain 

circle with an ovalish shape interior marker on the left side. 

The remaining stimuli all included the interior marker, but 

added protrusions. These stimuli included: a tear drop shape 

(one protrusion), a tear drop with a semi-circular protrusion 
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on the right side (two protrusions), and a tear drop with a 

semi-circular protrusion on the right side and a rectangular 

protrusion on the left side (three protrusions). Subjects 

once again discriminated the rotated stimulus from a set of 

alternatives. 

In general, the researchers found that children's 

performance is a function of: the orientation cues embedded 

in the stimulus, the child's age, and the child's sex. The 

subjects seemed to use protrusions on the outer edge of the 

stimuli as part of the computational rotation process. 

Subjects performed equally well with one, two, and three 

protrusions on rotation discriminations, but performed more 

poorly on stimuli without edge protrusions. Reflections 

again proved to be more difficult than mere rotational 

matches, requiring two protrusions for optimal discrimination. 

The researchers suggest that more protrusions are necessary 

for reflection discrimjnations because the task demands of 

reflections may be more complex, embedding within themselves 

the demands of the simple match sequence. Once again males 

outperformed females by using edge markers and internal in

formation more proficiently and at a younger age. 

An additional finding of interest in this study is 

that children experienced more difficulty with trial stimuli 

presented in oblique positions (45°, 1350
) than those pre

sented in orthogonal positions (90°, 180°). Such a finding, 

clearly antithetical to the typical linear adult response 
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pattern, was also made by Dean and Scherzer (1982). One of 

their groups of young subjects responded more quickly and 

accurately on vertical angle trials (orthogonals) than on 

oblique angle trials. 

A third study employed the identical rotation task 

paradigm in which subjects selected the rotated stimulus from 

a set of alternatives. Rosser, Ensing, Mazzeo, Glider, and 

Lane (1982) used stimuli modified from the previous study to 

more fully explore children's use of exterior and interior 

orientation cues. There were eieht stimuli items, two each 

with zero to three pointers. Half the items, however, had 

"facili tati ve" internal orient ing information, i. e. an inter

nal axis lined up with their external pointers. The remain

ing stimuli had "non-facilitative" internal information, with 

an internal axis 45 0 off from their pointers. The basic 

discriminations the subjects were required to make included: 

rotations (matches), reflections (mirror-images), and inter

nal mismatches. For the internal mismatch discrimination, 

there was an inconsistency between the internal stimulus 

characteristics of the standard stimulus and those of a trial 

stimulus. If the standard stimulus contained facilitative 

markings (an internal axis lined up with the external point

ers), a trial stimulus contained non-facilitative markings 

and vice-versa. The researchers hypothesized that accuracy 

on facilitative items was a prerequisite for non-facilitative 

item performance. This speculation was correct. 
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The investigators also proposed a three-stage orien

tation saliency model, suggesting that children progress 

developmentally in three stages in their ability to use stim

ulus cues by: 1) using exterior cues only, ignoring interior; 

2) using only exterior cues when available, but using inte

rior if exterior are not available; 3) coordinating exterior 

and. interior cues. The data from the experiment was a good 

fit with the proposed stage model. 

The sex effect found in the two previous studies was 

not present in this research; however, the lack of this find

ing may be due, according to the experimenters, to a ceiling 

effect with the older children so that both boys and girls 

generally did well with discrimination accuracy. 

Although the sex effect found in the previous study 

did not hold for this research, the increased diffIculty ex

perienced wj.th oblique rotations demonstrated in the earlier 

research was replicated. These subjects, like those in the 

Rosser, Glider, Ensing, and Lane, 1982) study, performed 

less accurately when they made oblique as compared to ortho

gonal rotations. 

The last three studies reviewed belong to a research 

line established by Rosser and her colleagues which speci

fically focuses on characteristics of the rotational stim

ulus. Although these investigators maintain that accuracy 

rates are affected by stimUlUS orientation cues, there has 

been no systematic research wittl children to suggest that 
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reaction time is similarly affected by the nature of the stim

ulus. Yet such a study could very likely help to further 

illuminate the discrepant findings of Marmor (1975, 1977) and 

Dean and Harvey (1979) and could help clarify more about the 

nature of the process of mental rotation employed by children. 

Statement of the Problem 

The literature reviewed suggests a relatively relia

ble finding of a linear relationship between reactIon time 

and degree of rotation for adults. Generally, item complex

ity has not been demonstrated as affecting this relationship. 

Sex differences in accuracy or reaction time have rarely been 

noted for adults, nor has the kind of discrimination required, 

whether simple rotation or reflection, been found to affect 

performance. In children, all these issues warrant further 

research attention. There is a need for an experimental 

study which will help clarify several areas of research 

concern. 

The first area of concern involves the systematic 

replication of the accuracy information acquired by Rosser 

and her colleagues within a standard discrimination paradigm. 

The line of research established by these investigators re

quired children to mentally rotate a stimulus to a specified 

location, then to discriminate the rotated stimulus from a 

set of alternatives in multiple choice fashion. Traditional 

rotation paradigms, however, typically require subjects to 
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mentally rotate a visual stimulus around a fixed axis until 

it is congruent with a similar figure, then decide whether 

the two figures are equivalent or non-equivalent. The Rosser 

findings merit replication with such a paradigm. 

A second important area of interest is the existence 

or non-existence of a linear relationship between reaction 

time and degree of rotation for young children. Demonstra

tion of such a function has been equated with the use of 

kinetic imagery; yet, a conflict has ensued, with one research

er finding such a relationship (Marmor, 1975, 1977) and others 

not (Dean and Harvey, 1979). 

A third item requiring further investigation is the 

affect of stimulus characteristics on mental rotation. 

Several studies have verified the effect of systematically 

varied stimulus saliency characteristics on accuracy rates 

(Rosser, Ensing, and Mazzeo, 1981; Rosser, Glider, Ensing, 

and Lane, 1982; Rosser, Ensing, Mazzeo, Glider, and Lane, 

1982), but no study has examined the effect of these charac

teristics on reaction time. 

A fourth issue needing further clarification is the 

relationship of gender to mental rotation. Studies by 

Rosser, Ensing, and Mazzeo (1981) and Rosser, Glider, Ensing, 

and Lane (1982) found that males outperform females when 

accuracy rates are examined. Little consideration, however, 

has been given to differential performance of male and female 

children on reaction time indices, suggesting a need for 
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further study. 

A fifth area of investigation focuses on the type of 

discrimination required of the subject. Accuracy rates in

dicate children have difficulty with reflections (Mattson, 

1981), and more difficulty discriminating reflections than 

matches (Rosser, Ensing, and Mazzeo, 1981; Rosser, Glider, 

Ensing, and Lane, 1982), and even more difficulty discrimi

nating internal mismatches (Rosser, Ensing, Mazzeo, Glider, 

and Lane, 1982). However, the effect of these different task 

demands: match, reflection, or internal mismatch on the 

reaction time of children is unkrlown. 

A sixth area of interest is the differential perform

ance of children on oblique as opposed to orthogonal rota

tions. Rosser, Glider, Ensing, and Lane (1982), Rosser, 

Ensing, Mazzeo, Glider, and Lane (1982), and Dean arld 

Scherzer (1982) all found decreased accuracy rates associated 

with oblique rotations. Dean and Scherzer (1982) even found 

slower reaction times for some children engaging in oblique 

as opposed to orthogonal rotations. These relatively new 

findings require further investigations. 

Several issues of research importance have emerged 

from the literature which require further examination. An 

experimental study was, consequently, designed to answer the 

following questions: 

1) Can the accuracy data acquired by Rosser and her 

colleagues be replicated using a traditional rotation paradi~nl? 



2) Is there a linear relationship between reaction 

time and angular discrepancy of the stimulus for children, 

including children as young as five years of age? 

J5 

J) Is that linear function affected by characteristics 

of the to-be-rotated stimulus? 

4) Is that linear relationship affected by sex? 

5) Is that linear relationship affected by the type 

of discrimination the child is required to make? 

6) Is that relationship different for oblique versus 

orthogonal rotations? 
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METHOD 

General Procedural Overview 

In the basic rotational paradigm established by 

Shepard and Metzler (1971), subjects were presented with two 

line drawings, angularly discrepant from one another, and 

were asked to indicate whether the objects were congruent by 

pulline; an appropriate lever. For each trial, the investigatl')r meas-

ured a~curacy of t~1e response ar:d re::.ction time (RT.' from onset of the 

stimulus. 
Marmor (1975, 1977) modified the Shepard and Metzler 

(1971) paradigm slightly for use with her child subjects. 

tIer stimuli, two panda bears per trial, were again presented 

simultaneously and were again angularly discrepant from one 

another. However, in Marmor's experiments, the bear on the 

left was always presented in an upright or in a non-rotated 

position. Like adult subjects, Marmor's children were also 

instructed to depress the appropriate level indicating equi-

valency or non-equivalency of the stimuli. Once again, each 

trial yielded accuracy and RT data. Marmor's paradigm was 

subsequently employed by other investigators examining the 

rotational competency of children including Dean and Harvey 

(1979) and Kail, Pellegrino, and Carter (1980). Consequently, 

the Marmor paradigm has become the dominant one for use with 
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research. 

Subjects 
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Sixty white, middle-class children who attended a 

public school in Fort Walton Beach, Florida, served as Sllb

jects. Twenty of these students were enrolled as kinder

gartners, (i ~ 6.0 years), t~enty as third graders, (i = 9.0 

years), and twenty as fifth graders, (i = 11.3 years). At 

each grade level, there were ten male and ten female subjects. 

Materials 

Apparatus 

The equipment for the experiment included: a Kodak 

Caramat slide projector/viewer mounted in a user viewing 

carrel, an Apple 2+ microcomputer equipped with a NE555 

timing clip, an Apple 2+ disk drive unit, an RCA single 

channel color monitor, a two button response box, and a Data 

Access Systems Diablo printer. Stimuli were displayed in 

slide form on the Kodak Caramat projector/viewer to the 

student who was seated at the carrel. 

Presentation of the slides was controlled by a spe

cially developed computer program recorded on a floppy disk 

played back on the disk drive unit. The program was designed 

so that when a slide appeared on the viewer, the timing clip 

housed in the microcomputer was activated. Whenever one of 

two response box buttons (one green with a green "happy face-
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above it to indicate equivalency, one red with a red "sad 

face" above it to indicate non-equivalency) was depressed, 

the next slide was automatically presented. For each trial, 

the number of the trial; the button selection made ("alike" 

or "different"); and the time interval from presentation to 

selection (reaction time) was recorded. Each session had 

several 15 second preset pauses arranged on a varied inter

val schedule built into the program. These pauses were used 

to display slides used for reinforcement. 

The number of each slide in use, whether a stimulus 

slide or a pause slide, appeared on the TV monitor throughout 

each session allowing the experimenter to more precisely 

follow the student's performance. The monitor also allowed 

the experimenter to check information regarding subject 

identification (session number, student code number, age of 

student in months, sex of student, teacher's code number, 

grade of student) entered into the computer at the beginning 

of each session. 

At the end of every session, the student's protocol 

was accessed from the same floppy disk which contained the 

program, since this disk was also used to record the re

sponses. The disk was played back to generate two hard data 

copies (an original and a carbon) from the printer. 

Stimuli 

Stimuli used in this experiment were a slightly mod

ified version of the stimuli employed by Rosser, Ensing, 
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Mazzeo, Glider, and Lane (1932). There were four standard 

stimuli, each consisting of the line drawing of a circle with 

a four-inch diameter (See Figure 1). Two of these circles, 

however, were topped with a cone-like shape, causing a single 

protrusion on these figures (single edge indicator items). 

The remaining two circles lacked these protrusions (no edge 

indicator items). External lines of each of the stimuli were 

black. 

All four stimuli had internal orienting information 

in the form of an orange internal axis. One of the single 

edge and one of the no edge indicator items had "facilitative" 

orienting information, an internal axis positioned ortho

gonally (at 0, 90, 180, and 270 degrees), lined up with the 

pointer when present. The remaining items contained "non

facilitative" orienting information with an axis positioned 

obliquely (at 45, 135, 225, and 315 degrees), 45 degrees off 

from the pointer when present. All the stimuli also contain

ed a small, orange right angle triangle in a left quadrant. 

Each of these four standard stimuli was paired with 

one of three test stimuli (See Figure 2). The three test 

stimuli consisted of a: 1) match (a perfect replication of 

the standard stimulus), 2) reflection (a mirror image of the 

standard stimulus), and 3) mismatch (a test stimulus with 

internal characteristics opposite those of the standard 

stimulus, i.e. a non-facilitative test item being paired with 

a facilitative standard item and vice-versa). Each of the 
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test stimuli was presented in one of five positions: 1) 0° 

(the standard or upright position), 2) 45°, J) 90°, 4) 1J5°, 

or 180°. 

General Procedure 

All subjects were seen individually by a female ex

perimenter for three sessions. The first session lasted 

approximately 20 minutes; the two remaining sessions lasted 

approximately 15 minutes each. 

The first session began with an extensive practice 

session designed to familiarize the subjects with the demands 

of the experimental task and with the equipment being used. 

Subspquent sessions began with a review of this initial 

practice session material. 

The experi~enter (~) bega~ the fjrst pr8ctJCe ses

sion by telling the child that they would be playing a com

puter game together. The E showed the subject (~) the com

puter and told him that the computer would keep track of his 

score in the game. E then showed the S the slide viewer and 

told him that she would be showing him some pictures on the 

viewer as part of the game, but first the child needed to 

learn how to play the game. 

The E told the S that she had some cards with two 

pictures on them, telling him that "your job is to tell me 

if the pictures are the same or if they are different." The 

S was tllen directed to the buttons on the response box unit. 



SINGLE EDGE 
INDICATOR 
ITEM 

NO EDGE 
INDICATOR 
ITEMS 

FACI LlTATIVE NON-FACI LlTATIVE 

Fir~ure 1. St<:mc.l2..rd Stir.mlus Iter.ls 
+:-.... 
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A. SINGLE EDGE INDICATOR ITEM, FACILITATIVE 
STANDARD TEST 

DISCRIMINATION 

I. MATCH 

2. 1----+--4 REFLECTION 

3. MISMATCH 

B. SINGLE EDGE INDICATOR ITEM, NON-FACILITATIVE 
STANDARD TEST 

DISCRIMINATION 

I. MATCH 

MISMATCH 

FiGure 2. Test 2tinulus Itens 
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C. NO EDGE INDICATOR ITEM, FACILITATIVE 
STANDARD TEST 

DISCRIMINATION 

I.@ @ MATCH 

2@ EI51 REFLECTION 

3@ @ MISMATCH 

D. NO EDGE INDICATOR ITEM, NON- FACILITATIVE 
STANDARD rEsr 

DISCRIMINATION 

I. @ @ MATCH 

2. @ ~ REFLECTION 

3@ @ MISMATCH 

Figure 2. Test Stimulus Items 
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The S was told to depress the green button if the pictures 

were the same and the red button if the pictures were differ

ent. The E then asked the ~ which button to push in each 

situation to make sure that the child understood the relation

ship of the button and intended response. The E finished 

preparing the child for the first practice item by saying: 

"Remember, if the pictures are the same, press the green 

button. If they are different, press the red button. Be 

sure to press the button as fast as you can as soon as you 

know the answer." The S was also cautioned to use the same 

hand to press both buttons. 

The E then showed the S a rectangular posterboard 

card the same size as the slide monitor (8.5 hy 10 inches). 

On the left side of the card was the practice standard stim

ulus, the letter "F" in an upright position. On the right 

side was a cardboard letter "F" mounted to the rectangular 

card by a spindle. This practice test item was also in the 

upright position. After this first practice card was dis

played, the child made his response, then ~ gave him feed

back on his performance. 

The E then told the child that the game would get a 

little harder. The first practice test item (the 'letter "F") 

was in the upright position, subsequent test items (also em

ploying the letter "F" or some form of it) would not be. 

The child was told that the picture on the right might not 

always be standing up straight. The E told the S that if 
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the picture on the right was not upright (E displayed the 

"F" on the right rotated to 45 0
), he would need to "turn 

this picture in your head (!: rotated the"F" on the right to 

the upright position) to where it will be standing like this 

one (!: pointed to the left figure) so that you can tell if 

the pictures are the same or different." The child was told 

that he may have to "turn this picture" (the right figure) 

in his head in order to know which button to push. 

The child was then given four more cards each fea

turing a standard and practice test item. Before each prac

tice trial, the ~ was reminded of the decision associated 

with each button and was told to push the correct button as 

soon as he knew if the pictures were the same or different. 

After each response, the child was given feedback on his 

performance and was actually shown the practice test stim

ulus rotating back to an upright position by the E. Of the 

five practice test items which were compared to the standard 

item, three were alike and two were different. The discri

minations and positions included: 1) match at 00
, 2) match 

at 45 0
, 3) mismatch at 1350

, 4) reflection at 90 0
, and 

5) match at 180 0
• 

Following the practice session, the E told the child 

he was now ready to play the game. The E told the S that 

they would play the game the same way except that the ma

chine, instead of the !:, would show him the pictures. Each 

time the ~ pushed a button, E said, the machine would show 
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him new pictures. The child was additionally told that 

every so often when he was doing very well, the machine 

would show him a "special picture." (The "special pictures" 

were slides of popular cartoon, movie, and TV characters.) 

The child was also told that if he played the game well 

enough, he would win a prize. The special pictures and the 

prizes awarded at the end of each session were given as non

contingent reinforcement to motivate the child to stay on 

task and to play the game as well as he could. The E then 

told the child to "look at the screen and the game will 

start." E then activated the computer program. 

There were a total of 240 trials, with 74 trials each 

administered at the first two sessions and 92 trials present

ed at the third session. Each trial consisted of one of the 

four standard stimuli (single edge indicator--facilitative 

and non-facilitative and no edge indicator--facilitative and 

non-facilitative) paired with one of the three test discri

minations (match, reflection, mismatch) at one of the five 

positions (0°, 45°, 90°, 135° or 180°). Each possible com

bination was administered four times. 

The order of presentation of the 240 trials was ran

domly determined with three constraints which barred the 

consecutive appearance of the same: 1) standard stimuli, 

2) test stimuli, and 3) test stimuli position. The order of 

presentation was then fixed for all subjects. 
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Scoring 

For each trial, the subject received two scores. 

The first score was for accuracy (discrimination competence). 

No points were given for incorrect items; one point per trial 

was awarded for correct responses with possible scores rang

ing from 0 to 240. 

The second score per trial was for reaction time 

measured to the hundreth of a second. 



CHAPTER 3 

RESULTS 

Introduction 

A number of research questions were raised by this 

study, and a number of different analyses were undertaken to 

address them. The methodology employed for analyzing the 

data was to proceed through it in a systematic manner by 

generating a series of analyses, with the results of one 

analysis being instrumental in determining the components and 

direction of subsequent analyses. 

Basically, the research yielded two kinds of data: 

1) competence data reflected in correct discrimination scores 

and 2) processing data as tapped hy the measurement of rec,c

tion ti~e. Consequently, both power and process related in

for~ation was available for analysis. 

Because the study yielded both competence and pro

cessing data which subsequently required ~ultiple analyses, 

this results rection has been divided into a series of suh

sections to facilitate reporting of the data. These sub

sections include: 1) Identification of the Data Set, 

2) Analysis of Matching Competency, 3) Analysis of Rot2tion 

Competency, 4) Analysis of Process Data, and 5) Summation of 

the Multiple Analyses. 



Identification of the Data Set 

The first step in the data analysis was to actually 

identify the data set by determining which subjects were 

responding appropriately to the task and which subjects were 

simply responding randomly. Random responders needed to be 

identified because the performance of such subjects tends to 

mask any systematic function that there might be for compe

tent subjects (see, for example, Dean and Harvey, 1979). 

Subjects were categorized as randOM or systematic 

responders on the basis of overall discrimination proficiency 

as determined by number of correct responses on the total 

240 trials. The following criterion was adopted: a) indi

viduals were categorized as random responders who performed 

at less than chance (hit rate = ~ SO~); b) individuals were 

categorized as systematic responders who performed at the 

level of chance or better (hit rate of SO-7S~ and >75%). 

Examination of the data employing the below vs. 

equal t%r above the level of chance criterion resulted in 

the identification of four random responders. Re-evalilating 

the data employing a more stringent random vs. systematic 

criterion, level of chance minus one standard error of' 

measurement, yielded the same random responders and sug~est

ed that subjects either performed considerably higher thall 

the 50% or well below. Consequently,both on the basis of 

the initial criterion ( ~ 50%) and a more stringent criterion 

( ~ 50% - 1 standard error of measurement), it was deterMined 



that there were four random responders in the total sample 

size of 60. 

50 

The next issue to be addressed was whether random 

responding was systematically related to age and sex. To 

explore these concerns, subjects were first classified on 

the basis of age (see Table 1). It was discovered that ran

dom responders were almost equally distributed across the 

three age groups, with one each in kindergarten and fifth 

grade and two in the third grade. Grade level was, conse

quently, suggested to be unrelated to random responding. 

A second reclassification of the students was per

formed, this time on the basis of sex, to determine the re

lationship between gender and random responding. This cate

gorization, illustrated by Table 2, indicated that three 

males and one female were responding randomly. Although ran

dom responding was not totally equally divided between the 

sexes, there was little suggestion that random responding 

was systematically sex related. 

In view of the small number of random responders and 

the apparent lack of a systematic relationship between age 

and/or sex and random responding, the protocols of the four 

random responders were dropped from further analyses. In 

order to assure an equal number of subjects at each grade 

level with the same number of males and females per grade, a 

desirable condition for subsequent analyses, the scores fro!.; 

two additional subjects, a kindergarten female and a fifth 



Table 1. 

Grade 

Classification of Subjects by Age on the Basis 
of Percent of Correct Discriminations. 

51 

Percent of COlTect Discriminations 
less than 50% 50-75% more than 75% 

Kindergarten 1 18 1 

Third 

Fifth 

Tnble 2. 

Sex 

f.lale 

Female 

2 

1 

13 

7 

5 

12 

Classification of Subjects by Sex on the Basis 
of Percent of Correct Discriminations. 

Percent of Correct Discriminations 
less than 50C;: 50-75~; more th3Il 755 

3 17 10 

21 8 
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grade female, were randomly dropped from the data set. This 

procedure resulted in a decrease in the total sample size 

from 60 to 54. 

In summation, the preliminary examination of the data 

resulted in the singling out of random responders, the deter

mination that random responding did not appear to be related 

to age or to sex, and the elimination of the four random 

responders, as well as two randomly chosen subjects (a kinder

garten female and a third grade female). This process yield

ed a sample size of 54, nine males and nine females each at 

the kindergarten, third, and fifth grade levels. Wittl the 

identification of the data set completed, an analysis of 

matching competency was then undertaken. 

Analysis of Matching Competency 

The issue which was addressed through an analysis of 

matctling competency concerns the children's ability to match 

stimuli on the basis of visual fa~iliarity in the abs811ce of 

a rotation operation. This ability was tapped by the non

rotated items, those presented at zero degrees, with accuracy 

at no rotation serving as the dependent variable. The pri

mary purpose of this analysis was to determine which of the 

factors examined in the study systematically affected match

ing competency. Of particular interest was the type of dis

crimination (match, reflection, or internal mismatch) the 

subject was required to make. The information provided by 

this analysis was then used to guide the analysis of' rotation 
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competency. 

The data were analyzed by means of a J (age) X 2 (sex) 

X J (discrimination type) X 4 (stimulus item) mixed design 

analysis of variance with repeated measures on the last two 

factors. A Greenhouse Geisser correction for non-additivity 

was also performed on this data. (The Greenhouse Geisser, 

part of the Biomedical Statistical Analysis Package, is a 

more conservative F test designed for use specifically with 

repeated measures studies.) The alpha level with use of the 

Greenhouse Geisser was set at p 4 .01. This analysis oj' 

variance is summarized in Table 3. Significant main effects 

were found for age (F 2,48 = 12.44, P < .001), for stimulus 

item (F 3,144 = 7.3L1, p. ~ .001), and for dhicrimination 

type (F 2, 96 = 9.03, p. ~ .001). A significant interaction 

was discovered for discrimination type by item by age (F 12, 

288 = 2.2, p" .012). The remaining main effect, sex, LInd 

all other interactions were non-significant. The Tukey HSC 

technique (Kirk, 1968) was performed on each of the signifi

cant main effects and on the interaction. All contrasts 

were made at p ~ .05. 

The scale used to consider age had a possible range 

of 0 to 48, one point being awarded for each trial. The post 

hoc analysis performed on age revealed that the differences 

between all pairwise comparisons were statistically signifi

cant with third graders (K = liO. 20) out performing kinder

garten subjects (~ = 32.2B) and with fifth r,raders (.K =: J~~).9(») 



54 

outperforming both third graders and kindergartners. 

A second main effect was discovered for stimulus item 

The scale for this factor had a possible range of 0 to 12, 

with 1 point being given for each correct stimulus item re-

gardless of the discrimination required. The post hoc 

analysis on stimulus items revealed no significant differences 

between the difficulty of single facilitative (! = 9.9), 

single non-facilitative (! = 9.7), and no edge facilitative 

(! = 9.8) items. These stimuli all proved to be of the 

same level of difficulty for the students. There was, how-

ever, a significant difference in the difficulty level of 

the aforementioned stimulus items and the no edge non-facil

itative items (! = 9.0), which were the most difficult stim

uli for the subjects. 

A third main effect was discovered for discrimination 

type. The possible range of the scale for this variable was 

o to 16, with one point being given for each correct dis-

crimination regardless of item type. The post hoc analysis 

on discrimination types showed all pairwise compariSOJ1S to 

be significant, with internal mismatches (~ = 12.6) proving 

to be more difficult than matches (! = 14.6) and with re-
-

flections (! = 11.2) being more difficult than internal mis-

matches and matches. 

In addition to the main effects, an interaction of 

discrimination type, stimulus item, and age was revealed by 

this analysis. Although this interaction was only signifi-



Table 3. Matching Competency (0 Degrees Rotation): 
Summary of Analysis of Variance. 

Source 

·Age 
Sex 
Age X Sex 
Error 

Discrimination 
Discrimination X 
Discrimination X 
Discrimination X 
Error 

Item 
Item X Age 
Item X Sex 
Item X Age X Sex 
Error 

Discrimination 
Discrimination 
Discrimination 
Discrimination 
Error 

.:f p , .01 
-:Hfp ~ .05 

X 
X 
X 
X 

Age 
Sex 
Age X 

Item 
Item X 
Item X 
Item X 

df fJIS 

2 It6. 45 
1 .68 
2 1. 01 

48 3.73 

2 39.02 
4 2.01 
2 2.46 

Sex 4 .74 
96 l~ . 32 

:3 3.00 
6 ·57 
:3 .50 
6 .21 

144 • L~ 0 

6 .85 
Age 12 .95 
Sex 6 .13 
Age X Sex 12 .65 

288 .43 

55 

F 

12.44·:f 

~ 1.00 
<. 1.00 

9.0y;· 
'1.00 
~ 1 .00 
< 1 .00 

7·34·:: 
1 . Je 
1. 2:3 

-"1.0CJ 

1.96 
L.20-::--::-

"' 1. 00 
1. 51 
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cant at the .012 level with the conventional F test and at 

the .023 level with the Greenhouse Geisser, the implication 

of this interaction was deemed to be important to the sub-

sequent analysis of rotation competency. Consequently, this 

interaction and its impact on the future analysis were ex-

plored. A Tukey HSD post hoc (Kirk, 1968) on this interac-

tion yielded information on where the significant differences 

occurred with regard to discrimination type. 

For the match discriminations, the only significant 

contrast was between the mean of fifth graders (3.8) and of 

third graders (3.7) and the mean of kindergarten children 

(2.9) on the no edge, non-facilitative items (See Figure J). 

On internal mismatch discriminations, there were 

several significant pairwise comparisons (See Figure 4). 

There was 3. sic;nificant difference in the perforn:ance of 

fifth graders and third graders and that of kindergarten 
-

children for single facilitative (5! = 3.6, 32. = ).5, 
- -

KX = 2.4) , single non-facilitative (5Z = J. 7, 32- = 3· J, 
- -= 

KX = 2.3) , and no edge facilitative items (52. = 3·7, 31 = 3. il, 

KX = 2.5) . On no edge non-facilitative items, there VIas a 

significant difference between the performance of third 

graders (! = 3.4) and kindergartners CR = 2.6) but, not fifth 

graders (~ = 3.2) and kindergarten children. 

On reflection discriminations, there were also sev-

eral significant pairwise comparisons (See Figure 5). On 

single facilitative (5! = 3.5, 3! = 3.1, KX = 2.3) and on 
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2.0 ~ ___ ~ __________ ~I __________ ~' __________ ~I __ ___ 

Single Single Non- No Edge No Edge Non-
Facilitative facilitative Facilitative facilitative 

Figure 3. 

r.1ATCH DISCRIMINA'rIOI'J 

~1eans per Stimulus Type by Age for l\']atch 
Discriminations. 
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3rd Graders 

5th Graders 
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Single 
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No Edge 

Facilitative 

IfITERNAIJ MISMATCH DISCRIr.1HIA'I'10NS 

No Edge Non
Facilitative 

Figure I~. Heans per Stimulus Type by Age for Internal r.1ismatcl1 
Discriminations. 
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single non-facilitative (5~ = 3.5, 3! = 3.0, KX = 1.9) stim-

ulus items, there was a significant difference between the 

performance of fifth and third graders compared to kinder

garten children. On no edge facilitative items (5! = 3.5, 

3! = 2.8), a significant difference was discovered between 

the performance of fifth graders and third graders. The 

difference in performance of fifth graders on the no edge 
-

facilitative (! = 3.5) and on the no edge non-facilitative 

(! = 2.7) items was also significant. 

This analysis of variance was conducted to discern 

the children's ability to match stimuli when no rotation 

operation was required. Of central interest was the deter-

mination of what factors systematically affected matching 

competence. One reason this determination was of interest 

was to provide information to guide the analysis of rotation 

competency. It was reasoned that if difficulty of the dis-

crimination type (match, reflection, or mismatcll) was con-

sistent in rank order and in magnitude regardless of sex or 

age of the child and across item types, then it would be 

appropriate to develop a scale for the dependent measure 

which would differentially weight response scores based on 

the level of difficulty of the discrimination types. 

Precedent for such differential weighting has been establish

ed in the child imagery literature by, for example, Brainerd 

and Heuvel (1974). 
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In retrospect, it appears that to anticipate the 

possibility of an analytical outcome which would have made 

scaling appropriate was naive. In order to adopt such a 

scale, items would have to have maintained the same diffi

culty ranking across stimulus type as well as across sex and 

grade level of the subjects, a remote possibility. However, 

the suggestion of a three-way interaction (even one signi

ficant at the .02 level, rather than at the established .01 

level) between discrimination type, stimulus item, and age 

indicated that the kind of situation necessary for scaling 

may not be the case here. The kindergarten children, for 

example, appeared to have differential difficulty with 

"different" items (reflections and internal mismatches). 

Consequently, rather than risk scaling inappropriately, dis

crimination type was retained as a factor in the analysis of 

rotation competency. 

Following this analysis, another discovery was made 

which influenced the rotation competency analysis and sub

sequent analyses. Closer inspection of the data revealed 

that for some of the subjects, a response set problem exist

ed. The response set involved the child's either pressing 

the "same" button or the "diferent" button with almost abso

lute consistency for all difficult trials. 

A response set performer who pressed the "same" 

button on all difficult items would score between 80 and 112, 

with 80 being the number of actual trials with "same" as the 
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Figure 5: 

REFLECTION DISCRIMINATIONS 

Means per Stimulus Type by Age for Reflection 
Discriminations. 
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correct response and 112 being the score an individual would 

achieve who correctly identified as "different" the 32 non

identical trial stimuli presented at zero degrees rotation. 

A score of 112 thus presupposes that the subject would res-

pond honestly on these 32 non-identical items and correctly 

press the "different" button. Anyone manifesting this parti-

cular response set would already have been eliminated from the 

sample with the below chance responders because of failing to 

meet the chance or better criterion used to weed out random 

responders. 

A "different" response set performer, however, vrould 

not have been detected by the level of chance or greater ac

curacy criterion established for identification of the data set. 

A response set performer pressing "different" repeatedly would 

score from 160-176, 160 being the number of correct "different" 

responses and 176 being the score an individual would achieve 

who correctly identified as "same" the 16 identical trial 

stimuli presented at zero rotation. These individuals would 

have been classified as transitional subjects (50-75% correct), 

achieving their position by scoring well above chance on dif-
-

ferent items (X ~ 3.0) and well below chance (R ~ .5) on same items. 

The protocols of the subjects were re-examined in 

light of this response set discovery. Table 4 indicates the 

outcome of this procedure. Eighteen of the subjects were de-

termined to be response set responders; fifteen of these 

eighteen responders were kindergarten students. Thus over 



80% of the subjects constituting the kindergarten sample were 

discovered to be response set responders. There were, there-

fore, not enough serious responders left to warrant further 

analysis of the kindergarten subjects' data. Consequently, 

the data of the kindergarten subjects were eliminated from 

all further analyses. Although there were also three res-

ponse set responders in the third grade, these subjects were 

not eliminated in order to preserve the sample size remain-

ing after the exclusion of the kindergarten children. Nore-

over, the response pattern of these subjects was more varia-

ble than that of their kindergarten counterparts. The kinder-

garten children typically manifested an unequivocal "differ-

ence" response set. The pattern of the three third grade 

response set responders did not perfectly mimic that of the 

kindergarten children, suggesting that the older children 

may have been demonstrating a response set of sorts, but that 

it was not operating as overtly as that of the younger 

children. 

Analysis of Rotation Competency 

This analysis was performed to determine the chil

dren's competence at rotations for the positions of 45°, 90 0
, 

13SP, and 180
0

• All trials requiring no rotation were removed 

from this analysis. The scores of kindergarten children were 

also excluded from this and all further analyses. 



Table 4. 

Grade 

Kindergarten 

Third 

Fifth 

Frequency of Response Set Responders by Age 
Level and Sex. 

Response 

Sex Set Other 

Male 8 1 
Female 7 2 

Male a 9 
Female 3 6 

Male a 9 
Female a 9 

64 

The data were analyzed by means of a 2(age) X 2(sex) 

X 3(discrimination type) X 4(stimulus item) X 4(position) 

mixed design analysis of variance with repeated measures on 

the last three factors. The alpha level for this analysis, 

as well as for a Greenhouse Geisser correction for non-addi-

tivity which was also performed on the data, was set at 

P L .01. Table 5 provides a summary of this analysis of 

variance. 

Several significant main effects and interactions 

were discovered. Significant main effects were revealed for 

age (F 1, 32 = 6.71, P ~ .01), discrimination type (F 2, 

64 = 16.36, P , .001), stimulus item (F 3, 96 = 9.84, 

p ~ .001), position (F ), 96 = 4.05, p L .01). Significant 

interactions were found for discrimination type by sex (F 2, 

64 = 6.74, p L .002), stimulus item bv sex (F ), 96 = 4.56, 



p ~ .01), discrimination type by stimulus item (F 6, 192 = 

6.64, p ~ .001), discrimination type by position (F 6, 192 = 

10.47, p ~ 001), stimulus item by position (F 9, 288 = 3.05, 

p ~ .002), and discrimination type by stimulus item by posi

tion (F 18, 576 = 4.47, p L .001). The Tukey HSD technique 

(Kirk, 1968) was performed on the significant main effects 

and interactions. All contrasts were made at p ~ .05. 

The main effect for age indicated that fifth graders 

outperformed third graders. The possible scores ranged fro~ 

o to 192, one point being awarded for each correct rotational 

trial. Chance performance, a 50% hit rate, was 96. The 

mean for third graders was 130.56; the mean for fifth graders 

was 142.8. 

The second main effect examined was discrinlination 

type. The possible scale for this factor ranged from 0 to 

64 (See Table 6 for an explanation of the origin of this and 

all other scales utilized in computing rotation competency). 

The post hoc analysis indicated that all pairwise comparisons 

were significant. Significant differences were found between 

the means for reflection (54.41) and matching (46.07) dis

criminations, between matching (46.07) and internal mismatch 

discriminations (36.07), and between reflection (54.41) and 

internal mismatch discriminations (36.07). This analysis 

thus indicated that on rotated items, reflection discrimina

tions were easier than match discriminations which were eas

ier than internal mismatch discriminations. 



Table 5. Rotation Competency (45, 90, 135, 180 Degrees 
of Rotation): Summary of Analysis of Variance. 

Age 
Sex 
Age X Sex 
Error 

Source 

Discrimination 
Discrimination X Age 
DiscrllrrU1ation X Sex 
Discrimination X Age X Sex 
Error 

Item 
Item X Age 
Item X Sex 
Item X Age X Sex 
Error 
Discrimination X Item 
Discrimination X Item X Age 
Discrimination X Item X Sex 
Discrimination X Item X Age X Sex 
Error 
Position 
Position X Age 
Position X Sex 
Position X Age X Sex 
Error 

df 

1 
1 
1 

32 

2 
2 
2 
2 

64 

3 
3 
3 
3 

96 
6 
6 
6 
6 

192 

3 
3 
3 
3 

96 
Discrimination X Position 6 
Discrimination X Position X Age 6 
Discrimination X Position X Sex 6 
Discrimination X Position X Age X Sex 6 
Error 192 
Item X Position 9 
Item X Position X Aee 9 
Item X Position X Sex 9 
Item X Position X Age X Sex 9 
Error 288 
Discrimination X Item X Position 18 
Discrimination X Item X Position X Age 18 
Discrimination X Item X Position X Sex 18 
Discrimination X Item X Position 

X Age X Sex 18 
Error 576 

"p" . 01 

II/IS 

29.04 
5·33 

.06 
1+.32 

189.52 
5.)4 

78.03 
19.18 
11.58 
11.84-

.96 
5.49 

.91 
1.20 

10·53 
.99 

4.05 
1.97 
1.58 
6.17 

.78 

.42 

.56 
1.52 

16.05 
1. 36 
3·88 
1. 70 
1.53 
1.85 

.24 

.47 

.89 

.61 
2.82 

.66 
1.29 

1.12 
.63 

F 

6. 71-:r 
1.23 

~ 1.00 

16.36-:' 
~ 1.00 

6.74" 
1.66 

9.84-:, 
, 1.00 

4.56-:' 
~ 1.00 

6.64-::
~ 1.00 

2.56 
1.24 

4.oy
~ 1.00 
~ 1.00 
" 1.00 

10.4T:
" 1. 00 

2.53 
:=: 1.00 

3·05-::
, 1.00 
.t:. 1.00 

1. 1+8 

4.4T 
1.04 
2.05 

1.78 

66 



Table 6. Scales Used for the Analysis of Rotation 
Competency. 

192 Total Items (0-192) 

Type of Scale Factors Origin of Scale Scale 

Stimulus Items 4 Stimulus Items 192 .; 4 = 48 0-48 
4 Positions 48 · ~. = 12 0-12 .. 
J Discrimination 

Types 12 ~ J = 4 0- 4 

Discrimination 'l'ypes J Discrimination 
Types 192 · J = 64 0-64 

4 Stimulus Items 64 · 4 = 16 0-16 
L~ Positions 16 ~ 4 = 4 0- 4 

Positions 4 Positions 192 · 4 = 48 0-48 · 3 Discrimination 
Types 48 · J = 16 0-16 

4 Stimulus Items 16 T 4 = 4 0- 4 

Chance 
Level 

2il 
6 

2 

32 
8 
2 

24 

I] 

2 

There was, however, also a significant interaction 

between discrimination type and sex. Again the scale used 

for these variables had a poss~ble range of 0 to 64. Table 7 

reports the means used in this analysis. All comparisons 

were significant except the one between match and reflection 

discriminations for Dlales and the one between reflection dis-

criminations for males and females. For males, match and 

reflection discriminations were equally difficult and were 

both easier than internal mismatches. For females, reflec-

tion discriminations were easier than match and internal 

mismatch discrimination which were equally difficult. For 
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match discriminations, males out performed females; con

versely, for internal mismatch discriminations, females out 

performed males. Males, in fact, performed below chance 

level (32.0) on these internal mismatch discriminations. On 

reflection discriminations, both sexes performed equally well. 

The next post hoc analysis under consideration exam

ined the main effect of the stimulus item. The scale of 

possible scores ranged from 0 to 48. The Tukey HSD done on 

this data indicated that all pairwise comparisons of means 

were significant. The single non-facilitative items, with a 

mean of 36.6, were the easiest items for the subjects. The no 

edge non-facilitative items, with a mean of 32.1, were the 

most difficult items. The single facilitative items (X = 

35.0) and the no edge facilitative items (X = 33.1) comprised 

an intermediate level of difficulty. 

There was also a significant stimulus item by sex 

interaction which was analyzed by a Tukey HSD. Once again the 

scale for the means of these data ranged from a possible 0 

to 48 points. Table 8 summarizes the means used in this post 

hoc analysis. Significant differences were found between the 

single facilitative and single non-facilitative items and be

tween the single non-facilitative and no edge facilitative 

i terns for males. For females, significant differences were found 

between the single facilitative and single non-facilitative-items and be-



tween the single non-facili tati ve and no edge facilitative items. 

For males, the single non-facilitative items were the easiest, 

(! = 38.3) with the single facilitative (! = 33.8), no edge 

facilitative (X = 33.6) and no edge non-facilitative (! = 

33.9) items being relatively of equal levels of difficulty. 

For females, too, the single non-facilitative items were the 
- -

easiest (X = 34.9); however, the single facilitative (! = 

32.2) and the no edge facilitative cR = 32.6) items seerl to 

form an intermediate level of difficulty not detectable for 

males. For females, the no edge non-facilitative items 

(! = 30.2) are the most difficult. 

There was also another interaction involving stimulus 

item. In this instance, there was a significant interaction 

between discrimination type and stimulus item. The scale 

for the scores utilized in this interaction had a possible 

range of from 0 to 16. The post hoc means used in this anal-

ysis are provided in Table 9. All comparisons of reflection 

and internal mismatch discriminations were significant regard-

less of the kind of stimulus item. All comparisons between 

different internal mismatch items were significant except the 

comparison between single facilitative and nc edge facilit2-

tive items. Other significant comparisons revealed were for 

no edge facilitative and non-facilitative reflection items, 

for single non-facilitative and no edge facilitative matchinG 

items, for no edge facilitative matching and reflection dis-

criminations, and for no edge non-facilitative matching and 



Table 7. 

Table 8. 

Sex 

Male 

Fernale 

Post Hoc Analysis of the Discrimination by 
Sex Interaction. 

Discrimination Type 

Internal 
Sex Match Reflection Mismatch 

r,'lale 52.95 55·50 31.15 

Females 39·35 53·75 40.90 

Post Hoc Analysis of the Stimulus Item by 
Sex Interaction. 

Stimulus Item 

70 

Single Single Nan- Na Edge Ho Edge Non-
Facilitative facilitative Facilitative facilitative 

33.8 38.3 33.6 33.9 

32.2 )4.9 32.6 30.2 

reflection discriminations. On matching discriminations, 

the subjects performed equally well on the single facilita

tive (Z = 13.1) and the single non-facilitative (Z = 12.5) 

stimulus items. Performance on these items was significantly 

better than the performance on the no edge facilitative and 

the no edge non-facilitative items. The no edge items were 

equally difficult for the students. 



Table 9. Post Hoc Analysis of the Discrimination Type 
by Stimulus Item Interaction. 

Stimulus Item 

71 

Discrimination Single Single Nan- Na Edge No Edge Non-
Type Facilitative facilitative Facilitative facilitative 

r.Jatching 13·1 12.5 10.6 10.0 

Reflection 13.6 13· 7 14.5 12.9 

Internal 
Mismatch 8.3 10.4 8.0 9.2 

On reflection discriminations, the single facilita

tive (~ = 13.6), sin~le non-facilitative (~ = 13.7), and no 

edge facilitative (! = 14.5) iternswere of the same difficulty 

level. The no edge non-facilitative (! = 12.9) items were 

more difficult than the other three item types. 

For internal mismatch discriminations, every pairwise 

comparison was significant. Single non-facilitative items (! = 10.4) 

were the easiest, followed by no edge non-facilitative items 

(! = 9.2), and by the single facilitative items (! = H.j) 

and no edge facilitative items (~ ::: 8.0) which were of a 

level of equal difficulty. Performance on these last tv/o 

item types, however, was equal or close to the level of 

chance (8.0). 

Additional findings of this post hoc analysis were 

that no edge facilitative items (! ::: 14.5) requirin{c, a 
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reflection discrimination were easier than these items were 

when simply a matching discrimination (~ = 10.6) was requir

ed. The same may be said of no edge non-facilitative items 

requiring a reflection (Z =12.9) and matching no edge non

facilitative items (! = 10.0). All of the internal mismatch 

items were significantly more difficult than their reflection 

counterparts. Moreover accuracy rates on the internal mis-

match discriminations tended to be low. 

A main effect for position was also revealed by the 

five-way analysis of variance. The scores for this analysis 

had a possible range of from 0 to 48. The post hoc done on 

these data indicated that trial items presented at 90° (~ = 

35.2) and 1800 (~ = 35.1) were equally difficult for the 

subjects. These orthogonal rotations were significantly 

easier for the students than oblique rotations of 45° (! = 

0-0 
34 .1) and of 135 (Z = 32.1). Moreover, 45 rotations were 

significantly easier than those of 135°, which proved to be 

the hardest rotation operation. 

In addition to the main effect for position, there 

was also a position by discrimination interaction. The 

scale for the scores utilized spanned a possible 0 to 16 

points. Table 10 reports the means used in this post hoc 

analysis. The only acrOSG position comparisons which were 

not significant were those between the reflection discrimi-

nations at every position. In comparisons of discrimination 

types, all comparisons were significant except those between 
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Table 10. Post Hoc Analysis of the Position by Discrimi
nation Interaction. 

Position 

Discrimination 450 90 c 1350 1800 

r,1a t chine 10.0 13. 1 10.7 12·3 

Reflection 13.9 13.2 14.2 13. 1 

Internal Mismatch 10.2 8.9 7.2 9.7 

all matching discriminations and internal mismatch discrimi

nations and those between the matching items at 90° and 180 0 

and their corresponding reflection discriminations. 

There are a myriad of significant differences in the 

means utilized in this interaction. For matching discrimi-
-

nations, rotations of 90 0 (! = 13.1) were easier than those 

of 1800 (~ = 12.3), which were easier than those of 135 0 

(! = 10.7), which were easier than those of 45 0 C~. = 10.0). 

As was true of the main effect for position, matching ortho-

gonal rotations proved less difficult than oblique rotations. 

For reflection discriminations, however, this was not the 

case. All rotations were equally difficult. For internal 

mismatch discriminations, rotations of 45 0 (~ = 10.2) were 

the easiest with rotations of 90 0 (! = 8.9) and 1800 (~ = 

9.7) being equally difficult. Internal mismatch rotations 
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of 1350 (! = 7.2) proved to be the most difficult for the 

subjects. The data for internal mismatch discriminations, 

however, must be viewed with great discretion because the 

scores for mismatches are sufficiently low (chance level = 8) 

that the meanings of the contrasts are not clear. 

A final two-way interaction involving position and 

stimulus item was analyzed once again employing the Tukey 

HSD technique (Kirk, 196E3). The score scale for this analy

sis ranged from a possible 0 to 12 points (see rrable 11). The 

analysis on this data revealed only two pairwise comparisons 

which were significant at this level. There was a signifi

cant difference in the performance on no edge faci~it2tive 

items rotated to 135 0 (9.1). 'I'here was also a siGnificant 

performance difference on no edge non-facilitative items 

rotated to 90 0 (8.5) and to 1350 (7.2). Essentially, these 

data were not considered to be meaningful. The data for a 

related three-way interaction involving position, stir:ulus 

item, and discrimination type revealed no significant dif

ferences between the comparisons and was, consequently, als0 

judged to be of no real value. This completes the mw.lysi;:; 

of rotation competency and thus of accuracy oriented data. 

Analysis of the Process Data 

The analysi~ of process data was undertaken to in-

vestigate three issues of concern: 1) whether reaction 

time was systematically related to any of the experimental 



Table 11. Post Hoc Analysis of the Item by Position 
Interaction. 

Position 

Discrimination Type 45
0 

90
0 

135
0 180 0 

Single Facilitative 8.5 9·3 8.5 8.7 

Single Non-facilitative 9.) 9.2 8.7 9·3 

No Edge Facilitative 7.9 8.4 7.7 9.1 

No Edge Non-facilitative 8.4 8.3 7.2 8.0 

factors, 2) whether the linear function between reaction 
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time and rotation position so prevalent in the literature 

would be apparent in this research as well, and 3) whether 

that function (assuming its existence) varied in relation to 

other factors in the study. 

To clarify the first of these issues, an overall 

examination of the relationship between processing time and 

the factors in the study was performed. The data were thus 

analyzed in a 3(age) X 2(sex) X 4(stimulus item) X J(discri

mination type) X 5(position) mixed design analysis of vari-

an~e with repeated measures on the last three factors. 

The alpha level for the analysis of variance, as well as for 

the Greenhouse Geisser, was set at .01. This analysis, as 
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is customarily true of the analysis of reaction time data 

associated with rotation studies, was performed on the reac

tion time scores for correct trials only. It was the intent 

of this analysis in part to provide information to be utiliz

ed to select the factors to be further scrutinized with re

gression procedures. 

The results of this analysis of variance are present

ed in Table 12. One main effect and one interaction were 

significant. The Tukey HSD technique (Kirk, 1968) was per

formed on both these findings. The alpha level for all pair

wise comaprisons was p ~ .05. 

A significant main effect was found for stimulus item. 

Post hoc analysis of the data revealed that every pairwise 

comparison was significant, except the difference in means 

between single non-facilitative and no edge non-facilitative 

items. The item which could be responded to the quickest of 

the four stimulus items was the no edge facilitative stimullls 

(4.6). This was followed by the single edge facilitative 

items (4.9). The no edge non-facilitative items (7.5) and 

the single edge non-facilitative items (7.4), which while 

possessing means which were significantly different than the 

mean of the no edge facilitative items, were responded to at 

an equal rate by the subjects. 

These main effects, however, must be interpreted in 

light of a significant interaction between stimulus item and 

degree of rotation. The Tukey HSD technique (Kirk, 1968) 



Table 12. Process Data (Reaction Times): Summary of 
Analysis of Variance. 

Source df r,lS F 

Age 1 2140.05 3.47 
Sex 1 52.27 L 1.00 
Age X Sex 1 98.82 , 1.00 
ETTor 32 616.38 

Discrimination 2 128.02 '- 1.00 
Discrimination X Age 2 123.38 ~ 1.00 
Discrimination X Sex 2 690.42 1. 32 
Discrimination X Age X Sex 2 572.87 1.09 
ETTor 64 525·00 

Item 3 18775.72 38.09 
Item X Age 3 391. 71 " 1.00 
Item X Sex 3 1027.]4 2.0B 
Item X Age X Sex 3 664.15 1. 35 
Error 96 492.97 

Rotation 4 947.46 1.80·;' 
Rotation X Age 4 716.82 1. 36 
Rotation X Sex 4 281.65 ~ 1.00 
Rotation X Age X Sex 4 331.80 ~ 1.00 
Error 128 527.33 

Discrimination X Rotation 8 151. 92 ~ 1.00 
Discrimination X Rotation X Age 8 380.46 c:, 1.00 
Discrimination X Rotation X Sex 8 414.36 ~ 1.00 
Discrimination X Rotation X Age X Sex 8 281.13 4:. 1.00 
Error 256 504.92 

Item X Rotation 12 81615.27 152.1Y· 
Item X Rotation X Age 12 435.62 c:. 1. 00 
Item X Rotation X Sex 12 276.24 .&. 1.00 
Item X Rotation X Age X Sex 12 748.06 1. 39 
Error 384 536.40 

Discrimination X Item X Rotation 24 584.44 1.25 
Discrimination X Item X Rotation X Age 24 394.02 ~ 1.00 
Discrimination X Item X Rotation X Sex 2h 309·33 .: 1.00 
Discrimir~tion X Item X Rotation X Age 

X Sex 24 463.29 <. 1.00 
Error 768 467.73 
"p~ .0001 

77 
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was performed on these data Rnd revealed a myriad of signi-

ficant differences between the means. Table 1) provides the 

means used in this analysis. For single facilitative, no 

edge facilitative, and no edge non-facilitative all individual 

item position comparisons were significant except those be

tween 0° and 90° and between 90° and 180° for each item. 

For single non-facilitative items, these same comparisons 

were non-significant; however, the comparison between ttle 45 0 

and 1350 positions was also insignificant. The real impor-

tance of these findings is best apprehended by use of Figure 

6, a graph of the significant reaction time mean differences 

per item for the stimulus item by degree of rotation interac

tion. Figure 6 dramatically reveals the reaction time res-

ponse pattern created by the interplay of item and rotation. 

For the facilitative items, those with orthogonal internal 

axes, response times are quickest at orthogonal positions: 

° ° ° o , 90 and 180. When presented at the oblique positions 

of 45° and 135°, these same facilitative items take consi-

derably longer to respond to. It should be noted that on 

rotations of 45° and 1)5°, the internal axes of the facili-

tative test stimuli is in Rn oblique position. 

The situation for facilitative items is virtually 

reversed for non-facilitative items as Figure 6 illustrates. 

Speeds for no rotation (0°) or for orttlogonal rotations (90 0 

and 180°) are slow; speeds for oblique rotations (45° and 

135°) are swift. In the case of non-facilitative items, the 



Table 13. Post Hoc Analysis of the Item by Rotation 
Interaction. 

79 

Single Single Non- No Edge No Edge Non-
Rot':'l.tion Facilitative facilitative Facilitative facilitative 

0° 2.4 46.7 2.3 49.1 

45° 1+9.6 3.0 47.8 3.I.J 

90° 2.4 47.0 3·0 4c r. .J.:J 

1J5° 40.5 ).0 42.) 3·6 

180° 3.4 48.3 3.0 49.0 

test stimulus at 0°, 90°, and 180° has an internal axis which 

is oblique. At 45° and 135°, the non-facilitative internal 

axis becomes orthogonal. 

Thus for both facilitative and non-facilitative items, 

long reaction times occur whenever the axis on the test ite~ 

is oblique. Conversely, short reaction times occur whenever 

the axis on the test item is orthogonal. 

It is apparent from this analysis of the reaction 

time data that the nature of the stiQulus item and the kind 

(whether orthogonal or oblique), not merely the degree, of the 

rotation required, is crucial to the length of time required 

to perform the rotation. It is also apparent that the 

originally planned regression analyses designed to check for 

linearity are inappropriate in view of the interaction between 
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stimulus item and rotation revealed by the analysis of vari

ance data and by the Tukey post hoc analysis. Checking these 

data for linearity would thus be meaningless because tests of 

linearity would be insensitive to the kind of response pat

tern associated with this interaction. In light of these 

findings, analysis of the data concluded with the reaction 

time five-way analysis of variance. 

SUMmation of the Multiple Analyses 

This research posed a number of questions for consi

deration. As a result, a series of analyses were employed to 

address these questions, with the outcome of one analysis 

pro"iding information used to guide subsequent analyses. 

Table 14 provides a summary of the issues dealt with, the 

analyses designed to investigate these issues, and the out

come of these analyses. 

The first step in the analytical procedure was to 

identify the data set by discerning which protocols were those 

of random, rather than systematic responders, and then by 

determining whether random responding was related to age and/ 

or sex. Through the establishment of a criterion level for 

random responding and subsequent inspection of the descriptive 

data, the determination was made to eliminate the protocols 

of six subjects from further analysis, those of four random 

responders and those of two randomly chosen subjects (this 

procedure ensured an equal number of protocols per grade per 

sex) . 
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Table Ih. Summary of Analytical Procedures. 

Issue Analysis 

(Section: Identification of the Data Set) 

1. Is there any 
difference in the 
frequency of random 
responders associat
ed with age and sex? 

Establishment of level 
of random responding; 
Inspection of descrip
tive data. 

(Section: Analysis of Matching Competency) 

2. How do children 
perform when simplY 
matching standard and 
test stimuli in the 
absence of an opera·' 
tion? vJhat factors 
affect this perform
ance? 

J(age) X 2(sex) X J 
(discrimination type) 
X 4(stimulus item) 
MIXED DESIGN ANOYA 
with repeated measures 
on the last 2 factors, 
Tukey HSD post hoc. 

(Section: Analysis of Rotation Competency) 

J. How do children 
perform when rotating 
stimuli? What factors 
affect this T.Jerform
ance? 

2(age) X 2(sex) X J 
(discrimination type) 
X 4(stimulus item) X 4 
(position) 
MIXED DESIGN ANOYA with 
repeated measures on the 
last J factors, Tukey 
HSD post hoc. 

Outcome 

Elimination of the 
scores of 4 random 
responders and 2 
randomly chosen sub
jects to afford 
equal subjects per 
cell. 

1) Discovery of 
significant main 
effects for: age; 
stimulUS item, and 
discrimination type; 
and a significant 
interaction for dis
cimination type X 
stimulUS item X af,e. 
2) Determination of 
the infeasibility of 
creating a discrimi
nation scale. 
J) Discovery of a 
response set and 
subsequent elimina
tion of the scores 
of kindergarten 
subjects from further 
analysis. 

1) Determirk1.tion of 
significant main 
effects for: age, 
discrimination type, 
stimulus item, ru1d 
position. 
2) Discovery of 
interactions for: 
discrimination type 
X sex, stimulm, item 
X sex, discrimination 
type X stimuJ UE~ item, 
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Table 14. Summary of Analytical Procedures. --continued. 

Issue 

4. Is reaction time 
systematically related 
to the e~rimental 
factors? Is there a 
linear relationship 
between reaction time 
and position? 

Analysis 

2(age) X 2(sex) X 4 
(stimulus item) X 3 
(discrimination type) 
X 5(position) MIXED 
DESIGN PJIIOVA with re
peated measures on 
the last 3 factors, 
Tukey HSD post hoc. 
Performed on correct 
trials only. 

Outcome 

discrh~tion type 
X position, stimulus 
item X position, and 
discrimination type 
X stimulus item X 
position. 

1) Discovery of a 
significant main ef
fect for stimulus 
item. 
2) Revelation of a 
significant interac
tion for stimulus 
item and position. 
3) Determination 
that checking the 
data for linearity 
is inappropriate in 
view of the response 
pattern associated 
with the interaction. 
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The second analysis of the accuracy data focused on 

matching competency, concentrating on the issue of how well 

subjects matched stimuli when no rotation was required and 

what factors affected this matching performance. A J(age) X 

2(sex) X J(discrimination type) X 4(stimulus item) mixed de-

sign analysis of variance with repeated measures on the last 

two factors was performed with a Tukey HSD post hoc. c . . ulgnl-

ficant main effects were found for: age, stimulus item, and 

discrimination type; a significant interaction was revealed 

for discrimination type X stimulus item X age. This analysis 

led to the determination of the infeasibility of creating a 

scale for discrimination type and the disccvery of a response 

set for some subjects. The protocols of kindergarten children 

were eliminated from further analysis as a result of this 

analytic procedure. 

The next analysis undertaken was of rotation compe

tency. This competency was examined by use of a 2(age) X 

2(sex) X J(discrimination type) X 4(stimulus item) X 4(posi-

tion) mixed design analysis of variance with repeated measures 

on the last three factors. The analysis was followed by a 

Tukey HSD post hoc. This analysis of variance sought to de-

termine how children perform when rotation operations are 

required and what factors affect this performance. Signifi-

cant main effects were found for: age, discrimination type, 

stimulus item, and position. Sigrlificant interactions includ-

ed: discrimination type X sex, stimulus item X sex, discri-
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mination type X stimulus item, discrimination type X position. 

This analysis concluded the exploration of accuracy data. 

The final analysis undertaken dealt with process data. 

This analysis was designed to discern whether reaction,time 

was systematically related to the experimental factors. A 2 

(age) X 2(sex) X 3(discrimination type) X 4(stimulus item) X 

5(position) mixed design analysis of variance with repeated 

measures on the last three factors was performed on reaction 

time data from correct trials only. Post hoc analysis utiliz

ed the Tukey HSD technique. Originally this analysis was de

signed to be an exploratory analysis to help determine which 

factors might be worth contrasting in the scheduled regression 

analyses. However, the outcome of this analysis indicated 

that regression analyses would be inappropriate. This analy

sis resulted in the discovery of a significant main effect 

for stimulus item. Of more profound importance, however, was 

the revelation of a significant interaction between stimulus 

item and degree of rotation. The kind of response pattern 

associated with this inter~ction rendered meaningless testing 

this data for linearity. Consequently, the analysis of the 

process data concluded with the discovery of this dramatic 

interaction. 



CHAPTER 4 

DISCUSSION 

This research provided an integration of the two major 

approaches to the study of spatial ability and, consequently, 

to mental rotation: the developmental approach and the in-

formation processing approach. As a result, this research 

has important implications for each perspective. 

The study posed a number of questions concernine a 

variety of factors relating to mental rotation. It seems 

most appropriate to begin this discussion with an interpreta-

tion of the results of the final analysis, which provided the 

most dramatic and important finding in a study which yielded 

a myriad of significant findings. 

The final analysis of this study, the five-way analy

sis of variance on rotation times for correct trials only, 

revealed a significant interaction between position and stim-

ulus item. Consequently, reaction time was determined to be 

affected by the interplay of the degree of rotation required 

. (0 0 0 0 0 by the test ltem 0, 45 , 90 , 135 , or 180 ) and the nature 

of the stimulus item itself (single edge facilitative or non-

facilitative, no edge facilitative or non-facilitative). 

The importance of the degree of rotation of the test 

stimulus is obviously well-established in the literature. It 
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is, perhaps, precisely the finding of a linear relationship 

between reaction time and angular discrepancy of the stimulus 

for adults by Shepard and Metzler (1971) and a host of other 

experimenters that has given such prominence to mental rota

tion research. Several investigators have been able to repli

cate this linear function for children as well (Childs, & 

Polich, 1979; Kail, Pelligriro & Carter, 1980; and Marmor, 

1975, 1977). 

Although these studies indicate the importance of the 

degree of rotation of the test stimulus as it relates to 

reaction time, the present research indicates a far different 

pattern for the relationship than that associated with the 

other investigations. This pattern is hinted at in the accu

racy data of Rosser, Glider, Ensing, and Lane (1982) and 

Rosser, Ensing, Mazzeo, Glider, and Lane (1982) and in the 

accuracy and reaction time data of Dean and Scherzer (1982). 

Subjects in this study performed differently on ortho

gonal vs. oblique rotations. In the analysis of rotation 

competency, the accuracy data indicated a main effect for 

position, with orthogonal rotations of 90 0 and 180 0 being 

equally difficult, but both being easier than rotations of 45 0 

and than of 135°, which are the most difficult. There were 

also position and discrimination type and position and stim

ulus item interactions for the rotation competency accuracy 

data; but, these interactions, as was indicated earlier, do 

not lend themselves well to interpretation. However, with 
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the erroneous responses removed from the reaction time data, 

a significant interaction was revealed for position and stim

ulus item. 

It is not merely that orthogonal and oblique rotations 

are handled at different rates of speed, they are handled at 

different rates of speed contingent on the nature of the stim

ulus item. The basic finding of this interaction is that for 

both facilitative and non-facilitative items, long reaction 

times occur whenever the axis on the test item is oblique; 

short reaction times occur whenever the axis on the test item 

is orthogonal. Why this seems to be true is unknown. It may 

be, however, to attempt a possible explanation, that more 

rapid processing of stimuli with orthogonal axes is related 

in some way to the subjects' knowledge of Euclidean space 

which operates on orthogonal, rather than Oblique, planes. 

At any rate, differential handling of orthogonal and 

oblique rotations is apparently based on the characteristics 

of the stimulus. In fact, this relationship of position and 

stimulus item may indicate that the process of mental rotation 

for these subjects is, perhaps, functioning differently than 

the manner in which it is conceptualized by information proc

essing theorists like Shepard and Metzler. 

Shepard and Metzler (1971) treat imagery as a primi

tive process (Pylyshyn, 1973), suggesting an isomorphic re

lationship between rotation as it occurs in the physical 

world and as it occurs in the mental world. Thus mental ro-



89 

tation is thought to involve the holistic mental manipulation 

of a stimulus, a percept--like the process akin to physical 

rotation. Rather consistent discovery in competent subjects 

of a linear relationship between reaction time and degree of 

rotation has been used to support this viewpoint. In light 

of the fact that mental rotation is a primitive process in 

this school of thought, the process should not be affected by 

tusk demands such as characteristics of.the stimuli. In fact, 

Pylyshyn (1973) suggests that if factors like stimulus charac

teristics do affect rotation, then the holistic argument is 

"cognitively penetratable." 

Clearly, however, characteristics of the stimuli are 

related to what is occurring here. Perhaps, what seems to be 

happening is more closely related to Piagetian notions of ki

netic imagery as being related to the development of opera

tional thought. This conceptualization of the process of men

tal rotation is not percept-based, but concept-based, kinetic 

imagery being associated with logical, rather than perceptual 

processes. It is not images-in-the-head which are manipulated, 

but spatial relationships which are transformed through anti

cipated movements. Given a concept-based process, differences, 

such as those found in this study, based on stimulus charac

teristics are more easily explained. 

That the nature of the stimulus item has an effect on 

rotation is apparent throuchout the study. For the reaction 

time data, a main effect was also revealed for stimulus item 
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in addition to the crucial stimulus item by position interac

tion. For matching and rotation competency, stimulus item 

was also a significant factor. Clearly stimulus characteris

tics impinge on accuracy data and on reaction time data. This 

finding, however, would not be predicted by the Shepard and 

Metzler conceptualization of the rotation process. 

It is not merely, however, the relationship between 

position and stimulus characteristics which may suggest a more 

Piagetian-like conceptualization of mental rotation. The 

performance of the kindergarten children also suggests this 

possibility. One of the issues addressed by this research is 

the differential performance of young children in research 

conducted by Marmor (1975, 1977) and by Dean and Harvey (1979). 

Marmor (1975, 1977) found a linear relationship between posi

tion and reaction time even for the young children in her 

study; Dean and Harvey (1979) did not. The differences in 

the kind of stimuli utilized in each experiment have already 

been noted. 

In this study, a predictable main effect was found 

for age for overall proficiency and for matc~ competency. 

Obviously the kindergaten children performed less well than 

third and fifth graders. However, the response set pattern 

discovered for the kindergarten children indicates that they 

very likely could not really even perform the experimental 

task and so resorted to routinization of responses. This 

inability of the young children to perform the task is more 
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clearly in line with the Dean and Harvey (1979) finding. 

Their explanation of this inability is typically Piagetian: 

kinetic imagery is related to operational thought, and these 

children are in the pre-operational stage. This Piagetian 

conceptualization thus may explain why the kindergmten chil

dren in this study also failed to perform the task, resulting 

in their protocols being eliminated from further analysis. 

The factors of position, stimulus item, and age have 

all been shown to have affected task performance in some way. 

The same is true of the discrimination type required. Al

though it has been a ~outine rotation study convention to use 

match and reflection items as discrimination types, only a 

few studies (Rosser, Ensing, Mazzeo, Glider, and Lane, 1982, 

for example) have examined the effect of the discrimination 

type required on performance. This study incorporated, irl 

addition to match and rotation discriminations, an internal 

mismatch of information as a kind of discrimination type as 

well. 

The results of this research indicate that the discri

mination required does affect performance. For matching com

petency, a main effect for discrimination suggested that when 

no rotation operation was required, matching discriminations 

were the most difficult. There was also, for matching com

petency, a three-way interaction, indicating differential 

performance based on the interplay of discrimination type, 

stimulus item, and age. 
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The type of discrimination required also had an effect 

on rotation competency. For items requiring a rotation opera

tion, reflections were actually easier to discriminate than 

matches, although it is difficult to know why this might be 

the case. Internal mismatch discriminations, with their 

"contradictory" external and internal information, were under· 

standably the most difficult. 

Discrimination type also provided one of the only 

effects involving sex. For rotation competency, there was a 

discrimination type by sex interaction indicating differential 

performance of males and females contingent on the type of 

discrimination required. Females followed the pattern of the 

main effect with reflection discriminations being easier than 

matches, but with matches being of the same difficulty level 

as internal mismatches. For males, match and reflection dis

criminations were equally difficult and both were easier than 

internal mismatches. For match discr.Jrninations males outper

form females; the reverse is true for internal mismatch dis

criminations. 

A sex effect also occurred in a stimulus item by sex 

interaction for rotation competency which suggested that for 

both sexes, single non-facilitative items are the easiest. 

For males, however, the other three kinds of items are equally 

difficult. For females, both kinds of facilitative items 

form an intermediate level of difficulty, with no edge nOll

facilitative items being the most difficult. 
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Although differential performance based on the interac

tion of sex and discrimination type and sex and stimulus item 

are interesting in their own right, what, perhaps, is more 

intriguing is the rather minimal effect sex has on performance. 

Although .other studies have found sex differences, other than 

in the case of the two interactions already noted, this one 

did not. There were no sex differences on overall proficiency, 

almost no sex differences on accuracy rates, and no sex dif

ferences on reaction time. 

In summation, this study revealed a number of main 

effects and interactions that indicate that all the factors 

chosen for the research (age, sex, stimulus item, discrimina

tion type, and position) have some impact, whether great or 

small, on rotation competence and/or process. No finding, 

however, more clearly suggests what is happening with the per

formance of subjects in this research than the interaction re

vealed between position and stimulus item in the analysis of 

reaction time data, the analysis which provided the culmina

tion of all the analytical procedures. This finding suggest

ed a way of viewing mental rotation which aligns it more 

closely with Piaeetian-based conceptualizations of the proc

ess than with information processing rooted theories. 

The impact of the characteristics of the stimulus on 

the mental rotation performance of children is strongly 

articulated by this study. A study has not yet been done 

with adults, however, which systematically varies the stimulus 



characteristics of the to-be-rotated stimulus, as was the 

case with this research .. Perhaps, a more direct challenge to 

the holistic processing stance of the information processing 
I 

theorists like Shepard and Metzler would result from just 

such a study. One can only wonder at the outcome of thus 

replicating this research with adults. 
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