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ABSTRACT 

Several explanations have been offered to account for infor

mation processing of visual forms and the influence of verbal labels 

associated with those forms. These accounts have differed in their 

emphasis on processes of encoding, storage, or retrieval as the 

primary locus of the effects of label-form association. While the 

three accounts are not incompatible, previous explanations have failed 

to provide an integrated explanation of the process of form memory. 

The present study was composed of two experiments that addressed 

psychological perception of form stimuli. In the first experiment, a 

novel mathematical method was used to describe and generate four families 

of random-polygon form stimuli of graded similarity. The mo~el's 

Euclidean metric provided a close linear fit to the obtained judgments 

of similarity among polygons. The second experiment examined the 

associative influence of verbal labels on memory for the polygons used 

in the first experiment. Subjects learned to associate either the same 

label or two different labels with two form stimuli from the same 

family and one "control" polygon and one label from the third and 

fourth families. A paired comparison recognition test was used in 

which training stimuli were presented with unfamiliar stimuli from 

the same family either immediately, two days or four days after 

training. Subjects' recognition gradients on the control forms 
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demonstrated a clear differentiation between the correct training form 

and incorrect variation forms. Recognition gradients were markedly 

different, however, for same- vs. different-labeled forms. Training 

with different labels produced a gradient with a ~ode centered over 

the correct target form. Training with same labels produced arecogni

tion gradient with a mode shifted in the direction suggested by the 

same label. Results of the present study are most consistent with a 

model of form memory in which different processes may predominate as 

a function of stimulus complexity and degree of training. In some 

cases an associative encoding process is the result of label-form 

association. In others, including the present study, label-form 

association directs dynamic processing, resulting in novel 

assimilational representations of stimulus information. 



INTRODUCTION 

. Koffka observed that nothi ng "... has cha 11 enged the 

psychologist as much as the fact that we have a memory (1935:p. 

423)." Indeed, a review of investigations on the nature of memory 

competes as a history of experimental psychology. Throughout this 

history, perceptual memory, and, more specifically, memory for form 

has attracted great theoretical interest. Explanation of the processes 

responsible for memory for form has been integral in the development 

of psychological theory in general. A missing prerequisite to a 

sufficient theoretical explanation of memory for form has been the 

development of an adequate psychophysics of form. That is, without 

the quantification of the distal form stimulus, attempts at the 

explanation of form perception and memory cannot be complete. Thus, 

historically, a central concern of much psychological theory has been 

the explanation of (1) the nature and definition of form, (2) the 

processes which govern fonm perception, and (3) the nature of memory 

for form. 

The long-standing interest in the problem of fonm perception 

has, most recently, culminated in investigation of the effects of 

verbal association on memory for form. Three alternative theoretical 

views have predominated in the explanation of the influence of 

1 
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verbal association on form memory. Thes.e three views are characterized 

by their emphasis on processes of encoding, storage, or retrieval. 

The retrieval account of the effects of verbal association on 

memory for form stresses the medi ationa 1 functi on of previ ous 1y 

associated verbal labels on the reproduction or recognition of 

form. This theoretical view can be traced to an early study by 

Hanawalt (1937). Hanawalt investigated successive versus single 

reproductions and recognition of shape stimuli. Hanawalt observed 

substantial forgetting in the single reproduction method and the 

apparent reliance of subjects on verbal cues to aid reproduction. 

Hanawa1t.rejected the notion of a gradually changing memory trace 

reported in previous research (cf. Wu1f, 1922). On the basis of 

comparisons between the successive and single reproduction methods, 

observed changes in reproductive memory were attributed to reactivity 

of subjects to repeated testing. Hanawalt concluded that changes in 

memory for form occur at the time of reproduction; the subject \ 

attempts to reconstruct the partially forgotton form with the aid of 

associated verbal cues. 

More recently, Price and Slive (1970) conducted an experiment 

in which verbal labels were associ ated with random shapes. High 

and low association value shapes were paired with either relevant 

or irrelevant verbal labels. Following training, subjects' 

recognition of shapes was tested by the single-stimulus pre

sentation of each training shape and an equal number of 

distractor shapes. Both association value of the shapes and relevance 
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of the verbal label influenced recognition performance. Price and 

Slive interpreted their results with a model of recognition involving 

two related processes, identification and recognition. Identification 

entails the sensory processing and coding of the stimulus. Recognition 

initially involves identification processes, but is also concerned 

with the evaluation of the strength of stored representations. It 

is during the decisional process of evaluating the representation 

that verbal labels exert their influence. According to Price and 

Slive, the verbal label is assumed to be a verbal coding of the 

symbolic representation of the shape. The major effect of the verbal 

label is to aid in locating a shape representation during the 

recognition task that matches' the representation that occurred 

during coding of the stimulus. 

Santa and Ranken (1972) found no apparent effect of labeling 

on long term recognition memory. However, labeling facilitated short 

term recognition by increasing the efficiency of rehearsal. In 

addition, four experiments by Santa (1975) suggested that verbal labels 

have a strong influence in tasks requiring redintegrative memory for 

form. Santa proposed that label training mediates or references 

particular attributes of the specific shape. This mediational 

function of labels solidifies the representat~on of the shape by 

producing a single stable referent of the shape, the verbal label. 

Thus, the label serves as a mnemonic aid at the time of the memory 

test. Consistent with the view of Price and Slive, Santa maintains 

that the label must be used during retrieval in order to obtain 
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the facilitative effect of label training. Since the label serves 

as a referent in memory, the power of the label resides in facilitating 

the location and retrieval of visual information. 

A second theoretical view emphasizes the effects of verbal 

labels on the encoding of form stimuli. Malloyand Ellis (1970) 

investigated the effects of verbal identifying responses on the 

recognition of 6-point randomly constructed shapes. They contended 

that the association of identical cue-producing responses with two 

different shapes results in an acquired equivalence between the shapes. 

Furthermore, associating distinct responses to different shapes 

produces differentiation between the shapes and a reduction in 

generalization between stimulus objects. To test these hypotheses, 

either common or distinctive eve labels (consonant-vowel-consonant) 

were associated with shape stimuli. Generalization ~f response was 

tested by presenting the training shape along with five similar 

shapes. Malloy and Ellis found that acquired equivalence training 

resulted in an increase in generalization to test stimuli not presented 

previously. Associating a common verbal label with two different 

stimuli produced an equivalence between the stimuli. Malloy and 

Ellis failed to demonstrate, however, that the association of 

distinctive verbal labels enhanced discrimination between two stimuli. 

Further evidence of the effect of verbal labels on the 

encoding of visual stimuli was obtained in a study by Ellis and 

Daniel (1971). They were concerned with whether the effects of 

verbal labels on response were produced during the coding or the 



5 

retrieval of visual information. It was hypothesized that for 

verbal labels to exert an effect on the retrieval of stimuli, it was 

necessary that the label be accessible during retrieval. If labels 

influenced encoding, however, the availability of labels during 

retrieval would not be necessat'y. Ellis and Daniel found that visual 

stimulus recognition remained stable over a 28 day retention interval. 

However, both free and aided recall of associated verbal labels 

decreased over the same delay interval. Furthermore, it was found 

that visual stimulus recognition did not depend upon recall of the 

associated verbal label. It was concluded that the facilitative 

effect of verbal labels on visual recognition was in encouraging 

attention to distinctive features of the visual stimuli during encoding. 

This result was also supported in a study by Daniel and Ellis 

(1972). After associating distinctive verbal labels with complex 

random shapes, subjects were tested over three delay intervals for free 

recall of labels and recognition of shapes. While distinctive verbal 

label training resulted in superior recognition performance, recall 

of labels declined over the same delay intervals. These results were 

interpreted as fuy'ther evidence that the effect of verbal labels on 

memory for form is best viewed as a process occurring during the 

encoding of stimuli. 

Ellis (l973) has summarized these results in the light of a 

"conceptual coding hypothesis", This account has emphasized the 

effects of verbal association with complex visual stimuli on the 

encoding of the stimuli. Verbal association not only enhances 



recognition memory for visual stimuli, but also serves to direct 

attention to relevant features of the visual stimulus. Thus, the 

association of distinctive verbal labels with complex stimuli 

produces attention to unique or discriminable features of each 

stimulus. The association of common verbal labels with form stimuli 

tends to produce an encoded version of each stimulus which is 

functionally more similar to the same-labeled shape. Thus, the 

conceptual coding hypothesis postulates that attention to specific 

features of the stimulus is altered by the association of verbal 

labels. resulting in an encoded version of the stimulus which is 

different than an unlabeled stimulus. 

The third theoretical account is consistent with the general 

orientation of the early Gestalt psychologists (cf. Koffka, 1935). 

6 

In this view, qualitative configurational changes in form memory occur 

as nne result of verbal association. Such changes are postulated to 

occur during the storage of visual information in memory. While this 

view does not preclude the facilitative effects of verbal labels on 

the encoding or retrieval of visual information, it is assumed that 

during storage the encoded representation of a stimulus may change to 

produce a more stable and better organized representation. It is 

hypothesized that labels exert their influence by guiding the assimi

lation of the shape stimulus in memory. Daniel (1972), following the 

paradigm of Carmichael, Hogan, and Walter (1932), used a series of 

shape stimuli that were systematically related. Previous studies 

examining shape recognition would have been unlikely to discover 



assimilation effects since distractor items were usually randomly 

related to training shapes. Daniel found that recognition errors 

were more likely to occur for shapes displaced in the direction 

suggested by a label employed during training. While this result 

was not wholly inconsistent with a conceptual coding explanation, 

7 

the results also were interpretable in terms of a configurational 

viewpoint. One of the most intriguing results of the study was that 

the shift toward a more meaningful form increased over temporal delays. 

This result strongly suggests an influence of verbal labels during 

the storage of visual information. 

Daniel and Toglia (1976) examined the effects of distinctive 

and equivalent verbal association on recognition memory. According 

to Ellis' (1973) conceptual coding hypothesis, it was assumed that 

distinctive labels would increase differentiation between visual 

stimuli, while equivalant labels would result in a functional 

equivalence between stimuli. A procedure described by Ellis and 

Feuge (1966) was used to randomly derive 16-sided'polygons. These 

polygons were either prototype or variation shapes. Variations 

shapes were systematic distortions of an original ~rototypical 

shape. During training, subjects were presented with either 

equivalent or distinctive label association with two shape variations. 

Subjects were then presented with a single-stimulus recognition task 

in which they were shown the prototype and all twelve variation 

shapes. Subjects were instructed to rate their degree of certainty 

that each test shape was exactly the same as the target training 
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shape. Distinctive label training produced steep recognition gradients 

that were symmetrical and centered over the target shape. Equivalent 

label training produced equally steep recognition gradients, but the 

modal response was shifted from the target shape to a shape variation 

closer to the equivalent label shape. 

An unpublished study by Sears, Daniel and Stevens (Note 1) 

sought to extend the findings of Daniel and Toglia. Sears et al. were 

concerned with whether dynamic changes in form memory occurred during 

the storage of visual information. Two experiments were conducted in 

which randomly derived shapes were used as visual stimuli and common 

color names served as verbal labels. The random shapes were 

systematically arranged in continua as in Daniel and Toglia (1976). 

The first experiment consisted of either distinctive or equivalent 

label association followed by a single stimulus recognition test 

administered immediately, two days, or one week after training. 

The recognition test included all shapes from each continuum, both 

trained and unfamiliar. Equivalent label training resulted in 

greater generalization to stimuli shifted from the target shape. 

The recognition gradients for distinctive label training tended to 

be located over the correct target shape. However, the most 

striking result was the change in gradient shape and modality over 

delay intervals. In addition to the decreasing slope, the mode of 

the equivalent label gradients was displaced from a position very 

close to the target shape immediately after training to a variation 

very close to the equivalent label shape one week after training. 
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The distinctive label gradients also showed progressive transformations 

over the delay period: gradients steepened progressively, producing 

at one week after training a steep gradient with a mode directly over 

the target shape. Though these results emphasize the powerful effect 

of labels on encoding, they are also indicative of the operation 

of a dynamic process during storage. 

In a second experiment Sears, et ale trained subjects with three 

variations from three separate continua. Each of these continua was 

composed of variation shapes randomly distorted from a common proto

type shape. Shape-label association training was accomplished as 

the first experiment. The recognition test used all shape stimuli 

from each continuum. No systematic differences due to label training 

were found, regardless of delay interval. However, subjects in all 

conditions generalized to the unfamiliar prototype shape. Though 

this shape was never presented during training, subject~ responded 

as though they had seen the prototype and variations extending toward 

the prototype shape. Sears, et ale interpreted these results as an 

indication of the operation of a shape concept of schema in recog

nition memory. They hypothesized that in an attempt to encode the 

best representation of form stimuli subjects generalized toward a 

common representation that referenced all training shapes. 

Thus, a number of general conclusions can be derived from 

previous research on the effects of verbal labels on memory for 

visual forms. First, labels may facilitate the retrieval or red

integration of visual information. This facilitative effect, 
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however, occurs with short retention intervals. Over longer intervals, 

verbal information is forgotten without a concomitant decay of visual 

information. It ~an also be concluded, therefore, that the greatest 

effect of verbal labels can be obtained during the encoding of visual 

information. Furthermore, the nature of the encoded representation 

of the visual form depends on the assignment of labeling stimuli with 

the form stimulus. Differential attention to visual stimulus features 

can be directed by the assignment of labels to the form stimulus. 

Previous research has demonstrated that same-label (acquired equivalence) 

and different-label (acquired distinctiveness) training result in a 

different encoding of the form stimulus. It is uncertain, however, 

whether differences in label-induced visual recognition occur as the 

result only of an associative encoding process or are augmented by 

a process of assimilation during the storage of the form stimulus. 

The present study was designed to c1ar,ify this uncertainty. 

Previous research has seldom attempted to simultaneously address 

investigation of form definition, perception, and memory for form. 

The present study was based on the assumption that explanation of 

the effects of verbal association on form memory must be grounded in 

the quantification of form stimuli. The purpose of this study was 

to extend previous definitions of form, investigate psychological 

perception of form, and test the operation of dynamic assimi1ational 

processes in form memory. This was accomplished in two experiments. 

In the first experiment, a novel mathematical method was applied to 

construct and define form. This model was then used to predict 



psychological perception of form - specifically, the perception of 

similarity among related form variations. In the second experiment 

these scaled forms were then used to examine the effects of associa

tive verbal label training on recognition memory for form. 

11 



EXPERIMENT I 

The purpose of Experiment I was to establish the relationship 

between systematically derived sets of 16-sided polygons and 

psychological perception of similarity of the polygons. Through the 

use of a procedure suggested by Daniel and Toglia (1976), stimuli 

were constructed which are systematically related. The method used 

in the present study for the construction of shape stimuli 

represented an improvement over previous approaches in a number of 

ways (cf. Stevens, Note 2). This method allowed for the random 

generation of shapes and families of shapes and, therefore, generali

zation to the domain of all such random shapes. Relationships or 

distances between related shapes were mathematically specifiable. It 

was also possible to construct arrays of related shapes and specify 

the relationships between arrays. This degree of stimulus definition 

has not been achieved in previous research. 

Method 

Stimuli and Apparatus 

Four families of 16-sided polygons were constructed. Briefly, 

the construction method entailed the random location of 16 vertices 

defining a prototype shape. Each vertex was defined as a point 

located on a vector emanating from an origin point (see Figure 1). 

12 
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• 

--------------~~--~----------A 

Figure 1. Construction of a random shape t~ugh the
randomized location of vertices,~ • 
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The prototype shape was arbitrarily conceptualized as the center 

point in a Cartesian two-dimensional array. Related variation shapes 

were constructed within the array by the relocation of prototype 

vertices through the manipulation of the vectors describing the 

prototype shape. With this method, sixteen shapes were constructed 

for each of the four shape families. The mathematical relationships 

among the sixteen variations are as depicted in Figure 2. That is, 

mathematically, variation 3 represents a two-unit interval from 

variation 1. Variation 9 represents an equivalent two-unit distance 

from variation 1, but along an orthogonal continuum, etc. 

All shapes were computer-constructed and drawn on a Calcomp 

plotter. Reductions of the plots were used as the experimental 

stimuli. One shape stimulus from each of the four shape families 

(arbitrarily designated families A - D) is presented in Figure 3. 

Booklets were prepared for each shape family. Each booklet page' 

consisted of a pair of shape stimuli printed side-by-side (see 

Figure 4). The order of each booklet page was randomly determined. 

The left-right position of each shape pair was also determined 

randomly. 

Procedure 

Eighty undergraduate volunteers enrolled in psychology courses 

at the University of Arizona served as subjects. Each subject received 

one booklet. For each of the four shape families, booklets consisted 

of all possible pairings of the 16 shape stimuli - one pair per page 



1 (2,-1) 2 (2,0) 3 (2,1) 4 (2,2) 

5 (1,-1) 6 (1,0) 7 (1,1) a (1,2) 

9 (0,-1) 10 (0,0) 11 (0,1) 12 (0,2) 

1:3 -1 -1 1 ( , ) 14 -1 ° ( ,) 15 -11 ( ,) 16 (-1,2) 

Figure 2. Relationship among the sixteen shapes within each family. 

Note: numerals are arbitrary designations; Cartesian 
designations appear in parentheses. 

15 
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A B c D 

SHAPE FAMILY 

Figure 3. Prototypical shapes from each shape family. 
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Figure 4. Two booklet pages from familles A and B. 
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(136 pages including identity pairs). The first two pages of each 

booklet contained example pairs. The first example pair contained 

two identical shapes. The second example pair consisted of the two 

most disparate shapes (e.g., 1 and 16 in Figure 2). The example 

shapes were members of the same shape family but did not include any 

of the test shapes .. Booklets were randomly assigned to subjects. 

The subjects' responses were recorded on sense-mark answer 

sheets. A ten-point response scale labeled 1, very similar and 10, 

very dissimilar was printed at the the top of each response sheet. 

Subjects were instructed that their task was to judge the similarity 

of each pair of shapes in the booklet. The experimenter asked the 

subject to turn to the first example page. The experimenter then in

formed the subject that this pair of shapes represented shapes that 

were very similar. This procedure was repeated for dissimilarity with 

the second example page. Subjects were then instructed to judge the 

similarity of each pair of shapes in the booklet as accurately as 

possible. Subjects were also instructed to use the full range of the 

ten-point scale. No limits were placed on the time allowed for the task. 

Results 

Data were collated for all subjects within each shape family. 

A judge by shape stimulus analysis of variance was computed for 

each of the four shape families (see Table 1). These analyses of 

variance yielded estimate? of reliability ranging from .95 to .97. 

In addition, the mean average similarity rating for each shape 

pair was correlated with the mathematical unit distance between 



Table 1. Summary of Analyses of Variance*. 

Source df SS I~S F 

Family A 

Between Shapes 135 10.901.1 80.75 27.20 

Within Shapes 2584 9,497.7 3.68 

Between judges 19 1,882.6 99.09 33.38 

Residual 2565 7.615.1 2.97 

Family B 

Between Shapes 135 15,014.5 111.22 35.61 

Within Shapes 2584 10,174.2 3.94 

Between judges 19 2.162.8 113.83 36.45 

Residual 2565 8,011.4 3.12 

Family C 

Between Shapes 135 11,154.8 82.63 35.72 

Withi n Shapes 2584 7,160.9 2.77 

Between judges 19 1.227.5 64.60 27.93 
Residual 2565 5.933.4 2.31 

Family 0 

Between Shapes 135 11,008.6 81.55 32.37 

Within Shapes 2584 8,332.6 3.23 

Between judges 19 1,871.2 98.48 39.09 

Residual 2565 6.461.4 2.52 

*Note: Method used is from Winer (1971:~p. 283-287), where: 
A MSB-MS 

rel. = K§/i + Ke. e = ~; or approx. rel. = F - I/F. w 

reliability 

.9544 

.9646 

.9665 

.9604 

19 
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each shape pair. The resulting Pearson correlations were +.95, 

+.92, +.92 and +.94 (n = 136) for "families A through 0, respectively. 

The mean rating for each shape pair was used to perform a 

multidimensional scaling of each shape family. Scaling was 

accomplished using MDSCAL (Kruskal, 1964) with a maximum of four 

dimensions and 50 iterations allowed for solution. For all four 

shape families, a marked reduction in Kruskal's stress value occurred 

as dimensions were included in the analysis. Inspection of Table 2 

reveals that for all shape families an acceptable level of stress 

{"10% good, 5% excellent (Kruskal, Note 3)") was approximated with a 

two-dimensional solution. The final scaled configurations of the 

shape stimuli for each shape family are presented in Figure 5. It 

should be noted that rotations and reflections of the configuration 

are arbitrary and arise as a function of the initial configuration 

used in computation (Kruskal, Note 3). 

For the purposes of describing the general correspondence 

between the mathematical and psychological relationships among the 

shape stimuli, data for the four shape families were collapsed. The 

Pearson correlation of mean ratings of shape pairs across shape 

families and the mathematical unit distance of shape pairs was +.98 

(see Table 3). A Euclidean model produces ten mathematical unit 

distances from the combination of all possible pairs of stimuli. 

For each pair of stimuli of equal mathematical distance, data were 

averaged. Figure 6 illustrates mean ratings of similarity of 

equidistant pairs as a function of the mathematical unit distance 



Table 2. Stress values as a function of the number of dimensions 
used in solution. 

Fami ly A 

Fami ly B 

Fami ly C 

Fami ly D 

1 

.6249 

.5740 

.5390 

.6192 

Number of Dimensions 

2 3 4 

.1526 .1381 .1326 

.1599 .1260 .1103 

.1511 .1330 .1131 

.• 1578 .1385 .1329 
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Table 3. Mean ratings for each stimulus pair at 
ten mathematical unit distances. 

Unit Distance 

0.000 1.000 1.414 2.000 2.236 2.828 3.000 3.162 3.606 

.575 1.487 2.800 3.750 4.462 5.737 5.450 6.688 7.262 

.582 1.688 2.712 3.537 4.212 4.900 6.063 6.375 6.950 

.575 1.875 2.537 4.362 4.300 5.725 5.625 6.316 6.662 

.342 2.100 2.112 3.987 4.475 5.688 6.037 6.400 7.087 

.563 1.375 2.700 4.037 4.162 5.612 5.975 6.112 6.550 

.700 1.787 2.962 4.175 4.837 5.525 5.275 6.512 7.275 

.487 1.450 2.875 3.800 4.787 5.775 6.225 5.675 6.875 

.500 1.646 2.862 4.175 4.487 5.662 6.225 5.387 7.250 

.481 1.475 2.362 4.325 4.275 6.012 

.563 1.837 2.700 4.262 4.688 6.262 

.637 1.400 2.387 3.675 3.700 6.637 

.400 1.325 2.550 3.800 4.237 6.625 

.975 1.825 3.175 4.188 4.775 

.456 1.800 2.612 3.387 4.275 

.633 2.275 3.325 4.241 4.688 

.362 1.911 2.650 3.887 5.075 

1.600 2.325 4.250 

1.587 3.487 4.525 

1.887 4.494 

1.775 4.512 

1.975 3.850 

1.825 4.438 

1.612 4.775 

2.387 4.575 

4.243 

8.313 

7.975 

.5519 1.7460 2.7296 3.9743 4.4523 5.5780 5.8594 6 .. 2501 6.9889 8.1440 

.1508 .2718 .3526 .2946 .3120 .2850 - .3621 .3982 .2799 .2390 
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between pairs. It can be seen that a linear function closely approxi

mates the obtained data. A test of the goodness of fit of the 

obtained data to values predicted by the mathematical model 

resulted in acceptance of the mathematical model, x2(9) = 0.3146, 

P > .95. 

A multidimensional scaling was also performed on the 

collapsed data. As with the scalings by family, a substantial 

reduction in Kruskal's stress value occurred from the first to the 

second dimensional solution (.57 to .07). Only slight reductions 

in stress were achieved· by the addition of the third and fourth 

dimensions (see Figure 7). Figure 8 depicts the final configurations 

of stimuli in two dimensions for all shape families. Figure 8 

represents the psychological relationship among the shape family 

members and can be directly compared to the mathematical 

relationships depicted by the intersection of dotted lines. As is 

evidenced by inspection of Figure 8, the shape generation method 

here employed both described and predicted psychological perceptions 

of similarity very well. It is also evident that the relationship 

between the mathematical description of the shape stimuli and the 

psychological perception of the shape stimuli was monotonic and 

linear. 



.2 

4 

NUMBER OF DIMENSIONS 

Figure 7. Kruskal's stress as a function of the 
number of dimensions used. 

26 



, , , ; 
, 1 , I 
1 1 , 

~ . I .1 ., .. +1.0 ____ ......... _:.J ___ .. +- ___ , ___ ~ 
I 1 , 

1 ' I i , I 
I' " , I , • 

1"- -- .... --- ... ~--- .... -- - :1 ____ .. 
-, I , I' 

I t f I 
O~ ,. I r I 

1 1 f , 

.---.-J--- "'1- - ... ~- ---tlt-- ---
1 • I I 
1 I , t 
I 1 , I 
, • I. , 

-1 • O~ ... - .. ... :- .... - - ......... .,.. .. _ .. -i" _ ...... 
I 1 I I 
, I I I 
, I jl I 
I I j 

-1.0 o +1.0 

SCALE VALUE 

Figure 8. Superimposition of the mathematical matrix of stimuli on 
the final configuration of psychological perception of 
stimuli. 

27 



EXPERIMENT II 

Experiment I established the relationship between form stimuli 

devoid of the influences -of verbal association. It was demonstrated 

that, without the powerful influences of verb~l association 

documented in previous research (Daniel, 1972; Daniel and Toglia, 

1976; Ellis, 1973), perception of the similarity of forms was an 

orderly process. In fact, this perceptual process was shown to 

correspond closely with a Euclidean metric predicted by the mathe

matical model used to describe form. Experiment II sought to examine 

the perturbation of this perceptual process introduced through the 

association of verbal labels with the same form stimuli. 

Specifically, Experiment II examined the generalization of 

recognition from familiar training shapes to related but novel shape 

stimuli. The generalization process was tested over three temporal 

delays to investigate the stability of memorial storage. Certain 

results obtained by Daniel (1972) and Daniel and Toglia (1976) 

suggested the operation of a process not unlike the process of 

assimilation described by early Gestalt psychologists. In these 

experiments it was found that the mode of subjects' recognition 

gradients was displaced from the training shape to a novel shape 

variation suggested by verbal association. That is, label 
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association resulted in greater choice of a novel shape stimulus 

than the familiar shape encountered during training. Furthermore, 

the occurrence of this label-induced displacement of the representa

tion of shape was found to change over time in the studies by 

Daniel (l972) and Sears et al. (Note 1). 

The present experiment applied a particularly stringent test 

of shape recognition. In previous studies the recognition task 

consisted of single stimulus presentations. Experiment II incorpo

rated a paired-comparison recognition task. Thus, a high recognition 

rating of a novel shape variation ~ould necessarily entail the 

choice of a novel shape in the presence of the previously trained 

shape stimulus. The design of Experiment II was also novel in that 

label association training was accomplished within subjects. 

Therefore, the demonstration of differential effects of label 

association must signal the simultaneous operation of different 

perceptual processes by the same subject. 

Method 

Stimuli and Apparatus 

The stimuli used in Experiment II were members of the four 
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shape families (A - D) used in Experment I. Shape stimuli from two 

additional families (E and F) were also used as distractors to increase 

the length of the training list. Labels used in the experiment were 

the common color names blue, brown, gold, green, purple, yellow, and 

red. The training stimuli were black and white transparencies 



presented on a rear-view screen with a Kodak carousel projector. 

Subjects viewed stimuli from a distance of approximately one meter 

and the stimulus presentation interval was 5 seconds. Test stimuli 

were presented to subjects in printed booklets comparable to those 

used in Experiment I. 

Subjects 

A total of 210 volunteers from psychology courses at the 

University of Arizona served as subjects in the experiment. Subjects 

were randomly assigned to one of 24 experimental groups. 

Procedure 

The experiment was conducted in two stages: training and 

recognition testing. The training stage entailed the association" 

of labels with shape stimuli. The training stage also included tests 

of shape-label association througha recall task. The recognition 

stage was composed of a series of paired comparision tests for 

recognition of trained-familiar versus novel shape stimuli. 

The 24 experimental groups resulted from the crossing of 

eight training groups with three recognition groups. The eight 

training groups were composed of two levels of training crossed 

with four continua of training stimuli. The same stimuli were used 

during training from families C, D, E and F. However, stimuli 

from continuum I of families A and B (see Figure 9) were used for 

half of the subjects; stimuli from continuum II for the remaining 

subjects, which resulted in a replication both within shape family 
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CONTINUUM I CONTINUUM II 

Figure 9. The relationship among the continua and 
the shape stimuli used in Experiment II. 
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(continuum I vs. II) and between shape families (family A vs. B). 

All subjects received both acquired equivalence (AE) and acquired 

distinctiveness (AD) training. The type of training presented 

within subjects (AE and AD) was counterbalanced with family (A, B) 

and continuum (I,ll) to produce the four combinations of training 

stimuli. Subjects were also randomly assigned to one of three 

recognition groups: test immediately, two days, or four days after 

training. The resulting design was therefore (2)x 2 x 3 x 4: type 

of training (AE - AD) by level of training (6 vs. 12 trials) by time 

of recognition test (0, 2, 4 days) by continuum of training stimuli 

(AI' All' BI , BII )· 

Training 

The training stage was designed to establish the equivalence 

or distinctiveness of cues through the association of label stimuli 

with shape stimuli. Each subject was required to learn the associa

tion between seven labels and eight shapes (see Table 4). One 

shape (variation 4 in Figure 9) was presented from each of families 

C, D, E and F. For the AE family (either A or B), two shapes 

(variations 2 and 6) were presented with the same color-name label. 

Shape variations 2 and 6 were presented with different labels from 

the remaining family (A or B) for acquired distinctiveness training. 

Thus, for example, subjects who were trained with one label for 

both A family variations were also trained with two B family 

variations - each with a different label, and one shape variation 

and label from each other family (C, D, E and F). Families C and D 
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Table 4. Two training sequences of shape-label pairs 

Seguence 1 Seguence 2 

Famil~ Sha~e Location Label Famil~ Sha~e Location Label 

A 2 (+3,-1) green A 2 (+3,-1) yellow 

A 6 (-1,+3) green A 6 (-1,+3) blue 

B 2 (+3,-1) yellow B 2 (+3,-1) green 

B 6 (-1,+3) blue B 6 (-1,+3) green 

C 4 (+1,+1) brown C 4 (+1,+1) brown 

D 4 (+1,+1) purple D 4 (+1,+1) purple 

E 4 (+1,+1) red E 4 (+1,+1) red 

F 4 (+1,+1) gold F 4 (+1,+1) gold 

served as partial controls for training. Families E and F were used 

only as distractors. 

A study-test paired-associate procedure was used in which two 

study list presentations were alternated with two recall list presen

tations. Subjects were required to study the shape-label pairs and 

endeavor to learn the association between each pair. Following each 

pair of training trials, subjects were presented with two trials df 

an aided recall task. The recall task required subjects to retrieve 

the previously associated label as each training stimulus was 

presented as an aid to recall. Training and recall were alternated 

three times for subjects in the low level of training group 



(6 trials of training). Subjects in the high level of training group 

received six alternations of training with recall (12 trials of 

training). The order of presentation of stimuli during training 

and recall trials was randomly determined. 

Recognition Testing 

Subjects were tested either immediately (0 days), two days, or 

four days after training. For all subjects recognition testing 

consisted of the completion of a forty-six page booklet. Each 

booklet page contained a pair of shape stimuli. Fifteen pages 

contained pairs of stimuli from shape family A, fifteen from family B, 

and eight pages from both family C and family D. Family A and B 

pages contained comparisons of the two training stimuli (variations 

2 and 6) with all other variations in the appropriate continuum .. 

Family C and D pages contained comparisons of the training shape 

(variation 4) with shape variations differing one or two units 

from the training shape. 

All pages for a particular shape family appeared consecutively 

in a booklet. Family A and B pages always appeared first. Family C 

and D pages always appeared after A and B pages. The order of 

family A and B pages within the booklets was counterbalanced. The 

order of pages within each family grouping was individually 

randomized. The left-right position of the shape stimuli on each 

page was balanced such that any shape variation appeared equally 
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Figure 10. Recall performance across trials 
as a function of level of training. 
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Fi gure 11. Mean preference for the two control 
shaDes as a function of delay interval. 
(Variati on 4 is the trai ned target shape.) 



often in each position. Subjects were required to choose which 

of the two shapes on each page was most similar to the training 

shapes previously presented. 

Results 

Responses for aided recall were scored for each subject 

to provide a measure of the acquisition of shape-label association. 

The percent of correct recall responses by trials for both level of 

training groups is presented in Figure 10. Substantial mastery of 

the associations was achieved by both training groups. Performance 

on the last two trials was 87% correct for the low training group 

and 98% correct for the high training group. 

Recognition data within each experimental group were scaled 

using Thurstone's method of paired comparisons (Torgerson, 1958). 

This procedure resulted in a scaled preference value across all 

subjects within an experimental group for each shape variation in 

the recognition test. 

Scaled preference for variations of the two control shape 

families C and D are presented in Figure 11. It is clear that 

subjects distinguished the training shape, variation number 4, from 

other shapes in the family. Furthermore, variations two units 

from the training shape were preferred less. than variations one unit 

from the training shape. This was supported by an analysis of 

variance. The main effect of distance of stimuli from the target 

(0, lor 2 units) was significant, [ (2, 18) = 40.12, MSe = 31.36. 
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Differences as a function of level of training, family, and delay 

interval were not reliable. The scaled preference for each control 

shape variation was also compared to the mathematical unit distance 

between shape variations. Correlations of +.93 and +.87 were 

obtained for families C and D, respectively. Thus, the obtained 

recognition gradients for the control shape families correspond well 

with the results reported in Experiment I. Association of a single 

verbal label with one member of a shape family did not produce any 

substantial disruption of the perceptual relationships previously 

described. 
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The scaling procedure for families A and 8 eliminated within

subject variation within each experimental group. Error within groups 

in the remaining analyses was based on differences between the four 

shape continua. A mixed design analysis of variance indicated that 

neither the main effect of level of training nor interactions of 

level with the other variables were significant. Inspection of the 

gradients of each experimental group at the two levels of training 

also failed to reveal systematic differences as a function of level. 

This variable was therefore collapsed in all further analyses. 

Scaled preference values for each shape variation as a function 

of type of training and delay interval are presented in Figure 12. 

Subjects clearly differentiated between the different shape variations. 

The pattern of preference for stimuli, however, was markedly different 

for the two training groups. The mode of the recognition gradients is. 

always centered over the target variations for the acquired 
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distinctiveness group. This preference was pronounced for the four

day delay group. The target was greatly preferred over the away 

variations, 1 and 7, by the acquired equivalence group. The modal 

preference of the AE group, however, changed from the target shapes 

(2 and 6) to the toward shape variations, 3 and 5, as delay interval 

increased. This difference in stimulus preference as a function 

of delay interval was not significant, however (see Table 5). 

Differences between the shape stimuli, the AE and AD training groups, 

and the interaction of training and stimuli were statistically 

reliable (p < .005). 
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More specific analyses of variance were performed to distinguish 

between correct and false recognition performance. The four shape 

continua were combined to form eight continua each composed of one 

away variation (1 and 7), one toward variation (3 and 5), and one 

target shape (2 and 6). The midpoint of each continuum was not 

altered (see Figure 13). A correct recognition analysis of variance 

was performed in which preference for the target was the dependent 

measure. Neither delay nor the interaction of the type of training 

by delay produced significant differences in preference for the target 

shape (see Table 6). Preference for the target was significantly 

lower for the AE group (X = 0.54) than the AD group (X = 0.61), 

f (1,21) = 7.96, MSe = 82.89. 

Two analyses of variance were performed on false recognition 

data. The first used the midpoint variation (number 4) as the 

dependent measure. As with the analysis of the t~rget shape, the 
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Table 5. Summary of analysis of variance-Experiment II 

Source - df 5S MS F . p 

Delay of test 2 27.03 13.52 1.84 NS 

Continua w/in Delay 9 .. 66.13 7.35 

Type of training 1 59fJ.62 590.62 21.68 < .005 

Delay x Training 2 25.97 12.99 0.48 NS 

Training x Continua w/in 9 245.20 27.24 
Delay 

Stimuli 6 20,937.57 3,489.60 46.68 < .001 

Delay x Stimuli 12 927.97 77 .33 1.04 NS 

Stimuli x Continua w/in 54 4,036.75 74.76 
Delay 

Training x Stimuli ,6 11,252.01 1,875.34 13.67 < .001 

Delay x Training x Stimuli 12 1,212.03 101.00 0.74 NS 

Delay x Training x Stimuli 54 .. 7,4Q~.~7 137.14 
x Continua w/in Delay .. 

Total 167 46,726.95 
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Table 6. Supplementary analyses of variance-Experiment II. 

df SS MS F P 

Correct Recognition - Trained Target Variation: 

Delay 2 242.00 121.00 2.44 NS 

Continua wlin Delay 21 1,040.25 49.54 

Training 1 660.08 660.08 7.96 <.005 

Delay x Training 2 468.17 234.09 2.82 NS 

Training x Continua 21 1,740.75 82.89 
w/in Delay 

False Recognition - Midpoint Variation: 

Delay 2 23.59 11.80 0.57 NS 

Continua wlin Delay 9 186.87 20.76 

Training 1 1,001.04 1,001.04 23.20 <.001 

Delay x Training 2 8.08 4.04 0.09 NS 

Training x Continua 9 388.38 43.15 
wlin Delay 
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Table 6, Continued. 

Source df SS MS F 

False Recognition - Toward and Away Variations: 

Del ay 2 184.14 92.07 0.69 NS 

Continua wlin Delay 21 2,814.19 134.01 

Di rect"ion 1 9,204.19 9,204.16 136.36 <.001 

Delay x Direction 2 260.78 130.39 1.93 NS 

Direction x Continua 21 1,417.56 67.50 
wlin Delay 

Training 1 888.16 888.16 3.77 NS 

Delay x Training 2 427.03 213.52 0.91 NS 

Training x Continua 21 4,945.31 235.49 
wlin Delay 

Direction x Training 1 9,204.18 9,204.18 230.51 <.001 

Direction x Training x 2 161.88 80.94 2.03 NS 
Delay 

Direction x Training x 21 838.44 39.93 
Continua wlin Delay 



only reliable effect was the type of training presented. Preference 

for the midpoint, however, was significantly higher for the AE 

group (X = 0.60) than the AD group (X = 0.47), [ (1, 9) = 23.20, 

MSe = 43.15. 

The second analysis incorporated the direction of variation 

from the target (toward versus a~ay) as an additional variable. 

Preference for the toward and away variations differed reliably 
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[ (1, 21) = 136.36, MS e = 67.50. The interaction of direction and 

type of training was also significant, [ (1, 21) = 230.51, MSe = 39.93 

(see Figure 14). Preference for toward variations by the AD group 

was approximately equal to away variations. However, the toward 

variations were substantially preferred over the away variations by 

the AE group. 

An alternative method of depicting the obtained results appears 

in Figure 15. Each panel of Figure 15 plots preference for the target 

shape on the ordinate and preference for one of the remaining 

variations on the abscissa. This results in a bivariate plot 

comparable to that used in signal detection theory. The diagonal 

represents equal preference for the two plotted variations. The 

panels demonstrate that recognition performance for the AD group was 

composed of increasing preference for the target over delay intervals 

and decreasing preference for the other three shape variations. In 

contrast, the AE group shows a slightly decreasing preference for 

the away variation, and an increasing preference for the toward and 
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midpoint variations. Though the target is clearly preferred over 

the away variation, the AE group demonstrated a marked and increasing 

preference for the toward and midpoint variations over time. 
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DISCUSSION 

The results of Experiment I demonstrated a remarkable 

correspondence between the mathematical model describing random 

shape variation and psychological perception of shape similarities. 

In general, subjects' perception of shape interrelationships closely 

matched a Euclidean metric. The high correlations obtained validate 

the accuracy of the mathematical model in predicting psychological 

perception of shape similarity as was seen in Figure 6. This implies 

that the model has great utility as a method of " shape stimulus 

generation and description. The immediate purpose of Experiment I was 

to quantify stimuli for use in Experiment II and describe the nature of 

perception without the influence of verbal associations. The implica

tions of Experiment I for the development of a psychophysics of fOrTI. 

perception are substantial. The development of a psychophysics of 

shape has advanced little in recent years (Molnar, 1980). Furthermore, 

recent experimental efforts in form perception are characterized by 

an inattention to stimulus reliability and validity (cf. Stevens, 

Note 2). The present experiment introduces a novel and tractable 

method for the description of shape stimuli that aids psychophysical 

analysis through improved quantification of form. The method also 

operates directly on shape vertices. The importance of vertex 

information as a characterization of shape has been consistently 

documented in previous research (e.g., Attneave, 1967). 
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The present experiment implies that a IImetric li of shape or 

form can be achieved. A close fit of the model was achieved to the 

aggregate psychological perception of four independently derived 

families of shapes. This implies that the nature of a psychological 

shape space is essentially Euclidean. Further support for this 

conclusion derives from the results of the multidimensional scalings. 

Two dimensions were sufficient to describe the majority of response 

variation in subjects' similarity judgments. This result does not 

necessarily generalize, however, to other types of shape stimuli or 

different families of shapes. It is quite likely that the most appro

priate shape metric is dependent on a number of factors (i.e., 

interstimulus distance, nature of the scaling task, etc.). 

As noted earlier, Experiment I can also be viewed as an 

investigation of the processes of perception of form. A prepon

derence of research on form perception has contaminated perception 

with processes of learning and memory. Experiment I demonstrated 

clearly that form perception consists of an orderly psychological 

process that, in the present case, is described very well by a Euclidean 

metric of similarity. The second experiment demonstrated the 

disruption of this metric that accrues from the influence of 

differential labeling of form stimuli. 

In Experiment II, the AD training group demonstrated greater 

correct recognition of the target shape than the AE group. The 

recognition gradients of the AD group were also generally steeper 



than those of the AE group. These results are consistent with 

predictions of the conceptual coding hypothesis; AD training 
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results in superior encoding of stimulus information producing a more 

distinct rep'resentation. In contrast, AE training should result in a 

less distinct encoding of stimulus information, and therefore, greater 

confusability of the target stimulus with the other related variations. 

Although the AE group did display flatter gradients and lower 

recognition of the target, stimulus confusability is not an adequate 

explanation of the obtained results. A more adequate interpretation 

fs,that same-label training produces a different representation of 

the stimulus 'rather than less encoding of stimulus information. The 

away variation is clearly rejected by AE subjects as an acceptable 

representation. This demonstrates the ability of AE subjects to 

discriminate between shape variations. Thus, it is not that stimuli 

are more confusable. Rather, the representation produced by AE 

training is most similar to a novel, never-experienced stimulus, 

the toward variation.' 

Additionally, it must be stressed that the gradients of 

recognition obtained for the AE, AD, and Control groups are the 

result of within-subject variation. The Control shape gradients display 

the same orderly metric of shape perception evidenced in Experiment I. 

Within the same subject, this metric is influenced by the differential 

association of verbal labels. This influence of different labels 

(AD) was evidenced by the sharpening of gradients over delay 

intervals. In fact, after four days, the AD group gradients correlate 



highly with mathematical unit distances (rO days = +.53, r2 days = 

+.53, r4 days = +.81). Gradients of the AE group, however, 

systematically decline in their congruence with the mathematical 

model (ro days = +.49, r2 days = +.37, r4 days = + .28). Thus, 
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it seems clear that the perceptual process noted in the first experiment 

can be substantially influenced by the association of verbal labels. 

Furthermore, the outcome of verbal association is dependent on the 

assignment of labels with shape stimuli-label assignment sets the 

direction of the subsequent process of assimilation. 

Though the effects of delay between training and recognition 

testing were not statistically reliable, particularly conservative 

analyses were used. Nonetheless, the obtained results demonstrate 

a definite trend over delay intervals. If the conceptual coding 

hypothesis is correct, the effects of labeling are confined to the 

process of stimulus encoding. However, the obtained results show an 

orderly change in stimulus preference. Furthermore, temporal change 

interacts with the type of training. Gradients produced by different

labeling become steeper over time but remain centered over the correct, 

target shape. The mode of the gradient produced by same-labeling is 

progressively displaced over time. Initial preference for the target 

variation is supplanted by an increasing preference for the toward and 

midpoint variations. Control shape gradients do not display such 

temporal change. These results strongly suggest the operation of a 

dynamic process during memory which is guided by the effects of label 

training. 



The results of the present study are most consistent with a 

model which includes both perceptual and associational processes. 

Dynamic changes are presumed to be possible in either process. The 

particular results obtained by experimentation are hypothesized to 
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be a function of the differential operation of either static or dynamic 

perception-association. Additionally, it is presumed that these 

processes may operate during any stage of information processing 

(encoding, storage, or retrieval). Elicitation of particular combina

tions of static-dynamic, perceptual-associational processing is thought 

to be a function of variables previously accorded little importance 

(i.e., complexity, degree of training, type of training). 

For example, Ellis and Muller (1964) demonstrated that the 

effectiveness of verbal association was dependent on shape complexity. 

Correct recognitions of simple shapes were higher for a non-labeling 

lIobservation ll group than for a labeling group. This result was reversed 

when the training stimuli were complex shapes. These results can be 

interpreted as an experimental demonstration of static perceptual 

versus associational processes. The perceptual process is predominant 

with simple stimuli or relatively low levels of training. Association, 

however, enhances recognition performance when the visual stimulus or 

the task is complex. 

The results of the second experiment of Sears, et al. (Note 1) 

can be regarded as a demonstration of a dynamic perceptual process. 

Training, with three related variations from one shape family resulted 

in a perceptual assimilation which negated the differential, effects of 
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verbal association training. Subjects' recognition gradients, regardless 

of type of label training, centered over a prototypical, novel shape 

variation which best represented all training shapes. 

The results summarized by Ellis (1973) amply demonstrate the 

occurrence of static associational processes. There can be little 

doubt that verbal I association training may serve to direct the 

selective encoding of perceptual information. As mentioned above, 

this process can be maximized through the use of complex form stimuli 

and moderate amounts of training. It is hypothesized that overtraining 

will result in the re-emergence of perceptual superiority, however. It 

is interesting to note that the results reported by Ellis and Muller (1964) 

conform to this hypothesis. The label-trained group generally showed 

superi or performance over the observati on group for. complex stimul i 

regardless of amount of training. However, this relationship was 

rev~rsed for the most-trained group of subjects. For that group, obser

vation performance was superior to label-training as predicted by the 

proposed mode 1 . 

In the present study, the results of Experiment II demonstrate 

the occurrence of a dynamic associational process. The obtained 

control shape gradients preclude a purely perceptual process as an 

adequate interpretation. Furthermore, the significant effects of type 

of label training further establish the influence of verbal association. 

In combination with the reported results of Daniel (1972), Daniel and 

Toglia (1976), and the first experiment of Sears, et ale (Note 1), the 

present study underscores the necessity for a revised explanation of 

form memory that incorporates memorial change. 
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The model outlined above integrates curr,ent1y available experi

mental evidence on form memory. The processing of form stimuli 

appea rs to be di rected by perceptual processes as found in Experiment I, 

Ellis and Muller, (1964) and Sears, et. al., (Note 1) when the 

perceptual task is relatively simple. The nature of such perceptual 

processes remains to be investigated, however. Results of Sears, et a1. 

(Note 1) are strongly suggestive of older Gestalt interpretations of 

perception and of the concept of schemata advanced some years ago 

(cf. Oldfield, 1954; Vernon, 1955). With difficult tasks, verbal 

association serves to direct the processing of form stimuli. The effect 

of association is postulated to be most salient during the encoding of 

stimuli (Ellis and Daniel, 1972), but may also be operative during 

memorial storage (as in the present study) and retrieval (as in 

Santa, 1975). Association of distinctive verbal labels produces a 

differentiation betwe'en related shapes. And, it seems clear that an 

assimilation of memorial representations is produced by equivalent 

label training. 



REFERENCE NOTES 

1. Sears, M. K., Daniel, T. C., & Stevens, J. J. A review of current 
interpretations and implications of memory for form research. 
Paper presented at RMPA, Las Vegas, Nevada, 1979. 

2. Stevens, J. J. The quantification of two-dimensional forms. 
Unpublished paper, University of Arizona, 1983. 

3. Kruskal, J. B. MDSCAL, a program to do multidimensional scaling and 
multidimensional unfolding. Murray Hill, New Jersey: Bell 
Telephone Laboratories, 1969. 

REFERENCES 

Attneave, F. Criteria for a tenable theory of form perception. In 
Wathen-Dunn, W. (Ed.). Models for the perception of speech 
and visual form. Cambridge: Massachusetts Institute of 
Technology Press, 1967. 

Carmichael, L., Hogan, H. P., & Walter, A. A. An experimental study 
of the effect of language on the reproduction of visually 
perceived form. Journal of Experimental Psychology, 1932, 
~, 73-86. 

Daniel, T. C. Nature of the effect of verbal labels on recognition 
memory for form. Journal of Experim!!ntal Psychology, 1972, 
96, 152-157. 

Daniel, T. C.,'& Ellis, H. C. Stimulus codability and long-term 
recognition memory for visual form. Journal of Experimental 
Psychology, 1972, 93, 83-89. 

Daniel, T. C., & Toglia, M. P. Recognition gradients for random 
shapes following distinctive or equivalent verbal association 
training. Journal of Experimental Psychology: Human Learning 
and Memory, 1976, £, 467-474. 

Ellis, H. C. Stimulus encoding processes in human learning and 
memory. In Bower, G. H. (Ed.), The psychology of learning 
and motivation (vol. 7). New York: Academic Press, 1973. 

56 



Ellis, H. C., & Daniel, T. C. Verbal processes in long-term 
stimulus-recognition memory. Journal of Experimental 
Psychology, 1971, 90, 18-26. 

Ellis, H. C., & Feuge, R. L. Transfer of predifferentiation training 
to gradients of generalization in shape recognition. Journal 
of Experimental Psychology, 1966, Zl, 539-542. 

57 

Ellis, H. C., & Muller, D. G. Transfer in perceptual learni"ng following 
stimulus predifferentiation. Journal of Experimental Psychology, 
1964, 68, 388-395. 

Hanawalt, N. G. Memory trace for figures in recall and recognition. 
Archives of Psychology, 1937, IL5 No. 216. 

Koffka, K .. Principles of gestalt psychology. New York: Harcourt, 
Brace, & World, Inc., 1935. 

Kruskal, J. B. Nonmetric multidimensional scaling: A numerical method. 
Psychometdka, 1964, 29, 155-129. 

Malloy, T. E., & Ellis, H. C. Attention and cue-producing responses in 
response-mediated stimulus generalization. Journal of Experi
mental Psychology, 1970, 83, 191-200. 

Molnar, F. Quoi de nouveau dans la perception visuelle de la forme? 
L'Annee Psychologigue, 1980, 80, 599-629. 

Oldfield, R. C. Memory mechanisms and the theory of schemata. British 
Journal of Psychology, 1954, 45, 14-23. 

Price, R. H., & Slive, A. B. Verbal processes in shape recognition. 
Journal of Experimental Psychology, 1970, 83, 373-379. 

Santa, J. L. Verbal coding and redintegrative memory for shapes. 
Journal of Experimental Psychology, 1975, 104, 286-294. 

Santa, J. L., & Ranken, H. B. Effects of verbal coding on recognition 
memory. Journal of Experimental Psychology, 1972, 93, 268-278. 

Torgerson, W. S. Theory and method of scaling. New York: John Wiley 
& Sons, Inc., 1958. 

Vernon, M. D. The functions of schemata in perceiving. Psychological 
Review, 1955, g, 180-192 



58 

Winer, B. J. Statistical principles in experimental design. New York: 
McG t'aw-Hill, 1971. 

Wulf, F. Uber die veranderun von vorstellungen. Psychologische 
Forschung, 1922, 1, 333-373. 


