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CHAPTER I 

INTRODUCTION 

Many attempts have been made by cognitive psychologists to deter

mine the representational mode of knowledge in memory. Basically, each 

of three modes have been proposed as primitive forms of representation 

by one or more of the relevant theories: the word, the image, and the 

proposition. These are generally conceptualized as follows: 

1. The image. Although the widespread experience of imagery cannot 

be denied, the concept is difficult to define. Most investigators 

discard the notion that images are simply reembodiments of stored sen

sations, but suggest they are the products of higher perceptual acti

vity (Paivio, 1971; Kosslyn and Pomerantz, 1977; Neisser, 1967). 

Information is thought to be reduced into units corresponding to ob

jects and properties of objects. Such units can be stored and later be 

assembled into images that are experienced as quasi-pictorial, spatial 

entities, resembling those evoked during perception itself (Neisser, 

1967). The experience of an image resembles the experience of seeing 

the referent of an image. Since images and percepts have a common 

format, different from that of other (e.g. linguistic) representations, 

they may be processed in ways appropriate to the processing of sensory 

data regardless of whether they are sensory or imaginal in origin. A 

finite processing capacity is thought to limit the amount of detail 

that may be activated at a given moment (Kosslyn, 1974; Kosslyn and 

Pomerantz, 1977). Although the vocabulary of imagery seems appropriate 

for describing pictures and the "process" of perceiving pictures, one 

need not adopt a "picture metaphor" in ascribing properties and 
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processes to the concept of imagery (Anderson, 1978). A strong imagery 

position such as the dual-code theory presumes images to be an ultimate 

form of representation. A weaker imagery position holds that imagery 

may work in conjunction with some form of propositional representation, 

but is still an explanatory construct, having emergent properties that 

propositions lack (Kosslyn and Pomerantz, 1977). 

2. The proposition. The concept of the proposition is descended 

from formal logic, in particular, predicate logic. In the formal system 

of predicate logic, propositions are represented with notation such as 

P(x) to symbolize that x has property P, and R(x,y) to indicate x 

stands in relation R to y (Kieras, 1978). Any input which can be con

sidered meaningful regardless of mode, is understood to have proposi

tional content, although in the case of isolated words or images devoid 

of context, the specific propositional significance remains ambiguous 

(Bransford and McCarrell, 1974). Three features essentially define a 

proposition (Anderson, 1978): 

A. It is abstract — the notion of abstractness is related to 

the concept of invariance under paraphrase and corresponds to 

the notion of "deep structure" in Transformational Grammar. 

B. It has truth value — propositions are analyzed as true 

or false. 

C. It has rules of formation — an explicit set of rules 

determines what is and what is not a well-formed proposition. 

Although these criteria lack operational definitions, generally 

included as propositional representation systems are Quillian's (1969) 

associational network, Schank's (1972) conceptual dependency model, or 



Winograd's SHRDLU data base. Propositions express precise relations 

between entities. They are not linguistic structures, since they can 

include concepts which lack verbal labels, but can often be approxi

mated by simple sentences (Kosslyn and Pomerantz, 1977). 

3. The word. The concept of word needs little or no explanation. 

It is argued (Hayes-Roth and Hayes-Roth, 1977) that to propose an 

abstract representational code is unnecessary since a semantic network of 

words can provide more efficient representations and processes than the 

abstract code proposed by most propositional theories. 

Recently the argument has been made that many attempts to specify 

the form of representation have been misdirected since the analysis of 

representation is not valid without the consideration of process 

(Anderson, 1978; Pylyshyn, 1973). 

Any claim for a particular representation is impossible 
to evaluate unless one specifies the process that will 
operate on this representation. Arguments for or 
against a particular representation are only valid 
assuming a particular set of processes (Anderson, 1978). 

This paper will consider the arguments for and against the representa

tion systems (representation + process) that have been proposed by 

various investigators. The systems to be described may be differenti

ated on the basis of what roles are assigned to verbal and imaginal 

processes. Two issues are involved: 

1. Representation. When reduced to their most primitive represen

tation, are verbally and imaginally processed materials structurally 

distinct? In order to distinguish between the various current represen

tational theories, one must draw a distinction between "code" and "for

mat." Code is used here to refer to the ultimate sjonbolic mode(s), while 



format will refer to the structure of the internal representation as 

defined by the nature of its elements (content), and the nature of the 

relations between them (form). The fact that different types of content 

(e.g. perceptual and semantic information) may be encoded into memory 

implies notiiing about the ultimate form or content of the internal 

representation. 

2. Process. Are verbal and imaginal processing codes functionally 

distinct? Do they function differently in cognition? Is the experi

mentally produced superior recall of pictures over words, for instance, 

a qualitative difference, or merely a quantitative one? 

Theories of Representation 

The systems to be considered will each be described separately, 

then the empirical data generally used to support each will be examined 

in light of various systems proposed. 

Multiple-Code Models 

The most representative multiple-code model is that of Paivio 

(1971a); the "dual-code" theory of representation distinguishes between 

verbal and imaginal codes and processes. The two forms are loosely 

defined by Paivio (1971b): 

One mode is related directly to speech itself; that is, 
we can think in terms of words and their interrelations 
and these implicit verbal processes can mediate our 
language behavior. The other code is nonverbal and is 
presumably tied closely to the private experience that 
we call imagery. 

He further assumes-rich and complex relationships between the two 

representational codes which he claims are differentially accessed by 

different kinds of stimulus material (see Figure 1). Verbal materials 
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are thought to be sequentially processed as strings of words, while 

imaginal materials are thought to be processed in a parallel fashion as 

unitary wholes. With regard to the issues presented above, Paivio's 

hypothesis assumes that verbal and imaginal codes are primitive repre

sentational modes which are structurally distinct in terms of both form 

and content, and are, as a result, also functionally distinct. 

TYPE OF 

STIMULUS INPUT 

PICTURES 

CONCRETE WORDS 

ABSTRACT WORDS 

CODING SYSTEM(S) USED 

IMAGINAL VERBAL 

+ + + + + 

+ + + + 

-

Figure 1. Availability of imaginal and verbal processing as 
a function of stimulus input type (Paivio, 1971a). 

Propositional Single-Code Models 

Quite a number of investigators have argued for the existance of 

some form of abstract representational code which resembles neither 

pictures nor words in form but which can store knowledge input from 

either source in terms of a set of propositions. The propositional 

models assume that the proposition is the only primitive, irreducible 

form of knowledge representation and that other modes such as words or 

images are simply processing modes. (An exception is Hayes-Roth and 

Hayes-Roth's word-based propositional system.) Propositional models 

generally posit the expression of propositions in memory in the form of 

networks, consisting of nodes and interconnected by links. The nodes 

represent concepts, and the connecting links represent relations 



between concepts. Propositions consist of a pair of nodes connected by 

a link. For instance, the proposition (NEAR, CAT, FISH) would consist 

of a node for each of the concepts CAT and FISH, connected by a NEAR 

link, as shown in Figure 2. 

<YELLOW> 

<^CAT F I S H ^ 

Figure 2. Example propositional network representing 
the proposition (NEAR, CAT, FISH), using simplified 
notation (Kieras, 1978). 

All propositions about a given concept are available at the node for 

that concept, appearing as additional links. These propositions may 

be retrieved by starting at one node and simply following the availa

ble links. Such networks can store both semantic and perceptual infor

mation as propositions, regardless of the input mode. 

With regard to the structure-function issues raised above, propo

sitional theories can be divided into two categories: 

1. The original and more extreme form of propositional theories 

posit that all information, regardless of source, is stored in the same 

way. In other words, the type and amount of information will be the 

same, regardless of mode of input. If modality of input can be recalled 

or retrieved, that information has simply been stored as an additional 

proposition regarding modality. The extreme position must therefore 

explain imagery effects without recourse to a qualitative distinction 



in the storage of semantic and perceptual knowledge. It does so by 

presuming that any qualitative differences as do exist, are process 

distinctions, rather than differences in representation. They make, 

therefore, no coding or fomnat distinctions in the memory representa

tions of verbal and visual input. 

2. Another group of propositional theories posits a common proposi

tional code for both perceptual and semantic information, such that they 

share many structural features and processing techniques (e.g. search, 

comparison and manipulation), but differ as to format, in terms of form, 

content, or both, two properties which are distinct from the notion of 

representation code, and which are directly related to the issues of 

structure and function. 

Form refers to the specific configuration of connections. Semantic 

and perceptual representations might have characteristically different 

patterns of connections. It may, for example, require many more links 

between nodes to represent the spatial relations inherent in pictorial 

material as compared to sentential input. 

Content refers to the specific components of information which are 

stored. Some aspects of visual scenes such as color, shape, distance, 

etc., are easily recognized visually, but are very difficult to express 

in semantic terms. Abstract ideas, on the other hand, would have a 

strong semantic component, having no perceivable referents. It is 

conceivable that it is these differences in semantic and perceptual 

components of knowledge that cause different processing of the two types 

of input (Kieras, 1978). 

The various "hybrid" models falling in this group differ on the 
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basis of whether form, content, or both, are postulated to differ for 

semantic and perceptual information. The stance on the structure-

function issue thus varies likewise. 

Theoretical Issues 

There are several issues by which models can be compared that are 

not directly testable. Before examining the empirical data, we will 

consider the arguments for and against the' single-code (propositional) 

and multiple-code theories based on some of these issues. 

Capacity Limitations 

Pylyshyn (1973) has argued that the processing and storage of 

information in image form would be entirely too cumbersome and that 

brain capacity would soon be exceeded by the preserving of all infor

mation transmitted by the retina. However, as both Kosslyn and Pomerantz 

(1977) and Anderson (1978) point out: (1) we do not know what amount of 

information is contained in an image, and (2) the capacity limitations 

of the brain are not known. Perhaps Pylyshyn's arguments can only be 

applied to strict "picture metaphor" imagery theories which assume that 

sensory patterns received through the retina are stored in an uninter

preted state. 

The economy of propositional systems can as easily be questioned 

(Kosslyn and Pomerantz, 1977). In such models as have been elaborated 

(e.g. Baylor, 1971), a very large number of propositions are seemingly 

necessary to represent even relatively simple objects, and the burden 

is greatly increased with Pylyshyn's assumption that propositions are 

constructed to represent knowledge at several different levels of 

hierarchy at the same time. 



Accessibility 

Pylyshyn (1973) made two points in his arguments concerning the 

accessibility of images as a representational code: (1) If stored 

images are simply uninterpreted sensory patterns, the retrieval process 

would be extremely inefficient and time consuming. (2) If images are 

organized into a format facilitating their retrieval, a stored inter

pretation is implied. If some type of stored interpretation is assumed, 

it would seem more economical to store only the interpretations and 

dispense with the images entirely. 

It seems possible, however, that verbal labels or other codes 

associated with images could allow them to be "content addressed." 

Kosslyn and Pomerantz (1977) suggested that images might be analogous 

to the displays generated on a cathode-ray tube by a computer program, 

where different data files storing different images could be called up 

by name. Furthermore, we have no basis for assuming that even a random 

search would be prohibitive, since we have no way of knowing what the 

speed of such a search might be. 

The Need for a Third Code 

Several authors have argued (Chase and Clark, 1972; Fodor, 1975; 

Moscovitch, 1973; Pylyshyn, 1973) that an abstract propositional code 

is necessary to explain our ability to translate or exchange informa

tion between verbal and visual codes, if such exist. 

But the need to postulate a more abstract representation 
— one which resembles neither pictures nor words and is 
not accessible to subjective experience — is unavoidable. 
As long as we recognize that people can go from mental 
pictures to mental words or vice versa, we are forced to 
conclude that there must be a representation (which is 
more abstract and not available to conscious experience), 
which encompasses both. There must, in other words, be 
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some common format or interlingua (Pylyshyn, 1973). 

Furthermore, if translation to a third code is necessary, it would be 

more efficient to simply encode all information into this common format 

to begin with, simplifying the mental machinery needed for retrieving 

information. 

On the other hand, since some form of perceptual and verbal codes 

is required to account for our perceptual (input) and response (output) 

capacities, it may be more parsimonious to assume a direct translation 

between verbal and imaginal systems than to postulate a third amodal 

code (Kosslyn and Pomerantz, 1977). To assume that a third code is 

necessary to this translation process simply pushes the problem back 

one step. 

...this (Pylyshyn's) argument is flawed with a serious 
internal inconsistency. It is argued that to translate 
from Code 1 to Code 2, it is necessary to translate Code 
1 into a new code. Code 3, and from Code 3 to Code 2. 
However, this argument leads to an infinite regress. To 
translate from Code 1 to Code 3, a new Code 4 would be 
needed and so on. It is simply not the case that it is 
necessary to have a propositional or any other inter
mediate code for translation (Anderson, 1978). 

Predictive Value 

Kosslyn and Pomerantz (1977) have pointed out that although most 

image-based systems have not been worked out with sufficient rigor to 

generate detailed predictions, the problem with propositional systems 

is that they are too powerful. Propositional language is so powerful 

that almost any kind of theory can be formulated, predicting any exper

imental finding or its converse. The theorist must, in fact, add con

straints to the propositional theory to conform to the constraints so 

apparent in human memory. 
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With respect to the power of propositional theories, Anderson (1978) 

reminds the reader that by making different process assumptions, it is 

possible to have quite different theories of propositional representation. 

It is not the propositional theory alone that makes a prediction or fits 

some data, but a representation-process pair. Thus one proposed repre

sentational system paired with differing process assumptions can make 

opposite predictions. One must test the assumptions of the combined 

system in evaluating that system. 

Other Nonbehavioral Criteria 

Anderson (1978) argued that it is not possible to decide between 

single- and multiple-code models of representation on the basis of 

behavioral data since the range of possible theories is so great that 

for any imaginal theory, there can be a mimicking propositional theory 

and vice-versa. If it were possible to define some constraints on the 

basis of nonbehavioral criteria, then behavioral data might be more 

useful. He examines the available physiological evidence, principally 

that concerning hemispheric assymetry of information processing, and 

determines that it cannot distinguish between differential storage of 

types of information (semantic and perceptual) and differential ability 

to perform certain types of operations, and thus does not discriminate 

between possible types of representation. 

Anderson further considers the criteria of parsimony and efficiency 

and concludes that while these criteria may eventually allow a decision 

about whether there are different types of internal representation, they 

cannot indicate the nature of such differences. He suggested that the 

most fruitful direction to proceed on this issue is to do more research 
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which attempts to determine whether invariance in processing exists for 

various types of input. 

Empirical Findings 

The arguments for and against each of the proposed representational 

systems are numerous and will be considered along with the empirical 

data. Ability of the models to interpret various findings will be 

examined. Experiments designed to distinguish between multiple-code 

models and the "hybrid" propositional single-code models (which allow 

for format differences for semantic and perceptual information) are 

virtually non-existant, primarily because both t3rpes of theories tend to 

make similar behavioral predictions. Therefore, for the most part the 

contrast is made between the more extreme form of propositional single-

code theory and the multiple-code theories, since the bulk of the 

research was designed to distinguish between these two types of models. 

But first we will briefly consider the arguments for a word-based over 

an abstract type of propositional model. 

Abstract vs. Word-Base Propositional Models 

Most propositional models postulate some type of a code more 

abstract than words to account for the well-known phenomenon of para

phrase. In Schank's (1972) words: 

How should a proposition appear in memory? It simply 
cannot be stored in a form that bears a strong rela
tionship to the original form of the input in natural 
language. Since it is possible to say the same thing 
in any number of different ways, it is unreasonable to 
suppose that people are constantly checking to see if 
a proposition that they have stored one way in memory 
is the same as another they have stored elsewhere in 
a different form .... 

Bobrow (1970) offered support for this notion by demonstrating that the 



13 

recall of homographs was facilitated by repetition only when the contexts 

of both presentations induced the same meaning of the word. He concluded 

that memory for the meaning of a sentence is independent of its wording. 

Anderson (1971) drew similar conclusions when he found that given correct 

recall to a verbatim cue, correct recall to a paraphrase of the cue was 

highly probable. Anderson and Bower (1973) found that any tx̂70 conceptu

ally synonymous sentences were likely to b^ confused in a recognition 

test. Fillenbaum (1966) observed that recognition errors were more 

frequently meaning-preserving than meaning-changing, concluding that 

memory for a sentence includes both semantic and lexical information, 

with the latter more likely forgotten. Sachs (1974) found that detection 

of lexical changes in sentences deteriorated over increasing intervals. 

On the other hand, Hayes-Roth and Hayes-Roth (1977) argued that 

several of these data actually support a word-based theory of meaning 

over more abstract forms of porpositional representation. They proposed 

an associative network theory in which words are the basic units of 

representation. Each word in the lexicon is represented by a unitary 

node, its meaning derived from the various relationships it has with 

other nodes since seraantically related words are more directly inter

connected than unrelated words. A linguistic input activates a sub

network of words and connecting arcs corresponding to the proposition. 

A limited activation spreads along all arcs connected to an activated 

node; the strength of a node is a function of the amount of activation 

received and of the lapse of time after activation. Arc strength 

determines subsequent accessibility. Figure 2 illustrates such a 

subnetwork representing the sentence The footprints frightened the 

^x 
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campers. Spreading activation from the actual words of the input sen

tence to seraantically related words accounts for possible paraphrase 

intrusions. 

subject object 

< ttOun "x,̂  
phrase.>^ < ; 

hdun 
hrase, 

Figure 2. An example word-based associative network. 

The model predicts that recall will preserve original wording of 

materials more often than not (which found support in Brewer, 1975) but 

can also handle the findings discussed above. Abstract models must be 

augmented with the assumption that lexical information is retained in 

the representation to handle such results as Brewer's and additionally 

specify some mechanism by which such information is rapidly lost. 

These authors further argued for such a word-based theory or represen

tation because of its efficiency in explaining such cognitive functions 

as input processes, access, representation, and inferential reasoning. 

Research described in this section represents the bulk of the 

attempts to distinguish between abstract and word-based propositional 

models of memory. In all subsequent sections, no attempt will be made 

to differentiate these two single-code propositional models which will 
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be contrasted with multiple-code models of representation. Also, as 

earlier indicated, the propositional arguments will be made based on 

the more extreme (no format distinctions) type of model. 

Selective Interference 

A classic study by Segal and Fusella (1970) employed auditory and 

visual interference for the detection of visual and auditory signals. 

They found that the detection of visual signals was hindered more by 

visual than auditory imagery, and conversely, that auditory perception 

was hindered more by auditory than visual imagery, indicating that the 

effects are modality specific to some degree. Several other investiga

tors (Brooks, 1967, 1968; Byrne, 1974; Sasson, 1971; Sasson and Fraisse, 

1972) have reported corroborative findings. Additional studies have 

found that visual pictorial interference has only negligible effects on 

either verbal or imaginal encodings (Kosslyn, Holyoak, and Huffman, 1976; 

Elliott, 1973), while combined auditory and visual distraction signifi

cantly reduced picture recall (Pelligrino, Siegel, and Dhawan, 1975). 

Taken together, these results have been presented as strong evidence 

for the existence of a dual-code system of internal representation, on 

the basis that they indicate modality-specific processing mechanisms. 

The process of imaging in a specific modality is thought to use the same 

mental machinery specialized for perceptual processing in that modality. 

Therefore, a subject given auditory imaginal distraction during the 

encoding of verbal material might find it difficult to ascertain the 

original source of input, hence, interference occurs. Imaginally 

processed material may be encoded both imaginally and verbally (as 

hypothesized by Paivio), and is thus more resistent to visual interfer-
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ence alone, but can be affected by combined verbal and visual interfer

ence. 

Propositional theories can also account for modality-specific in

terference since the propositions used to represent a visual image 

(spatial relations, etc.) are necessarily similar to those representing 

an actual perceptual experience. Being similar, they are difficult to 

distinguish from each other, causing confusion and interference. 

Propositions representing material encoded in different modalities 

would use different relations, making such propositions easier to 

distinguish (Kosslyn and Pomerantz, 1977). While such an explanation 

handles the modality-specific interference issue, it does not account 

for the more recent findings that imaginally encoded material is most 

affected by a combined auditory-visual distraction. 

Mental Rotation 

In a series of experiments, Shepard and his colleagues (Cooper, 

1975; Cooper and Shepard, 1973; Metzler and Shepard, 1974; Shepard, 1975; 

Shepard and Metzler, 1971) have employed a chronometric technique for 

investigating possible forms of internal representations. The general 

technique involves measurement of the time required to compare and/or 

mentally manipulate internally generated representations of visual 

objects. These investigators have found that the time needed to deter

mine whether two visual objects were identical in shape or were mirror 

images increased linearly with the angular difference in orientations. 

These investigators have supported an "analog" form of representa

tion such as imagery by interpreting the linear reaction time functions 

as indicating that subjects performed the task by "mentally rotating" 
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an internal representation of an object into congruence with the other 

and then comparing the two representations. This notion further implies 

that during mental rotation, the internal representation passes through 

a trajectory of intermediate states, each corresponding to the inter

mediate spatial locations in the external rotation of an object and is 

thought to preserve some degree of the spatial structure of the corre

sponding external object. An additional finding that complexity did not 

systematically affect the reaction time measures or accuracy of discrim

inations challenge those propositional models which hold that represen

tations mentally rotated are reduced or schematic in nature and/or that 

rotation is carried out successively on individual features of the in

ternal representation (Cooper and Podgorny, 1976). 

Other investigators (Palmer, 1975; Pylyshyn, 1973) have argued that 

abstract propositional data structures provide a more satisfactory for

mat for the representation of visual information. Features of objects 

and their relations could be represented by nodes and links in a net

work. Orientation could be represented by means of a reference point 

and position predicates that related the orientation of subparts to the 

reference point. Rotation could then be accomplished by successively 

changing these orientation predicates and accumulating a running count 

of the number of replacements. However, a simple propositional model 

of this sort would predict an increase in rotation time with increased 

complexity of the object (complex forms would be more highly reduced) 

which was not supported in the Cooper and Podgorny (1976) experiment. 

A different class of propositional models have recently been proposed 

which can account for this data (Bobrow, 1975; Palmer, 1975). In 
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these models, orientation can be changed by one simple operation that 

automatically changes the subparts of the representation. For example, 

a representation might contain a single reference line, with all subparts 

related to this line. Changing the orientation of the reference line 

would result in rotation of the representation. Because these models 

allow the preservation and transformation of spatial structures in 

internal representations, they cannot be distinguished from analog or 

imagery theories on the basis of the present data (Cooper and Podgorny, 

1976). Neither proposed model (single- or multiple-code) seem to 

explain why rotation of representations is gradual (Anderson, 1978). 

As Kosslyn and Pomerantz (1977) state: 

It should be especially easy to rotate an image 180° 
because all the relations could simply be reversed 
(e.g. right becomes left). To rotate an image 45° 
should be more difficult, because more complex sub
stitutions must be implemented. Nevertheless, sub
jects take longer to rotate an imaged object 180° 
than 45°. It appears that people do not (or cannot) 
skip from one orientation of an image directly to 
another, but must proceed gradually. 

Most recently, Pylysh3ni (1979) conducted experiments that investigated 

the effects of several stimulus and task variables on the rate of 

"mental rotation" employing comparisons between target stimuli and 

misoriented probes which were or were not subfigures of the originals. 

The results indicated that response rate was influenced by practice, 

stimulus attributes, and the nature of the comparison task. Pylyshyn 

argued that the linear reaction time function is due not to an analog 

operation, but arises from a more piecemeal process in which analysis 

of the stimulus figure interacts with the comparison task. 
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Scanning Visual Images 

Kosslyn (1973) has hypothesized that it is possible to keep many 

parts of an image in mind at the same time or to attend selectively to 

portions of an image. If images have spatial properties which allow 

them to be scanned, it should take more time to scan further across the 

image. He asked subjects to memorize a drawing and then mentally "focus" 

on one end of the imaged object. Properties of the object were then 

named; half of them had been included in the picture and half of them 

had not. He found that greater scanning distances resulted in longer 

retrieval times. A second group showed no effect of distance when in

structed to keep the whole image in mind at once. Lea (1975) pointed 

out a flaw in the Kosslyn (1973) design whereby distance and number of 

properties to be scanned over were confounded. Kosslyn (1975b) elimin

ated this confound and still found strong effects of actual distance on 

time to scan across an imaged map. 

An imagery account likens this phenomenon to that of a movie cam

era where the entire image may not be displayed with uniform clarity. 

The center of an image may be in "sharper focus" because more capacity 

is allocated for construction of details there. The reason the image 

is shifted gradually across the field is the same as the explanation for 

mental rotation effects. An increasing number of small steps which 

minimize the capacity expended at a given moment are required as one 

scans further across an image (Kossl3ni and Pomerantz, 1977). 

The propositional account posits that measures of distance between 

pairs of locations may be explicitly'" listed in memory. Longer distances 

cause a longer lag in the output system because time to respond is 
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regulated by values associated with each entry. Kosslyn and Pomerantz 

point out that this explanation seems extremely ad_ hoc. "A propositional 

framework based on discrete units and links is inherently illsuited for 

representation of metric, analog information." 

Image Size and Complexity 

Spatial information was again found to be stored in internal repre

sentations by Hayes (1973) who presented subjects with two letters in 

succession. He instructed subjects to retain an image of the first 

letter, then decide if the second letter was the same. He found "same" 

decision times to be faster when the test letter was the same size as 

the imaged letter than when they were of different sizes, suggesting 

that images can represent different sizes of objects. Kosslyn (1975a) 

further argued that since it is hard to discriminate details of small 

stimuli in perception, one might expect similar effects in imagery. He 

found that when subjects were asked to form images at subjectively smal

ler sizes, they required more time to "see" internally represented 

details of an imaged animal. On the basis of this experiment and two 

others (Kosslyn, 1976) he argued that images, once formed, are a distinct 

form of internal representation which is processed differently from 

other forms. In these two additional experiments, subject's decision 

times in verifying properties of named animals were measured. Subjects 

verified properties more quickly in accordance with how strongly asso

ciated the property was with the animal in question only when imagery 

was not used. When v/hole-animal images were consulted, faster decision 

times were related to increasing property size, instead of strength of 

association. However, when consulting localized images of the region 

^\ 
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where a property ought to be found, the size of the property no longer 

influenced verification time. 

An imagery explanation of Hayes' (1973) results might postulate 

that a template-like comparison would be made between the imaged repre

sentation and the representation evoked by a percept. If the two repre

sentations are initially matched for size, the comparison would be 

faster than when size adjustments must be made. Likewise, a proposi

tional model could account for these findings by assuming that the 

networks of propositions (which include metric information) for the 

internal representation and the representation of the percept are more 

similar, and therefore more easily compared (Kosslyn and Pomerantz, 

1977). 

An imagery account of Kosslyn's (1975a, 1976) results might assume 

(1) a "grain" limitation on the mental image, making it more difficult 

to represent the details of a small image, and (2) a complexity limita

tion, since property size no longer influenced decision time when local

ized images were consulted. On the other hand, propositional accounts 

must assume that a subject activates fewer propositions when imaging a 

subjectively smaller or more complex image. As Anderson (1978) points 

out, the assumptions necessary to both models of representation seem 

ad hoc; nothing intrinsic to either model would have led to a prediction 

of Kosslyn*s results. 

Comparison of Words and Pictures 

A series of experiments requiring subjects to compare successive 

series of geometric figures represented pictorially and verbally have 

further indicated that object features and spatial relationships are 

^ 
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retained in memory (Seymour, 1972), and that although either pictorial 

or verbal codes were available for comparison, comparison to pictures 

was faster (Tversky, 1974, 1975). 

The retention of spatial information has been repeatedly dealt 

with above, and can be accounted for by either propositional or multiple-

code models. Likewise, Tversky's finding that picture comparisons are 

fastest is a process rather than representational distinction between 

words and pictures, given the present design. 

Developmental Studies 

The effect of picture superiority in memory, although widely found 

with adults, is not exhibited in young children. Verbalization is the 

preferred symbolic process until approximately age 10 or more (Davidson 

and Adams, 1970; Horvitz and Levin, 1972; Levin, Davidson, Wolff, and 

Citron, 1973; Mowbray and Luria, 1973; Reese, 1970; Rohwer, 1970). In 

light of these findings Paivio (1970) hypothesized that it was the 

younger children's general inability to attach a verbal label (response 

inavailability) which caused the deficit. However, Davidson and Adams 

(1970) found the age difference for a recognition test as well. 

Such results seem to support the single-code (verbal or abstract) 

models of representation because they suggest that imagery is a learned 

mode of processing, and therefore is unlikely to be a primitive repre

sentational code. However, dual-code theorists could argue that these 

results suggest only that a certain stage of development must be ob

tained before particular symbolic codes can be efficiently employed by 

the child (e.g. Piaget's Formal Operations Stage), but do not negate the 

possibility that such symbolic codes are primitive. 
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Parallel Processing 

Paivio (1971) has claimed that the use of imagery allows information 

to be processed simultaneously rather than in a sequential manner. Smith 

and Nielson (1970) and Nielson and Smith (1973) have lent support to this 

notion with a series of experiments employing faces constructed from a 

set of "features" (e.g. mouth, eyebrows, etc.) which varied with respect 

to 3, 4, or 5 features. Subjects decided whether a test face was identi

cal to a standard presented either 1, 4, or 10 seconds later. "Same" 

reaction times increased with the number of features, but only for longer 

intervals, suggesting that processing may be parallel or wholistic for 

short intervals. Nielson and Smith (1973) then instructed subjects to 

hold an image of the original stimulus and found that the effect of num

ber of features at longer intervals was eliminated. 

The imagery explanation again posits a template-like comparison of 

representations in which number of features is irrelevant (within some as 

yet unknown capacity limitation). Since most adults customarily verbally 

encode such input also, a verbal description (e.g. a list of features) 

may remain after the imagery representation has decayed, resulting in the 

increase in processing time with additional features. Instructions to 

image result in more-than-usual capacity being allocated to preserve them 

(Kosslyn and Pomerantz, 1977). However, such an account implies that the 

ultimate representational form for information is not imaginal in nature 

since information can be accessed after the image has decayed. A dual-

processing system for pictorial information can still account for the 

data. 

In a propositional account, the faces are represented as networks 
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of propositions which become increasingly complex and elaborate with an 

increasing number of features. This structure may be compared to simi

lar structures in parallel, corresponding parts being matched simultan

eously. Over time, it becomes difficult to maintain these complex 

structures, which are then reorganized into a simpler list, to be com

pared sequentially, proposition by proposition to the test face. 

Imagery instructions have the effect of causing subjects to retain the 

more elaborate structures (Kosslyn and Pomerantz, 1977). 

In another test of parallel vs. sequential processing, Santa (1977) 

contrasted subjects' memory for verbal and pictorial displays of geomet

ric figures. In one experiment, three geometric figures were presented 

either verbally or pictorially in an array. Subjects were required to 

judge whether a second display (either an array or a sequential order

ing) was the "same" or "different." Displays containing the same 3 ele

ments, however rearranged, were to be considered "same." Judgement 

reaction times indicated that verbal representations are sequentially 

restrained, but are not bound by the spatial properties of the stimulus 

(array and sequence). Representations of geometric or pictorial geo

metric forms, on the other hand, preserve the spatial relations of com

ponent elements and are not constrained by sequential ordering. Santa 

argued that these results support a multiple-code model because they 

suggest that words and pictures are processed differently. He further 

stated that propositional models do not readily predict the obtained 

interaction of task (sequential order vs. array) and stimulus modality. 

Although the Smith and Nielson and the Santa studies convincingly 

demonstrated that words and pictures are processed differently, propo-

~x 
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sitional theorists will point out that differences in processing do not 

necessarily imply different representation forms in memory. 

Process vs. Representation 

Observed differences in the processing of picture and word stimuli 

(e.g. parallel vs. sequential processing; speed of comparison) as re

viewed in previous sections, have been offered as support for multiple-

code models of memory. In particular, the often demonstrated superiority 

effect of pictures over words, or even concrete over abstract nouns, in 

learning situations is offered as support for the multiple-code memory 

system (Paivio, 1971; Paivio and Csapo, 1973; Paivio, Rogers and Smith, 

1968). Paivio and his colleagues have, on the basis of several experi

ments, proposed that image and verbal memory codes are independent and 

additive in their effect on recall, and further, that the contribution 

of imagery is substantially higher than that of the verbal code. 

Proponents of extreme propositional models of representation argue 

that such differences as do obtain in the learning and retention of 

verbal and imaginal stimuli are simply process differences rather than 

differences in the form of storage representation. 

In one series of experiments. Hasher, Riebman, and Wren (1976) com

pared the learning and retention of (1) lists of pictures and words, or 

(2) concrete nouns learned under either imagery, verbal, or standard 

recall instructions. While imagery facilitated learning, it did not 

result in superior long-term retention. Gehring, Toglia, and Kimble 

(1976), on the other hand, found recognition for pictures superior to 

recognition for words for several retention intervals varying from a 

few minutes to a few months. Elias (1973) demonstrated a lack of 
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dependence between memory for modality (picture or sentence) and memory 

for semantic content. Subjects learned propositions presented either as 

pictures or sentences and then were tested for recognition immediately, 

two days, or seven days later and were asked to indicate mode of presen

tation. Results indicated a differential decay of content and form 

memory, with retention better for semantic content. These authors 

(Hasher, et al., 1976; Elias, 1973) suggested that imagery may be 

strictly a processing variable, increasing stimulus distinctiveness, 

but which does not affect the ultimate form of representation in memory. 

Guenther and Klatzky (1977) presented added evidence that verbal 

and imaginal processes are merely processing strategies differentially 

employed by subjects depending on task requirements. Subjects classi

fied two stimuli (pictures, words, or a combination) as to whether they 

were members of a target category. Results supported a proposed model 

which assumes that if subjects expect to classify pictures, they are 

biased to use information about physical properties; if they expect to 

classify words, they are biased to use semantic information and identi

ties of category exemplars. If they expect to classify both pictures 

and words on a single trial, they use the same body of information to 

classify both. 

A study by Nelson, Reed, and Walling (1976) manipulated conceptual 

and schematic (pictorial) similarity of simple pictures and their labels 

in an attempt to determine the nature of picture superiority in paired-

associate learning. Results indicated that the principle difference 

between pictures of objects and their verbal labels is inherent in their 

expression as physical stimuli. The sensory code for a picture is 
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apparently more differentiating and less susceptible to interference. 

Increasing schematic similarity serves to reduce this distinctiveness, 

thereby eliminating the effect of picture superiority. When the sche

matic similarity is low, the effect of conceptual similarity produces 

equivalent amounts of interference among pictures or their labels; 

semantic interference appears to be independent of the type of stimulus 

producing it. The authors suggested that although semantic access may 

be faster for pictures (Potter and Faulconer, 1975; Rosch, 1975), iden

tical meaning codes appear to be contacted by both types of stimuli, 

indicating a single-code form of representation. 

This notion was again tested by Potter, Valian and Faulconer (1977). 

Subjects were presented with spoken sentences and had to decide whether 

a word or drawing probe which followed was related to the meaning of the 

sentence. Response times to the drawing and word probes did not signi

ficantly differ, and there was no interaction between probe modality and 

either the imageability of the sentence or the semantic relatedness of 

the probe. Unexpected free recall of probes was better for drawings 

than for words (picture superiority), and subjects accurately recalled 

the modality of probes. The authors concluded that although modality 

information must be represented in memory, the meaning of a sentence or 

a probe is not represented in a modality-specific format, but in an ab

stract conceptual single-code format. Similarly, Pezdek (1977) demon

strated that subjects integrated information presented in both picture 

and verbal modes, indicating a common storage format for these types of 

input. These studies present evidence supporting the notion that imagery 

and verbal mechanisms, as process variables, affect acquisition of 

X" 
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information, and may in part determine what is ultimately stored, but do 

not result in different memory codes. 

Recent interest in Craik and Lockhart's (1972) proposed "levels-of-

processing" framework for memory has resulted in additional tests of the 

process vs. representation issue. Within this framework, the memory 

trace is viewed as the product of the perceptual-encoding operations 

performed on the stimulus. Normally, encoding operations proceed in a 

relatively fixed sequence from a structural (sensory) analysis to pro

gressively more semantic analyses, with the number of encoding opera

tions within each level determined in part by the nature of the stimulus 

event (Craik and Tulving, 1975; Lockhart, Craik, and Jacoby, 1975). 

Trace elaboration increases as encoding operations progress to deeper 

levels of analysis, thereby increasing the accessibility of the memory 

trace at the time of recall (Craik and Tulving, 1975). The levels-of-

processing approach to memory, then, is essentially a single-code model, 

since performance differences are assumed to be a function of the type 

and extent of analysis performed on the stimulus materials. Mechanisms 

within this proposed system have been adequately specified as to gener

ate predictions which allow for a comparison with the dual-process model. 

D'Agostino, O'Neill, and Paivio (1977) attempted to test such 

differential predictions of the two models by measuring the free recall 

of lists of pictures, concrete words, or abstract words learned in 

either structural, phonemic, or semantic incidental processing condi

tions. Results indicated that retention of concrete words increased 

as a function of the processing-task variable, but equivalent recall 

was produced by the phonemic and semantic processing conditions for 
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abstract words and pictures. The authors claimed that these results 

offered "complete confirmation" of the predictions generated from the 

dual-coding model (although based on the finding of nonsignificant, 

statistically "equivalent" differences). 

Friedman and Bourne (1976) employed a speeded-inference task which 

presumably allows for unambiguous interpretation of reaction time differ

ences across stimulus materials which require processing to the same 

explicit depth. They found that pictures yield faster inferences than 

do words when the same semantic information is required for performance, 

but that physical information is available sooner than conceptual infor

mation for both pictures and words. They suggested that picture super

iority in conceptual tasks is due to greater distinctiveness and further 

argued that these results are best interpreted in the levels-of-process-

ing framework which assumes that the stimuli themselves embody levels 

of information which are encoded and used as needed. 

Experiments by Nelson and Reed (1976) investigating the role of 

the verbal labeling process in coding pictures serving as paired-asso

ciate stimuli demonstrated that picture labeling is not an automatic 

process — a result inconsistent with the dual-coding explanation of the 

pictorial superiority effect. An additional experiment tested a levels-

of-processing explanation emphasizing qualitative differences between 

pictures and their names. Equivalent amounts of conceptual interfer

ence were generated by each stimulus tjrpe, suggesting that meaning is 

processed independently of the mode of stimulus eliciting it. The 

authors argued that the pictorial superiority effect can therefore be 

linked to the sensory level of processing, and that this fact, combined 

/^ 
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with the demonstrated lack of labeling spontaneity suggests that the 

rates of sensory feature processing may be different for the two types 

of stimuli. The processed sensory code for a picture is more effective 

than its label, but the two stimuli will differentially suffer at 

increased speeds if the sensory processing of pictures is slower. 

Nelson, Reed and McEvoy (1977) tested the notion that both sensory 

and semantic codes can be activated for both pictures and words but 

that the relative order of access to phonemic information is different 

for the two modes of representation. These investigators proposed a 

sensory-semantic model of encoding which predicts that for pictures, 

phonemic access is indirect, accessible only after semantic processing. 

Phonemic access to words is direct, independent of semantic processing. 

These assumptions were evaluated in tasks requiring accessibility of 

verbal labels in the serial reconstruction or serial recall of the two 

types of stimuli. JIanipulations of label similarity, schematic simi

larity, rate, and conceptual similarity in the various experiments 

indicated that label similarity disrupted performance independently of 

all other variables. In accordance with expectations of the model, high 

levels of either schematic or conceptual similarity either eliminated or 

reversed the pictorial superiority effect. Conceptual similarity pro

duced greater interference among pictures than among their labels in 

these tasks (in contrast to the equal amounts of interference found with 

paired-associate tasks, by Nelson, Reed, and Walling, 1976). The authors 

argued that this interaction between conceptual similarity and task is 

most adequately explained by the assumption that only the naming of 

pictures requires prior semantic processing and that, once activated. 
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meaning codes for pictures and words are functionally identical. The 

proposed sensory-semantic model differs from the levels-of-processing 

approach (1) in placing greater emphasis on the processing and consequent 

redintegration of sensory codes and the mnemonic effectiveness of these 

codes (picture superiority is attributed to the effectiveness of their 

visual codes) and (2) in suggesting that the relative importance of al

ternative types of encoding will be determined not only by the task and 

time constraints imposed, but also with the type of materials being en

coded. This model also accounts for the equivalent recall of pictures 

under phonemic and semantic processing conditions demonstrated by 

D'Agostino et al. (1977) but not the similar finding for abstract words. 

This latter finding may be attributable to inadequate power since the 

expected difference was observed, but did not reach significance. 

Research Strategy 

Given the problem of mimicry, where the predictions of any current 

theory of representation can be mimicked by the remaining theories by 

simply assuming a different set of processes (Anderson, 1977), the 

solution to this complex puzzle must be reached by manipulating the two 

components of the system (representation and process) separately. By 

so doing, each type of theory should result in a pattern of predictions 

unique to that theory. 

Many of the studies reviewed above were designed to identify possi

ble representation differences of verbal and visual input but may well 

be criticized on the basis that they neither manipulated or measured 

representation of memory at all. Such studies (Hayes, 1973; Guenther 

and Klatzky, 1977; Nelson, Reed and Walling, 1976; Nielson and Smith, 
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1973; Potter, Valian and Faulconer, 1977; Santa, 1977; Seymour, 1972; 

Smith and Nielson, 1970; Tversky, 1974; and others) employed procedures 

which allowed for measurement of possible processing differences but 

failed to tap differences due to the input modes of stored information. 

If the term representation refers to the form of information stored in 

memory, then one must measure retrieval and other performance indices 

performed on previously stored (and thus, "deep" or "long-term") 

memories. 

Furthermore, virtually all of the above research was directed 

toward distinguishing between the multiple-code and the extreme form of 

propositional models. Ideally, an experiment should be designed to 

differentiate between all of the currently relevant theories. With the 

inclusion of the hybrid propositional theories, the three categories of 

current models differ with respect to not only whether structural differ

ences in the storage of perceptual and semantic information exist, but 

also as to what such differences might be (differences in code, format, 

or both). Figure 4 illustrates the various hypothesized distinctions. 

The original single-code theories posit neither code or format distinc

tions in the storage of perceptual and semantic input. Multiple-code 

theories posit both types of structural distinctions, while the hybrid 

theories posit format distinctions within a single code. 

The experiment to be reported here reflects an attempt to test all 

three hypothesis patterns by manipulating both representation and process 

modes of input. Subjects performed a judgement task that required them 

to retrieve material previously learned as pictures or words and compare 

it to newly presented material. Manipulation of representation involved 
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Figure 4. Hypothesized structure differences postulated 
by the current models of representation. 

having subjects learn items presented in either pictorial or verbal 

mode which were later retrieved from memory for use in the experimental 

task. The process manipulation involved the presentation of new stimuli 

for comparison (active processing) with the items retrieved from memory. 

The comparison task was conceptual in nature and the learned-for-retrieval 

items were embedded in context to insure that a deep form of storage was 

being tapped, and to better mirror real-world processing tasks. 

The experiment involved the measurement' of reaction-time latencies 

of conceptual judgements made on information input either in pictorial 

or verbal modes. With regard to the basic question of single vs. 

multiple-code m^odels, the underlying assumption of multiple-code theory 

is that if pictorial and verbal input are stored differently, then 

judgements requiring a comparison of stimuli from different input modes 

will require greater decision times than those made on stimuli from the 

same mode of input. Potter, Valian, and Faulconer (1977) employed this 

type of measurement for judgements based on comparison of consecutive 

stimulus presentations and found no significant difference in reaction-

time latencies of same-modality versus different-modality series. 
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However, as pointed out above, one could hardly hope to tap representa

tion differences when employing only newly input material. Using such a 

strategy, subjects would seemingly have neither the time nor inclination 

to end active processing of the input and store it in "long-term" or 

"deep" storage. The present experiment measures the reaction-time laten

cies of comparison judgements made between newly input material and 

previously learned material retrieved from long-term memory. Manipula

tion of the stimulus input mode for both new and old material allows for 

a test of the differential predictions of the three categories of models. 

For example, if a facilitory effect of pictorially presented stimuli is 

found for the retrieved information, this would indicate some form of 

structural difference between modes in memory. The presence or absence 

of an interaction between modalities of retrieved and compared stimuli 

should indicate whether that difference is due to there being dual codes, 

since the dual-code theory clearly predicts such an interaction. On the 

other hand, if the picture superiority phenomenon is found only for the 

comparison stimuli, the results will indicate no structural differences 

of any type in the representation of pictorially and verbally input 

material, supporting the more extreme propositional theories. 



CHAPTER II 

THE EXPERIMENT 

Design 

The design of the experiment is a 2x2x2x10 split-plot factorial 

with one between-subjects variable and three within-subject variables. 

Mode of input for retrieved information (pictures/words) varied between 

subjects. Mode of input for new stimuli (pictures/words), category of 

response (yes/no), and the 10 trials received under each condition, 

were the within-subject variables. 

Subjects 

Fifty-two students (22 males and 30 females) enrolled in an intro

ductory psychology course served as volunteer subjects. 

Materials and Equipment 

The stimuli for a pre-experimental paired-associate task consisted 

of simple sentences, each describing a plausible relationship between 

two nouns, as in "The DOG had a BONE", or a simple line drawing depic

ting the relationship described by the sentence. (See Appendices A and 

B). For the paired-associates task, the first capitalized word (gener

ally the subject) served as response member, while the second capital

ized word (generally the object) served as the stimulus member of pairs. 

The response member of each pair was an exemplar of one of four differ

ent conceptual categories: animals, tools, furniture, or vehicles. 

Exemplars of each category were obtained by selecting the ten most 

frequently given items (excluding synonyms) from Battig and Montague's 

(1969) category norms. Using the rank order for items, the exemplars 

of each category were divided into two equally ranked groups. Care was 
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taken to assign similar items (e.g. dresser, bureau) to different groups, 

Each group of 20 items, five from each category, served as response 

members in the paired-associate task for half the subjects, and as test 

items in the comparison task for the other half. Stimulus items for the 

paired-associate task were chosen such that the sentence or picture 

described a plausible relationship between the two items. Stimulus 

items were never members of any of the four conceptual categories. 

Stimuli for the judgement task consisted of the stimulus members 

from the paired-associate task (either pictured objects or their labels) 

and "new" comparison test items from each conceptual category, presented 

once as a word and once as a picture (see Appendices C and D). All 

sentences, words, and drawings were depicted on negative slides for 

projection by two Kodak Carousel 850H projectors. 

Reaction-time latencies were obtained using a Gerbrands digital 

clock/counter activated by a Gerbrands electronic voice key. A Spindler 

and Sauppe Quadra Que 1 programmer and Tri Cut Control unit were used 

to simultaneously activate the two projectors and the voice key. 

Subjects made a verbal "yes" or "no" response into a microphone attached 

to the voice key, the sound of which disengaged the counter, resulting 

in a millesecond reading of the time from image presentation to the 

subject's response. The experimenter recorded each latency, along with 

the category of response. 

Procedure 

Subjects first completed the paired-associate task in which they 

learned to associate the two nouns of each sentence (or the two objects 

pictured together). (See Appendix E for instructions). Half learned 

/^ 
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the 20 word pairs embedded in the sentence context, and half learned 20 

pictured pairs. Using the study-test procedure, subjects studied all 

20 sentences (or picture pairs) successively, followed by a test trial 

in which each stimulus word (or picture) was presented alone as a cue 

for the subject to respond with the other member of each pair. That 

procedure continued until the subject was able to correctly recall all 

20 responses rapidly when cued. Presentation orders of study and test 

phases were quasi-randomized between presentations. 

Using the materials learned in the paired-associate task, the 

subjects next completed the judgement task. The retention interval 

between the two tasks was three to four minutes, or just long enough to 

ready the equipment and instruct the subjects. Subjects were instructed 

that responses learned in the previous task belonged to one of four 

conceptual categories: animals, tools, furniture, or vehicles. They 

were instructed that in this task their job would be to detexmine 

whether a specified, previously learned item belonged in the same con

ceptual category to a new pictured object or word presented simultane

ously (see Appendix F for instructions). In the testing procedure, the 

subject was simultaneously shown one of the stimulus items from the 

paired-associate task (designating which response item to retrieve from 

memory for comparison) and a new word or picture from one of the four 

categories. The subject then responded "yes" or "no" as to whether the 

retrieved and new item belonged in the same conceptual category. 

Reaction-time latencies representing the time between stimulus presen

tation and the verbal response were recorded for each trial. Each 

subject received five practice trials to familiarize him/her with the 
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procedure, followed by 40 test trials — two per previously learned item, 

comparing once to a picture and once to a word. The modality of test 

stimuli and the category of response were counterbalanced. 

PAIRED-ASSOCIATE TASK — STUDY PHASE 
Twenty sentences describing a plausible relation
ship between two nouns, the first of which is a 
member of one of the four conceptual categories 
(or, for half the subjects, 20 pictures depicting 
that relationship) are successively presented in 
random order for approximately 4 seconds each. 

EXAMPLE: The DOG had a BONE. 

1 
PAIRED-ASSOCIATE ~ TEST PHASE 

The second captialized noun from 
each sentence in the study phase 
(or corresponding picture for 
subjects who studied pictures) is 
presented alone. Subject is told 
to recall the missing pair members. 

EXAMPLE: BONE 
Subject should respond "Dog". 

Did subject recall 
all missing pair 
members quickly 
and accurately? 

<M. n o ^ 

<^f yes^ 

TIMED COMPARISON TASK 
Subject is presented wtih 5 practice and 40 
timed trials in which two items are presented 
simultaneously. The left-hand item is always 
a cue item from the paired-associate task 
(presented in the same mode as before) which 
is a signal for the subject to retrieve its 
missing pair from memory. The right-hand 
item is a new item from one of the 4 concep
tual categories, presented either as a picture 
or word. The subject is asked to compare the 
new stimulus to the retrieved (not shown) item 
and respond "yes" if they are from the same 
category, "no" if from different categories. 

EXAMPLE: BONE TABLE 
Appropriate answer is "no" since the item 
BONE cues DOG, which is a member of a 
different category from TABLE. 

Figure 5. Flow chart illustrating task requirements and stimuli. 



CHAPTER III 

RESULTS 

Data included the reaction-times from the 40 timed trials. 

Missing data points resulted from (1) occasional equipment malfunction, 

or from exclusion of trials where the subject either (2) gave a wrong 

answer, or (3) had difficulty retrieving a cued item. In the third case, 

reaction-times were excluded from analysis when more than a full second 

longer than the next longest reaction-time for that subject. No subject 

included in the analysis had greater than 15% missing data points. The 

overall percentage of missing data was .047. Missing data were replaced 

by the computed mean for the appropriate subject and condition for the 

missing value. The data were transformed to reciprocals (routinely used 

with reaction-time data to normalize the distribution) and analyzed in 

a 2x2x2x10 split-plot factorial analysis of variance. The between-

subjects factor was Acquisition Type (pictures/words), while Test Stimu

lus Type (words/pictures), Answer Type (yes/no) and Trials (1 through 

10) were treated as within-subject variables. The overall results are 

graphed in Figure 6. (Means are found in Table 1; Anova source table 

is presented in Table 2.) Inspection reveals a great deal of unsystema

tic variation between trials for all eight conditions. Because an anal

ysis of simple simple main effects for trials confirms the lack of a 

consistent pattern for such variations, and since differentiation between 

trials is not essential to the issues, such variation is considered to 

be noise in the data. Consequently, analysis of interactions into 

simple and simple simple main effects does not include an analysis of 

any variable at each level of trial since, given the unsystematic nature 
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TABLE 1 

Means and Standard Deviations 

Trial Acq AT TS Mean S.D. Trial Acq AT TS Mean S.D. 

1 P N ? 1.4138 .172 3 W Y W 1.907 .240 

3 

3 

W 

W 

w 

w 

N W 1.5831 .237 

1.623 .263 

W 1.571 .247 

W N 1.815 .376 

W N W 2.005 .272 

2.165 .507 

W 1.91 

N 

1.348 

W N 

W 

206 

1.474 .221 

N W 1.515 .228 

152 

1.598 .218 

1.656 .338 

W 1.677 .318 

1.738 .411 

W 1.733 .21 

P N P 1.260 .093 

P N W 1.465 .178 

3 p Y P 1.392 .246 

3 P Y W 1.432 .127 

3 W N P 1.719 .171 

3 W N W 1.755 .201 

W 

W 

W 

W 

N 

W N 

N 

W N 

N 

W N 

1.325 .121 

N W 1.427 .146 

1.218 .072 

W 1.130 .075 

1.947 .311 

N W 1.998 .371 

1.634 .182 

W 1.394 .075 

1.362 .164 

N W 1.495 .166 

1.033 .077 

W 1.238 .072 

1.380 .102 

W N W 2.115 .497 

1.270 .106 

W 1.802 .211 

1.151 .079 

N W 1.382 .119 

P 1.489 .245 

W 1.212 133 

1.410 .120 

W 1.860 .368 W N W 1.803 .214 
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Trial Acq AT TS Mean S.D. Trial Acq AT TS Mean 'S.D. 

6 W Y P 2.065 .410 9 W Y W 1.374 .146 

6 W Y W 1.620 .166 10 P N P 1.160 .114 

7 P N P 1.370 .162 10 P N W 1.291 .097 

7 P N W 1.344 .090 10 P Y P .959 .039 

7 P Y P 1.069 .058 10 P Y W 1.080 .071 

7 P Y W 1.271 .123 10 W N P 1.432 .181 

7 W N P 1.383 .159 10 W N W 1.757 .307 

7 W N W 1.751 .142 10 W N P 1.253 .113 

7 W Y P 1.737 .247 10 W Y W 1.573 .245 

7 W Y W 1.309 .073 

8 P N P 1.174 .056 

8 P N W 1.305 .086 

8 P Y P 1.105 .066 

8 P Y W 1.171 .066 

8 W N P 1.550 .228 

8 W N W 1.583 .158 

8 W Y P 1.529 .277 

8 W Y W 1.779 .276 

9 P N P 1.136 .048 

9 P N W 1.223 .103 

9 p Y P 1.084 .048 

9 P Y W 1.053 .050 

9 W N P 1.470 .186 

9 W N W 1.759 .317 

9 W Y P 1.406 .129 
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Source Table for Analysis of Variance 
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SOURCE DF 

A (Acquisition Type) 1 

Subjects within-group 50 

B (Test Stim. Type) 1 

AB 1 

B X Ss within-group 50 

C (Answer Type) 1 

AC 1 

C X Ss within-group 50 

D (Trials) 9 

AD 9 

D X Ss within-group 450 

BC 1 

ABC 1 

BC X Ss within-group 50 

BD 9 

ABD 9 

BD X Ss within-group 450 

CD 9 

ACD 9 

CD X Ss within-group 450 

BCD 9 

SS 

15.646 

27.290 

2.260 

.2 

5.872 

1.707 

.129 

5 .658 

7.823 

2 .2 

37.483 

.174 

.014 

3.664 

2.098 

.596 

33.837 

2 .428 

.855 

35.168 

2 .312 

F 

28.67 

19.25 

.17 

15 .08 

1.14 

10 .43 

2 .93 

2.37 

.19 

3 .1 

.88 

3.45 

1.22 

3 .21 

p < . 0 0 0 1 *** 

p < . 0 0 0 1 *** 

p < .6844 

p < . 0 0 0 3 ** 

p< .2916 

p < . 0001 *** 

p < .0023 * 

P< .13 

p < .6643 

p < . 0 0 1 3 * 

p r . 5 4 3 

p< : .0004 ** 

p < .2821 

p < .0009 ** 
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Source Table (cont.) 

SOURCE DF SS F P 

^ ^ ^ 9 1.241 1.72 p < . 0 8 

BCD X Ss w i t h i n - g r o u p 450 35.993 

T o t a l 2079 224.466 

p < .0001 *** 

p < . 0 0 1 ** 

p < . 01 * 
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of the variation between trials, this information is essentially unin-

terpretable. Analysis of the effects of the combined trials at each 

level or combination of levels of the remaining variables were made 

since this indicates which variables or combination of variables are 

affected by trials. 

All four main effects were found to be significant. The signifi

cant main effect for Acquisition Type [X(l,50) = 28.67, p< .0001] indi

cated that judgement reaction-times were faster when the item to be re

trieved from memory was originally learned as a picture rather than as 

a word in the paired-associate acquisition task (the representation 

manipulation). The mean reaction time for retrieval and comparison was 

1.297 (S.D.=.3944) for pictures and 1.676 (.5351) for words. 

The significant main effect for Test Stimulus Type (the process 

manipulation), [_F(1,50) = 19.25, p< .0001] indicated that judgement 

reaction-times were faster when the comparison stimulus was a picture 

rather than a word. The mean reaction-time for stimulus comparison was 

1.437 (.509) for pictures and 1.535 (.499) for words. 

The significant main effect for Answer Type [F̂ (l,50) = 15.08, 

p<'.0003] indicated that "yes"decisions were made faster than "no" deci

sions. The mean reaction-time for answer types was 1.521 (.497) for 

"no" and 1.451 (.515) for "yes". 

The significant main effect for Trials [F;(9,450) = 10.43, p< .001] 

indicated that reaction-times improved over trials. The mean reaction-

times for trials 1-10 were 1.76 (.557), 1.59 (.519), 1.6 (.497), 1.51 

(.505), 1.46 (.522), 1.52 (.517), 1.4 (.413), 1.4 (.446), 1.31 (4.23), 

and 1.31 (.449), respectively. 
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Because of the differing predictions following from the relevant 

theories, consideration of all important interaction possibilities, 

those not obtained, as well as those found to be significant, is crucial 

to interpretation of the present findings with respect to the various 

theories. A possible interaction between Acquisition Type and Test 

Stimulus Type, which is predicted by the multiple-code theories, was 

clearly not found [F̂ (l,50) = .17, p< .6844], nor were the 2nd and 3rd-

order interactions containing these two elements. An inspection of the 

Acquisition Type by Trials interaction [B;(9,450) = 2.93, p< .0023] (see 

Figure 7) indicates that performance for both acquisition types improves 

over trials. The effect of trials for pictures is[JF(9,351) = 8.903, 

p<.0001]; for words we find [F;(9,351) = 3.761, p< .0001]. Inspection 

of the slopes for the two curves (represented by dotted lines) suggests 

that the overall effect of trials is only slightly greater for pictures 

than words, and that the obtained interaction is probably due to the 

unsystematic variation within trials. 

The remaining significant Ist-order interactions (Test Stimulus 

Type by Trials and Answer Type by Trials) should be qualified by the 

significant 2nd-order interaction containing the same terms, Test Stimu

lus Type by Answer Type by Trials [F;(9,450) = 3.21, p< .0009]. Analysis 

of the simple simple effects of trials at all combination of levels of 

Test Stimulus Type and Answer Type indicate that performance signifi

cantly improved over trials for "yes-picture", "yes-word", and "no-

picture" comparisons, but improvement for "no-word" comparisons failed 

to reach significance (simple simple main effects for trials are given 

in Table 3). Inspection of the four slopes (see Figure 8) yields the 
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TABLE 3 

Source Table for Simple Main Effects 

SOURCE 

Trials at Acq (P) 

Trials at Acq (W) 

Pooled Error 

AT X Trials at TS(P) 

AT X Trials at TS(W) 

Pooled Error 

TS X Trials at AT(N) 

TS X Trials at AT(Y) 

Pooled Error 

Trials at AT(P),TS(Y) 

Trials at AT(P),TS(N) 

Trials at AT(W),TS(Y) 

Trials at AT(W),TS(N) 

Pooled Error 

Trials at TS(P) 

Trials at TS(W) 

Pooled Error 

DF SS 

8.557 

3.615 

351 

9 

9 

702 

9 

9 

702 

9 

9 

9 

9 

1404 

37 .483 

2.574 

1.385 

71 .18 

.505 

2 .59 

69 .83 

7.829 

1.75 

4 .085 

1.008 

142.48 

6.687 

3.708 

9.351 

3.761 

2.82 

1.52 

.564 

2.89 

8.57 

1.92 

4.473 

1.104 

7.31 

4.056 

p< .0001 **** 

p< .0001 **** 

p< .003 

p< .136 

p<: .828 

p <' . 0024 

p< .0001 

p< .04 

p< .0001 

p< .356 

p < . 0 0 0 1 

p < .0001 

* * 

JUJl. 7* f\ 

i'M-k-k 

k'k'k-k 

702 71.32 

T r i a l s a t AT(N) 

T r i a l s a t AT(Y) 

Pooled E r r o r 

9 

9 

702 

2 .253 

9.007 

72 .651 

2 .419 

9.67 

p<: .0153 

p < . 0 0 0 1 

A 

* * * * 

Degrees of freedom were adjusted for missing data points, 
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obtained interaction of Test Stimulus Type and Answer Type over Trials. 

Collapsing across Answer Type, the Test Stimuli Type by Trials interac

tion [F^(9,450) = 3.1, p <.0013]indicates that performance on "picture" 

comparison stimuli improves more than that for "word" stimuli (see 

Figure 9). Collapsing across Test Stimulus Type, the Answer Type by 

Trials interaction [_F(9,450) = 3.45, p< .004] suggests that performance 

improves more over trials for "yes" items than "no" items (see Figure 

10). 
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CHAPTER IV 

DISCUSSION 

Because each type of theory presently being considered here predicts 

a different pattern of significant effects with the present design, the 

experimental results obtained should allow one to ascertain the predic

tive value of each of the three types of theories. Each of the main 

effects and the theoretically significant interactions will be discussed 

as each relates to the theories in question. 

Representation Manipulation 

The very strong effect of Acquisition Type obtained in the present 

experiment is quite important theoretically, since it is the operational 

definition of the representation manipulation. The effect was obtained 

by manipulating the mode of input for items learned in the pre-experi

mental paired-associate task, which were later retrieved from memory for 

conceptual comparisons with the test stimuli. The present finding of a 

significant difference indicates that the reaction-time measurement, 

which represents the time necessary to both retrieve the item from memory 

and make a comparison judgement to another item, is faster for those 

items originally learned as pictures, over those originally learned as 

words. Since the reaction-times represent a two-part process, we cannot 

presently tell whether the difference obtained is due to faster retrieval, 

faster comparison, or both, but because it pertains to information re

trieved from storage, the theoretical consequences with regard to the 

three types of theories are clear. A reaction-time difference for 

either component indicates that the stored information from pictures and 

words are different with respect to some aspect of structure (either 
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form, content, or code, or some combination). On the basis of the pre

sent finding it is therefore possible to discount the more extreme form 

of propositional theories which do not posit any type of structural dis

tinction in the storage of pictures and words. Extreme propositional 

theories would predict no difference in the speed of retrieval ££ com

parison of pictures and words since both types of input are assumed to 

be structurally and (once they are entered into storage format) function

ally equivalent. The experimental design of the Potter, Valian, and 

Faulconer (1977) experiment did not allow for this type of effect to 

emerge because (1) they measured active processing rather than storage 

differences, and (2) they did not manipulate the input mode of the 

original input. 

Both the multiple-code and the various hybrid propositional theories 

would predict an effect of acquisition type, and thus they cannot be 

distinguished on the basis of this effect alone. 

Process Manipulation 

The manipulation of Test Stimulus Type corresponds to the "process" 

half of our representation-process distinction, since it is operationally 

defined as the presentation of new stimuli for active processing (compar

ison to the retrieved stimuli). The main effect for Test Stimulus Type 

demonstrates the phenomenon of picture superiority typically found for 

various processing tasks in the literature. However, if this effect had 

obtained significance in the absence of a significant effect for 

Acquisition Type, that particular pattern would have supported the more 

extreme (no structural differences) propositional theories by indicating 

that such differences in performance for pictures and words as have been 
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traditionally obtained are due to process and not representational 

differences. This effect of Test Stimulus Type does not contradict the 

predictions of either the multiple-code or hybrid propositional theories. 

Same- vs. Cross-Modality Comparisons 

The unique prediction of the multiple-code models pertains to the 

possible interaction of Acquisition Type by Test Stimulus Type. The 

assumption of the multiple-code theories is that because pictorial and 

verbal input are stored in different codes, the judgements requiring a 

comparison of stimuli from different input modes will require greater 

decisions times than those made on stimuli from the same mode of input. 

With respect to the present task, multiple-code theories would predict 

the Acquisition Type by Test Stimulus Type interaction because subjects 

who learned and presumably stored the original input as pictures should 

be able to retrieve and compare such items to pictures faster than to 

words. On the other hand, subjects who learned and stared the original 

input as words should be able to retrieve and compare such input faster 

to words than pictures. 

The data indicate the absence of such an interaction, a finding 

clearly detrimental to multiple-code theories. The observed slope of 

the obtained curve for comparisons to verbal test stimuli is, in fact, 

in the opposite direction to that predicted by multiple-code theories 

without the postulation of additional constraints. Given the assumption 

that translation between codes will require more time than same-mode 

comparisons, multiple-code theories would predict that when a retrieved 

item was learned as a word, comparison to a word will be quicker than 

comparison to a picture, resulting in the pattern illustrated in the 
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hypothetical graph shown in Figure 11. However, these results indicate 

equivalent facilitation of comparison speed to both picture and word 

test stimuli when comparing to a retrieved picture, as illustrated in 

Figure 12. 

The finding is consistent with the hybrid propositional models 

since these models do not posit differing codes for storage of percep

tual and semantic information, and thus do not predict an Acquisition 

Type by Test Stimulus Type interaction because no translation between 

codes is required for cross-modal comparisons. The hybrid theories do, 

however, posit some type of format distinction in the storage of percep

tual and semantic input. Format differences might be in terms of either 

what elements of information are stored (content), or the nximber and 

type of connections between concepts (form), or both. Such distinctions 

could seemingly account for the well-documented picture-superiority 

phenomenon (surfacing here as significant effects for both Acquisition 

Type and Test Stimulus Type) but would not predict any interaction of 

these terms. 

The absence of this interaction is further corroborated by the 

consistent lack of significance for the second- and third-order inter

actions containing these two terms. The apparent lack of significant 

interaction between Acquisition and Test Stimulus Types cannot be 

attributed to inadequate power since (1) power computed using Tang's 

formula was .99+ (Kirk, 1968), and (2) several other interactions of 

equal and higher levels did reach significance. 

The pattern of results accruing for representation and process 

manipulations, significance for both main effects, but no hint of 
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interaction between the two at any level, should be considered as strong 

and consistent support for the hybrid theories over either the multiple-

code or original propositonal theories. 

Remaining Significant Effects 

The effects discussed above provided the crucial tests of the vari

ous theories. The remaining variables were included for the most part 

in order to reduce the amount of variance included in the error term. 

While somewhat interesting in their own right, such results as were ob

tained primarily address themselves to issues beyond the scope of the 

present study. Discussion of these results will, therefore, be brief. 

A main effect for Answer Type ("yes" or "no" category of correct 

response) indicated that "yes" decisions were made more quickly than 

"no" decisions. A simple explanation of such a main effect might be 

that it takes longer to form and begin to say the syllable "no" than it 

does "yes". However, the presence of significant interactions containing 

this term suggest that a somewhat more complex phenomenon is responsible 

for the obtained effect. One plausible explanation stems from proposi

tional theory which posits that some aspects of the format of stored 

knowledge are somehow uniform, such that concepts in the same category 

contain similar configurations of information (as in network configura

tion), resulting in a faster comparison of same-category items (Kosslyn 

and Pomerantz, 1977). 

A significant main effect for Trials was obtained as might be ex

pected, indicating that decision reaction-times improved over trials, 

undoubtedly as a result of practice and familiarity with items. The 

Answer Type by Trials interaction indicates that reaction-time 
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differences for "yes" and "no" responses increased over trials, with 

"yes" reaction-times improving more than "no" reaction times. It is 

perhaps the case that configuration conformity of same-category items 

increases with increased practice and familiarity, as the relevant con

cepts become more salient. 

The inspection of the significant Test Stimulus Type by Answer Type 

by Trials interaction corroborates the above hypothesis and further -(^ 

suggests that "yes" responses to comparison pictures are facilitated 

more by practice and familiarity than "yes" responses to comparison 

words. This finding, as well as the significant Test Stimulus Type by 

Trials interaction interestingly suggests that picture-superiority is 

increased or strengthened by practice and familiarity. Likewise, the 

Acquisition Type by Trials interaction suggests that the greater facil-

itative effects of practice and/or familiarity on picture-superiority 

holds true also for the superiority of stored perceptual information. 

Such a finding can be considered further evidence for some type of 

distinction in format for the storage of semantic and perceptual 

knowledge. 

It is important to note that the consideration of the second- and 

third-order significant interactions does, in no case, contradict the 

interpretation of the more crucial findings for the Acquisition, Test 

Stimulus, and interaction effects. For a design of this complexity, the 

results are remarkably consistent with respect to the issues involved. 

The pattern of obtained results in the present experiment, speci

fically the significant main effects for the mode of presentation for 

both representation and process manipulations (Acquisition and Test 
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Stimulus Types) and the absence of any interaction between these two 

effects, should be considered strong support for the notion that percep

tual and semantic information are represented in the same symbolic code 

in memory, but differ somehow in terms of format, either form or content. 

This pattern of results is the pattern predicted by the hybrid proposi

tional theories. It perhaps should be noted that the support of a 

single-code model is not necessarily support for propositional structure 

of memory, since other types of single-code models are plausible. 

However, in current literature, the two notions are generally treated 

synonymously, since virtually all single-code models proposed have also 

postulated a propositional structure. Because the present results 

clearly support some type of hybrid propositional theory, the final 

segment of this discussion will briefly survey the various hybrids and 

the plausibility of the most supported theories in light of present data. 

Hybrid Alternatives 

Although choosing between the alternative hybrids was not the 

original intent of the present endeavor, extrapolation of some aspects 

of the present findings may favor some alternative models over others. 

Kieras (1977) provides an excellant discussion of the alternative models 

and the fit of each to current data. Although he has restricted his 

consideration of empirical evidence to the studies investigating memory 

for sentences, which largely contrast concrete and abstract types of 

verbal input, relevance to the present issue should be clear. Concrete 

material generally induces some amount of spontaneous image production 

(perceptual input), while abstract material does not (semantic input). 

Such images undoubtedly contain a high degree of perceptual input, as 
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do the pictured items in the present experiment. Although the semantic 

condition in the present experiment consisted of concrete items presen

ted in a verbal format (words and sentences), the methodologies employed 

apparently induced differential processing and storage of the two modes 

of input, as indicated by the main effect for Acquisition Type. 

Kieras (1977) classifies seven alternative models into two major 

types, those which assume the facilitation produced by imagery (or 

pictures) is (1) due to the actual storage of the image, or (2) just a 

by-product of either image-formation, or the use of perceptually-laden 

material. Those "semantic-based" models which view image production to 

be epiphenomenal include: 

1. Word attribute model. Imagery effects are thought to be due to 

the confounding of Imagery Value with any of several semantic attributes 

(e.g. concreteness, or meaningfulness value) which may reflect differ

ences in the semantic memory structure, but which have nothing to do 

with the availability of perceptual information. 

2. Comprehensibility model. Imagery effects are thought to be 

confounded with sentence comprehensibility such that the semantic repre

sentation of the sentence content of concrete material is derived and 

stored more easily than that of abstract material. 

3. Context availability model. Assignment of context is easier for 

high-imagery sentences because of greater overlap with existing semantic 

structures, making such sentences more m.eaningful and thus better re

called. 

4. Semantic elaboration model. Images which are formed (but not 

stored) result in alternative retrieval paths for high-imagery material, 
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because of the storage of relational and spatial concepts. 

"Stored-image" models, on the other hand, include: 

1. Imaginal elaboration model. The perceptual information con- " 

tained in a stored image results in the use of different concepts and 

relations which are more richly interconnected, are constructed by diff

erent processes, and provide alternative retrieval routes. 

2. Component superiority model. Components used in perceptual re

presentations are superior in memory retention and processing speed (in 

some unspecified way) to semantic components. 

3. Perceptual integration model. The formation and storage of an 

image, due to its perceptual nature, permits redintegrative recall. 

Semantic representations lack such unitized properties and are thus sub

ject to partial loss and less reliable recall. 

On the basis of empirical or theoretical considerations, Kieras 

rejects Word Attribute, Comprehensibility, and Component Superiority 

models. With regard to the remaining four models, he suggests that the 

two elaboration models should perhaps be preferred over the Context 

Availability and Perceptual Integration models because simple connection 

redundancy (as with alternative retrieval routes) is a familiar theore

tical concept with a long history in memory theory. The present data 

support that suggestion, but for different reasons. The experiment 

tends to discount the Context Availability model since both the percep

tual and semantic conditions employed the same items, embedded in iden

tical contexts. Thus, it presumably was the additional perceptual infor

mation provided by the pictures, rather than any difference in context, 

which was responsible for the obtained differences. As to the Perceptual 
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Integration model, there is no apparent reason for considering this 

model as anything more than a subset of the Imaginal Elaboration model. 

Unless the proposed integration is thought to be caused by something 

besides connection enrichment or other elaboration possibilities, one 

can simplify the model selection process by considering such models as 

being essentially equivalent at this point. 

On the basis of the present experiment and other available data, 

it is impossible to distinguish between the two Elaboration models at 

this time, since they must for the most part make identical predictions 

of measurable behavior, differing only with respect to whether or not 

the image itself (formed during active processing) is thought to be 

stored. It seems intuitively preferable to assume some stored-image 

version for the simple reason that we are easily able to reconstruct 

from stored information an image perceived to be identical to the ori

ginal. However, stronger conclusions must await an empirical test. 

Future research should be directed toward differentiating between the 

elaboration models and identifying possible characteristics of the 

differences in form and/or content of stored perceptual and semantic 

knowledge. 



CHAPTER V 

CONCLUSIONS 

In summary, many attempts have been made by cognitive psychologists 

to determine the structure of representation of knowledge in "deep" or 

"long-term" memory. Structural distinctions in the storage of perceptual 

and semantic information which are postulated by one or more of the 

current theories of representation include (1) differences in the code 

or ultimate symbolic mode, and (2) differences in format, either in the 

nature of the elements (content) or the relations between them (form). 

Past research has failed to discriminate between current models of 

representation because of failures to (1) employ designs which can dis

tinguish between code and format differences in representation, and to 

(2) employ methodologies which distinguish between representation and 

process. The present study manipulated representation and process separ

ately which allowed for a comparison of models based on the predictions 

of each with regard to postulated code and format distinctions. 

Subjects took part in a paired-associate task in which nouns from 

four conceptual categories were presented in a sentence or picture con

text paired with another noun. After learning to accurately recall all 

of the category nouns when cued by the paired items, subjects were ad

ministered a judgement task. In this task subjects received forty trials 

in which they were presented with one of the cueing nouns simultaneously 

with a new category noun (sometimes presented as a word, sometimes as a 

picture) and were asked to retrieve the original category noun which was 

originally paired with that cue and compare the category of the retrieved 

item to the new category noun presented. Reaction-time latencies of 
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subject's decision times provided the dependent measure. 

Results indicated faster retrieval and comparison when either the 

retrieved item or the new category comparison item were presented as 

pictures rather than words, and that there was no interaction between 

mode types. This pattern of results supports some form of a single-

code propositonal model of representation which posits a distinction 

in the format (either form or content) of perceptual and semantic 

information, but not in code. 
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APPE>n)IX A 

Paired-Associate Stimuli — Verbal 

GROUP I 

STUDY PHASE 

The DOG had a BONE. 

The BEAR had some HONEY 

The LION jumped through a HOOP, 

The COW wore a BELL. 

The PIG ate from the TROUGH. 

TEST PHASE 

BONE 

HONEY 

HOOP 

BELL 

TROUGH 

The WRENCH fit the PIPE. 

The PLIARS held the WIRE. 

The HÂ C'IER hig his THUMB. 

The SCREVJDRIVER punctured the TIRE. 

The LEVEL was on the STEPS. 

PIPE 

WIRE 

THUliB 

TIRE 

STEPS 

The GAR is in the GARAGE. 

The TRAIN was on the TRACK. 

The SHIP sails on the SEA. 

:he MOTORCYCLE hit the TREE. 

The TRUCK carried BOXES. 

GARAGE 

TRACK 

SEA 

TREE 

BOXES 

The TELEVISION has an ANTENNA. 

The BUREAU is near the WINDOW. 

The CHAIR propped close the DOOR. 

The SOFA had throw PILLOWS. 

The ."DESK supported a TYPEWRITER. 

Al̂ TEN ÎA 

wi:iDOW 

DOOR 

PILLOWS 

TYPEWRITER 
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GROUP II 

STUDY PHASE 

The TIGER was in a CAGE, 

The MOUSE ate the CHEESE. 

The HORSE jumped a FENCE. 

The ELEPHANT lifted the BARBELL. 

The CAT played with YARN. 

TEST PHASE 

CAGE 

CHEESE 

FENCE 

BARBELL 

YARN 

The NAILS were in a JAR. 

The SAW cut the WOOD, 

The DRILL was in his HAND. 

The RULER was on the PAPER. 

The CHISEL left some SHAVINGS, 

JAR 

WOOD 

HAira 

PAPER 

SHAVINGS 

The PLANE flew over CLOUDS. 

The WAGON is pulled by the BOY. 

The BUS stopped at the SIGN. 

The BICYCLE was on the SIDEWALK. 

The BOAT flew a FLAG. 

CLOUDS 

BOY 

SIGN 

SIDEWALK 

FLAG 

The TABLE holds DISHES. 

The LAI-IP is near the BOOKS. 

The DRESSER has a IIIRROR. 

The BED has a SUITCASE on it, 

The STOOL was under the TOY. 

DISHES 

BOOKS 

MIRROR 

SUITCASE 

TOY 
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APPENDIX B 

Paired-Associate Stimuli — Pictorial 
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APPENDIX C 

Comparison Task Stimuli — Verbal 

GROUP I GROUP II 

91 

DOG 

BEAR 

LION 

COW 

PIG 

WRENCH 

PLIARS 

HAIiliER 

SCREWDRIVER 

LEVEL 

CAR 

TRAIN 

SHIP 

I-IOTORCYCLE 

TRUCK 

TIGER 

MOUSE 

HORSE 

ELEPHAITT 

CAT 

NAILS 

SAW 

DRILL 

RLT.ER 

CHISEL 

PLANE 

WAGON 

BUS 

BICYCLE 

BOAT 

TELEVISION 

BUREAU 

CHAIR 

SOFA 

DESK 

TABLE 

LÂ 1P 

DRESSER 

BED 

STOOL 
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APPENDIX D 

Comparison Task Stimuli — Pictorial 

GROUP I GROUP II 
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APPENDIX E 

Instructions for the Paired-Associate Task 

PICTURE CONDITION: 

The first thing I'm going to have you do is a simple learning task. 

I'm going to show you a series of 20 pictures. Each picture contains 

two objects, one colored blue and one colored white. I would like for 

you to study each picture and try to associate the two objects together 

so that, in a moment, when I show you just one of the objects, you will 

be able to recall the other object you saw paired with it. I will first 

show you each of the 20 pictures and then test you on each of them. We 

will repeat this same procedure until you can recall all of the pairs. 

WORD CONDITION: 

The first thing I'm going to have you do is a simple learning task. 

I'm going to show you a series of 20 short simple sentences. Each 

sentence contains two words which are capitalized, usually the subject 

and object of each sentence. I would like for you to read each 

sentence to yourself and try to remember it so that, in a moment, when 

I show you one of the capitalized words from any particular sentence, 

you will be able to recall the other capitalized word from that 

sentence. I will first show you each of the sentences and then test 

you on each one. We will repeat this same procedure until you can 

recall all of the word pairs. 
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APPENDIX F 

Instructions for the Comparison Task 

You may have noticed that each of the answers in the learning task 

was a member of one of four categories; each was either an animal, a 

tool, a vehicle, or furniture. You'll need to keep these categories in 

mind for the next task. In this task I will be showing you two things 

siriultaneously, always. On the left will be one of the cue words (ob

jects) to which you have already learned to associate another word 

(object). On the right will be a new member of one of the four cate

gories, sometimes presented as a word and sometimes as a picture. What 

I want you to do is look first at the cue word (object) on the left and 

retrieve from memory the other word (object) you have learned to associ

ate to it. Then you are to compare the category of that retrieved word 

(object) to the category of the new word or object presented on the 

right. Be sure to always compare the category of the associated word 

(object) which is not shown, and not that of the cue word (object) which 

is presented. I would like for you to answer "yes" if the categories 

match, and "no" if they do not match. (EXAI'IPLE GIVEN) I will be timing 

you on each comparison. The time will begin accumulating when the words 

or pictures are projected and will stop when your voice is picked up by 

the microphone to your right. Please speak up when responding and try 

not to make any extraneous noises that might also be picked up by the 

microphone. Any questions? 

I will give you five practice trials to familiarize you with the 

procedure and then we will begin the time trials. Ready? 




