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ABSTRACT 

Numerous experimental findings have shown that sentences judged 

high in imagery value are processed faster and retained better in mem

ory than sentences of low imagery value. Both propositional and imag

ery code theories have proposed several types of memory mechanisms that 

could account for these findings, and this research examines the ade

quacy of two of these suggested mechanisms. According to the redundancy 

mechanism high imagery material encoding has more memory traces or path

ways than low imagery material encoding. The multiple pathways provide 

superior access and retrieval for high imagery sentences. The elabora

tion model of propositional theories suggests that high imagery sen

tences evoke a temporary mental image of the sentence meaning that 

generates additional information not literally present in the sentence 

meaning. This added information is encoded in long term memory along 

with the sentence meaning in propositional statements. Low imagery 

material does not readily evoke images so additional information is not 

so likely to be generated. The dual code hypothesis of imagery code 

theories holds that high imagery sentences have both a verbal and imag

ery trace while low imagery sentences have only a verbal trace. The 

integration mechanism depends on superior unitization of high imagery 

sentence encoding so that total sentence meaning can be accessed more 

easily. The integration model of propositional theories states that 

high imagery sentences can be encoded into configural nodes which are 

viii 
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more multiply interrelated than those for low imagery sentences. 

Imagery code theory's analog model supposes that all sentence material 

is stored in imagery codes, but that high imagery sentence meanings 

can be encoded in a single image better than low imagery sentences. 

The integration hypothesis of imagery effects is considered 

effective at only the deeper levels of sentencial meaning processing 

while the redundancy hypothesis is presumed also effective at shallower 

processing levels. The effects of sentence imagery in both shallow and 

deep processing tasks was explored in a series of three experiments. 

The dependent variable in all experiments was subject reaction 

times. Experiment I employed a shallow processing search task in which 

subjects had to determine if a target word was present in a sentence. 

Deep processing was required in Experiment II where subjects had to answ

er a yes-no question on the basis of presented sentence information. 

The final experiment assessed both shallow and deep processing using a 

sentence comparison task. In this task subjects were shown one sentence, 

and then compared it to a subsequently presented sentence as to similar

ity of meaning. A paraphrase comparison provided deep processing while 

a comparison of identical sentences supplied shallow processing,. Two 

other comparisons in which sentence meanings were not similar were used 

to balance the experimental design. These comparisons were: different, 

pairing two unrelated sentences, and related-but-changed, in which sen

tences were really identical in meaning except for a single word substi

tution which altered the sentence meaning. All experiments employed 

high and low imagery sentences as determined by prior subject ratings. 



The results of the experiments were equivocal in their support 

of either the redundancy or integrative hypotheses. Imagery effects 

were clearly evident in deep processing, but in shallow processing the 

effects were also present, but much weaker. An unpredicted finding was 

an extremely strong imagery effect in the different comparison. The 

comparison required only partial deep processing, but high imagery 

material was processed 37% faster than low imagery material. Further 

analysis of the reaction time results suggested a model of sentence 

processing in which processing in earlier stages was controlled by later 

stage processing as well as by the nature of the incoming data. 



CHAPTER 1 

REVIEW OF SOME THEORETICAL PERSPECTIVES 

This section has been included as a brief, but more general 

statement of the background or context for the research. Previous re

search has shown that sentence imagery affects language processing, 

however there is considerable disagreement regarding the explanation of 

these findings. Two rather divergent approaches to sentence processing 

provide the essential data and theoretical views which impinge on the 

matter. Verbal processing theorists have developed a number of precise 

models to explain sentence processing. Empirical support for these sys

tems is quite limited basically because these theories have evolved from 

a rational analysis of language properties and not from an integration 

of experimental findings. In general, they have not directly explored 

imagery influences and their explanations are derived mainly from ex— 

tentions of their theoretical positions. They believe that their verbal 

processing models will be able to account for the data, but they can only 

cite indirect evidence for these claims. In contrast, mental image 

theorists have developed their hypothesis from an empirical base. How

ever, these hypotheses lack the analytic preciseness of the verbal pro

cessing models. The imagery mechanisms are vague and verbal processes 

are described naively to present standards. 

The differences in the two approaches is reflected in the maimer 

of their presentation. With verbal processing there is a limited 
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sampling of specific mechanisms of several theorists followed by their 

proposed explanations for imagery. The section on image theorists 

describes the studies which have been influential in the formation of 

the theoretical positions. 

Propositional Models of language Processing 

This section deals with theories and systems relating to verbal 

type processes in contrast to image type processes which is discussed 

in a subsequent section. The proliferation of both theories and studies 

in this area over the last decade has been phenomenal and has been ac

companied by rapid changes in focus causing the geography of the field 

to be radically altered every two or three years. To provide a few land- . 

marks in the midst of this flux is the goal of this section. However, 

the reader should keep in mind that attempts to create a modicum of order 

is an illusion of the moment, for next month this landscape may be per

ceived in quite an altered fashion. 

Associationism has long provided the model of memory organization 

in the field of verbal learning. Words were related to each other by 

means of associative links, and these were strong or weak according to 

the frequency of use. The familiar experimental paradigms of this ap

proach were word list memorization and paired associative tasks. Empiri

cal work in this area yielded knowledge of serial learning with its 

primacy and recency effects, of forgetting through proactive and retro

active interference, of verbal mediation by linking two concepts through 

a mutually related concept, of organization through chunking of word 

classes together, etc. 
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Although these principles are valuable, the focus of verbal 

studies was riot closely related to everyday language processing. Recent 

work has attempted to focus on language as it is used, taking into ac

count grammatical structure, semantic concepts, context and situational 

factors. The computer has provided an exceptionally useful tool in 

developing language models because computers can be programmed to simu

late human verbal processes. Performance models developed for computers 

show a high degree of preciseness and clarity. However, the methodology 

for testing the models is limited. For example, programs for syntacti

cally parsing a sentence have been developed which do perfonn in a manner 

resembling human processing. Suppose there are two competing programs, 

how does one choose which is closest to human performance, given the fact 

that there is wide diversity among people in any type of complex task. 

Taking the average scores of humans on a performance task will not yield 

data exact enough to compare to a computer program. Undoubtedly these 

methodological problems will be dealt with eventually. 

The description of language processing is divided into four 

arbitrary divisions. Initially new forms of memory structure are dis

cussed, followed by a detailing of specific structures for individual 

sentence processing. Then the discussion broadens into the area of major 

divisions of memory systems, and finally narrows to a consideration of 

comparison processes in memory structure. 

Conceptual Organization 

Examining the language process in terms of comprehending and 

responding to verbal communication has led to new models of language 
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organization. Most of these models have a high degree of structural or

ganization. As language researchers have begun to develop systems for 

representing basic conceptual units, it is becoming evident that noun 

and verb concepts require different types of representational structures. 

Q^ypically researchers have built structural models based either on an 

analysis of noun concepts or on an analysis of verb concepts and have 

attempted to fit all concepts into the system. This approach has proved 

awkward. 

A prominent system developed for noun concepts is Collins and 

Quillian (1972) hierarchical model. They propose that there are memory 

nodes which represent concepts for example canary. Significant proper

ties of a canary would be stored at that node such as: can sing; is 

yellow. Since a canary is a subset of bird it would be linked to this 

category as a subordinate item. Properties of all birds such as: has 

wings, has feathers would be stored with the super set bird rather than 

with each particular instance of the category. The obvious advantage of 

this model is a reduction in the amount of storage requirements for re

dundant information. 

A conceptual system based on verb analysis is one by Scharik (1973). 

His aim is to create a system which is unambiguous and language-free, so 

that it could represent any natural language. This model called, the 

Conceptual Dependency System, is able to represent the information under

lying the thousands of English verbs with only l*f basic actions. Since 

verb concepts require inference rules in order to be useful in language 

processing, this reduction in the number of basic verb conceptual cate

gories would result in savings in memory storage for rules. The rules 
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would have to be stored with only a few verbs instead of many. Verb rules 

specify whether a verb requires an object and/or indirect object, or 

takes a certain type of subject, etc. 

An example of his reduction procedure is the primitive concept 

TEANS which signifies the movement of something from one place to another. 

There are three types of TEANS. MTEANS is mental transfer and relates 

to moving information. It includes verbs like remember in which informa

tion is moved from long-term memory to immediate memory, or like 

communicate where information is moved between persons, or like perceive 

as when new information is picked up by the senses and transferred to 

the conceptual processor. Possession transfer is indicated by ATEANS 

and covers verbs like: give, take, donate, steal, buy, sell, etc. 

Lastly, there is PTEANS which is used with all change of location verbs. 

Verbs like run, grasp, propel and ingest tell the manner in which the 

transfer was accomplished. While these three types of TEANS have some 

common inferences, they differ on others. With PTRANS and ATEANS one 

must infer that once something is moved from x to y it is no longer owned 

by or located at x. This is not so with information involving MTEANS 

for if x tells y something, x still possesses the information. 

In this reductionist system the special connotations of each 

English verb are retained through various structural representations. 

For a simple example the sentence, "the man gave the book," would be 

diagrammed: 

man ATEANS book 
to 

recipient | 
from man 
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"The man took the book" would be shown as: 

to man ̂  
man ATRANS book recipient | 

from x ^ 

In this example the underlying idea of a transfer of possession is shown 

by ATEANS and the need for a recipient can be inferred for both verbs. 

In the. case of take the originator of the action and the recipient are 

the same while with give they are different. 

Schaink(l973) represents an extremely imaginative rational analy

sis of language, not an empirical based model. He envisions the ulti

mate test of his model to be a computer program capable of understanding 

human language. Work on building a computer program for his system is 

under way. Some empirical support for the system comes from Gentner's 

(1975) developmental study. Schank's model would predict that the verbs 

buy and sell are more complex than give and take, although all are 

ATEANS terms. Buy and sell require inferences about the exchange of 

money as well as all the recipient inferences of give and take. The 

study showed that children do understand the use of the concepts give 

and take prior to the concepts buy and sell. One of the major criticisms 

of this model is that it requires an immense amount of initial processing 

to break down language into primitive concepts and this may overload the 

system. For example the following sentence is conceptualized in Shank's 

terms: 

He killed him. 

Somebody did something which resulted in something causing some

one to have a very poor state of health. 



The above models both attempted to condense information storage. 

The propositional system of Anderson and Bower (197^) represents a di

vergent view in which similar conceptual information is multiply encoded. 

They would allow encoding of property information at several levels of a 

hierarchy rather than at the most inclusive node and verb concepts are 

not reduced. Instead several verb forms are included as separate con

cepts. In their theory each concept node is empty and represents the 

juncture of all relations to other concepts and instances. Thus, a 

concept is defined by its relation to other concepts. While this appears 

to be a circular system, the system does relate to the real world. Sup

posedly many concepts are grounded to descriptions of particular per

ceived instances of the concept. 

These three models illustrate the wide diversity of proposals 

regarding concept meaning structures. They vary from a highly structured 

reductionistic systems to a loose associationistic pattern. 

Sentence Representation 

Early research of Bartlett (1932) and others clearly demonstrated 

that memory did not retain sentence information verbatim. Several stor

age representation systems have been proposed, but the one which at 

present seems most prominent and enjoys the greatest acceptance is the 

deep case structure developed by Fillmore (1968). In contrast to other 

systems which used noun concepts as the key, Fillmore's method features 

the verb as the central item of the structure. Linked to the verb are 

its modality and its nominal arguments. The modality carries detailed 

information concerning tense, form, truth value manner, time and 
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syntactic form of the sentence. This serves as a blueprint for gener

ating a particular syntactic form of a sentence from a semantic proposi

tion. The proposition is a verb that dominates a set of noun-phrases or 

sentence arguments. Some of the case relations are: Locative—where 

the action takes place; Objective—neutral case in which the noun role 

depends on the verb; Dative—affected by action; and Agentive—the agent 

of the action. A sample sentence put in this case form follows: 

She found the sweater at school for Sue. 

found: she - Agentive, sweater - Objective, at school - Locative, 
f .  

for Sue - Dative. 

This deep structure results in a structure of unambiguous concepts con

nected by explicit semantic relations. This differs from the deep 

structure of Chomsky (1965) where purely syntactic relations connect 

elements in a structure. 

One advantage of the semantic deep structure over the syntactic 

deep structure concerns the subject-verb relation. In the sentences: 

The key opened the door. 

The man opened the door. 

both man and key are designated as subjects of the predicate open the 

door in syntactic deep structure. Yet these subjects are related to the 

predicate differently. Key is the instrument of action and man is .an 

agent of the action. Because they differ in relation to the predicate 

they cannot be joint subjects in a sentence as: 

The man and the key opened the door. 

Syntactic deep structure cannot effectively describe this relationship. 

On the other hand, Fillmore's system suffers from excessive complexity. 



Transformational rules for changing active sentences into passive sen

tences can be easily described using the subject term in Chomsky's sys

tem, but it becomes much more complicated in the case grammar system. 

Anderson and Bower (197^Rejected case roles in favor of binary 

relationships in which sentence relations were progressively differenti

ated. First, the sentence was separated into context and fact. Next, 

the context was divided into time and place and fact into subject and 

predicate. Then the object and relation (verb) were separated within 

the predicate. They found justification for this system from a memory 

experiment showing that subject probes obtained object recall better 

without the verb, showing that the verb was not central to subject-

object linkage. 

Bransford and itanks (1972) object to the whole idea of focusing 

on sentences as a special memory storage unit. They claim that subjects 

forget individual sentence units quite rapidly and instead build up 

wholistic descriptions of events from information extracted from sen

tences. Support for their position comes from experiments where sub

jects see a group of simple and complex sentences describing a scene. 

Then they are given a recognition test and asked to differentiate between 

sentences which they saw during training and new sentences not seen be

fore. The simple sentences carried one core proposition and the complex 

sentences had one to five core propositions. The new sentences had the 

same propositions in them as the old sentences except the combination of 

propositions was new. In their study subjects were not able to distin

guish between old and new sentences. Anderson and Bower (l97^)replicated 

the study using a forced choice design and found that subjects were able 
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to discriminate proposition combinations. Other researchers have fol

lowed Bransford and Itauks' lead in developing information processing 

systems that use sentence inputs to modify total information storage 

without attempting to account for recall of particular inputs. 

Memory Networks 

The computer based language processing models generally assume 

or claim that their systems can handle the storage of a large body of 

knowledge. Yet, because of problems such as the limitations of com

puter storage and the high costs of computer time, simulations of memory 

models necessarily have had very restricted knowledge bases. The data 

bases are miniscule compared to the knowledge base of a typical adult 

memory. Some theorists have suggested that certain superordinate struc

tures may typify the human memory system. These structures may or may 

not be reflected in the present models. In contrast to the precise 

descriptions of individual sentence processing, statements about the 

nature of the total human memory system are quite general at present. 

Since these ideas are seminal rather than systematic and integrated in 

nature, there is naturally a large measure of disjuncture in the follow

ing description of broad memory divisions. 

A growing number of investigators are building models in which 

lexical information and general knowledge about the world are stored 

separately. Collins and Loftus (1975) have some research showing support 

for this division. On verbal input the meanings of individual words are 

rapidly retrieved from the lexical storage. The next step in processing 
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is to decipher what facts (world knowledge) are being related and to 

relate them to previously stored information. 

Tulving (1972) divided memory into semantic and episodic sections. 

Episodic refers to personal experiences and semantic to static knowledge 

about relations between concepts as in academic material. He argued 

that most verbal learning experiments have only involved episodic memory 

structures and that semantic structures had been neglected. Anderson 

and Bower (197^) interpreted Tulving*s distinction as related to their 

division of memory into memory for particular facts and memory for uni

versal facts. An individual instance such as my dog would represent a 

particular fact but the generic concept of dog would be universal. The 

Human Associative Memory system would be adequate, they feel, for both 

domains. The system would add new universals when inputs specified 

concept-defining propositions or would be able to redefine particulars 

into universals when additional inputs provided specifying information. 

Anderson and Bower (197*0 illustrate how present models based on small 

data bases are generalized to explain the whole of human memory. 

Schank (1975) disagrees with Tulving and declares that all memory 

is episodic, claiming hierarchical descriptions of items are very rare. 

For example, he indicates that people rarely associate plunger and 

hammer even though both are subordinate under the category tool. Wood, 

he states, is a closer associate to hammer because in our experience 

hammers have been used in connection with wood. Memory storage is put

ting conceptualizations into causal sequences along with inferences of 

remembered conceptualizations which will allow for complete causal chains, 

according to Shank. The sentence, The man poured water on the flowers 
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makes sense to us because of what we know about flowers and their need 

for water and about humans who generally care for flowers. This sentence 

can be understood because the causal relations within the sentence and 

the causal inferences about the world combine to make sense. The sen

tence, He mowed the sidewalk makes no sense, because it violates our 

understanding of lawnmowers and sidewalks, but maybe not our notions of 

human behavior. 

An additional development in memory theory is Minsky's (1975) 

ibrame Theory. This system is basically hierarchical following Quillian 

(1968) ideas. The frame produces a description of an object or action 

starting with an invariant structure common to all cases and adds cer

tain features according to particular observations. Minsky describes 

the use of a room frame as follows. When one walks through a doorway 

into a room, one's room frame helps one to anticipate seeing four walls, 

a ceiling and a floor, and unless they are missing or altered one hardly 

pays attention to the scene. Moving into a bedroom one expects a bed 

and bureau from the bedroom frame, but a fireplace might seem out of 

place and receive particular notice and be added to the frame as a 

special case. 

IVames provide memory with a set of expectancies, a data-

structure for representing stereotyped situations. It includes infor

mation on how to function in such a situation and how to adapt if the 

situation fails to fit the frame. Minsky (1975) envisions a frame system 

for memory with larger frames including various component sub-frames. 

Also related frames would be interlinked. The frame idea is not original 
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but is associated to the tradition of the schema of Bartlett. Scripts 

is a sub-category of frames which is process oriented father than 

static• 

These theoretical speculations regarding the major structures 

of human memory have received limited if any empirical support. Some 

of the ideas need to be specified in much more detail in order to make 

testing feasible. Presently work is under way to develop a computer 

simulation of Minsky's frame hypothesis. To date, these theories only 

provide a theoretical counter balance to verbal processing theories 

which have been narrowly focused on processing sentence meanings in a 

very limited context. 

Matching 

The verbal processing models have generally tried to explain how 

the memory is able to recall or recognize previously seen material or to 

find information relating to some question to be answered. This involves 

matching present input with some previously encoded input to determine 

the response. For a sentence recognition task one compares sentence 

wording or meaning with a stored sentence trace and for a recall task 

one must recover both wording and meaning without context clues. 

In the Active Structural Networks used by Norman and Kumelhart 

(1975) and by Collins and Quillian- (1972), sentences are stored in prop-

ositional form with a predicate and arguments as described above under 

case structure. In recognition a search begins at all sentence word 

nodes along the appropriate pathways until intersecting with a search 

from another node. The pathways are tagged allowing return when search 



is complete. The words for all sentence arguments—subject, object and 

context and their modifiers—would in a successful search summate at 

the predicate verb since its place is central in the sentence network. 

The key to this system is the tagged intersecting pathways which allow 

for the finding of the shortest pathway between all sentence elements. 

The matching process has been detailed further by Carpenter 

(197.H-) who describes a constituent comparison model. The essential ele

ment of this model is the index which decides if a comparison is true-

false, same-different or whatever the match concerns. As each word 

element is matched the index is changed or remains the same until the 

whole sentence is analyzed. The model assumes that processing time in

volves only matching time and that the index changing does not require 

additional processing time. 

In the constituent matching system a Bayesian type of matching 

was employed. According to this method each change in the index cancels 

out the previous direction of the decision. The final answer depends on 

the direction of the index after complete sentence processing. 

Other types of comparison may depend on finding a simple contra

diction of a critical element. This strategy is used to answer questions 

from one's store of knowledge such as: 

Are all men strong? 

One counter example would be enough to rule the statement false. On the 

other hand, if asked: 

Are crocodiles generally able to carry heavy loads? 

one probably does not have such information stored anywhere. Therefore, 
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one would need to compare the requirements for carrying heavy loads 

against the properties of crocodiles. This would be a property compari

son. This brief glance at a few types of matching processes demonstrates 

some of their functional complexities. 

One of the basic requirements of any natural language comprehen

sion model is to provide some method of handling paraphrases. The 

language user is able to recognize the same thought expressed in a num

ber of surface structures. The active-passive relationship has received 

much study. The sentences: 

He hit the ball. 

The ball was hit by him. 

are recognized as being similar. How, therefore, are they encoded so 

that in a match for meaning this similarity is apparent. Early syn

tactic theories, as Miller (1962), suggested that all sentences were 

stored in active kernels with a tag for the particular passive form. 

Later experimental evidence showing that reaction times were faster when 

sentence and question were alike in active or passive form tended to dis

credit the hypothesise The deep structure hypothesis of Chomsky's 

transformational grammar supplies an adequate mechanism of relating 

active and passive forms of propositions, but its empirical support has 

been equivocal. 

Explaining synonymy is also a paraphrase type question. In 

Schank,s(l975)system it is easily explained since all words are related 

to their primitive concepts, so any like meaning words would have the 

same primitive. Systems which have overlapping concepts as that of 

Anderson and Bower require matching comparison of concept properties in 
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order to establish synonymy. Systems employing semantic nets have to 

devise special paraphrase rules (Simon, 1972) which will equate synony

mous ideas as: 

Napoleon lost at Waterloo. 

Napoleon did not win at Waterloo. 

To clarify the relation between win and lose necessitates writing a 

special program rule on when to interpret win as being equated with lose. 

This method of solving the paraphrase question would lead to a multitude 

of rules relating all possible synonymous conditions between concepts. 

Propositional Models and Imagery 

The strong propositional position on mental images supposes 

"that knowledge—even knowledge that is derived from pictures or that 

is used in generating images—is always represented in the form of ab

stract propositions about properties of objects and relations between 

objects" (Anderson and Bower, 19?k, p. ̂ 52). Norman and Kumelhart 

(1975) also favor this position. Both sets of theorists indicate that 

delineation of differences between the two forms of representation has 

not been sufficiently clarified so that the question can be effectively 

studied experimentally. 

To show how image material could be stored in propositional form, 

these theorists point to the computer vision work of Winston (1975) and 

others. In Winston's simulation, scenes of three dimensional geometric 

forms are represented in memory structures as a set of points, lines, 

and angles along with their inter-relations. The propositions include 

information regarding location, orientation and distance or degree of 
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these various componentso The scene description is facilitated by using 

higher order components such as squares, ovals, cylinders and cubeso 

Since pictures can be reduced to a propositional memory storage 

system in computer simulations, it is logical to suppose that imaginal 

representation of verbal material can be stored in propositional format. 

Several arguments are cited as supporting the propositional hypothesis. 

Pylyshyn (1973) notes that propositional material is part of images. 

For example, master chessmen can visualize a chess board arrangement 

centered about the concept of attack. Only those pieces vital to check

ing are properly located and non-essential playing pieces are not included. 

The attack concept which structures these visual scenes is supplied by the 

viewer. Also, it has been observed that when certain elements are missing 

from visual images they don't represent spacial holes in the image but 

conceptual properties such as colors, minor details, etc. The failure 

to encode propositions regarding these elements often eliminates their 

presence when an image is reconstructed. Norman and Rumelhart (1975) sug

gest that images are as vivid and life-like as original perceptions of 

scenes because the original perception is a conceptual, propositional 

representation. We see meaningful patterns such as books not gradations 

of light reflecting off various surfaces. Further, Pylyshyn argues that 

one could not focus on finer and finer details of images unless the 

storage system was hierarchically structured, which demands a proposi

tional network. The effort to be succinct in reporting supporting state

ments for the propositional format likely has removed much of their 

forcefulness. 



Regardless of the claims of the propositional theorists that this 

format is capable of encoding visual images, they have not specified the 

mechanisms of such theories in such a way that would allow one to pre

dict the superior performance of high imagery materials in learning and 

memory tasks. Kieras (1975) has proposed a number of possible mechanisms 

which propositional theories could employ to explain imagery effects. 

One method is to differentiate the types of codes used for verbal and 

for perceptual information. Perceptual descriptions would have the same 

propositional format as verbal propositions, but would differ in form 

and content.. In form they would be much richer than semantic networks 

with many more connections between various components. The content would 

include reference to perceptual data such as colors, spatial relations, 

etc., which cannot be reduced to more abstract terms. Concrete material 

would include both verbal code and perceptual descriptions, while ab

stract material had only verbal code. This idea would not resemble 

Paivio's dual code theory because the specification of verbal and per

ceptual codes are quite different and related to propositional models. 

Using these elements, he suggests several methods of accounting for the 

superior organization structure of high imagery material. 

Several of the dozen models described by Kieras will be briefly 

described to illustrate how imagery can be explained in a propositional 

system. The Semantic Elaboration model is one based only on semantic 

propositions. In this model when an image is provoked by sentence mate

rial, additional semantic information is encoded in addition to the basic 
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semantic meaning of the sentence. For instance, with the sentence, 

The horse threw the rider while .jumping the fence, an image might include 

extra sentence information such as the color of the horse, the sex and 

clothing of the rider, the type of fence, etc. This additional informa

tion would be stored in semantic propositions in addition to the actual 

sentence information. The image is a temporary trace disappearing after 

the sentence has been encoded. High imagery material is remembered bet

ter than low imagery material because of the redundant or additional in

formation created by the semantic encoding from the evoked image. An 

experiment comparing semantic elaboration to imagery instructions has 

shown imagery produces slightly greater effects. This does not com

pletely falsify this hypothesis however, since the semantic elaborations 

were not derived from an image. 

The Imaginal Elaboration model is like the Semantic Elaboration 

model but in this case perceptual relations inter-connect semantic con

cepts. The above sentence example of the Semantic Elaboration model 

would be encoded in the following fashion in the Imaginal model. The 

colors of the horse and clothing would be represented in perceptual code 

as well as the shape and texture of the fence and ground. The nature of 

perceptual information is such that it is either not reducable to seman

tic coding or is much richer in detail than the semantic abstraction. 

The quality and redundancy of high imagery material would explain its 

superiority in memory experiments. For example, the color of the horse 

might be dark brown in one's image, but this semantic term covers a range 

of actual tones and hues which would be preserved in a perceptual code. 

The model is supported by the interference findings of perceptual tasks 
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hurting imagery coding and imagery coding activity degrading perceptual 

tasks (Brooks, 1968; Byrne, 197^ and Segal, 1971). In both models the 

redundancy of encoding is the mechanism for the imagery effect. 

The Component Superiority model assumes that components used in 

perceptual representation have different properties than those used in 

semantic representations; differences lead to better retention and 

processing speed. Testing this model is difficult at present. A fair 

test of components would require performance on representations of simi

lar structures or of equal complexity. Since the exact nature of these 

representations is not known, there is no way yet of creating similar 

structures. 

The Perceptual Integration model is really a class of models, 

for Kieras has developed many possible mechanisms by which integration 

might be accomplished. One explanation would be that integration occurs 

when redundancy is present and information is firmly tied to other in

formation by many connections. Another approach uses a Gestalt-like 

principle that links in memory are not lost independently. This con

trasts with the associative position of independent links between 

concepts. Kieras feels that this theory is too complicated since the 

dependence of links is not spelled out. Another approach is of configural 

nodes that represent Gestalt information by representing configurations 

or combinations of concepts. The configural node and its connection to 

the rest of the representation would be accessible only if accessed by 

all components jointly. Thus, one would need a combination of concepts 

to retrieve the information. In this system perceptual descriptions 
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would be connected to semantic information through the configural nodes 

which would represent the unique elements linking the concepts. Con

crete material would be processed better because it has more relations 

to perceptual descriptions. 

The Contest Availability model is closely tied to the work of 

Bransford, Barclay and Pranks (1972). In this approach the high imagery 

sentence is able through a construction process to revive a context or 

framework for information better than a low imagery sentence. High 

imagery facilitates this because they describe familiar situations that 

are easily related to situations described in long term memory. This 

model is vague in that the difference between a constructive concept and 

interpretive comprehension is not well distinguished. 

By these models Kieras has placed propositional theory in a posi

tion to investigate imagery within the context of their own systems. 

Mental Images 

The dispute over mental images is complicated by the lack of pre

cise and accepted definition of terms. Many of the discussions of the 

imagery issue in the literature are misleading because authors fail to 

specify their terminology and assume that the reader is familiar with 

their terms and the history of their usage. Therefore, it is necessary 

to detail some of the ramifications of the term image. 

There are several specific types of images. The eidetic image 

or afterimage is a phenomenon in which an image is extremely vivid and 

almost photographically exact. The rapidly fading perceptual trace or 



iconic memory is also referred to as an image. This is a richly detailed 

sensory information which persists in memory for about 500 msec, after 

stimulus removal. While some have stated that mental images represent 

raw sensory information or mental pictures, this position has been thor

oughly refuted. Mental images appear to be highly selective and inter

preted representations of objects or events. Paivio (1971) refers to 

images as a non-verbal symbolic representational system which represents 

concrete perceptual features of a situation. Bower (1972) defines 

imagery by postulating "an information-processing system which has the 

ability to regenerate a structural representation or analogue of pre

vious perceptual experiences" (p. 65 ). He cites evidence from studies 

showing interference between imaginal and perceptual tasks which seems 

to indicate that common modality specific neural mechanisms are being 

used. Kieras refers to the same type of evidence to support his theory 

that perceptual concepts differ from semantic (verbal) concepts in the 

nature of their encoding. The analog image term suggest that the image 

representation is the same as that for the perceptual representation. 

A distinction is made between images as representing concrete 

and specific objects and verbal representations of abstract concepts. 

However, Paivio discusses the idea that part of cognitive development 

may include the ability to develop more and more abstract images which 

are less related to specific perceptual inputs, but instead indicate a 

high degree of simplification and incorporation of non-perceptual 

elementso 

For experimental purposes imagery has been operationalized in 

several ways. Verbal materials have been scaled by subjects on the 
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basis of how easily they evoke a mental image. In experiments subjects 

have been given instructions to employ imagery in certain tasks. A 

large body of evidence indicates that imagery defined in these opera

tional procedures produces significant experimental effects in many 

learning and memory paradigms. Attempts to equate imagery effects with 

those of o.ther variables such as meaningfulness, frequency of occurrence, 

lexical complexity, comprehensibility, etc., have not met with success. 

Therefore, the hypothetical construct appears to have theoretical value. 

Imagery Theory 

As Paivio (1971) points out, the discussion of images has a long 

histozy beginning with writers in the classical Greek period, through 

the eighteenth and nineteenth century philosophers. Early psychologists 

such as Titchner, James and Wundt, all gave serious consideration to the 

issue. It is usually assumed that objects, visual scenes and pictures 

give rise to mental images, but it has been hotly contested whether ver

bal material could be stored in imaginal form. Paivio supports the 

hypothesis that the meaning of some words may be stored in imaginal 

codes while the meaning of other words is stored only in audio-motor 

memory codes. Thus the meaning of some words may be the image they 

evoke. Critics of imaginal coding contend that words, even concrete 

ones like dog and cat, are really abstract ideas which cannot be con

ceptualized in highly specific images of a particular dog or cat (Brown, 

1958). To counter this argument it can be argued that memory images do 

not have to be highly specific, but can be abstract even as line drawings 

or stick figures are often highly stylized representations of objects but 
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are readily interpretable. Concrete words such as house, book, etc., 

are represented in memory both in a verbal code and in an imaginal code. 

Abstract words (such as .justice, peace, etc.) are represented only in 

verbal audio-motor traces. Sometimes an abstract word like liberty may 

bring to mind an image such as the Statue of liberty. This image, how

ever, does not encode the core meaning of the term and stands only as an 

associative concept or relation. Thus, images can represent abstract 

terms only in an indirect manner. 

The above ideas form the basis for the dual code hypothesis 

which proposes two types of memory traces for sentence memory storage. 

The verbal-process is a sequential information processing system which 

functions best operating on serially presented stimuli. The visual 

image system is a parallel-processing system in a spatial and operation

al sense. As stated above, concrete words are likely stored in both 

coding systems and abstract words only in the verbal system. Evidence 

from word recognition, free recall and serial learning studies consis

tently show that concrete material is better remembered than abstract 

material. An especially critical study by Paivio and Csapo (19&9) 

showed that when presentation time was speeded up there was greater 

deterioration in remembering concrete words and pictures but not abstract 

words. The theory predicted this since forming images is a slower mental 

operation than finding a verbal representation. Only, the recognition 

task results did not show this pattern. Paivio (1971) is not sure if 

the superiority in recall and recognition of concrete material is due 

to trace redundancy of concrete material or to unspecified qualities of 

the imaginal code. 
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With sentence material Paivio states that abstract ones are en

coded as a verbal string so that the specific wording is more likely to 

be preserved. When concrete sentences are encoded in image form, the 

exact wording may be lost because wording must be recovered through a 

reconstruction process from the image.. Begg and Paivio (1969) suggested 

that with sentence material subjects depended exclusively on the imaginal 

code with concrete sentences and ignored the verbal codeo This led to 

the prediction that meaning changes would be better detected in concrete 

sentences while wording changes would be discovered best in abstract 

sentences. Their results clearly supported the prediction. 

Their findings subsequently have met with substantial criticism. 

The central issue is whether experimental differences between concrete 

and abstract sentences are due to imagery effects or comprehension dif

ferences. Paivio and Begg (1970) discovered no comprehension differences 

between concrete and abstract sentences employing a latency measure. 

Their subjects had to release a button when they felt they understood a 

sentence they were asked to read. Johnson et al. (1972) found that the 

abstract sentences used by Begg and Paivio were less comprehensible as 

evaluated by subject ratings. 

Another study by Pezdek and Eoyer (197*0 replicated the Begg and 

Paivio (1969) study. They obtained the same results with individual sen

tences, but when the sentences were embedded in a short three sentence 

paragraph, meaning changes were detected equally as well in both abstract 

and concrete sentences. Pezdek and Eoyer argued that the embedding aided 

subject comprehension of the test sentences and when the comprehension 

was equalized, the superiority of the high imagery sentences was 
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eliminated. Finally, Klee and Eysenck (1973) found faster latencies for 

concrete sentences when subjects had to distinguish between meaningful 

and anomalous sentences. This indicated that subjects could read and 

understand high imagery sentences better than low imagery sentences 

which contradicted Paivio and Begg's (1970) results. 

The confounding of comprehension differences with imagery effects 

seriously compromised evidence supporting an image hypothesis of memory 

storage. However, a series of studies by Moeser has validated the 

imagery effect and eliminated the comprehension criticism. Moeser (197*0 

replicated Begg and Paivio (1969) study but controlled for sentence com

prehension by using subject ratings as Johnson et al. had done. In con

trast to the interaction of Begg and Paivio in which wording changes were 

detected best in abstract sentences and meaning changes in concrete sen

tences, her results had both wording and meaning changes recognized 

better in concrete sentences. Also, subjects encoded (latencies on 

acquisition) and decoded (latencies of test items) concrete sentences 

faster than abstract ones. Desiring to determine why Begg and Paivio 

had gotten their particular results, Moeser systematically examined sev

eral methodological differences in the studies. It was discovered that 

the manner in which changes in word meaning were constructed that caused 

the interaction. Begg and Paivio had used .subject-object reversals 

to change sentence meaning while Moeser employed word substitutions. 

This meant that in the Begg and Paivio study that the wording changes 

did not involve any change in lexicon items, only a change in their re

lationship. When subjects noticed changes, as subject-object reversals 

in abstract sentences they appeared to guess as to whether it was a 



wording or meaning change, and there was a response bias towards calling 

it a wording rather than a meaning change'. 

Pezdek and Royer's experiment was analyzed by Mbeser (1975b). 

Her study showed that the contexual paragraphs used by Pezdek and Royer 

were rated as high in imagery for both the concrete and abstract sen

tences. Instead of serving to aid comprehension by providing a core of 

general knowledge which the subject could relate to the test sentence, 

the context paragraphs may simply have acted as a concrete base against 

which the test sentences could be compared. So subjects may only have 

remembered the visual scenes described by the paragraphs, and compared 

the target sentences with regard to their congruency or incongruency to 

these scenes. Pezdek and Royer had evidence that subjects had stored 

certain concepts from the test sentences, but Moeser questions if their 

evidence showed that the whole sentence unit was stored in memory. Feel

ing that a recall memory test would best answer this question rather than 

the recognition task employed by Pezdek and Royer, she replicated the 

study with a recall measure. The study revealed that high imagery sen

tences were recalled better than low imagery sentences both with and 

without contextual paragraphs. 

Moeser's (1975a) studies appear to have blunted that attempt to 

explain the memory superiority of concrete sentences by means of ease 

of comprehension, but they have also failed to support Paivio's dual 

code hypothesis. The superiority of wording change detection of con

crete sentences in Moeser's studies contradicts the deduction that word 
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elements are more available from the verbal string trace in which ab

stract sentences are supposedly stored. To explain her findings she has 

proposed an analog model of sentence storage. This model assumes 

. . .  t h a t  b o t h  c o n c r e t e  a n d  a b s t r a c t  v e r b a l  m a t e r i a l s  a r e  s t o r e d  
in the same memory system and that this system uses an iconic-
based code0 Sentences which are easily translated into this 
iconic-based code (i.e., easily imagined material) are more likely 
to be stored as one organization. Sentences which are very diffi
cult to represent as a perceptual entity will be more likely 
represented as several individual memory groupings (Moeser, 1975a, 
p. 567). 

Support for the model is reported in Moeser (1975a)* Subjects 

were able to recognize word elements equally well for both abstract and 

concrete sentences with a three second presentation rate during testing. 

However, when the presentation time was slowed so that redintegrative 

processes could be used, memory for word elements improved for concrete 

sentences and deteriorated for abstract sentences. Both her model and 

Paivio*s model would expect concrete words to be remembered better as 

additional time allowed for better image recall. The deterioration of 

recall for abstract sentences, however, is not easily accounted for by 

the dual code hypothesise Also in the experiment, subjects were given a 

list of the sentence words and asked to group them into sentences like 

the ones presented. In this task, subjects were able to construct more 

concrete than abstract sentences. Moeser argues that this better recall 

results from subjects having a greater possibility of creating a wholis-

tic memory unit for high imagery material. 
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Conclusion 

The issue of how information is encoded in memory is still in 

dispute. Some propositional theorists claim that all information both 

verbal and perceptual is encoded in a propositional format. On the 

other side there is a counter argument that all information is encoded 

in imagery codes even abstract verbal material. A compromise position 

of Chase and Clark (1972) holds that both propositional traces and men

tal images are an intermediate memory form transformed from a common 

abstract mental representation. The question remains unresolved but 

certain trends appear to be influencing the nature of the answer. 

Propositional models continue to develop more and more sophis

tication. Our understanding of the nature and complexity of the cogni

tive processes continues to expand as these models are elaborated to 

deal with ever more complex processes. Both in the areas of language 

comprehension and visual perception the model is demonstrating increas

ing power to explicate the nature of the processes. However, one of the 

flaws of these models is the inability to falsify them. If a program 

fails to fulfill its purpose it is restructured until it meets the cri

teria. Despite their success there does appear some movement to allow 

perceptual information to enter the system in propositional form. Some 

theorists are willing to consider that propositional systems must have 

major revisions to enable them to account for imagery effects. 

Imagery theorists have persisted in showing that this concept 

cannot be ignored or subsumed under more traditional or alternative 

semantic concepts. The dual code hypothesis has not updated its dated 



description of verbal processes to relate the theory to the more ad

vanced notions of propositional theory. Nor has there been any sub

stantial work on analyzing the complexity of imaginal codes and their 

possible relation to cognitive development. Unless those who espouse 

the imagery position develop the theories beyond their present limited 

scope it would appear that the field will settle on some type of 

propositional explanation of the phenomenon. 



CHAPTER 2 

INTRODUCTION TO THE EXPERIMENTS 

A pervasive and powerful finding in studies of human learning 

and memory, whether for individual words, paired associates, sentences, 

or connected prose is that material high in imagery value is learned 

and retained better than material low in imagery value. While the em

pirical effects of imagery are undisputed, there is considerable theo

retical controversy regarding the proper explanation of imagery effects 

on language processing. Disagreement is most pronounced between those 

theorists who suggest that imagery differences reflect fundamentally 

different forms of memory representations and those who argue that mem

ory representations are uniform. In general, those theorists most active 

in the empirical investigation of imagery effects have relied on differ

ential representation explanations, while those proposing the alternative 

uniform representation explanations are most active in language processing 

research. 

Currently the most frequently cited representational theory is 

Paivio's (1971) dual code hypothesis. It states that high imagery or 

concrete verbal material is stored in memory both as imaginal codes and 

as verbal codes, while low imagery or abstract material is represented 

only in the form of verbal codes. Using the theory, Begg and Paivio 

(1969) predicted that sentence wording changes would be detected better 
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in abstract sentences while meaning changes would be discovered more 

frequently in concrete sentences. They obtained supportive results. 

However, subsequent studies by Johnson et al. (1972), Pezdek and Eoyer 

(197*0 •) and Klee and Eysenck (1973) have shown that comprehension dif

ferences between high and low imagery sentences were not sufficiently 

controlled and could account for the results. Subsequently, Moeser's 

(197*0 replication of Begg and Paivio's work with careful control on 

comprehensibility, and Moeser's (1975a) analysis of Pezdek and Hoyer's 

experiment showed that effects of imagery could not be attributed to 

comprehension differences. The dual code hypothesis explains imagery 

effects by means of a redundancy mechanism. High imagery material has 

a dual type encoding, and thereby it is more accessible than low imagery 

material. 

While Moeser's experiments gave credence to the influence of 

imagery effects in sentence processing her results failed to support 

Paivio's theoretical position. Moeser devised another representation 

theory proposing that all verbal material is stored in an icon-based 

code (i.e., all deep representations are in the form of image code). 

According to the "analog model" concrete sentences are more likely to 

be organized into a single representational unit than abstract sentences, 

and thus accessibility and retrieval will be superior for high imagery 

material. The model received support from another Moeser study (1975b). 

It accurately predicted that high and low imagery sentence word elements 

would be recognized equally well with a fast testing presentation rate, 
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but that recognition performance would deteriorate for abstract sen

tences with a slow presentation rate. This prediction assumed that 

image construction requires a long latency (Sampson, 1970). The fast 

presentation rate would limit image construction, especially for high 

imagery words, and leave both high and low imagery words with equal re

trieval advantage. The slow rate of test presentation did allow for 

more image construction and because abstract material is less well or

ganized the longer delays in testing actually produced decrements in 

low imagery recall performance. Paivio's theory would not predict these 

results since abstract words are represented in memory by verbal codes, 

which should not be affected by variations in presentation rates. The 

analog model depends on an integration mechanism to explain imagery ef

fects. Because images are much more difficult to obtain for abstract 

material, abstract sentences are likely to have several poorly related 

images coding the semantic meaning of the sentence, while concrete sen

tences would have a single unitized image. 

Many theorists in language processing agree that language is 

stored in long term memory in propositional form. This format is pre

sently most useful in developing computer simulations of language 

processing. Since the form of memory representation has been determined 

for these theorists by a range of factors unrelated to the imagery issue, 

they resist those who would build hypotheses on representational differ

ences. Anderson and Bower (I97^j P» ^52) have most strongly stated the 

uniform representative conceptual-propositional position, sayings 

". . . knowledge—even knowledge that is derived from pictures or that 

is used in generating images—is always represented in the form of 
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abstract propositions about properties of objects and relations between 

objects." There are more moderate propositional theorists who acknowl

edge the possibility of image encoding. However, in developing their 

processing models, they deal exclusively with verbal representation and 

ignore the image prepresentation issue. This results in models which 

have no mechanism to account for experimental imagery effects. Norman 

and Rumelhart (1975)j who enrplify the moderate theorists, justify their 

exclusion of imaginal processes on the basis of the assumed mutual 

transformability of information from one code to the other, but they 

fail to account directly for well-known imagery effects. 

Kieras (1975) has recently explicated possible mechanisms by 

which propositional models could account for imagery effects. He has 

created a general model which differs from language propositional models, 

but is quite compatible with propositional systems. In the general model, 

information is stored in both semantic and perceptual representations. 

The semantic representations are those typical of verbal propositional 

systems. The perceptual representations are related to the work of 

Winston (1975) and others who have developed visual scanners that reduce 

visual scenes into propositional networks.. To date, visual simulations 

have only been capable of analyzing simple geometric shapes, and the 

methodology for mapping more complex material has not yet been achieved. 

Perceptual descriptions have memory structure links with both semantic 

concepts and with concept nodes representing properties of objects for 

which there are limited or no verbal labels. Semantic representational 
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networks have relatively few structural links to concepts compared to 

perceptual representational networks. For example, the representation 

of a chair next to a table would include relations for orientation, func

tion, size, color, style, distance, etc. Perceptual descriptions can 

have content such as the pattern on an abstract painting for which there 

is no standard verbal label or concept. The term image according to 

this model refers to internally constructed perceptual descriptions, 

that are propositional networks. 

Itom his general model, Kieras has devised several possible 

mechanisms for explaining imagery effects. Each mechanism leads to a 

derivation of the general model. Two of these sub-models are particu

larly interesting in that the mechanism accounting for imagery effects 

parallel those employed by the representational models. The "imaginal 

elaboration model" employs a redundancy mechanism parallel to Paivio's 

dual code notion, while the '^perceptual integration model" uses an in

tegration mechanism parallel to Moeser's analog model. 

The elaboration model suggests that a sentence may evoke an 

image which contains many attributes not directly implied by the sen

tence content. For example, a concept like dog must generally be speci

fied as to size, color, shape,etc., in order to form an image. This 

extra contextual information produced by the image generation would be 

retained with the sentence meaning. High imagery material will draw on 

the associated perceptual descriptions, in addition to the semantic 

representations more frequently than low imagery material. The addition

al perceptual information will provide multiple retrieval pathways, thus 

facilitating memory. 
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The perceptual integration model assumes that perceptual 

descriptive information combines with semantic information to form a 

better integrated memory representation that can be retrieved more 

easily. Kieras suggests that integration can be explained in several 

ways. One method would be through configural nodes tied to perceptual 

descriptions. For example, the idea of a cat watching a bird would not 

only be tied to perceptual description of a cat and a bird, but also to 

particular posture and eye-pupil placement of the cat to indicate watch

ing. Thus the perceptual description would inter-relate the concepts 

cat and watching. 

Both the propositional and non-propositional theories of imagery 

have developed models based on redundancy mechanisms and on integration 

mechanisms. The experiments reported below assess the mechanisms of 

imagery (i.e., redundancy versus integration) but not the form of repre

sentation. These two theoretical mechanisms may be distinguished in 

terms of the predictions each would make regarding the interaction of 

the imagery value of verbal material and the "level of processing" of 

these materials. 

An early distinction between processing levels was made by Posner 

(1969). He demonstrated that processing time in a "same-different" task 

increased as the analysis became more abstract. For example, in match

ing two letters (e.g., A, A or A, a) on the basis of physical identity 

of name, or of class (e.g., vowels) reaction times would be progressive

ly longer with each task. Craik and Lockhart (1972) describe a memory 

model in which memory trace formation was determined by the level or 

type of semantic analysis performed on the material. Using this model 
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Mistler-Lachman (1972) has shown that processing depth or deeper com

prehension leads to better recall. Central to this conceptualization 

is the idea that the amount of time devoted to the processing of mate

rial is not as important as the type of processing in determining the 

character and strength of memory representation. For example, if a 

subject is given a paper with the same sentence printed on it 50 times 

and is asked to cross out a particular letter for 60 seconds, he may 

recall little about the sentence even after scanning it repeatedly. On 

the other hand, if given 60 seconds to make up an appropriate sentence 

to follow the presented sentence, he will be able to recall much more 

about the sentence meaning. 

Making a mental image of a phrase or sentence is an effective 

way to preserve it in memory, and may also be viewed as a way to in

crease the depth of processing. The integration mechanism depends on 

relatively elaborate processing in which sentence items are combined 

into a unitized interrelated representation as nearly as possible. Ac

cording to Moeser this type of mechanism should only be effective at 

deep processing levels and not at shallow levels. The alternative re

dundancy mechanism, on the other hand, does not necessarily require that 

the level of processing be as deep for it to operate. Deeper processing 

should increase the redundant encoding and thus improve retrieval, but 

the redundant mechanism should also function in shallow processing tasks. 

According to this model both semantic or verbal coding and perceptual 

descriptions or images should be accessible for sentence word units as 

well as for whole sentences; concrete items such as buckets and flies 

should elicit both semantic and image representations equally readily. 



Therefore, concrete terms should benefit from multiple processing 

representations even in relatively shallow processing tasks. 

The level of processing concept also points to the need for 

analyzing memory processing into component parts. Information coming 

into the conceptual system may go through a series of processes in 

which various features and implications of the material are abstracted 

and encoded for memory use of storage. Reaction time measures should 

allow comparisons of these diverse processes which serve as component 

routines in a comprehension task. Theories that rely on integrative 

mechanisms would predict imagery effects only in "deeper" processes 

while the redundant mechanism account would predict imagery effects at 

both shallow and deeper processing levels. To test these predictions 

a series of experiments were performed. Experiment I provided a com

parison of high and low imagery material in a shallow level processing 

task. Experiment II employed the same materials in a deeper processing 

task. In addition to providing a preliminary test of the theories, 

these initial experiments were also used to evaluate the' usefulness of 

the experimental sentences. In the final experiment, imagery effects 

were tested at multiple levels of processing simultaneously. 



CHAPTER 3 

EXPERIMENTAL MATERIALS 

This section describes the sentences which were employed in the 

three experiments reported in this paper. These experiments required 

sentences that varied in their imagery value. In addition, each sen

tence had to have a paraphrase to be used in a comparison task in the 

final experiment. To adapt the sentences to a particular experimental 

task required the use of additional materials which are described in 

connection with each of the experiments. 

Sentence Pool 

One hundred experimental sentences were collected from books 

and articles or were created by the experimenter. Half the sentences 

had concrete or high imagery words and the other half contained abstract 

or low imagery terms. For each of the hundred sentences a paraphrase 

sentence was developed in which the main words of the original sentence 

were not reemployed. 

Two types of paraphrases described by Harris (1973) were con

structed. Analytic paraphrases matched each word element in the orig

inal sentences with a similar element in the paraphrase sentence. This 

required a synonym substitution technique. Of course, markers such as 

the and & and some prepositions remain the same in both sentences since 
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these words have no equivalent substitutes. Examples of analytic para

phrase sets would be: 

1. Progress rests on consolidation of the two establishments. 

2. Development depends on unification of the two institutions. 

or 

3. An ancient woman cried softly inside the cathedral. 

k. An aged lady wept quietly within the church. 

Synthetic paraphrases retain the meaning of the original sen

tence but vary from the original sentence in number and form of sentence 

elements. Here is an example: 

5. The doctor put in stitches preventing continued loss of blood. 

6. The physician closed the wound to stop further bleeding. 

In this paraphrase set, the subject elements match but predicate ele

ments differ with the first sentence describing the method of action 

and the second the result of the action. In the following paraphrase 

set: 

7. In language interpretation the role of the context remains 

paramount. 

8. Word meanings depend on surrounding discourse to a great extent. 

Neither the subject nor predicate elements match. Synthetic paraphrase 

pairs did not use synonyms for each word element but used synonymous 

phrases such as ban on foreign goods for embargo or altered the whole 

sentence while holding the meanings the same, as in 7 and 8. 
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The sentences said their paraphrases consisted of eight to twelve 

words and had a variety of grammatical structures. Each sentence and 

its paraphrase will be referred to as a sentence set. 

Sentence Imagery Bating 

All sentences were rated for imagery on a 10 point scale, with 

10 being high, by 30 University of Arizona undergraduates. For the 

ratings each sentence appeared singly on a 20 cm x Ik cm white sheet of 

paper in a booklet and rating numbers were scored on a colored 10 cm x 

14 cm sheet of paper on the page opposite the sentence sheet. In order 

to avoid having either the original or paraphrase sentence influencing 

the other's rating, two presentation blocks of sentences were employed 

with the original sentences and their paraphrases in separate blocks. 

Each of the two presentation blocks was rated prior to the other block 

by half the subjects, and the sentences in each block were randomized 

separately for each subject. 

Results of the imagery ratings showed a clear bi-modal distri

bution of scores; so the attempt to create two distinguishable sentence 

forms was apparently successful. Erom the 100 sentence sets bo were 

selected for the experiment on the basis of similarity of rating for 

both the sentence and its paraphrase and extremeness of imagery rating. 

The 20 high imagery sentence sets had a mean imagery rating of 8.57 and 

the 20 low imagery sentence sets a 3«l8 rating. 
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Distractor Items 

For Experiments I and II, 80 additional sentences were required 

as distractor items. These sentences were selected from the remaining 

sentences in the original 100 sentence pool on the basis of extremeness 

of imagery rating to provide an equal number of high and low imagery-

sentences. The kO high imagery sentences had a mean imagery rating of 

7.8^ and the low imagery sentences a rating of 3-91. All sentences used 

in the experiment were placed on 35 mm slides for visual presentation. 
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EXPERIMENT I 

The purpose of this first experiment was to assess the influence 

of sentence imagery at a shallow level of processing in which comprehen

sion demands would be minimal. The simple search task of determining if 

a target word was embedded in a sentence seemed to fit this criterion. 

In the task a target word was given to the subjects orally, and they 

were asked to indicate whether it was present or not in a subsequently 

presented sentence. While it would appear that such a task could be 

successfully executed without any attention to sentence comprehension, 

Toss (1970) has shown that subjects do engage in lexical processing of 

sentence words in this sort of search task. His study had subjects 

looking for letter targets rather than words. The results showed that 

reaction times increased when the target was preceded by an ambiguous 

word, which, presumably, would require subjects to consider two or 

more meanings before completing word identification. Although this 

additional processing would appear unnecessary and, in some cases, a 

hindrance to the actual task, verbal skills seem to be so overlearned 

that subjects automatically begin to process meaningful verbal material 

without any real intention or awareness. 

Because sentence processing in this task would not involve 'the 

combining or the integration of sentence concepts, imagery effects if 

3̂ 
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based on an integration mechanism should be minimal. On the other hand, 

finding strong imagery effects in this shallow processing task would be 

supportive of an explanation based on redundancy mechanisms. High 

imagery lexical information in memory would include both semantic or 

verbal and perceptual or image information, but low imagery lexical in

formation would only have a semantic form. The redundancy mechanisms 

could work at the level of lexical memory to produce imagery effects. 

In this experiment the target words appeared in all sentence 

sections. When the target word appeared prior to the last word of the 

sentence, subjects could terminate sentence search without scanning the 

whole sentence. It was expected that reaction times would increase as 

words appeared nearer to the end position of the sentence. In addition, 

an interaction of imagery and position would be expected according to 

the redundancy explanation. If high imagery words are processed faster 

lexically, this effect should cumulate as more words are processed. 

Methods 

Materials 

Eb?om each of the 80 sentences of the selected sentence sets 

described earlier, a sentence word was selected as a target word. There 

were 13 words selected from both the beginning and middle sentence posi

tions and 14 words from end positions for both high and low imagery sen

tences. The target words were either nouns, verbs, or adjectives. In 

addition, the 80 previously mentioned distractor sentences were employed. 

Each of these sentences was supplied a non-target word which did not 

appear in the sentence. 



The 160 sentences were arranged in four trial blocks of *f0 sen-

tenceso In each trial block half the sentences had targets present and 

half did not. Half the sentences in the target and non-target groups 

were high imagery and half were low imagery. Each trial block had tar

gets at all sentence positions. Sentences from the same sentence set 

did not appear in the same trial block. Within each trial block the 

sentences had a different random order for each subject. Also the 

presentation order for trial blocks was varied between subjects so that 

each trial block was seen an equal number of times in first, second, 

third, and fourth positions. 

Procedure 

Each subject sat in a chair facing a small (25 cm x 20 cm) rear-

view screen immediately in front of the chair at eye level. On the 

front right arm of the chair, there were two response buttons. When 

the subject pushed the right button, he indicated a 'YES1 response and 

with the left button a 'NO* response. After reading the experimental 

instructions, each subject was given 20 practice trials. The experi

menter gave the target word orally to the subject who then pressed a 

foot pedal which opened the projector's automatic shutter to display 

the sentence. The response time was measured from the activation of 

the foot pedal to the depression of the response button, and was re

corded to the nearest thousandths of a second by an electric clock. 

Subjects were instructed to be both quick and accurate in responding. 

Any response inaccuracies were immediately reported to the subjects, and 

the missed sentences were re-presented to the subjects at the end of the 
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experiment along with an equal number of other sentence slides. The 

experiment required about an hour including a brief rest period of five 

minutes between presentation blocks. 

Subjects 

Seven University of Arizona undergraduates, four females and 

three males, volunteered for this experiment. They received a small in

crement of class credit for participation. The age range of subjects 

was approximately from 20 to 30 years. 

Results 

Error Rate Analysis 

Despite the simplicity of the task, the number of subject errors 

was fairly high, being 10.8^. The number of errors in high and low 

imagery sentences was 31 and 29 respectively. The errors in at the be

ginning target position were 19, in the middle - 21, and at the end - 20. 

Thus the errors were almost equal for both high and low imagery sen

tences and for each target position with no significant interactions or 

main effects in the analysis of variance results (p^..5)« 

Reaction Time Analysis 

Figure 1 shows the mean reaction time in msecs to all high and 

low imagery sentences at each target position. Using a conservative 

statistical test the reaction time difference for target positions were 

significant, but the differences in imagery reaction times were not sig

nificant even though mean high imagery reaction times were faster at 

each target position. Two analyses of variance with repeated measures 
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were made. The first analysis excluded all sentences in which there 

were subject errors. This left 3& sentences with 6 sentences in each 

position by imagery experimental call. The second analysis used the 

36 errorless sentences plus 2h additional sentences. The error rate in 

the 2k additional sentences was 1&% and for the analysis of variance 

these error scores were replaced by the reaction times from subsequent 

presentations of the missed sentences. In this 60 sentence analysis 

there were 10 sentences in each position by imagery experimental call. 

In both analyses the main effect of target position was significant 

using the conservative quasi-F ratios described by Clark (1973)• This 

procedure developed for language experiments treats both sentences and 

subjects as random factors in order to allow one to generalize findings 

to the broad spectrum of sentence materials. The 36 sentence analysis 

results were F'(2,l6) = 5«588; p«C.025 and the 60 sentence analysis 

showed F'(2,17) - 6.375; p^.01 for target position. The respective be

ginning to end position means were 1283 msec*, 1370 msec., and 1669 msec, 

for the 60 sentence analysis. The Duncan new multiple range test showed 

the end position mean > beginning and middle position means (p<«05) and 

no significant difference between beginning and middle position means. 

The only other significant finding was for sentences which'were 

nested within position by imagery conditions F(30,l80) = 1.593; p<.005 

in the 36 sentence analysis and F(5zf-,32if-) = 1.799; P <-001 in the 60 

sentence analysis. This finding indicates that there were substantial 

differences in sentence reaction times which were not systematically 

related to imagery or target position. 



The use of conservative quasi-F ratios has been questioned by 

Wike and Church (1976) on a number of grounds. While Clark's method 

avoids T|ype I errors, it appears to be open to 5fype H errors because 

it is a low-power statistical test. Thus differences may not be detect

ed when they actually exist. This possibility necessitates examining 

the imagery variable under the usual fixed effects statistical model 

where sentences are considered to be a fixed effect. Clark argues that 

verbal materials should be considered a random variable if the experi

mental population was not inclusive of the whole population. Critics 

such as Wike and Church, as well as Keppel (1976), argue that language 

materials are rarely selected randomly from the total population of such 

material and usually represent a highly selective group of materials 

carefully matched on a number of criteria. This certainly describes the 

materials in the present experiment. Thus, there is ample justification 

for using a fixed effects statistical model since it adequately repre

sents the nature of the variable. The fixed effect model, which has more 

power, shows the main effect of imagery to be significant F(l,6) = 1^.023; 

p^.01 for the 36 sentence analysis and F(l,6) = 9.963; p<»025 for the 

60 sentence analysis. However, the position by imagery interaction is 

again non-significant. The 47 ̂  strength of association test reveals 

that the imagery variable accounts for a very small portion of the vari

ance, l»k% for the 36 sentence analysis and .8% for the 60 sentence 

analysis. In comparison, the strong position effect accounted for nearly 

10$ of the variance in both analyses. 
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Discussion 

The finding of significant though limited imagery effects in the 

shallow processing task of Experiment I does lend some qualified support 

to the redundancy explanation of imagery. This explanation holds that 

lexical information of high imagery words is multiply encoded and thus 

more accessible than low imagery material. In a lexical search task, 

word meanings of high imagery words should generally be found more 

quickly than those for low imagery words. Because the experimental tar

get search task has been shown to involve unintentional lexical search, 

the differences between, high and low imagery target search times were 

expected to increase as the number of words processed increased. Each 

low imagery word should generally require slightly more processing time 

than each high imagery word, and the differences should cumulate as the 

number of words scanned increased. However, the difference between high 

and low imagery sentences did not vary significantly as a result of the 

number of words scanned. 

The failure to find cumulative differences between high and low 

imagery sentences can be explained by hypothesizing a two stage compari

son model. In stage one words would be encoded only for their physical 

attributes or perceptual qualities. The second stage would involve 

lexical encoding or attaching a conceptual meaning to the word. In the 

experimental task sentence words would be compared to the target word 

at stage one for a physical identity match. If a match is found, the 

second stage lexical comparison would be initiated. This model presup

poses that stage one can be accomplished as quickly for low imagery words 

as for high imagery words. In the second stage high imagery words are 
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processed faster; and, because only one word per sentence is processed 

at stage two, the difference between high and low imagery sentences is 

the same regardless of target position. This explanation could be 

tested by using homonyms with multiple spellings and homographs for 

• target words. The multiple spellings should create interference in the 

first stage and the multiple meanings should take longer for the second 

stage. 

While the two stage models' explanation is compatible with the 

present results, it violates the original assumptions regarding the 

task as an unintentional lexical processing task. In the Foss experi

ment the target was a letter and the increase in processing time was due 

to an ambiguous word appearing prior to the target letter. Erom his 

experiment it was assumed that all the words were being processed lex

ically rather than on a physical attribute dimension. However, since 

his sentence presentation was auditory rather than visual, the nature 

of the processing could be different than in the present experiment. 

Although this experiment raises interesting questions about target 

search processing, this issue is tangential to the present inquiry. 

Results of Experiment I are equivocal in that they fail to sup

port clearly either the redundancy or integrative hypothesis. The re

dundant hypothesis predicted that imagery effects should be present in 

a shallow level processing task. However, while imagery was significant 

in a fixed effects analysis, it accounted for a very small portion of 

the variance. Also an anticipated interaction between imagery and posi

tion did not materialize. The integrative hypothesis predicted minimal 



imagery effects at this level of processing, and the findings can be 

interpreted to indicate that imagery was minimally operative in the 

processing. The next experiment evaluates imagery effects in a task 

which requires a much greater degree of comprehension. 



CHAPTER 5 

EXPERIMENT II 

The second experiment was devised to investigate imagery effects 

at a deep level of processing in contrast to the shallow processing of 

the initial experiment. Shallow sentence processing includes those 

- processing routines that have become automatic through frequent use and 

operate without executive function or intention. Subjects are not 

aware of the end state or product of this level of processing. In deep 

processing the. subject must intend or try to process material and the 

result of the processing are used by the subject to determine the choice 

of response. While the subject is generally unaware of how he processes 

a sentence, he recognizes when the process is completed so that he knows 

what he needs to know. It is essential for any of the theoretical pro

posals to demonstrate positive imagery effect at the deeper processing 

levels. Without such a demonstration, the materials and procedures em

ployed would not be an appropriate test of either hypothesis. Both the 

integrative and redundancy hypotheses predict that processing times 

should be faster for high imagery sentences either because their repre

sentation in memory structure unitizes better or because there are mul

tiple access routes to the information. If imagery is not significant 

in a complex, goal directed sentence comprehension task, then both 

theories would be completely unsupported. 
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The deep processing experimental tadc involved active sentence 

comprehension which consisted of listening to an orally presented ques

tion and answering it on the basis of the subsequent display. Here is 

an example of a question and display sentence: 

9. Does the position underscore certain features? 

10. This position underscores certain features of the problem. 

The information needed to respond correctly to the question is supplied 

in the display sentence, and the subject need not draw on his store of 

general information or make inferences from the display information. 

The wording of the question was similar to the display sentence in order 

to keep the comprehension task simple. 

A second purpose of the experiment was to ascertain if the ana

lytic and synthetic paraphrase sentence sets differed significantly in 

comprehensibility. If the verification reaction times for sentences in 

the analytic sets differed significantly from those in the synthetic 

sets, it would indicate that these sentence groups were not equally com

prehensible. Evaluation of comprehensibility in this fashion did not 

involve sentence-to-paraphrase comparisons (explored in the next experi

ment), rather each sentence was examined independent of its paraphrase. 

Method 

Materials 

The 80 experimental and 80 distractor sentences described in 

Experimenttal Materials section were employed. For each sentence a ques

tion was composed which required a yes or no answer. The question con

cerned information which was contained in the sentence. The answers to 



55 

the questions for the experimental sentences required a positive 

response while the distractor questions required a negative response to 

be correct. A sample of a question and display sentence having a posi

tive response is shown above in sentences 9 and 10, and a negative re

sponse pair is shown below: 

11. Did she scrub slowly? 

12. She vigorously scrubbed the stains on the couch. 

The arrangement of display sentences into four trial blocks was the same 

as in Experiment I. 

Procedure and Subjects 

The experimental apparatus was the same as in Experiment I. The 

experimenter told the subjects the question and then the subjects self 

activated the sentence display. Eeaction time was measured from the 

initiation of the sentence display to the completion of the response and 

was recorded in thousandths of a second. Missed items were not repeated 

since subjects could often anticipate the correct response when the ques

tion was repeated. Six male and five female University of Arizona under

graduates served as subjects. 

£ Results 

Error Rate Analysis 

The number of subject errors with the positive response items 

was %>* Four of the 11 subjects accounted for 7C$ of the errors while 

six subjects were quite accurate, having no more than 2 mistakes in 160 

trials. Errors were significantly more frequent with low imagery 
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sentences especially for subjects having very few errors. An analysis 

of variance with repeated measures revealed the significance of the 

imagery main effect F(l,10) = 6.310; p<r .05. 

Reaction Time Analysis 

Imagery effects were quite evident at this level of processing 

with reaction times to high imagery sentences averaging 300 msec, fast

er than those for low imagery sentences. Errors were less frequent with 

faster reaction times indicating that there was no trade off between 

speed and accuracy. The repeated measures analysis of variance with 

unequal ns produced F'Cl,^) = 13-333; p«s.005 for imagery and F(76,72zO 

= p-^.001 for sentences. Quasi-!1 ratios were employed as in Experiment I. 

The significant sentence effect was not surprising considering the wide 

diversity of question and sentence structure and content. Reaction 

, times to individual sentences from the analytic and synthetic sentence 

sets did not differ significantly using the conservative quasi-F ratios 

but differences reached significance using a fixed effects statistical 

test F(l,10) = 5*3^7; p<.01. The means and standard deviations for 

both paraphrase types at each level of imagery are shown in Table 1. 

Sentences in the analytic paraphrase sets were processed on the average 

of 100 msecs faster than those in the synthetic paraphrase sets. It 

may be inferred from these results that the former sentences are slight

ly more comprehensible, given the task. 

Because the average length of high imagery sentences was ̂ -5 

letters less than the length of low imagery sentences, this difference 

might have biased the imagery effect results. Furthermore, sentence 
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Table 1. Experiment H—-Imagery by Sentence Group, 
Average Scores, and Standard Deviations 

Imagery Level Total 
Sentence Group High Low 

Analytical 2.0^5 (-485) 2.390 (.596) 2.218 

Synthetic 2.160 (.528) 2.513 (-5^7) 2.337 

Total 2.103 2.4-52 

Time given in msec.. 
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reaction times correlated ,6k with sentence length. Therefore, a group 

of 20 high imagery sentences and 20 low imagery sentences carefully 

matched for length were used in a second analysis of variance. The 

range of sentence length was 50 to 68 letters and difference in imagery 

group mean length was only .3 of a letter. Again the imagery effect 

was shown to be highly significant F(l,36) = 6.¥f0; p<£.025« The over

all shorter length of high imagery sentences likely biased reaction 

times to a limited extent, but the imagery effect was still strong when 

this variable was controlled. 

Discussion 

Imagery effects were much more pronounced in the second experi

ment compared to Experiment I. $7-^ showed that imagery accounted for 

8.9^ of the variance in Experiment II while it was able to account for 

only Imbtfo in Experiment I. Both redundancy and integrative mechanisms 

had predicted faster processing for high imagery sentences due to better 

memory access. The explanation for this superior access cannot be de

termined by the experimental results because this experiment by itself 

was not intended to distinguish between theoretical explanations. How

ever, when the results of this experiment are viewed in conjunction with 

those of Experiment I, it was expected that the combination of results 

would be supportive of one or the other explanations. The redundant 

hypothesis would have been supported with strong imagery effects in both 

experiments. The weak imagery effects in Experiment I give this explana

tion only partial support, and it does not completely rule out an integ

rative explanation. What can be seen from a comparison of imagery 
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effects in the two experiments suggests that these effects do increase 

with depth of processing to the limited extent that has been tested in 

the two experiments. However, further theoretical discussion will be 

postponed until the results of Experiment III are presented, because 

it too explores multi-levels of processing. 



CHAPTER 6 

EXPERIMENT III 

Evidence from the first two experiments indicates that imagery-

effects vary with depth of processing. The aim of the present experi

ment is to extend these findings by varying depth of processing within 

a continuing experimental task. In this experiment subjects viewed two 

sentences successively and decided whether the sentences agreed in mean

ing. Level of processing was manipulated by varying the type of compar

isons required between the two sentences. 

For shallow processing an identical comparison was employed in 

which the same sentence was displayed successively. On this comparison 

subjects could make a surface comparison of word elements without under

standing sentence meaning completely. Deep processing used a paraphrase 

comparison which required subjects to compare a sentence with its para

phrase. Because all significant word elements had been changed in the 

paraphrase surface processing was eliminated, and subjects had to under

stand the meaning of both sentences to accomplish the task. Two other 

distractor type comparisons were also created: one compared two unre

lated sentences (different comparison), and the other compared two sen

tences related in meaning and sometimes in wording, but always with one 

key element altered so that the meaning of the two sentences was disparate 

(different-but-related comparison). 
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Two types of paraphrase comparisons (described earlier in the 

Experimental Material section) were compared. Analytic paraphrases had 

the same syntactic structure as the original sentence, but the wording 

was changed by synonym substitution. With synthetic paraphrases the 

surface structure of the original and paraphrase sentences is not the 

same, and the underlying propositional structure of the two sentences 

is less similar than with the analytic type paraphrase. Since the ana

lytic paraphrase comparison involves similar surface and propositional 

structure, subjects could use a comparison strategy of matching each 

separate word element. The strategy .would fit the match hypothesis for 

recognition tasks of Anderson and Bower's model or the spreading-

activation theory of Collins and Loftus (1975). In these models a mem

ory search is initiated at each proposition node (word concept) and is 

continued until it intersects with a search from other nodes. If the 

search from one propositional input finds a similar previously stored 

propositional representation, then a match occurs, and a positive recog

nition response can be made. With analytic paraphrases the synonymous 

words should activate the same concept nodes of those from the previous 

input. Words serve only as labels for underlying concepts. Since the 

structural links of the propositions are similar, these concept connect

ing pathways should be readily discovered. Some propositional matching 

models (Collins and Loftus, 1975; Carpenter and Just, 1975) also 

assume serial constituent comparison in which elements are compared one 

at a time to determine the similarity of the statements. The order of 

comparison is determined by the underlying propositional base structure. 
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The synthetic paraphrases of this experiment do not lend them

selves to an element by element match. The use of idiomatic expressions 

such as without batting an eye or multiple wording to form a single con

cept as loss of blood for bleeding demands that word clusters be exa

mined for a conceptual meaning. Also some differences in underlying 

propositional structures would make it difficult to discover similar 

structural pathways. In the paraphrase comparison, the analytic para

phrases should have faster reaction times than the synthetic ones if 

meaning judgments are determined on the basis of the serial constituent 

method. On the other hand, if judgments are made on the basis of total 

sentence meaning as with analog mental images or integrated perceptual 

propositions, then there should be no difference in reaction times be

tween paraphrase types. 

Method 

Materials 

The kO sentence sets described in Experimental Material section 

were employed in Experiment III. Each original sentence of a sentence 

set was used in four types of comparisons. For the identical comparison 

each original sentence was compared to itself. The paraphrase compari

son had the original sentence compared to its paraphrase. Half the 

paraphrase comparisons were of the analytic type and half of the syn

thetic type. There were an equal number of each paraphrase type in the 

high and low imagery sentence sets. 

Since the identical and paraphrase comparisons both required a 

positive response, two negative response comparisons were created, 
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different and different-but-related. The different comparison had the 

original sentence and a totally unrelated sentence which differed in 

both wording and meaning from the original sentence. The different-but-

related comparison was more complicated and will be elaborated more 

fully. This comparison was included to prevent short-cutting strategies 

by subjects in the positive response comparisons. Half the different-

but-related sentences had almost identical wording with the original 

sentence except for a one or two word substitution which altered the 

sentence meaning. For example: 

13. Measuring creativity turned out to be a hard task. 

1^. Measuring creativity turned out to be an easy task. 

The other half of the different-but-related sentences resembled the 

paraphrases of the original sentences except for the word substitution. 

For example: 

15. The missile shot skyward on its moon mission. 

16. The rocket sped upward towards its Venus goal. 

It was expected that the wording similarity of the different-but-related 

comparison sentences to the identical and paraphrase comparison sen

tences would cause subjects to read the latter sentences in total before 

making a response. 

In addition to the sentence comparisons, periodically without 

warning the single stimulus words, Yes and No, were presented. There 

were five presentations of each of the two response cues, and subjects 

were instructed to press the indicated button as quickly as possible 

when one of the words appeared. 



The sentences and response cues were arranged in four different 

presentation orders. In each of the orders the original sentence of a 

sentence set appeared with one of the four types of comparison sentences. 

There were an equal number of each type of comparisons in each presenta

tion order and the number of high and low imagery sentences within each 

comparison was the same. 

Procedure 

The apparatus was the same as in Experiments I and II. For each 

comparison trial the first sentence was displayed for five seconds, then 

subjects could activate the foot pedal to display the test sentence. In 

the response cue condition subjects saw an initial sentence followed by 

a single stimulus word Yes or No. They were instructed to respond by 

pressing the button corresponding to the response cue. Again response 

time was measured from the activation of the foot pedal to the press of 

the response button and was recorded in thousandths of a second. Sub

jects had 15 practice trials with other sentences prior to the experi

mental presentation. They were instructed to be both accurate and fast 

in responding and were told when they erred. Total time required for 

the experiment was about 20 minutes for each individually tested subject. 

Subjects 

Twenty-four University of Arizona students, 12 males and 12 fe

males voluntarily participated in the experiment. The age range was 

from 20 to ^fO years of age. Subjects were randomly assigned to one of 

the four presentation orders. Two orders were seen by seven subjects 

and the other two by five subjects. 
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Results 

Error Rate Analysis 

The average percent of subject errors for each comparison type 

by imagery value is pictured in Figure 2. Each subject had five trials 

in each of the four comparison categories at both levels of imagery for 

a total of *f0 scores. The range of subject errors in the identical and 

different comparisons was from 1.6$! to 8.3%. Errors in the different-

but-related and paraphrase comparisons were quite high, averaging 2^.5^» 

Subjects had the most difficulty with low imagery/different-but-related 

comparisons where errors reached b5%. This was significant at p<..05 

with a Duncan new multiple range test. 

Both in the identical and paraphrase comparison there were about 

5% more errors with high imagery sentences although this was not statis

tically significant. An analysis of variance showed a significant com

parison effect F(3,9) = ^9«7^3; p<.001 and a comparison by imagery 

interaction F(3,9) = 13»^3; p<.005, mainly accounted for by the low 

imagery/different-but-related comparison results. 

Reaction Time Analysis 

Imagery effects were quite significant and their influence in 

each of the four comparison tasks is presented in Figure 3* The para

phrase and different-but-related comparisons required more processing 

time than the identical and different comparisons, their respective means 

being 2629 msec., 2^28 msec., 19^5 msec., and 1927 msec. In all tasks 

mean processing time for high imagery sentences was faster than that for 

low imagery sentences. There was a 300 msec, average difference over 
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all comparisons. However, the 172 msec, difference in the identical 

task was not significant. The 2^6 msec, difference in the paraphrase 

comparison and the 2^2 msec, difference in the different-but-related 

comparison were significant at p<. .05 with the Duncan new multiple 

range test. Also the large 606 msec, difference in the different com

parison was significant at p<£..01. 

The large number of subject errors necessitated use of mean re

action times rather than individual stimulus reaction times for the 

analysis of variance. Significance was found for the main effects of 

imagery F(l,23) = 60.181; p<£.001 and comparisons F(3»69) = 36.360; 

p^-.OOl as well as for their interaction F(3,69) = 3.852; p<-.05. 

Additional analyses of variance were made and the results were gener

ally consistent with the above findings. These analyses are reported 

in Appendix D. 

Examining the interaction of imagery and comparisons from a . 

slightly different perspective, it can be seen that in all comparisons 

except the different one, there was a moderate increase in processing 

time for low imagery sentences over high imagery sentences. The increas

es were 9«2$ for the identical comparison, 9.8^ for the paraphrase com

parison and 10.*$ for the different-but-related comparison. The 

different comparison, however, had a more substantial increase of 37«3^» 

Also from Figure 3 one can see that compared to the identical 

comparison, the different comparison was made 250 msec, faster with high 

imagery sentences and 200 msec, slower with low imagery sentences. Both 

these comparisons were completed *f00-600 msec, faster than the two com

parisons requiring deep processing. 
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In the paraphrase comparison, synthetic paraphrases were pro

cessed slightly faster than analytic paraphrases by 185 msec. The main 

effect of paraphrase type missed being significant F(l,23) = 3-063; 

p^.10. In the different-but-related comparison the time taken to 

process sentences resembling identical sentences and those resembling 

paraphrase sentences was the same. However, the interaction of sentence 

imagery and sentence type showed a trend for sentences resembling para

phrase sentences to be processed faster for high imagery sentences than 

for low imagery sentences. The difference was about 500 msec. With 

sentences resembling identical sentences there was no difference in 

processing time between high and low imagery sentences. The interaction 

was near significance F(l,^f) = ^.869; p<£ .10. Both analyses employed a 

fixed effects statistical model rather than the .conservative random ef

fects model of Clark (1973)• The error rate in both comparisons increased 

as the reaction times slowed. 

Subjects were somewhat faster responding to the Yes response cue 

than to the No cue by about 20 msec. This difference was not significant. 

The response task scores correlated with comparison task scores at .08. 

Discussion 

The experimental manipulations of creating shallow and deep level 

processing within the same comparison task was apparently successful. 

Using variations in reaction time as a measure of processing depth, the 

identical comparison was accomplished significantly faster than the para

phrase comparison. Imagery effects were significant in the paraphrase 

comparison but not in the identical comparison. High imagery sentences 
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were generally processed faster than low imagery sentences and this 

trend appeared even in the identical comparison. Results of this ex

periment would tend to give support to the integration mechanism explana

tion of imagery effects. 

Generally more errors occurred in comparisons which required deep 

processing than in those with lesser processing requirements. In the 

different-but-related comparison with low imagery sentences, correct 

responding was only slightly above chance level. This comparison pre

sented the most difficult discrimination as meaning change hinged on a 

single word substitution. Detection of meaning changes in the different-

but-related comparison was much easier with high imagery sentences. Both 

Begg and Paivio (1969) Pezdek and Eoyer (197*0 found that meaning 

changes in single sentences were detected better in high imagery sen

tences when the change was created by subject-object reversals. Moeser 

(197*0 using word substitution, as in this experiment, reported similar 

findings. Her study revealed that when subjects note wording changes 

in low imagery sentences they tend to guess about their effects, evi

dencing a response bias against interpreting it as a change in the mean

ing and only see the wording change. Thus, in the present different-

but-related comparison, subjects may have noted the wording change but 

tended to judge that it did not change the sentence meaning in low 

imagery sentences. This may account for many of the errors in this 

comparison. 

In the identical and paraphrase comparisons, high imagery sen

tences had both faster reaction times and an increased error rate. This 

combination of results could suggest that subjects traded off speed for 
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accuracy. However, in these two comparisons the difference in error 

rate between high and low imagery sentences was low relative to speed 

difference. Also in the two other comparison tasks faster reaction 

times were associated with much lower error rates. Because all four 

comparisons were intermixed in presentation, it is unlikely that sub

jects could have adopted one strategy for one type of sentence compari

son and another for a different comparison, especially when they could 

not anticipate which type would appear until the test sentence was dis

played. Therefore, a trade off of speed for accuracy seems a highly 

unlikely account for this result. 

Synthetic sentences tended to be processed slightly faster than 

analytic sentences, indicating that subjects likely did not employ a 

constituent comparison strategy. Instead a strategy of comparing total 

sentence meaning was probably used, a tactic that would have been more 

productive in this situation where there was a mixture of comparison 

tasks. Under these conditions the advantages of the identical grammati

cal structure of analytical-paraphrase sentence sets seems to have pro

vided no advantage for processing of paraphrases. 

The Yes and No response items were included in the experiment to 

assess how much time subjects needed to push the response buttons. It 

was hoped that this task would eliminate both sentence encoding, sen

tence comparison and decision time and be a simple measure of response 

time. This task component is the least interesting in terms of under

standing sentence processing, and if it could be subtracted from subject 

scores this would provide a clearer picture of actual sentence processing 



time. In comparison with response times in other experiments and with 

the target search task of Experiment I, the response times were quite 

high, taking nearly a second. This inflated reaction time suggests 

that the task was measuring other processes besides simple response 

time. The most salient suggestion is that subjects upon seeing the 

response cues were not able to give an automatic button pushing re

sponse. Instead they likely were prepared to read a sentence and were 

forced to alter their perceptual set before completing the response. 

Despite this difficulty the Yes and No response items provided some 

measure of the component processes of the comparison task which is dis

cussed in the General Discussion in relation to the different comparison 

results. Since the discussion of the different comparison results is 

quite extensive, it has been saved for the concluding chapter. 



CHAPTER 7 

GENERAL DISCUSSION 

Results supporting either the redundancy or integrative explana

tion of imagery effects were expected from these ̂ experiments measuring 

imagery effects at both deep and lesser levels of processing,. Unfortu

nately the results have proved to be equivocal. In Experiments I and II 

the redundancy hypothesis received qualified support because imagery ef

fects were found in both shallow and deep processing. Experiment III 

provided limited support to the integration proposal since imagery was 

not significant in shallow processing but was in deep processing. The 

experiments did reveal that imagery effects are highly pronounced in 

deep processing, and are present in shallow processing to some degree. 

It is likely that imagery differentially effects processing according 

to the nature of the task. At shallow levels of processing it may in

fluence some procedures while at deeper levels its influence may be more 

extensive. To account for these diverse effects a model may have to be 

developed which would use conceptual elements of both the redundancy and 

integrative mechanisms. 

Analysis of the Different Comparison 

In the different comparison task of Experiment III, there was a 

substantial difference in processing time between high and low imagery 

sentences. To understand the implications of this difference for the 
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processing of high and low imagery material, a step or stage model was 

developedo The model served to differentiate the successive stages of 

processing required in the comparison task. The time needed to perform 

these processes was determined by the subtraction method in which time 

to complete subtasks of a more complex task was subtracted from the 

total task time to determine the time of the other subtasks. By this 

means the model could suggest which processes might be crucial in dif

ferential processing of low and high imagery information. 

In the present set of experiments, it is impossible to claim 

that one experimental task was simply a subtask of another experimental 

tasko Usually two tasks had similar elements that could be compared if 

one could determine the probable latency of non-overlapping task com

ponent processes. The methods for determining these latencies were some

what speculative, and any conclusions derived from the subtraction 

method must be viewed with caution. 

Further analysis of experimental results led to elaborations of 

the initial processing model, so that it could account for a variety of 

findings. While the model is tentative, it does resemble those proposed 

by other theorists and leads to testable predictions. 

The Step Model 

In the different comparison task, high imagery sentences were 

processed over a half second faster than low imagery sentences. The sen

tence comparison task involves four basic processing routines. First, 

the sentence material must be encoded and then compared to the previously 

given sentence. On the basis of this comparison a judgment is made and 
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a response given. These steps are illustrated in Figure It is pos

sible to estimate the time required to complete the last two steps from 

the results of the Yes and No responses. In the experiments subjects 

were shown a response term Yes or No and were instructed to make the 

appropriate response. This task had a single word for encoding, no 

comparison step, a change of set step and a response step. The response 

step was exactly the same as in the comparison task and the simple en

coding step and change of set step probably took only slightly longer 

than the- judgment step. The average reaction time to the No stimulus 

was 903 msec, and subtracting 200 msec, from this gives a conservative 

estimate of the judgment and response steps average reaction time of 703 

msec. For the Yes stimulus, the estimated time of steps 3 and b was 

685 msec. 

An estimate of the comparison step may also be made although the 

method of deriving it is more questionable. The identical comparison 

task of Experiment III and the end position target search task of Experi

ment I seem to involve the same type of comparison. In both tasks sub

jects had to scan the whole sentence looking for physical attribute 

similarity. In Experiment I this involved one word, but in Experiment III 

it involved all sentence words. As would be expected the latter task 

required more time than the former task. This difference in reaction 

times for the two tasks could be interpreted as reflecting additional 

comparison step time since the other steps in the two tasks are very 

similar. For high imagery sentences this difference in reaction times 

was 26k msec, and for low imagery sentences 286 msec. This difference 

score actually underestimates the time for step two because the reaction 
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time from the target search task also contains some amount of time for 

the comparison stepD 

By summing the estimated times for step two and steps three and 

four and subtracting this amount from the different comparison reaction 

time, an estimate of the encoding time for step one can be made. The 

estimated time for high imagery sentences was 657 msec, and for low 

imagery sentences was 10*H msec, as shown in Table 2. These estimates 

may be high since the estimates of the other steps were made on the 

conservative side. This analysis indicates that the reaction times 

difference between high and low imagery sentences in the different 

comparison is basically located in step one, the encoding stage. This 

suggests that with low imagery material subjects require more sentence 

material to be processed before a comparison can be accomplished than 

with high imagery material. 

The Control Model 

Next, it is helpful to contrast encoding step times for the 

paraphrase and different comparisons. Both these tasks demanded that 

subjects read and comprehend the display sentences in order to make a 

meaning judgment. The estimated paraphrase comparison encoding time 

may be determined in the same manner as the different comparison encod

ing time except that steps three and four use the Yes reaction time. 

The estimated times for high imagery sentences was 1567 msec, and for 

low imagery sentences 1791 msec, and is shown in Table 2. The encoding 

times for the different comparison are much shorter, indicating that 

subjects terminated encoding before completing sentence comprehension. 



Table 2. Estimated Times for Processing Steps 

Comparisons Imagery Total RT Step 2 Steps 3 & ̂ Step 1 

Different High 162^ 2 703 657 

Low 2230 286 703 10^1 

High 2506 264 675 1567 
Paraphrase 

Low 2756 286 675 1791 

Time given in msec. 
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This situation leads one to infer that the comparison step is not in

dependent of the encoding processo Subjects, obviously do not encode 

the complete sentence meaning and then compare this meaning to the mean

ing of the previously stored sentence. If they did, then encoding times 

for both tasks should be similar. Instead the comparison process likely 

functions in conjunction with the encoding process and directs it. It 

may be that the comparison process determines when there is sufficient 

information to make a judgment and then terminates the encoding process. 

This analysis would alter the processing routines diagrammed in Figure k 

by adding feedback loops that suggest that processing is controlled by 

intentions or goals of the organism or system as well as by the inflow 

of information from outside the system (Figure 5)» 

The Processing Level Encoder 

The encoding step in the model needs revision in order to include 

the levels of processing concept. The comparison step not only must con

trol the amount of information processed, it must also determine the 

depth of processing. The encoder, therefore, should be divided into 

compartments signifying the types of analysis. The first compartment 

would contain shallow processing routines while the second compartment 

would involve more abstract conceptual analysis or deep processing. The 

encoder might function in the following manner with the identical sen

tence comparison of Experiment III. When the encoder processes the first 

word or two of the second sentence, the comparison step notes the wording 

similarity and instructs the encoder to scan the remaining words for sur

face features or a low level analysis. By keeping the processing at a 
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shallow level processing time is lessened, and the task can be accom

plished faster than a task requiring deeper processingo Thus the en

coding model can account for the findings that identical comparisons are 

performed significantly faster than paraphrase comparisons which require 

deep processing. 

Next an attempt is made to explain the results of the different-

but-related comparison of Experiment III employing the revised encoder 

shown in Figure 6. In this comparison a single word substitution changed 

the meaning of the two sentences. The results of the high imagery sen

tences fit the present model quite easily. The identical related sen

tences took longer to process than paraphrase related sentences. This 

finding is in contrast with the general finding that the identical com

parison was processed faster than the paraphrase comparison. The model 

would account for the finding by saying that paraphrase related sentences 

would be analyzed at a deep level initially since the wording is dissim

ilar in the two comparison sentences. When the comparison step noted the 

meaning change it could terminate further encoding and complete the other 

processing steps. Sentences resembling the identical sentences would be 

processed at a surface level initially until the comparison step noted a 

word change, then the analysis would have to be shifted to a deeper level 

analysis to accomplish the task. The change in levels of analysis would 

account for the difference in reaction times for high imagery sentences 

between identical related and paraphrase related sentences. 

If the above explanation is correct, then the following predic

tions should hold true. Paraphrase related sentences in the different-

but-related comparison should be processed faster than paraphrase 
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sentences in the paraphrase comparison because encoding could be ter

minated before complete sentence comprehension with the paraphrase re

lated sentences. Identical comparison sentences should be processed 

faster than identical related sentences in the different-but-related 

comparison since the latter require a change in level of processing. 

Both predictions are supported by the results. The model appears to 

handle the high imagery sentence data of the different-but-related com-
«k. 

parison; however, complications are encountered with the low imagery data. 

Now with low imagery sentences, identical related sentences were 

processed faster than the paraphrase related sentences, and this result 

paralleled the finding that identical comparison sentences were pro

cessed faster than paraphrase comparison sentences. The question arises 

why paraphrase related sentences took longer to process if identical re

lated sentences had to change levels of analysis. The answer may lie in 

the nature of the paraphrase related sentence processing. The average 

processing time for identical related sentences was nearly the same, for 

both highland low imagery sentences as seen in Figure 7. Because the 

reaction times are the same, it could be assumed that processing was 

similar for both high and low imagery sentences. Earlier with the target 

search task of Experiment I, it had been proposed that low level proces

sing would not differ with high or low imagery material. The paraphrase 

related sentences would take longer with low imagery.sentences because 

subjects would require more encoding time to process more of the sentence 

material. This extra encoding time took longer than shifting levels of 

analysis as in the identical related sentences. The difference in 



8k 

2800 
IMAGERY 2696 

O O LOW 
• • HIGH 

2600 o 
<u 
V )  

e 
c 

2437 
£ 2400 

2203 2200 
PARAPHRASE IDENTICAL 

COMPARISON 

Figure 7« Mean Reaction Times in the Different-but-Related 
Comparison for Sentences Resembling Identical 
and Paraphrase Sentences 



85 

processing time between high and low paraphrase related sentences was 

over 500 msec, and was similar in magnitude and direction to the differ

ent comparison where two sentences also differing in meaning and wording 

had to be compared. Thus the hypothesis is consistent with the previous 

findings of the different comparison. 

If the hypothesis is true, then identical related sentences 

should take longer to process than sentences in the identical comparison. 

Also, paraphrase related sentences should take about as much time to 

process as sentences in the paraphrase comparison. The experimental 

results are consistent with these expectations. 

The processing model which has been presented in this section 

is similar to those proposed by other theorists. Miller and Johnson-

Laird (1976) have theorized that each successive stage in information 

processing extensively influences preceding stages. For example, the 

sensory detectors are sensitized by the perceptual and conceptual sys

tems to recognize familiar patterns which fit the overall context or 

meaning of the situation. Thus higher processes determine, to a degree, 

the type of information which is permitted into the system. Using com

puter terminology, Norman and Bobrow (1975) declare that the analysis 

of information involves activities of both top-down and bottom-up pro

cesses. Incoming information (bottom-up) activate certain memory 

schemas (top-down) which then guides perceptual processes to search for 

certain configurations of elements that fulfill the schema requirements. 

If the configuration is found, the schema's interpretation of sensory 

data is confirmed, but if not, then another schema is tried. These 

theoretical descriptions are quite abbreviated, but they do indicate a 
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common view that information is not processed in a linear, sequential 

fashion but is analyzed through interaction of sensory input and cog

nitive controls. A growing body of experimental findings and an in

creasing number of computer simulations are providing support for these 

processing models. Thus the presented model provides an interpretation 

of the experimental findings that is compatible with recent directions 

of theoretical developments in cognitive psychology. 



APPENDIX A 

EXPERIMENT I—REACTION TIME DATA AND 

ANALYSIS OF VARIANCE SUMMARY TABLES 

The raw data from the 36 sentence analysis of Experiment I are 

shown in Table Al. The data are arranged in the following manner read

ing columns from top to bottom and left to righto There are 252 reac

tion times. The first 126 reaction times represent low imagery 

sentences and the rest high imagery sentences. Within each imagery type 

the first data are from beginning position, the second hz data from 

middle and the last kz from end position of the sentences. In each of 

the three positions the first six scores are from subject one and the 

next six from subject two and so on through subject seven. The six 

scores from each subject in each of the position by imagery categories 

represent reaction times to six different sentences. Each subject re

sponded to 36 different sentence displays. 

In Table A2 the data from the 60 sentence analysis are shown. 

The data are arranged in the same order as above. There are ^20 reac

tion times with ten sentence scores for each of the seven subjects in 

each of the six imagery by position experimental cells. 

The analysis of variance summary tables for the 36 and 60 sen

tence analysis are shown in Table A3 and Table A*f respectively. Under 

the 3P ratio column both the conservative quasi-P (F1) of the random 
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Table A3« Experiment I—Analysis of Variance with Repeated Measures 
Summary Table for Analysis with 36 Sentences 

Source df Mean Square F P 

Between Subjects 6 

Subjects 6 21,248 

Within Subjects 2h5 

Position 2 4,021,526 

(F«) 

8.887 

5.588 

.005 

.025 

Imagery 1 1,037,575 

(F») 

14.024 

3.275 

.01 

.20 

S x P 12 453,027 (F») 2.403 o01 

S x I 6 73,986 (*") .392 n. So 

P x I 2 72,092 .489 n.s. 

S x P x I 12 147,424 (F1) .782 n.s. 

Display Sentences 
within PI 30 300,423 1.594 .05 

S x D/ PI 180 188,510 

Total 251 
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Table A4. Experiment I—Analysis of Variance with Repeated Measures 
Summary Table for Analysis with 60 Sentences 

Source df Mean Square F P 

Between Subjects 6 

Subjects 6 2,414,076 

Within Subjects 413 

Position 2 5,655,848 

(F«) 

9.082 

6.375 

.005 

.01 

Imagery 1 863,781 

(!") 

9.963 

2.723 

.025 

11* So 

S x P 12 622,720 (F») 3.868 .001 

S x I 6 86,701 (F») .460 n.s. 

P x I 2 116,480 1.232 n.s. 

S x P x I 12 1,134,439 (F') .587 n.s. 

Display Sentences 
within PI 54 289,698 1.799 .01 

S x D/ PI 324 161,009 

Total **•19 



model and the regular F of the fixed effects model are shown for those 

variables which were significant in either of the statistical tests. 



APPENDIX B 

EXPERIMENT II—REACTION TIME AND ERROR DATA 

PLUS ANALYSIS OF VARIANCE SUMMARY TABLE 

The reaction times for Experiment II are shown in Table Bl. 

The numbers at the head of columns refer to particular sentence displays 

which are listed in Appendix D. The P symbol following a number indi

cates that the display sentence is listed as a paraphrase in the Appen

dix D. The reaction times for each of the 11 subjects are listed in 

order in the columns under the sentence numbers. Blank spaces indicate 

subject errors. The sentence and paraphrase numbers 1 - 20P are low 

imagery sentences and numbers 21 - *f0P are high imagery sentences. 

Analytic sentence sets are numbers 11 - 20P and 31 - kOP, and synthetic 

sentence sets are 1 - 10P and 21 - 30P. 

The analysis of variance summary table is shown in Table B2. 

Under the F ratio column both the conservative quasi-F (F') of the 

random model and the regular F of the fixed effect model are shown for 

those variables which were significant in either of the statistical 

tests. 
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Table Bl. Experiment XI—Be action Time Data 

1 IP 2 2P 3 ' 3P 4 4P 5 5P 

2150 '3229 2343 2136 1889 2235 1355 2371 2306 1920 
2374 .'2825 2272 17S9 1955 2389 2078 2164 2053 2033 
2647 2544 2307 2169 2254 2317 1713 2990 1697 2124 
1844 1842 1937 1679 1505 1796 1623 2116 0921 1499 
2710 2056 2361 1SS2 2649 1816 1850 2140 2320 1553 
2092 1476 2266 1781 3CCC 1654 2714 1327 1590 
2451 2155 1881 2638 1944 1465 1990 1615 1898 
3791 2743 2772 2696 31C0 2898 2157 2534 327S 2559 
2296 4C86 2707 1663 3236 2346 1644 1946 1418 1879 
3525 2984 3747 2338 3407 2334 2637 3152 2425 2285 
1967 1858 1505 2527 1262 1827 2860 1097 1736 

6 6P 7 7P 8 8P 9 9P 10 10P 

1682 2333 1630 2370 2703 . 2670 3509 2835 2768 
1763 2469 2718 2185 2541 2960 2329 2867 2185 
2056 1802 2144 2420 2897 2274 .3154 3055 3413 2649 
2274 1983 1609 22Q3 2073 2259 2577 1650 2138 
1931 1872 3659 1901 1873 2566 2466 2150 2885 

2313 2394 1866 1712 2131 1907 1842 
3648 2270 2558 2119 3037 4130 2959 3590 3214 2C94 
3385 3522 3990 3744 3441 4206 4731 
2504 1999 3390 2464 3123 3085' 2428 2988 3015 2373 
2228 3899 3628 2398 4462 3543 3622 3537 3763 2840 
1811 1132 1772 2215 2410 2613 2432 3159 2CC9 2448 

11 IIP 12 T2P 13 13P 14 14P 15 15P 

1933 1653 2472 3170 2308 2259 2443 3449 1691 1603 
2010 3366 2520 2600 2082 2394 3076 1833 2778 
1780 2949 3133 3235 2256 2332 2653 3744 2114 1617 
1324 19C9 2179 2336 1864 1884 2258 2099 1419 1493 
2234 1657 2847 2333 2520 1940 2421 2571 1646 
1711 2038 3761 1773 2291 1462 1598 1992 
1538 3331 2351 2289 1989 4566 2058 1587 
2348 2837 4522 4059 2893 3838 3373 2634 2697 
2041 2880 4765 2972 2122 2191 2537 2629 1744 1514 
2417 2609 4333 2765 2190 3116 3342 2743 2028 
1558 2220 0648 2969 2251 2061- 2108 2461 • 1205 16 67 

16 <16P 17 17P 18 18P 19 19P 20 20P 

3959 2693 1962 1952 3571 2150 2246 2482 17C7 2336 
2678 22)7 2013 2035 3139 2335 1864 2267 2446 1754 
2332 2092 1765 2245 3121 1898 2CC6 2544 2230 
1S88 1783 1936 1814 1577 2381 1607 1919 1472 1672 

1951 1797 2114 2158 1457 1880 1636 1655 
2165 1924 1926 1905 2067 2263 1629 1221 1614 1927 
2479 3322 2814 1883 3508 1931 1859 1843 1644 
3789 • 3362 4552 3986 3359 2398 3792 2327 3654 
3490 1957 2252 2433 2725 1499 3835 2072 1719 
3218 2487 3899 2313 43C6 3706 2943 3252 2718 2293 
2200 1956 2507 2443 3041 2210 1376 2182 1503 1917 



I^ble Bl~-Continued 

... — . . . . — —  ... . '• 
21 21P 22 221- 23 23P 24 24F - 25 " 25P 

2647 2165 1628 1650 1540 2190 2318 2934 1677 1073 " 
2674 2080 1772 1864 1958 1869 2250 2614 2774 2162 
3U3 2578 1893 2162 165S 2164 1970 2300 1783 2121 
2146 1542 1460 1307 C874 1327 1543 2374 1314 1591 
2589 1974 1934 3141 1732 1501 2733 2867 2534 
2263 1526 1806 1781 1646 2164 3224 2863 2498 
1883 1866 1598 2050 1616 1158 2366 2090 2248 
3164 3247 2446 2396 3470 2781 3633 3741 3753 3499 

1459 1909 , £537 1645 2980 3567 2711 
2708 2237 2146 2240 2464 1989 3155 2434 3=T43 3334 
1775 2282 1395 1729 1212 1907 2265 2439 3232 2282 

26 26P 27 27P. 23 ' 28P 29 29P 30 30P 

1908 1744 1559 1079 1768 1908 2414 2253 2184 1966 
2053 1576 1735 1616 2251 1785 2356 0722 2231 
2153 1739 1315 1327 1908 1825 1898 2069 1895 2261 
2033 1550 1683 1534 1406 1274- 1948 1930 1688 1408 
1890 1428 1841 1295 1729 1490 2627 2167 2136 2175 
2040 2626 2455 2004 1733 2063 2300 1712 
2711 1659 1633 1330 2015 1951 3172 2444 2217 2327 
2991 2980 1761 2037 3017 2503 2613 3247. 2613 3363 
3475 1665 1213 1191 4393 2413 1648 2511 2400 
2431 2787 1940 1938 2576 1848 3828 3156 2718 2724 
1981 1801 1292 1719 1371 1839 2625 3119 1935 2433 

31 3JP 32 32P 33 33 P 34 34P 35 35P 

2105 2553 1543 2435 1488 1639 1472 1878 2183 1674 
2448 2195 1601 1893 1767 1709 1923 1863 1973 1925 
2483 3841 1846 2060 2229 2978 2261 2273 1899 1915 
1594 2150 1205 2196 1445 1379 1742 1646 1520 1242 
2470 2115 1830 1769 1819 2061 1602 1469 1729 1542 
1948 . 1819 2126 2114 1482 1926 1331 1814 1317 1432 
1819 1770 1403 17C0 2560 1890 1371 1953 3124 1759 
3131 3870 1975 . 1861 2369 2247 1987 2084 2136 2759 
1896 2303 1424 3838 3108 2707 2404 1690 2696 1876 
2554 3266 1838 4166 2326 2962 2428 2261 2444 2039 
1573 2309 1762 3688 0953 2219 1223 1624 0660 1897 

36 36P 37 37P 38 '38P 39 39P • 40 40P 

1904 2250 2144 1775 2510 15 04 186) 2321 2543 2640 
2591 2231 1618 1718 2144 1938 1820 2018 2450 2390 
2171 1858 1674 1776 2048 1822 1847 1958 1943 2739 
1295 2034 0709 1811 1710 1687 1735 1197 1397 1888 
1495 1914 1869 1623 2239 1802 1711 1448 2225 2103 
1253 2066 1006 1204 1649 2201 1531 1959 1370 1843 
1897 1571 2103 1926 2247 1760 2406 2039 2452 1344 
3133 2211 2065 3190 3935 3597 2285 2688 2196 2704 
1906 1749 1795 1553 2131 1897 2216 1442 3118 4565 
2414 1988 2679 2255 2623 2488 2067 2002 3277 2737 
1624 2026 0734 1712 1674 22S8 1192 1821 1642 2496 
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Table B2. Ejcperiment II—Analysis of Variance with Repeated Measures. 
Having Unequal Ns Summary Table 

Source df Mean Square F P 

Between Subjects 10 

Subjects 10 12,226,700 

Within Subjects 855 

Imagery 1 2^,^28,679 ^5.378 .001 

(P«) 13.233 .005 

Paraphrase Htype 1 1,672,865 5-3^7 .05 

(Ft) 1.220 Xl« So 

S x I 10 558,33^ 2.796 .01 

S x P 10 312,803 1.2MS n.s. 

I x P 1 193,595 35.857 .001 

(I") .362 n«s« 

S x I x P 10 5,399 .02^ n. So 

Display Sentences 
within IP 76 1,270,203 ^.906 .001 

S x D/ IP ' 72k 258,902 

Total 8h3 



, APPENDIX C 

EXPERIMENT III—STATISTICAL ANALYSES 

The statistical analyses shown in this appendix include both 

those discussed in Chapter 6 and those which were not reported. The 

reported ones are described first. The non-reported ones were not dis

cussed in Chapter 6 because they essentially.confirmed the reported 

findings. Also they are more complex and require much additional ex

planation without adding much to the reported findings. However, they 

are given here to indicate that adequate statistical procedures were 

employed. 

Reported Results 

The result section of Experiment III in Chapter 6 presents the 

findings of an analysis of variance of average reaction times. The. 

data and summary table of this analysis are shown in Tables CI and C2. 

This analysis demonstrates the significant findings of this experiment 

in the simplest and clearest manner. The analysis employed average re

action times due to the high number of subject errors which are dis

cussed in Chapter 6. Tables C3 and C*f give the error data broken down 

to subject groups by experimental conditions and to number of errors 

by individual subjects. The analysis of variance summary table for . 

error rate is shown in Table C5. 
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Table CI. ExperimentIH—Averaged Reaction Time Data for All 
Subjects v/ith High and Low Imagery Scores in Each 
of the Four Comparisons 

RAW OAT*, READ DOWN COLUMNS. »ARA0IGH FOR CHECKING CORRECTNESS OF ORDER OF DATA INPUT IS 
(AlBlClr A291C1> A182C1»A2B2C1» AIB1C2» A2fllC2» ETC> I.E. LEFT FACTORS CHANGE FASTER. 

3355 3013 2177 26U3 212U 1729 
3785 3206 2006 2830 265U 1909 
2197 2192 1721 17U1 1613 1337 
2U05 203U 1760 1662 19U7 1505 
2330 2308 Has 2603 22i;8 130U 
3186 3865 1781 26UU 1657 1683 
1698 1906 1112 lUU3 l6lii 1117 
326U 25U3 1U98 1823 190U 1519 

2706 2678 1862 2U29 3363 2U9U 
3896 2682 2085 3158 3U07 3380 
2031 2010 1816 1810 1889 1803 
180U 2lii7 1666 2121 256U 2079 
2770 237U 198U 1836 3681 253U 
238U 2738 2506 2565 1881 2878 
1U95 2235 1189 1263 2910 1669 
27U5 2815 1853 1720 3U69 210U 

2836 2396 lU6l 2960 2239 2938 
3852 2033 1656 2891 2670 320U 
2091 1811 1U17 1829 1720 1996 
1796 2U30 1560 2153 2168 1972 
2768 2271 1623 2U87 15H* 2635 
2681 2700 2030 3125 1729 2671 
1813 1653 993 1523 160U 1899 
2792 1712 1612 2228 1980 2626 

2521 2802 2792 1U96 2582 2537 
2515 2595 2651 1968 2h30 258U 
23U2 2U72 1932 125U 1565 2029 
2395 2U83 2180 1322 19U3 2667 
2623 2517 2166 1556 2978 2830 
3829 3876 2629 1516 2260 2356 
1359 158U 21U9 1118 1828 1809 
2366 18U5 3211 1600 2U02 1897 
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Table C2. Experiment III—Analysis of Variance Summary Table 
for Averaged Reaction Time Data 

Source df Mean Square F ratio P 

Between Subjects 22 

Subjects 23 1,262,068 

Within Subjects 168 

Imagery 1 4,818,401 60.l8l .001 

Comparison 3 5,930,371 36.360 .001 

S x I 23 80,064 

S x C 69 163,100 

I x C 3 459,788 3.852 .025 

S x I x C 69 119,334 

Total 191 
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Table C5« Experiment -HI—Error Rate Data by Groups 

C O M P A R I S O N S  

Identical Paraphrase Different Different-
but-related 

GROUP 

Subjects H L H L H L H L Total 

I (5) 1 0 k 2 0 2 1 10 20 

II (7) k 1 9 8 1 2 7 19 51 

III (5) 1 0 3 k 1 1 7 10 27 

IV (7) 1 1 9 5 0 5 7 15 ^3 

TOTALS 

Comparisons 
9 kk 12 76 

Imagery (56 - high) (85 - low) 

C x I 7 2 25 19 2 10 22 5^ 1^1 
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Table Ct. Experiment III—Subjects within Groups Error Rate Data 

Errors No. 
Subjects 

Groups 
I II III IV 

2 1 1 

3 3 11 1 

4 if 3 1 

5 3 3 

6 5 12 1 1 

7 3 2 1 

8 2 2 

9 -

10 2 2 

11 -

12 1 1 

Mean Subject Errors - 5-9 

Median Subject Errors - 5*2 
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Table C5. Experiment Hi—Error Rate Summary Table 
of the Analysis of Variance 

Source df Mean Square F ratio P 

Between Groups 

- Presentation order 3 1.2 1.731 n.s. 

Subjects/PO 20 .7 

Within Subjects 168 

Imagery 1 3.5 8.750 .10 

Comparisons 3 19.^ ^9.7^3 .001 

PO x I 3 A 2.857 .10 

PO x C 9 .39 .796 n.s. 

I x C 3 6.2 13.5^3 .005 

S/PO x I 20 .I** 

S/PO x C 60 A9 

PO x I x C 9 A6 1.150 n.s. 

S/PO x I x C 60 AO 

Total 191 
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The reaction time data in Table CI is to be read as follows. 

Beginning in the left column and reading down and then from left to 

right each eight reaction times belong to one subject. For each subject 

the first two reaction times are from the paraphrase comparison, the 

second pair from identical comparison, the third from the different-but-

related comparison and the fourth from the different comparison. The 

first reaction time in each comparison category is the high imagery 

average score and the second is the low imagery average score. 

Unreported Results 

The above analysis of variance employing averaged correct re

action times eliminates the reaction time variation to individual sen

tence stimuli. The above analysis averaged subject reaction times 

across five sentences if there were no errors in that imagery by com

parison category. In a few categories errors were so numerous for some 

subjects that the averaged reaction time represented a single response. 

Because tne errors were so frequent, it was impossible to legitimately 

replace missed items using any of the standard statistical procedures 

for predicting the reaction time. The nature of the task also prevent

ed representing missed items since familiarization with meaningful 

material might have biased reaction times. In order to investigate if 

sentence variance would alter results of the reaction time analysis, an 

analysis of variance was conducted using the reaction time to sentence 

comparisons whether the response was correct or not. This measure is 

referred to as decision time since it represents the time taken to make 

a response regardless of its correctness. 
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Averaged Decision Time Analysis 

A duplication of the reaction time analysis using averaged data 

from all subjects was made with decision times. While this analysis did 

not include individual sentence variability, averaged scores were based 

on more sentences than use in the correct reaction time analysis. The 

analysis was complicated in that positive and negative comparisons were 

analyzed separately.to see if there was a significant difference in re

sponse mode. Typically this would be expected. In addition, sentences 

in the analytic and synthetic paraphrase sets were also separately ana

lyzed to see if there would be systematic differences in responding to 

the two sentence groups. The data for this analysis is given in 

Table C6. Each of the 2^ subjects is represented by 16 scores in con

secutive order, so the first subject has scores 1-16, and the second 

17-32, etco For each subject the first eight scores are in the positive 

response mode and the last eight in the negative mode. Comparisons were 

nested within response modes having the paraphrase and identical compari

sons in the positive response mode and the different-but-related and 

different comparison in the negative mode. Each comparison is repre

sented by four decision times in the order shown in the last sentence. 

The first two decision times in each comparison were high imagery sen

tences and the second two, low imagery ones. The first and third scores 

in each comparison represent analytic sentences and the other two, syn

thetic sentences. 

Statistical analysis revealed that yes responses averaged 100 

msec, longer than no responses, however, this difference was not sig

nificant.. Responses to analytic sentences averaged kO msec• faster 
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than response to synthetic sentences, but this difference was not sig

nificant either. Again the variables of imagery, comparisons and their 

interaction were significant as shown in Table C7: F(l,23) = 28.307; 

p^.OOl; F(2,*f6) = ^1.25^; pc.001; and F(2,*f6) = 3-757; p<-05, re

spectively. 

Sentence Decision Time Analysis 

For this analysis of variance sentences served as the random 

variable. In each of the four comparisons there were five observations 

(subjects) for each sentence; the data from the two subjects with the 

most errors in the seven subject groups were eliminated. This left 800 

scores which are shown in Table C8. In Table C8 the first 20 decision 

times represent sentence one in Appendix D, and the next 20 scores 

represent sentence two, etc. The first five sentence decision times 

are from the paraphrase comparison, the second five from the identical 

comparison, the third five from the different-but-related comparison 

and the last five from the different comparison. Sentences 1-20 are 

low imagery sentences and sentences 21-^0 are high imagery ones. The 

five observations in each comparison category are from different subjects 

for each of the sentences. 

The summary table for the analysis of variance is shown in 

Table C9. Sentence variance did not diminish the significance of imagery 

F'(l,17) = 20.053; p<-001 comparisons F*(3,19) = 15*036; p <.001 or 

their interaction F*(3,29) = 3-013; p<.05 even using conservative 

quasi-F ratios. In this design subject variability was partially con

tained in the between sentence variability which would also cause the 



Table C7. Experiment III—Decision Time Averaged Data for All 
Subjects Analysis of Variance Summary Table 

107 

Source df Mean Square F ratio P 

Between Subjects 22 
Subjects 23 33,557,720 

Within Subjects 360 

Paraphrase 1 154,521 • 668 n.s. 

Imagery 1 11,768,051 28.307 .001 

Response 1 1,075,796 2.682 S« 

Comparison/R 2 21,700,736 41.254 .001 

S x P 23 231,712 

S x I 23 415,726 

S x R 23 401,107 

P x I 1 10,365 .420 n.s. 

P x R 1 188,638 .665 n.s. 

I x R 1 2,291,390 9.752 .005 

S x P x I 23 2^5,698 

S x P x R 23 287,079 

S x I x R 23 234,959 

P x I x R 1 236,066 1.481 n.s. 

S x C/R 46 525,591 

I x C/R 2 964,583 3-757 .05 

P x C/R 2 156,611 .948 n.s. 

S x P x I x R 23 159,385 

S x P x C/R 46 259,819 

P x I x C/R 2 229,75^ .746 ZXo s« 

S x I x C/R 46 256,711 

S x P x I x C/R 46 307,698 

Total 



Table C8. Experiment Ill—Decision Time Data for All 
Sentences Using 20 Subjects 

»iW OaTA» ftEAO SOWN COLUMNS. »4*A0IG» F0* CHECKING CO««€CTn€JJ OF QRDE» OF OATA INPUT IS MlSiei* A291C1* A162C1»A282C1» AIUC2* 4*®iC2» STCI I.E. LEFT FACTORS CHANGE PASTE*. 
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Table C9. Experiment III—Sentence Decision Time 
Analysis of Variance Summary Table 

Source df Mean Square F ratio P 

Between Subjects 21 

Imagery 1 19,30^,102 

(F») 

23.980 

20.053 

.001 

.001 

Sentences/I 38 80^,932 

(F») 1.991 .005 

Within Subjects 7*K) 

Comparisons 3 28,168,268 

(F») 

2^.927 

15.036 

.001 

.001 

Gbservation/O 16 1,130,308 

(F») 2.797 .001 

I x C 3 7,356,^99 

(F») 

18.210 

3.013 

.001 

.05 

I x 0/C 16 177,885 .MtO ho 

C x S/I Ilk 769,878 1.906 .001 

SO/CI 608 kOk,l87 

Total 799 
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F ratios to be on the conservative side. This analysis confirmed the 

findings of the average reaction time analysis in Chapter 6. Together 

the two analyses show that the findings are reliable when tested against 

both subject and sentence variability. 

Presentation Order Results 

The four subject groups each saw a different presentation order 

of sentences. For one group sentence one was seen in the paraphrase 

comparison, for the second group in the identical comparison, for the 

third group in the different-but-related comparison and for the fourth 

group in the different comparison. Thus each presentation order had a 

different group of sentences in each of the four comparisons. The 

question arises as to what effect presentation order had on the sig

nificant variables. 

In the above Decision Time Analysis the data from four subjects 

was eliminated in order to have an equal number of observations in each 

comparison for all sentences. The selection of subjects dropped was not 

arbitrary but was intended to remove as many incorrect responses as pos

sible. The question remains as to whether the results would have been 

significantly different if four other subjects had been dropped. To 

partially answer this question the presentation order analysis was com

puted three times. Each time four different subjects were dropped. 

While the three analyses represent only a small number of the possible 

subject combinations that could be run, it does provide a sample of the 

range of variation that the data change can produce. An unequal n 

analysis was not performed because the computer program is not able to 



Ill 

perform such an analysis and to use a manual calculator for the task 

consumes an inordinate amount of time as was discovered in Experiment II. 

Table CIO reveals the F ratio variation for the three analyses 

and the degree of probability. The change in subject data produced 

changes in the size of the F ratio, but in general there was little or 

no change in significance. For example, in the main effect of compari

sons the highest F ratio was almost twice the size of the lowest F ratio, 

but probability remained above .001. The greatest degree of variation 

in degree of probability occurred in the Imagery by Comparison by 

Presentation Order interaction. Even here the interaction remained sig

nificant (above the .05 level) in all three analyses. 

The interaction of imagery and comparisons was not significant 

but the triple interaction of imagery, comparisons and presentation or

ders was significant as mentioned above. Within presentation orders 

there was no attempt to balance such sentence variables as length, 

therefore the difference between high and low imagery sentences within 

one of the comparisons was not as great or reversed to the general trend. 

The presentation order effect was a combination of minimal stimulus 

matching between presentation orders and variations in group reaction 

times. Thus the presentation order analysis of decision times supports 

the findings of both the reaction time and other decision time analyses. 
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Table CIO. Experiment III—A Comparison of F Ratios from Three 
Analyses of Variance Using Decision Time Data with 
Five Subjects in Each Presentation Order Group 

(Variables which were not significant in any of the 
analyses are not shown in the table.) 

i. 

Source df 
A 

Analyses 
B C 

Comparison 3/9 21.396 * 33.811 * 18.528 * 

Imagery 1/3 18.171 + 23.811 + 15.818 @ 

Presentation 
Order x I 

3/16 3.789 + ^.202 + 5.085 + 

PO x C x I 9A8 2.569 # 2.180 @ 2.3^7 @ 

PO 3/16 2.318 2.976 - 2.276 

I x C 3/16 1.3^7 2.677 - 1.890 

- p .10 
<§ p .05 
+ p .025 
# p .01 
* p .001 
N.S. if no symbol 



APPENDIX D 

EXPERIMENTAL SENTENCES 

Sentences used in the three experiments are shown in this 

appendix. Each sentence set includes seven items: the original sen

tence, its target word (T), its question (Q), a paraphrase of the 

original sentence (P), the paraphrase target word (TP), the paraphrase 

question (QP), and a different-but-related sentence (C). The low im

agery sentence sets are numbered 1-20 and the high imagery sets are 

numbered 21—^0. Synthetic paraphrases are numbered 1-10 and 21-30. 

Analytic paraphrases are numbered 11-20 and 31-^0. The word targets 

were used in Experiment I and the questions in Experiment II. The com

parison task of Experiment III employed the original sentence, its 

paraphrase, its different-but-related sentence and the different sen

tences which are listed at the end of the appendix.. 
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In language interpretation the role of the context remains 

paramount® 

T. role 

Q. Does the context remain paramount? 

P. Word meanings depend on the surrounding discourse to a great 

extent. 

IP. word 

QP. To a large extent does meaning depend on the surrounding 

discourse? 

C. In language translation the role of context remains paramount. 

Measuring creativity turned out to be a hard task. 

T. task 

Q. Is it hard to measure creativity? 

P. Attempts to quantify originality proved to be difficult. 

TP. attempts 

QP. Did quantifying prove to be difficult? 

C. Measuring creativity turned out to be an easy task. 

Proficiency requires mastery of the fundamentals to begin with. 

T. mastery 

Q. Is the mastery of fundamentals required? 

P. To achieve expertise takes a grasp of basics as a start. 

TP. grasp 

QP. Does expertise start with basics? 

C. Proficiency ignores mastery of fundamentals to begin with. 
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km The brilliant ideas lacked the needed formal integration. 

T. ideas 

Q. Did the ideas lack something? 

P. These excellent notions suffered from a lack of coherence. 

TP. lack 

QP. Was there a lack of coherence? 

C. The brilliant ideas showed the needed formal integration. 

She has come to terms with what bothers all of us. 

T. all 

Q. Did she come to terms? 

P. She had struck a compromise with the perplexities besetting 

mankind. 

TP. mankind 

QP. Was a compromise struck? N 

C. She has come to terms with what bothers a few of us. 

6. The discussion missed the essence of the matter. 

T. discussion 

Q. Was the essence of the matter missed? 

P. All the talk did not bring out the gist of the subject. 

TP. gist 

QP. Did the talk not bring out the gist? 

C. All the talk did not hide the gist of the subject. 

7» The prejudices of the devoted disposed him to lose the faith. 

T. faith 

Q. Did he lose the faith? 

P. The closed views of the faithful turned him into an unbeliever. 



TP. views 

QPo Did the closed views turn him into an unbeliever? 

C. The open views of the faithful turned him into an unbeliever. 

8. The import embargo irreparably damaged trade between nations. 

T. trade 

Q. Did the embargo hurt trade? 

P. The ban on foreign goods entirely demolished international 

commerce. 

TP. ban 

QP. Was international commerce entirely demolished? 

C. The ban on foreign goods entirely repaired international 

commerce. 

9. The texture of family life is torn apart by unchecked suspicion. 

T. life 

Q. Was the texture torn apart by suspicion? 

P. The mutual interdependence of home relations is rent by mistrust. 

TP. home 

QP. Was the interdependence rent by mistrust? 

C. The mutual interdependence of office relations is rent by 

mistrust. 

10. A broad but basic education instills long lasting ideals in students. 

T. ideals 

Q. Are long lasting ideals instilled in students? 

P. Training with both breadth and depth gives pupils enduring 

principles. 



TP. training 

QP. Does the training give enduring principles? 

C. Training with both breadth and depth gives pupils enduring 

memories. 

11. This position underscores certain features of the problem. 

T. problem 

Q. Does the position underscore certain features? 

P. This stance underlines some aspects of the question. 

TP. stance 

QP. Are some aspects underlined? 

C. This position underscores certain solutions to the problem. 

12. Colleagues poised for promotion scorn departure from instructions. 

T. promotion 

Q. Do they scorn departure from instructions? 

P. Associates awaiting advancement distain deviation from 

directions. 

TP. directions 

QP. Are some associates disdainful of deviation from directions? 

C. Colleagues poised for promotion scorn obedience to instructions. 

13. The trend towards fewer careers in agriculture has abated. 

T. trend 

Q. Has the trend abated? 

P. The tendency towards less jobs in farming has subsided. 

TP. jobs 

QP. Has the tendency subsided? 

C. The tendency towards more jobs in farming has subsided. 
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l*f. On this delicate question his assertions indicated good judgment. 

T. question 

Q. Was good judgment indicated? 

P. Regarding this ticklish situation his remarks showed much 

discretion. 

TP. discretion 

QP. Did his remarks show discretion? 

C. On this delicate question his assertions indicated poor judgment. 

15. Progress rests on consolidation of the two establishments. 

T. progress 

Q. Does progress rest on consolidation? 

P. Development depends on unification of the two institutions. 

TP. development 

QP. Does development depend on unification? 

C. Protection rests on the consolidation of the two establishments. 

16. Restoration of the allocations rekindled hopes for a fresh project. 

T. hopes 

Q. Are hopes for the project rekindled? 

P. Reinstatement of the apportionment revived expectancies for a 

new plan. 

TP. plan' 

QP. Did the reinstatement revive expectancies? 

C. Reinstatement of the apportionment revived expectancies for 

more pay. 

17. His extensive experience in the domain gained him the appointment. 

T. domain 



Q. Was his experience in the domain extensive? 

P. His considerable background in the field procured him the 

position. 

TP. field 

QP. Did his background help him to procure a position? 

C. His limited experience in the domain gained him the appointment. 

18. The slovenly prose discommended the virtue of the piece. 

T. virtue 

Q. Was the virtue of the piece discommended? 

P. The careless narrative detracted from the merit of his work. 

TP. merit 

QP. Did carelessness detract from the work? 

C. The careless painting detracted from the merit of his work. 

19. The ties of family carry responsibility born of custom,, 

T. family 

Q. Do ties of family carry responsibility? 

P. The bonds of blood bring duties derived from tradition. 

TP. blood * 

QP. Do bonds bring duties derived from tradition? 

C. The bonds of blood bring enjoyments derived from tradition. 

20. The finest circumstance has its faults now and then. 

To faults 

Q. Are there faults in the finest circumstances? 

P. The best situation has its shortcomings sooner or later. 

TP. situation 
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QP. Are there shortcomings sooner or later? 

Co The best nation has its shortcomings sooner or later. 

21. The palace decked with banners awaited the marriage ceremony. 

T. banners 

Q. Were there banners displayed for the ceremony? 

P. The gayly decorated king's residence stood ready for wedding. 

TP. wedding 

QP. Was the king's residence ready for the wedding? 

C. The cathedral decked with banners awaited the marriage ceremony. 

22. At the close of her speech she returned to her chair. 

T. chair 

Q. Did she return to her chair? 

P. Completing her talk she made her way back to her seat. 

TP. talk 

QP. Did she go back to her seat? 

C. Completing her talk she made her way back to her home. 

23» Thousands waited in line to view the masterpiece. 

T. line 

Q. Did they wait to see the masterpiece? 

P. Multitudes lined up to glimpse the great work of art. 

TP. work 

QP. Did multitudes glimpse the great work? 

C. Thousands waited in line to view the movie. 

2km The photographs of children set afire with napalm stunned the world. 

T. children 

Q. Did the photographs stun the world? 
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P. The pictures of jelly gasoline burning up children shocked 

mankind. 

TP. children 

QP. Was mankind shocked at the burning? 

Co The photographs of villages set afire with napalm stunned the 

world. 

25. The elephant with his long nose picked up the felled tree trunk. 

T. nose 

Q. Was the trunk picked up with his nose? 

P. With his trunk the great beast lifted the log off the ground. 

TP. log 

QP. Was the log lifted off the ground? 

C. The elephant with his long nose put down the felled tree trunk. 

26. The doctor put in stitches preventing continued loss of blood. 

T. doctor 

Q. Did the doctor prevent the continued loss of blood? 

P. The physician closed the wound to stop further bleeding. 

TP. wound 

QP. Was the wound closed? 

C. The nurse closed the wound to stop further bleeding. 

27- Without batting an eye he pulled the trigger. 

T. trigger 

Q. Did he pull the trigger? 

P. He had no hesitation in firing the gun. 

TP. he 



QP. Did he have no hesitation in firing? 

C. He had no interest in firing the gun. 

28. After the shelling the patrol consisted of corpses. 

T. patrol 

Q. Did the patrol consist of corpses? 

P. The artillery fire turned the unit into dead men. 

TP. fire 

QP. Did the fire turn the unit into dead men? 

C. The forest fire turned the unit into dead men. 

29. Great herds of cattle denuded the grasslands leaving them barren. 

T. herds 

Q. Did cattle leave the grassland barren? 

P. The foraging of livestock in huge numbers stripped the prairie 

bare. 

TP. numbers 

QP. Was the prairie stripped bare? 

Co The foraging of livestock in huge numbers stripped the orchards 

bare. 

30. Watching scary mystery movies made her flesh crawl. 

T. flesh 

Q. Did certain movies make her flesh crawl? 

P. Going to frightening suspense films left her terrified. 

TP. films 

QP. Did suspense films territy her? 

C. Watching scary mystery movies made her dog crawl. 



31. On the smooth unruffled seas the yacht stood motionless. 

T. seas 

Qo Is the yacht motionless? 

P. In the glassy unrippled waters the sail boat remained immobile. 

TP. boat 

QP. Is the boat in unrippled waters? 

C. In the glassy unrippled waters the raft remained immobile. 

32. The propeller on the airliner broke off in flight. 

T. airliner 

Q. Did the propeller break? 

P. The prop on the airplane cracked off on the trip. 

TP. trip 

QP. Did the airplane have trouble on the trip? 

C. The tail on the airliner broke off in flight. 

33. By wearing a mask the holdup man eluded detection. 

T. man 

Qo Did the holdup man wear a mask? 

P. By covering his face the stickup artist avoided being 

recognized.' 

TP. face 

QP. Did he avoid being recognized? 

C. By wearing a hat the holdup man eluded detection. 

J>k. Highways into the metropolis cut through slum areas. 

T. slum 

Q. Are there highways into the metropolis? 

P. Roadways into the city slice through deteriorated sections. 



TP. roadways 

QP. Do roadways slice through deteriorated sections? 

C. Highways into the metropolis cut through industrial areas. 

35. The missile shot skyward on its moon mission. 

T. moon 

Q. Was the missile shot to a moon mission? 

P. The rocket sped upward towards its lunar goal. 

TP. rocket 

QP. Did the rocket speed towards its goal? 

C. The rocket sped upward towards its Venus goal. 

36. They walked down to the small cabin by the lake. 

T. lake 

Q. Did they walk to the cabin? 

P. They hiked down to the little cottage near the water. 

TP. they 

QP. Was the cottage near the water? 

C. They hiked down to the little boat near the water. 

37. The dolphins leaped high above the water to grab their food. 

T. dolphins 

Q. Did the dolphins leap to get their food? 

P. The porpoises jumped high over the pool to snatch their meal. 

TP. pool 

QP. Did they jump high over the pool? 

C. The porpoises jumped high over the pool to snatch their balls. 
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38. A hush settled over the forest as nightfall approached. 

T. hush 

Q. Did nightfall approach? 

P. Quiet spread across the woodlands as evening advanced. 

TP. evening 

QjP. Did quiet spread across the woodlands? 

C. A hush settled over the town as nightfall approached. 

39* An ancient woman cried softly inside the cathedral. 

T. woman 

Q. Was the woman crying? 

P. An aged lady wept quietly within the church. 

TP. lady 

QP. Was there an aged lady within the church? 

C. An ancient priest cried softly inside the cathedral. 

*f0. Traveling up the sharp grade the engine sputtered and then died. 

T. grade 

Q. Did the engine sputter and then die? 

P. Going up the steep hill the motor fluttered and then stopped. 

TP. hill 

QP. Did the motor quit on the steep hill? 

C. Going down the steep hill the motor fluttered and then stopped. 

i i 



low Imagery Different Sentences 

His unassisted achievements earned commendation for their 

cleverness. 

The bold tactics met firm opposition from them. 

The reiteration of slanders sometimes blackens good names. 

The drawn out hardship sunk them into hopeless despair. 

He disavowed blame despite his entanglement in the incident. 

An up-to-date sports curriculum includes a whole spectrum of 

games. 

Differences in sleeping practices spring from weather 

variations. 

High Imagery Different Sentences 

The hurler loaded up the pitch with perspiration before delivery. 

Promising her sweets for her tale loosened her tongueo 

Out in no where they made him pay through the nose. 

The massive residential dwellings sit on the edge of the town. 

On cold afternoons pigskin rooters tote bottles of spirits. 

He supplied visitors with abundant meals and large rooms. 

It would take lots of brains to find something in his study.. 
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