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Abstract 

One of the fundamental findings in the area of 

learning and memory is that the repetition of an item 

increases the probability of its recall. A number of 

theories have been advanced to explain the effects of 

repetition on memory. One such theory, encoding 

variability theory, postulates that changes in the 

context in which stimuli are presented or changes in 

the semantic representation of stimuli are directly 

related to recall. Experiments which have attempted 

to manipulate semantic variability (e.g., Madigan, 

1969) have used no standardized method for selecting 

stimulus material. Furthermore, those items selected 

have not been chosen with respect to their degree of 

semantic variability but some other scale such as 

frequency of occurrence. In Experiment 1, ratings of 

semantic meaning change for 147 nouns, biased by 

different adjectives, were collected from 39 sub- 



jects. Two homogenous groups of items then were 

selected from these normative data and used as list 

items in a repetition experiment in which subjects 

were asked to free recall the nouns (Experiment 2). 

The results from the rating and free recall tasks in¬ 

dicated subjects do make distinctions along a scale of 

semantic meaning change and the degree of semantic 

meaning change is predictive of free recall. A model 

based on encoding variability is presented which 

assumes that the semantic encoding of an item forms 

the basis of the memory trace. This model is compared 

to a similar model of encoding variability recently 

formulated by Glenberg. 
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INTRODUCTION 

One of the most widely accepted findings in the 

study of learning and memory is that the repetition of 

an event increases the probability of its recall. In 

early learning research, repetitions were of interest 

only as a measure of how long it took to memorize a 

list of items. Treated in this way, repetitions are 

of little theoretical interest. The question arises, 

what is it about a repetition that increases recall? 

A major step in understanding the role of repetitions 

in memory was taken when the unit of analysis changed 

from whole lists to individual items within those 

lists. This change allowed the experimenter to ask 

more specific questions about the nature and process 

of memory. Approached in this way, repetitions per se 

are not the focus of research interest as are other 

concomitant variables such as the amount of time be¬ 

tween repetitions, the way this time is spent, the 

demand characteristics of the task, and the properties 

of the stimulus itself. Understanding how these 

variables influence recall would solve a large part of 

the puzzle of memory. 
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Most theoretical accounts of repetition effects 

can be separated into two groups that differ as to 

their view of the nature of the memory trace. The 

difference in these two groups may be stated in terms 

of their assigning remembering to availability versus 

accessibility of the memory trace. Two versions of 

the former group, trace strength theories (e.g., 

Morton, 1968) and consolidation theories (e.g., 

Landauer, 1967), assume that the memory trace varies 

in some manner over time. In the case of the trace 

strength theories, the time based variance takes the 

form of a loss in strength (Wickelgren, 1970) or 

degradation of the trace (Norman & Rumelhart, 1970). 

If a loss of strength is presumed, it is usually pic¬ 

tured as being a monotonically decreasing function 

reaching an asymptotic low point. If degradation of 

the trace is hypothesized, different aspects or 

attributes of the trace are assumed to drop out in 

some random manner over time. Both versions of the 

theory assume no other process need take place for 

remembering to be inhibited. Thus, from the stand¬ 

point of trace strength theories, the reason two pre¬ 

sentations of an item produce better recall than one 

is that repetition increases the probability that the 
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memory trace will remain in memory (short- or 

long-term) by (1) re-initializing the time parameter 

of the "loss" function, (2) increasing the total 

amount of strength (in an additive way), and 

(3) filling in some of the gaps in the degraded trace 

(assuming random loss of attributes of the trace). 

According to consolidation theory (e.g., Wickel- 

gren, 1970), the strength of a long-term memory trace 

is directly related to the time it takes a short-term 

trace to decay. In this scheme, premature blocking or 

interference with the short-term trace leaves the 

long-term trace in a weakened (not fully consolidated) 

state. Time itself is not the cause of forgetting but 

increased time allows interference that occurs over 

time. Here, the effect of repeating an item is to 

re-start the short-term trace, which through the con¬ 

solidation process leads to further strengthening of 

the long-term trace. 

Note that according to the two theories stated 

above, as long as the strength is not too weak nor the 

trace too degraded, the person is assumed to have 

direct access to the trace. These stand in opposition 

to theories which do not question the fundamental 

integrity of the memory trace, but rather assume 
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remembering is due to the ability to access the memory 

trace (e.g., Tulving and Pearlstone, 1966). According 

to this latter view, access is gained by using cues 

that are seen as specifying a unique trace. Many 

types of cues have been investigated, including: 

modality (Hintzman, Block & Summers, 1973), categori¬ 

cal features of the list (Mandler, 1967; Rundus, 

1971) , and contextual and semantic properties of list 

items (Bower, 1972; Thios, 1972; Gartman & Johnson, 

1972; Wright, 1979). Under the assumption of trace 

integrity, repeating an item has two possible 

effects: (1) supplying the person with additional 

cues with which to access the original trace, or 

(2) providing new cues to access a second memory trace 

of the same item. Thus, evidence from repetition 

effect studies plays a central role in defining the 

nature of the memory trace. The purpose of this paper 

is to investigate the importance of differential se¬ 

mantic encoding on memory. However, before presenting 

the experiments, evidence from previous experiments 

will be reviewed. The paradigm most frequently used 

to study the effects of repetition (the lag or spacing 

paradigm) will be described now. 
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The Lag Paradigm 

In this repetition procedure, a list item is re¬ 

peated immediately (lag 0) or after a number of inter¬ 

vening items. The number of intervening items speci¬ 

fies the lag value. Usually, the procedure involves 

having multiple lag values represented in a single 

list. This list is presented to subjects who are 

asked to remember as many items from the list as they 

can, i.e., the memory test usually consists of free or 

cued-recall of the list items. The general finding is 

a monotonically increasing function of lag when the 

number of items correctly remembered per lag value is 

the dependent measure. 

The observed effect of lag violates the total 

time hypothesis (Cooper & Pantle, 1967) which states 

that as long as the total time spent studying items is 

held constant, recall is not dependent upon the manner 

in which the total time is divided. Cooper and Pantle 

reviewed evidence which suggests this hypothesis holds 

when the task requirements do not become too complex 

and when effective study time is positively related to 

nominal study time. Thus, ten one-second study trials 

should be as effective as two five-second study 

trials. This principle simply does not hold for lag 
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manipulation experiments, where all the study times 

are equal and only their placement is different. 

In some instances the lag effect has not been a 

monotonically increasing function. Using a paired- 

associates task, Glenberg (1976) found the lag func¬ 

tion to be dépendent upon the retention interval 

between the second presentation (P2) and the recall 

test. At short P2-test intervals, the lag function 

was an inverted U shape, while at longer P2-test in¬ 

tervals the function took on its normal monotonically 

increasing appearance. Brelsford, Shiffrin, and 

Atkinson (1968) found a similar decrease in recall 

when P2-test recall was short in a continuous paired- 

associates task. 

Experiments conducted in the lag paradigm have 

used paired-associates (e.g., Ciccone & Brelsford, 

1976; Greeno, 1964), adjective-noun or noun-noun pairs 

(e.g., Madigan, 1969; Gartman & Johnson, 1972), and 

target words embedded in sentences (e.g., Thios, 1972) 

in place of single word free-recall lists. A variety 

of dependent measures have also been used. Peterson, 

Wampler, Kirkpatrick, and Saltzman (1963) and Glenberg 

(1976) used cued-recall tests. Winograd and Raines 

(1972) tested recognition memory and Hintzman (1969) 
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asked subjects for judgments of frequency. In all 

cases the independent variable was the lag, or 

spacing, between repetition of list items. Further¬ 

more, the general finding of an increase in the lag 

function has been very consistent across these varied 

experiments. Thus, the robustness of the lag effect 

provides a solid paradigm in which experimenters can 

advance our understanding. The variables that have 

been used to manipulate the effect must surely reflect 

important parameters in the process that is human 

learning and memory. 

THEORIES OF MEMORY WITH RESPECT TO THE LAG EFFECT 

Several theoretical explanations have been ad¬ 

vanced to account for the lag effect. Those reviewed 

in this paper include theories based upon the strength 

of the memory trace, possible processing considera¬ 

tions (e.g., control strategies or deficiencies), and 

encoding variability. For a further discussion of 

various theoretical positions, see Hintzman (1974) or 

Crowder (1976). 

Strength Theory 

Strength theory is mentioned here because it 

played such a major role in earlier theories of memory 
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(e.g., Wickelgren & Norman, 1966). It actually pre¬ 

dicts that items that are repeated at short lags 

should be recalled more often than items repeated at 

larger lags. Since this is just opposite from all the 

observed lag effect data, strength theory need not be 

given any further consideration. 

Processing Theories 

Processing theories place emphasis upon the man¬ 

ner in which the stimulus may become encoded or may 

fail to become encoded. Generally, two categories of 

processing theories can be distinguished: those which 

conceive the process to be under a person's control 

(processing strategies) or theories which are more 

mechanistic in nature. Habituation and consolidation 

are two examples of the latter category, the evidence 

for which now will be reviewed. 

Habituation. Habituation theory supposes that 

the spacing effect is due to an inability to encode 

the second presentation of an item that has just 

occurred. It is hypothesized that upon encoding of 

the first presentation some "internal representative 

of the stimulus" (Hintzman, 1974, p. 90) responsible 

for the encoding habituates. Thus, failure to encode 



9 

an immediate second presentation is due to the need 

for an increased activation level of the internal 

representation of the stimulus. Hintzman (1974) sug¬ 

gests that the refractory period for this representa¬ 

tion is about 15 seconds in duration. This implies 

that all second presentations after the refractory 

period receive equal encoding and, hence, should be 

equally well remembered. As formulated, this theory 

only describes the initial increase of the spacing 

effect. 

The habituation theory, however, does give a good 

theoretical account for the results of Bjork and Allen 

(1970), who found that a difficult distractor task 

between PI and P2 leads to a higher rate of recall 

than an easy distractor task in the P1-P2 interval. 

This occurred, according to a habituation theory, 

because rehearsal of PI could have been maintained 

during the easy distractor task but not the difficult 

task. The rehearsal thus would have had the effect of 

keeping the internal representation of PI in a state 

of habituation. Therefore, at the time of the second 

presentation, the encoding of items in the difficult 

task condition would be facilitated by a fully re¬ 

covered internal representation. The conclusion from 
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a habituation standpoint is that the facilitory effect 

of rehearsing PI just before the items' second presen¬ 

tation is outweighed by the inhibitory effects that it 

has on encoding P2. 

Hintzman, Summers and Block (1975, experiment 1) 

hypothesized that the longer an item is presented, the 

more habituated the internal representation becomes; 

hence, the longer the refractory period. They pre¬ 

sented pictures for either 2.2, 5.2, or 8.2 seconds. 

P2 was presented .8, 3.8, 6.8, 9.8, 12.8, or 18.8 

seconds from the offset of PI. Using judged frequency 

of presentation as the dependent variable, they found 

no differences among the spacing functions for the 

various presentation lengths. 

The crucial assumption Hintzman et al. made is 

that the degree of habituation is continuous rather 

than discrete. An all-or-none conception of habitua¬ 

tion would predict the above results. Thus, the habi¬ 

tuation theory of the spacing effect was not discon- 

firmed by Hintzman et al., however, the empirical 

evidence for its support is, as yet, only tentative. 

Consolidation. An explanation of the lag effect 

based on consolidation theory of memory is as 

follows: at short lags, the repetition of an item 
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interferes with the consolidation of the previous pre¬ 

sentation of the item. At longer lags, the repetition 

does not interfere as much, the consolidation process 

having become more complete. Accordingly, the second 

presentation gets fully processed while the first is 

interrupted depending upon the time between the first 

and second presentation. The locus of the effect, 

then, can be said to be in the incomplete processing 

of the first presentation. 

The question of the locus of effect has been in¬ 

vestigated by Hintzman, Block and Summers (1973, 

experiment 2) in an experiment in which an item was 

presented in one modality on its first occurrence and 

a different modality on its second occurrence. At the 

end of the list, subjects were asked how many times an 

item was presented and in what modality. Analysis of 

mean response frequency by modality showed that the 

first modality in which an item was presented was re¬ 

membered better than the second modality. However, 

there was a greater effect of spacing for the second 

modality. Thus, Hintzman et al. (1973) concluded that 

the locus of effect is not at the first presentation 

but the second. 

This would seem to contradict the premises of 

consolidation theory. However, these data can be 
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accommodated by assuming the second presentation does 

not interfere with consolidation of the first but vice 

versa. In this view, the second presentation's con¬ 

solidation would not begin until the first's is 

finished. Thus, the consolidation theory would still 

be able to account for the lag effect. However, a 

further prediction derived from this form of consoli¬ 

dation theory is not supported. Short-term memory has 

been frequently conceptualized as a limited capacity 

store in which items can be transferred to long-term 

memory (cf., Atkinson & Shiffrin, 1968). Assuming 

that difficult tasks take up more limited capacity 

than easy tasks, it follows that as a distractor task 

between two presentations of an item becomes more dif¬ 

ficult, the memory trace becomes less consolidated 

and hence more difficult to recall. However, Bjork 

and Allen (1970) obtained exactly the opposite 

result. 

In a modification of consolidation theory, 

Wickelgren and Berian (1971) hypothesized that study 

trials establish both a short-term trace and a long¬ 

term potential trace. To test this, data was col¬ 

lected from a recognition task and used to estimate 

parameters for single-trace and dual-trace retention 
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functions. The estimated parameters were matched most 

closely by the dual-trace model. These traces are 

seen as independent, and the consolidation process is 

viewed as turning the potential trace into a retriev¬ 

able trace. Thus, the consolidation of the potential 

trace would be unaffected by a distractor task. 

Consolidation theory as it is formulated now is 

difficult to test. Until a specific test of the 

theory can be conducted, it is not a viable theory. 

Processing strategies. Theories stated in terms 

of processing strategies recognize the role played by 

the subject in allocating the resources he (or she) 

has available to maximize his (or her) performance. 

Experimental manipulation has usually consisted of 

influencing the amount of rehearsal or the attention 

paid to a stimulus item. Both types of manipulation 

have been the foundation for separate models of memory 

which now will be discussed. 

Rehearsal. The form of rehearsal theory outlined 

in the Atkinson & Shiffrin (1968) model states that 

the more an item is rehearsed the more likely it is to 

be recalled. Thus, the spacing effect can be ex¬ 

plained by differential rehearsal of P2 at different 

levels of lag. The Atkinson-Shiffrin model can pre- 
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diet the differential rehearsal by assuming that a 

subject rehearses an item to maintain it in short-term 

memory. The model further assumes that if PI is in 

short-term memory, P2 cannot enter also and that the 

likelihood of Pi's residence in short-term memory de¬ 

creases over time. 

A series of studies by Rundus (1971) provides 

support for the general notion of rehearsal theory. 

By examining overt rehearsal protocols, he found that 

short-lag items had fewer overall rehearsals than 

long-lag items. This lack of rehearsals for short-lag 

items happened both during the P1-P2 interval, which 

merely reflects the length of time available to re¬ 

hearse, and after P2, which is taken as evidence for 

the idea of differential processing of short- and 

long-lag items. 

A rehearsal explanation is similar to a consoli¬ 

dation explanation in the sense that P2 can have no 

effect until the processing of PI is completed. In 

consolidation theory this process is seen as 

involuntary, whereas in rehearsal theory the process 

is usually assumed to be under the person's control; 

he can stop rehearsing any particular item at any 

time. The rehearsal theory is also more flexible in 
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that it hypothesizes that many things can influence 

rehearsals. Thus, instructions, incentives and other 

experimenter-induced manipulations, which fall under 

the general category of task demands, will affect 

recall (e.g., Wright & Brelsford, 1978). 

Attention. Theories which emphasize attention 

propose that it is not PI which interferes with the 

processing of P2 but that subjects simply do not pay 

attention to P2 at short lags. Attention is defined 

here as "the subject's voluntary direction of pro¬ 

cessing effort to a stimulus event" (Hintzman, 1974, 

p. 86) . Data supporting this view can be found in a 

study by Shaughnessy, Zimmerman & Underwood (1972). 

These investigators allowed subjects to control the 

presentation rate of list items and found that sub¬ 

jects studied long-lag items for a greater amount of 

time than short-lag items. Thus, the claim that more 

attention is given to P2 at long lag values than short 

is supported. 

Wright (1979, experiment 2) hypothesized that if 

attention was manipulated so that all P2 items re¬ 

ceived the same amount of attention, the spacing 

effect should be eliminated. Incentives in the form 

of high and low payoff items were used to maintain 
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attention. Lag and payoff values were both manipu¬ 

lated as within subjects variables, high payoff items 

being identified by a star next to the item on P2 

only. For low payoff items, the typical spacing 

effect was observed, while for the high payoff items 

there was an attenuation of the spacing effect. 

Indeed, none of the high payoff group means differed 

statistically. Detailed analysis showed that neither 

output order nor the output order by spacing interac¬ 

tion were responsible for the attenuation of the 

spacing effect in the high payoff condition. Wright's 

results provide strong support for a theory based upon 

attention as manipulated through incentive. 

A question arises as to how attention was 

evaluated in the Wright study. As part of the in¬ 

structions, subjects were told to rehearse overtly. 

Wright assumed that attention to an item is necessary 

for its rehearsal. Analysis of the rehearsal proto¬ 

cols showed high payoff items to be rehearsed more 

than the low payoff items, across all values of lag. 

These data are similar to those of Rundus, discussed 

previously. Studies, such as the one by Wright, sug¬ 

gest that attention and rehearsal may be viewed best 

as strategies subjects use to insure the encoding of 
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stimulus material. The role of attention might be to 

select or mark certain items (e.g., high payoff items) 

for extra processing through rehearsal. This, com¬ 

bined with the rehearsal model of Atkinson & Shiffrin, 

gives a reasonable account of the Wright data in terms 

of processing strategies used by subjects. 

Summary of processing theories. The theories 

discussed thus far all attempt to explain the spacing 

effect by accounting for lower recall at short values 

of lag through deficient processing of either PI or 

P2. Two theories, habituation and consolidation, 

hypothesize involuntary mechanisms to inhibit or in¬ 

terfere with the processing of an item. Neither 

theory is stated explicitly enough to derive any but 

the most general predictions and both can be stated in 

alternative forms which make disconfirmation diffi¬ 

cult. 

The second group of theories, rehearsal and 

attention, suppose that the learning of list items 

depends upon processing strategies or rules that are 

under the control of the subject. Hence, there is a 

certain flexibility in these approaches that gives 

them the ability to account for a wide range of 

studies. This flexibility is not found in consolida- 
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tion or habituation theories. The processing theories 

attempt to explain the results of repetitions through 

differential processing of short- and long-lag items. 

A final class of theory attempts to explain the effect 

of repetitions not through differential processing of 

items but by specifying structural changes in the 

memory trace that take place when a repeated item is 

encoded. It is the general theory of encoding varia¬ 

bility to which we will now turn. 

Encoding Variability 

Encoding variability provides an alternate per¬ 

spective on the effects of repetitions. In the case 

of encoding variability, the locus of the repetition 

effect is the differential encoding of the stimulus or 

the functional components of the stimulus. Two lines 

of theorizing have developed which are distinguished 

by the type of change a repetition is hypothesized to 

facilitate in the encoding of the stimulus. One 

emphasizes the change in semantic components of the 

stimulus; the other, the importance of the change in 

contextual components at the time the stimulus is pre¬ 

sented. Neither idea was developed in the context of 

verbal memory theory. Both ideas have had an impor- 
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tant impact on the theory of encoding variability; in 

fact, one could say they are the base upon which the 

theory rests. Two investigators in particular, Estes 

(1955) and Lawrence (1963) , have shaped encoding 

variability theory and it is their ideas we will now 

explore. 

Estes' stimulus fluctuation model. When Estes 

(1955) developed his stimulus fluctuation model, he 

was primarily concerned with explaining certain time- 

dependent phenomena in learning such as spontaneous 

recovery and forgetting. However, he did not wish to 

consider the hypothetical constructs of set, memory 

traces, or inhibition. In Estes' model, a stimulus 

event is not simply a single word or sound but is con¬ 

ceived as a population of elements (Estes, 1955), each 

of equal importance. The only thing needed to condi¬ 

tion any of these stimulus elements to a response is 

temporal contiguity of the stimulus element and the 

response. The assumptions specific to the model are 

as follows: (1) the environmental situation at any 

given time determines a population of stimulus events 

(elements) from which a sample affects the subject's 

behavior at any instant. To make the mathematics of 

this model tractable, Estes assumed the sample of 
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stimulus elements to be drawn at random from the popu¬ 

lation of stimulus elements. (2) Conditioning and 

extinction occur only with respect to the elements 

sampled on a trial. The stimulus elements are seen as 

divided into available and unavailable categories. 

The specific elements sampled on any trial can come 

only from elements in the available set. (3) Behavior 

of a subject in a given situation falls into mutually 

exclusive and exhaustive response classes. (4) At any 

given time, each stimulus element in the population is 

conditioned to exactly one response class. This con¬ 

strains the stimulus-response bond to be one-to-one in 

nature. One further assumption specifies that once an 

element has been conditioned it will stay condi¬ 

tioned. The two parameters of the model are the rate 

at which items are exchanged between the available and 

unavailable states (stimulus fluctuation) and the 

probability an available stimulus will be conditioned 

(stimulus sampling or learning rate). The picture is 

one where the stimulus is divided into available and 

unavailable elements and these elements are either 

conditioned or unconditioned. The probability that a 

response will occur is determined by the number of 

available conditioned stimulus elements divided by the 

total number of available stimulus elements. 
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The application to free recall and the spacing 

effect is straight-forward with but two modifica¬ 

tions: (1) the nominal stimulus (i.e., the word pre¬ 

sented) is treated in the model as the response, and 

(2) the functional stimulus (the set of stimulus ele¬ 

ments) is considered to be both the environmental and 

"psychological" context of the subject. At short lags 

during the study phase, very little exchange or fluc¬ 

tuation of stimulus elements between the available and 

unavailable states will have occurred so that the num¬ 

ber of unconditioned elements available to be sampled 

at P2 is small. At long lags, there will have been 

greater fluctuation or exchange between available and 

unavailable sets; hence, there are more sampled ele¬ 

ments to be conditioned at P2. The P2-test interval 

is characterized by further stimulus fluctuation but 

no stimulus sampling. According to the model, at the 

time of the test, the long-lag stimuli will have more 

conditioned elements in the available state than the 

short-lag stimuli. This is the way in which the 

stimulus fluctuation model would account for the lag 

effect. 

Lawrence and the nature of the stimulus. Law¬ 

rence's field was psychophysics, an area in which 
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great attention is paid to all aspects of the 

stimuli. In his work (1963) , he made a distinction 

between the Proximal (or nominal) stimulus the experi¬ 

menter produced and the Distal (or functional) stimu¬ 

lus which the subject encoded. The two are related in 

the following ways: (1) the sensory input is repre¬ 

sented by the nominal stimulus; (2) upon presentation, 

the subject makes some covert response corresponding 

to an encoding operation; (3) this coding response 

interacts with the nominal stimulus to produce a new 

event (or code item) which then represents the nominal 

stimulus; and (4) the functional stimulus is just this 

representation of the nominal stimulus which Lawrence 

called the "stimulus-as-coded" (S-A-C). The 

stimulus-as-coded is directly associated with and 

elicits the overt behavior. 

Lawrence also made two assumptions about the 

nature and role of the context in the encoding pro¬ 

cess. He assumed that the total sensory input to be 

separable into contextual and critical stimuli. Thus, 

the context was seen to be an integral part of the 

nominal stimulus. Furthermore, it was assumed that 

context controlled or influenced the coding response. 

Therefore, context plays a pivotal role in the en- 
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coding process. For example, if on two occasions the 

same critical stimulus item was presented but because 

the contexts were different, different coding re¬ 

sponses were selected, the result would be two dif¬ 

ferent S-A-C's. If the critical stimulus is seen as a 

repeated list item in a recall experiment, then either 

S-A-C retrieved at the time of testing would result in 

a correct response. 

Both Estes and Lawrence made very important con¬ 

tributions to the understanding of the spacing effect 

indirectly through their own work. The concepts of an 

intermediate encoding response which allows for a 

many-functional-stimuli-to one response and a frac- 

tionable stimulus whose dimensions include the context 

are basic to all encoding theories. The extension of 

these concepts into the realm of the spacing effect 

has produced a variety of specific, testable hypo¬ 

theses. It is this area to which we now turn our 

attention. 

Encoding variability theories which stress the 

semantic aspect of the stimuli. While the term "en¬ 

coding variability" originated in the work of Martin 

(1968) , the application was in the A-B, A-Br transfer 

paradigm. In this context, low meaningfulness tri- 
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grams were hypothesized to be harder to remember than 

high meaningfulness ones because they had the ability 

to elicit different associations. Associations were 

seen as influencing the encoding of the trigram. 

Thus, if upon re-presentation the stimulus elicited a 

different association, the subject essentially had to 

relearn that item. This ability of the stimulus to be 

interpreted meaningfully in more than one way is the 

basis for adapting encoding variability theory to the 

spacing effect. 

The specific method used takes advantage of the 

fact that most words in our language can have various 

meanings (semantic properties). To a degree, this 

variance is based upon the context in which words 

appear. For example, "iron" will elicit one meaning 

if the context is "copper" and "zinc" and another if 

the context is "clothes" and "starch." From the per¬ 

spective of encoding variability that emphasizes the 

variability of semantic components, it is solely these 

differences in semantic components which account for 

the spacing effect. It is assumed that the probabil¬ 

ity of encoding P2 with the same semantic interpreta¬ 

tion as that given PI is greater at short lags than at 

long lags. This would result in long-lag items having 
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been encoded in a greater number of ways than short- 

lag items. Thus, the recall of long-lag items is en¬ 

hanced since there are more ways in which to retrieve 

the item (i.e.r there are more semantic access routes 

to the item). Stated in this way, it follows that if 

one could induce different encodings of short-lag 

items, the resulting lag function should be flat 

(i.e., all items should have an equal probability of 

being recalled). 

Madigan (1969) tested this aspect of encoding 

variability theory. Cued-recall was measured for 

items repeated at one of four lag values (0, 4, 8, 

16) . Each item was presented along with a cue that 

either remained the same on PI and P2, or changed with 

P2 (e.g., fever-chill, fever-chill or fever-chill, 

snow-chill). It was hypothesized that changing the 

cue on P2 would bias the semantic encoding of the to 

be remembered (TBR) word. As predicted by encoding 

variability theory, the results showed a flattened 

curve for the different-cue condition and the regular 

spacing effect in the same-cue condition. 

The finding of a flattened curve for different 

encoding conditions has also been obtained in similar 

studies by Winograd and Raines (1972), D'Agostino and 
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DeRemer (1973, experiment 2), Thios (1972), Johnston, 

Coots, & Flickinger (1972) , and McCormack and Carboni 

(1973). The similar results of these studies substan¬ 

tiate the prediction that elimination of the spacing 

effect will occur if different semantic components of 

the stimulus were encoded at short lags. However, if 

two different encodings at short lags simulates, and 

hence eliminates, the spacing effect, all lag values 

ought to enjoy equally high recall. Specifically, the 

recall of all different-cue condition items should be 

as great as the long-lag, same-cue condition items. 

In five of the studies cited above (Winograd & Raines; 

D'Agostino & DeRemer; Johnston et al.; Madigan; and 

McCormack & Carboni) the different-cue condition was 

superior to the same-cue condition only at lag zero, 

and in the Thios study at no lag was the different- 

encoding condition able to produce higher recall. The 

general failure of differently encoded long-lag items 

to be recalled at the same level as the long-lag, 

same-encoding condition, severely limits an 

explanation of the spacing effect solely in terms of 

different semantic encodings. While the recall of 

short-lag items benefits from different semantic en¬ 

codings, recall of long-lag items is not as great as 
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the hypothesis predicts. Thus, the evidence in favor 

of a semantic interpretation of encoding variability 

is mixed. There is another version of encoding varia¬ 

bility which states that it is the context in which 

the item is encoded rather than the semantic encoding 

that supplies the retrieval routes, and hence in¬ 

fluences recall. This variation tends to follow in 

the path begun by Estes. 

Encoding variability theory which stresses item 

context. The basis for explaining the spacing effect 

from this view is that all learning is seen to take 

place in some context. Contextual cues are thought to 

include both "background external and interoceptive 

stimulation" (Bower, 1972, p. 93). Furthermore, these 

contextual influences are considered to change over 

time both systematically and randomly. The systematic 

changes include those enforced by the experimenter, 

such as changing the learning and testing environments 

or modifying a TBR item on a second repetition by 

changing its neighboring list items. The random con¬ 

textual drift is seen as taking place along more 

experimentally non-relevant or background dimensions. 

The context at any one time will gradually change so 

that at a later time a somewhat different but over- 
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lapping context may be perceived. The idea of a 

changing context is important for two reasons. First, 

the context is seen as influencing the encoding pro¬ 

cess (e.g., Lawrence, 1963; Bower, 1972) possibly pro¬ 

ducing different encodings for the same, nominal 

stimulus. Secondly, attributes of the context may 

also be encoded to form part of the memory trace 

(e.g., Glenberg, 1979). This second influence of 

changing contexts is central to the contextual varia¬ 

bility view of encoding variability. Two presenta¬ 

tions of a critical item may be encoded within the 

same context if they occur close together (short 

lags) , or within different contexts at longer inter¬ 

vals. At the time of recall, some of the general con¬ 

text present also may have been encoded during the 

presentation of the list. These overlapping compo¬ 

nents of the context are assumed to provide access to 

the memory trace. Thus, the probability of an item's 

being recalled is conceived as being directly related 

to the number of different contextual cues encoded 

during the study phase. 

Two straightforward implications of such a con¬ 

textual hypothesis are: (1) an increased number of 

different contextual cues should lead to increased 
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recall, and (2) limiting the number of different con¬ 

textual cues available at long lags should attenuate 

the spacing effect. Whether changing the context and 

therefore providing additional cues during learning 

increases recall was examined by Smith, Glenberg and 

Bjork (1978, experiment 1). Subjects were presented a 

list of words twice, either in the same room or in a 

different room. The two presentations were separated 

by a three hour interval, as was the second presenta¬ 

tion and the test. The test was given in a neutral 

room. Analysis of the surprise free recall test indi¬ 

cates that the change in context significantly facili¬ 

tated recall. Subjects in the same-context condition 

recalled 41% of the list items while 61% of the list 

items were recalled by subjects in the different- 

context condition. While spacing was not manipulated 

(all items had a three-hour, inter-repetition lag), 

the Smith et al. study can be taken as evidence that 

increasing the number of contextual cues does in fact 

enhance recall performance. The Gartman and Johnson 

(1972, experiment 3) study, in which meanings of homo¬ 

graphs were manipulated, can also be taken as suppor¬ 

tive evidence of the contextual hypothesis. They 

found homographs biased differently on each of their 
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two presentations to be recalled at a greater level 

than homographs biased toward only one of their 

meanings across all levels of lag (2, 8-10, 16-18). 

This study differs from those by Madigan (1969), Thios 

(1972), Winograd & Raines (1972), and D'Agostino & 

DeRemer (1973) in the following aspects. First, it is 

unclear whether the homographie meanings were differ¬ 

entially encoded. In other studies the biasing cue 

was presented at the same time as the homograph, in a 

paired-associates manner (e.g., Madigan) or as a mem¬ 

ber of a sentence containing the homograph (e.g., 

Thios, Winograd & Raines, D'Agostino & DeRemer) which 

insured its biasing effect. Gartman and Johnson's 

biasing cues were separate items on the list and may 

not have always biased the homograph. Secondly, as 

list items, they may be considered a part of the 

context which is encoded on presentation of the homo¬ 

graph. Rather than serving as semantic cues, Gartman 

and Johnson's items may have been encoded as contex¬ 

tual cues. Thus the Gartman and Johnson study may be 

considered as supporting a contextual version of en¬ 

coding variability theory. 

Evidence which lends support to the idea that 

limiting the contextual cues will attenuate the 
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spacing effect comes from an experiment by Wright 

(1979, experiment 3). Wright hypothesized that the 

spacing effect occurs because items at longer lags are 

associated with increasingly different contexts which 

are used as possible retrieval routes at recall. 

Moreover, the integration of items in context comes 

about through such means as displaced rehearsal or, in 

the case of incidental rating tasks, referring back to 

previous items in order to maintain the consistency of 

the category assignments. Wright manipulated context 

in an incidental learning task by having subjects rate 

each item in the list on a scale of "abstract" to 

"concrete" (unanchored condition) or rating each item 

only in terms of specific anchor points (e.g., 

knowledge-table, idea-product). Two anchored-rating 

tasks were distinguished: one in which at the second 

presentation of the item the anchor points were dif¬ 

ferent, and one in which the anchor points were iden¬ 

tical on the second presentation (different- and 

same-anchored conditions respectively). The results 

showed the normal spacing effect across lags in the 

unanchored condition but in both of the anchored con¬ 

ditions there was no effect of spacing. Recall was 

higher at all lags for the different-anchor condition 
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items as compared to the same-anchor condition items. 

The contextual variability hypothesis would account 

for the difference in recall between same- and 

different-anchor points conditions by assuming the 

anchor points were encoded as part of the context. 

Therefore, items in the different-anchor points con¬ 

dition had a greater number of contextual cues asso¬ 

ciated with the memory trace and hence, a greater pro¬ 

bability of being recalled. 

To summarize, encoding variability theories en¬ 

deavor to explain the spacing effect through a differ¬ 

ential encoding of stimuli at short and long lags. 

Two perspectives of the nature of this differential 

encoding have influenced theorizing in this area. 

Some researchers (e.g., Madigan, Thios, and Johnston 

et al.) have taken the general ideas of encoding 

variability and applied them to the semantic compo¬ 

nents of the stimuli in order to account for the 

spacing effect. While generally successful in in¬ 

creasing the amount of recall at short lags (as the 

theory predicts), recall at longer lags has been less 

than that of the control conditions, a finding which 

is not explainable within this semantic view of en¬ 

coding variability. Other researchers (e.g., Smith et 
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al. and Wright) have investigated the influence of 

differentially encoding contextual components of the 

stimuli. The results of their investigations are in 

full agreement with the predictions of the contextual 

encoding hypothesis. In general, the greater the num¬ 

ber of contextual cues associated with the memory 

trace, the greater the probability of its recall. 

However, it is not possible to account for the 

data obtained in semantic encoding experiments satis¬ 

factorily with the contextual encoding hypothesis. A 

theory which will integrate the data in these two 

areas is needed. To develop such a theory, the nature 

and role of the semantic components of the memory 

trace will have to be more fully understood. This 

necessarily involves a closer look at the stimuli used 

in experiments involving semantic variability, and 

will be the focus for the experiments which follow. 

EXPERIMENT 1 

In order to make valid inferences concerning en¬ 

coding variability, one must devise procedures to en¬ 

sure that the manipulation of the stimuli does indeed 

induce a different encoding by subjects on different 

occasions. One commonly used procedure manipulates 
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the encoding by varying the context surrounding the 

critical item (e.g., Wright, 1979; Smith et al., 

1978). In another, the critical item's encoded 

meaning is manipulated by biasing homographie stimuli 

(words spelled alike but different in meaning, e.g., 

strawberry jam, traffic jam). In this last case, the 

successful manipulation of the encodings depends upon 

the quality and nature of the homographie stimuli 

chosen. Hence, it is imperative that the characteris¬ 

tics of these items be well defined and the criteria 

used for selection clearly stated. 

Clearly, if one is concerned with identifying 

stimuli whose meanings are different, one needs a 

scale by which to compare the different stimuli. A 

logical choice would be a scale of the degree to which 

the alternate meanings of an item are different. To 

the author's knowledge no such scale has been employed 

in the selection of stimulus items typically used in a 

study of encoding variability. For example, Winograd 

and Raines (1972) scaled homographie stimuli on the 

basis of how frequently their alternate meanings 

occurred in everyday speech or writing, choosing an 

item if both of its meanings occurred frequently. It 

should be noted that items chosen in this manner need 
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not correspond to items chosen on the basis of degree 

of meaning change. Another criterion for selection 

has been that both meanings be familiar and clearly 

different (e.g., Johnston et al., 1972; Gartman & 

Johnston, 1972). However, "clearly different" is a 

vague notion, the clarification of which is the point 

of this experiment. Hence, this experiment was 

designed to measure the amount of perceived variabil¬ 

ity in the meaning of a noun when that noun's meaning 

is biased by the presence of different adjectives and 

thus, provide a scale for the later selection of 

stimuli. 

Method 

Subjects. Thirty-nine students from an under¬ 

graduate psychology course served as subjects. All 

received extra class credit for their participation. 

Design. Subjects were asked to make 489 

ratings. The stimuli for each rating consisted of one 

noun and two adjectives. The subjects were asked to 

look at one adjective and the noun, then the second 

adjective and the noun (the noun was repeated for con¬ 

venience) , and then to form an opinion of the varia¬ 

bility of the noun's meaning when biased by these 
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adjectives. Subjects were then asked to rate the per¬ 

ceived variability on a seven-point scale. Within the 

list, each noun was repeated three times accompanied 

by two adjectives on each repetition. Three ad¬ 

jectives were used with each noun and each adjective 

was presented twice, once with each of the other two 

adjectives. Thus, the noun was rated three times 

(adjectives 1 and 2 with noun A, adjectives 2 and 3 

with A, and adjectives 3 and 1 with noun A). 

Stimulus material. 147 nouns were gathered from 

several sources (Winograd & Conn, 1971; Cramer, 1970; 

Geis & Winograd, 1974) or chosen by the author. Each 

noun was paired with three different adjectives. The 

adjectives were chosen with two intentions in mind: 

to bias homographie nouns in favor of diverse 

meanings, and to make a meaningful combination (e.g., 

log jam, strawberry jam) . An attempt was made to use 

an adjective with only one noun. Through an error, 

ten adjectives were presented with two nouns. Sixteen 

additional nouns and their corresponding 48 adjectives 

were constructed for a warm-up buffer list that pre¬ 

ceded the experimental list. Twenty-five random 

reorderings of all the experimental and warm-up list 

items were constructed using a computer program. Two 
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copies were made of each. The computer output served 

as the data collecting device, containing the instruc¬ 

tions, the buffer list, the experimental list, and the 

seven-point rating scale. The stimuli were arranged 

such that the second adjective and the repeated noun 

were printed underneath the first. The seven-point 

scale was printed to the right of the second pair with 

the words "low" under number "1" and "high" under num¬ 

ber "7". There was no discernable break between the 

warm-up list and the experimental list and subjects 

were not told about the distinction. 

Procedure. All data were gathered at one time in 

a classroom setting. After all subjects were seated 

and given the data collection package, they were in¬ 

structed to read the instructions contained therein 

(see Appendix B) while the experimenter read them 

aloud. The experimenter then asked for questions and 

told the subjects to begin. Subjects required approx¬ 

imately 30 to 45 minutes to complete the ratings. 

Results and Discussion 

The adjective-noun pairs, and the means and stan¬ 

dard deviations of their ratings are presented in 

Appendix A. The mean ratings ranged from 1.205 to 
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6.872 for the 441 experimental items and from 1.410 to 

6.846 for the 48 warm-up items. In order to increase 

the sample of items from which to choose, the warm-up 

and experimental items were pooled. That these two 

samples were treated in the same way was indicated by 

an analysis of each item's standard deviation and its 

mean. 

It was reasoned that an item's standard deviation 

reflected the variability of the subjects in rating 

that item. Furthermore, if subjects used the warm-up 

items to establish anchor points or to settle upon a 

rating strategy, one would expect these standard de¬ 

viations to be larger than those of the experimental 

items. However, the average standard deviations were 

nearly identical, Xsd=1.540 and 1.531 for the warm-up 

and experimental items respectively. We may conclude, 

therefore, that the inter-rater variability was con¬ 

sistent across the warm-up and experimental items. 

It is important, of course, that the subjects be 

consistent among themselves in rating the stimuli. 

However, in addition to being consistent in their 

ratings, it is also important that subjects show the 

same relative rating patterns across items. Using the 

model in which differences due to anchor points are 
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not considered to be part of measurement error, the 

inter-rater reliability coefficient was extremely high 

(r3<j=.9833; see Winer, page 291) , indicating that 

subjects agree on the relative similarity of the 

items. 

The normative data generated in Experiment 1 

represent a necessary first step in studying the role 

of the stimulus in encoding variability theory. That 

subjects were able to perform the rating task in a 

consistent manner can be seen in the high inter-rater 

reliability obtained. One can see from the ratings 

that some homographs are closer in meaning than 

others. Of course, whether these normative 

differences in semantic variability are related to 

learning and memory performance as predicted by en¬ 

coding variability theory remains to be demonstrated. 

It is to this question that we turn our attention in 

Experiment 2. 

EXPERIMENT 2 

In Experiment 2, the normative data generated in 

Experiment 1 were used to investigate the extent to 

which semantic variability in stimulus items affects 

the probability of their recall. As mentioned pre- 
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viously, there are at least two sources of variability 

which may influence the encoding of the stimuli in a 

repetition study: semantic variability and contextual 

variability. The source of contextual variability 

which is inherent in a repetition study is the change 

in the list items surrounding the target item from the 

first to the second presentation. The effects on 

recall of semantic variability in repeated items can 

be studied by reducing the list-produced context 

effects and manipulating semantic variability using 

items from the normative data gathered in Experi¬ 

ment 1. In the repetition paradigm, contextual varia¬ 

bility is at its minimum during a massed (lag 0) 

presentation. Thus, in the present study, in order to 

reduce the role of contextual variability, all repeti¬ 

tions of the items were massed. In addition to re¬ 

ducing the list-produced contextual components which 

may be encoded by the subjects, the semantic compo¬ 

nents available for encoding may be made more 

salient. One way to accomplish this would be to have 

the subjects rate the list items on a semantic dimen¬ 

sion. Such a task was included in this experiment. 

Thus, the goal of Experiment 2 was to inquire into the 

role of semantic variability on recall by minimizing 
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the influence of contextual variability and enhancing 

the semantic aspects of the stimuli. 

Method 

Subjects. Thirty-six undergraduates from the 

psychology departmental subject pool participated for 

extra class credit. 

Design. The thirty-six subjects were randomly 

assigned to one of six list structures with the con¬ 

straint that an equal number be assigned to each 

list. List items were divided into three levels of 

variability. Thus, the initial design was one of list 

by variability (6 X 3). However, since no effects due 

to list were expected the data were collapsed across 

lists resulting in a one-factor design (levels of 

variability). 

List construction. From the normative data 

gathered in Experiment 1, 108 items with both the 

lowest means and the lowest standard deviations, and 

an equal number with the highest means and the lowest 

standard deviations, were selected in order to con¬ 

struct the lists. Since there were cases in which all 

three adjective-noun pairs of a specific noun met the 

inclusion standards, three master lists were created 
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with 36 items from the high-variability group and 36 

items from the low-variability group. No noun 

appeared more than once on these lists. Two separate 

lists were then constructed from each master list in 

the following way: (1) one half of the items on a 

high- and low-variability master list were chosen at 

random to be repeated with one adjective only (i.e., 

broken arrow, broken arrow) on sub-list "A". Those 

not chosen for the same adjective condition appeared 

as they were presented on the master list. (2) On 

sub-list "BM, conditions were reversed so that all 

nouns which were seen with one repeated adjective on 

sub-list "A" now were seen with the two adjectives 

with which they were associated on the master list and 

vice versa. Thus, each list contained eighteen 

adjective-noun pairs from the high-variability group, 

eighteen from the low-variability group and thirty-six 

from the same-adjective group. In addition, nine 

adjective-noun pairs were selected from the remaining 

normative data to create a primacy buffer and nine to 

provide a recency buffer. 

Results from a pilot study indicated that a 

seventy-two item list was too long. Therefore, each 

list was reduced by two-thirds across all conditions 
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(except buffer items). Since the order of inclusion 

in the list was made on a random basis, the first 

twenty-four items that resulted in the same propor¬ 

tions as that of the original list were used. Each 

list now consisted of six items in both the high- and 

low-variability groups and twelve items in the same- 

adjective group. 

Procedure. All subjects sat in a sound- 

attenuated cubicle for the entire experimental ses¬ 

sion. The cubicle contained a video monitor for 

stimulus presentation and a keyboard for rating, both 

of which were controlled by a PDP-8 computer. Sub¬ 

jects were read the instructions which emphasized that 

this was a recall experiment and they would be tested 

at completion of the list. However, the rating of 

each adjective-noun pair was also stated as being 

important. 

Each adjective-noun item was displayed on the 

monitor by itself for three seconds. There was a one 

second break between the first and second presenta¬ 

tions of an adjective-noun item. After the second 

presentation, the word "RATE" appeared on the screen 

signaling subjects to rate the amount of perceived 

variability in the meaning of the noun in its two pre- 
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sentations. Subjects had a maximum time of five se¬ 

conds in which to rate any noun, at the end of which 

an asterisk appeared warning the subject that a new 

adjective-noun pair was about to appear on the moni¬ 

tor. Rating was accomplished by entering a number 

from one to seven and pressing the return key. The 

rating scale was attached to the keyboard over the 

appropriate numbers (the word "low" between the 1 and 

the 2, "high" between the 6 and 7, and the title 

"Variability in Meaning" in the center). 

After the instructions were read and any ques¬ 

tions answered, a three-trial practice list was 

presented to allow subjects to get used to the pace of 

the experiment. Subjects took between twelve and fif¬ 

teen minutes to complete the list after which five 

minutes were allowed for free recall of the nouns. 

Results and Discussion 

As expected, there was no effect due to the six 

lists used in the experiment F(5,30)=1.53, p>.20. 

Thus, the data reported here have been collapsed 

across lists. 

Analysis of the free recall data showed a signif¬ 

icant main effect of semantic variability, 
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F(2,60)=12.91, MSe=1.089, pc.001. As can be seen in 

Table 1, recall of the nouns in the low-variability 

(LV) category was 58% greater than those in the high- 

variability (HV) category and 80% greater than nouns 

in the same (S) category. Two pair-wise differences 

were tested using Sheffe's post-hoc method. The 

resulting t-test between the HV and LV categories 

showed them to be reliably different, t(35)=2.715, 

pc. 005, as did the t-test between the S and LV cate¬ 

gories, t(35)=3.132, pC.001. 

The recall data might have occurred because items 

whose meanings are on the extremes of the variability 

scale (S and HV items) required less processing time 

than those items in the middle of the scale (LV) items 

to reach a decision concerning their ratings. If one 

assumes processing time is directly related to re¬ 

call, differences in processing time would result in 

the pattern of recall seen in Table 1. However the 

rating latencies recorded do not support this explana¬ 

tion (see Table 2). 

Rating latency, an indirect measure of processing 

time, was analyzed in the following manner. An 

average rating latency was computed for three cate¬ 

gories (S, LV, and HV) of recalled and unrecalled 
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Table 1 

Recall Proportions by Noun Category 

Noun Category 

Low High 
Same Variability Variability 

Mean Proportion 
Recalled .245 .440 .278 

Experiment 2. Proportions 
across six lists. 

recalled are collapsed 
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Table 2 

Mean Rating Latencies in Seconds 

Noun Category 

Low High 
Same Variability Variability 

Recalled Nouns 1.538 1.757 1.818 

Unrecalled Nouns 1.449 1.790 1.782 

Experiment 2. Mean latencies are collapsed across six 
lists. 
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nouns for each subject. Twelve subjects were di¬ 

scarded due to their recalling either none or re¬ 

calling all nouns in a cell, thus leaving a cell 

empty. An unweighted means ANOVA was performed on the 

remaining subjects. 

The analysis of the latencies revealed a signifi¬ 

cant main effect of category, F(2,36)=6.61, MSe=.2097, 

p<.005. This seems due entirely to the S category, 

the mean latencies collapsed across recall conditions 

being: 1.4934, 1.7739, and 1.7999 seconds for S, LV, 

and HV categories respectively. Further analysis 

showed a significant (pc.03) List X Recall condition 

interaction. This has no theoretical relevance and 

seems to be due to list number three where the unre¬ 

called items had a longer average latency than re¬ 

called items (X=1.9124 and 1.4919 seconds). Perhaps 

list three's data are somewhat unstable having one- 

half as many subjects due to empty cells. 

The rating latency data suggest a second explana¬ 

tory factor for the pattern of recall data observed. 

Consider the possibility that the poorer recall in the 

S condition than the LV condition was due to deficient 

processing of the S condition items. That is, when a 

noun and its accompanying adjective are repeated back 
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to back, the subject spends very little time deciding 

how much the meaning changes, because it does not. 

Although a variable encoding hypothesis can account 

for the same data by assuming the LV condition shows 

slightly more contextual variability than the S condi¬ 

tion, the rating latency data make the simpler defi¬ 

cient processing explanation the more parsimonious of 

the two. 

The recall difference between the LV and HV con¬ 

ditions, however, cannot be explained by an appeal to 

deficient processing, since their latencies were vir¬ 

tually identical. A variable encoding hypothesis 

which describes recall performance as a function of 

the amount of cues associated with a specific memory 

trace provides an explanation for the pattern of data 

obtained in this study. Consider the two relevant 

sources of variability: contextual and semantic 

variability. Implicit in the notion of semantic 

variability as it is used and applies to free recall 

(e.g., Gartman & Johnson, 1972) is that different 

semantic encodings result in multiple memory traces. 

Thus, those items in the HV condition are represented 

by two distinct memory traces while the encoding of 

items in the LV condition results in just one memory 



50 

trace accessed twice. Contextual cues available and 

encoded with the nominal stimulus can be seen as 

adding contextual information to a specific memory 

trace; therefore, more contextual cues would be asso¬ 

ciated with the LV items' memory traces than with the 

HV items' memory traces. Assuming that the recall of 

an item is directly related to the number of cues 

associated with its trace, the LV condition items' 

higher recall rate could be attributed to their having 

more contextual information available per memory trace 

than those items in the HV condition. 

The overall model developed here is one including 

two processes. The first is a semantic encoding of a 

stimulus which lays down a memory trace or accesses 

one already laid down. This process mediates the 

association of concurrently encoded contextual cues 

with a specific memory trace. The number of contex¬ 

tual cues associated with a memory trace is, in part, 

a function of the semantic encoding of the stimulus 

which either adds additional cues to a previous trace 

or associates them with a new trace. Finally, as the 

number of cues associated with a memory trace in¬ 

creases, the probability of recalling that trace in¬ 

creases 
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The present data are in general agreement with 

several studies using different stimuli or dependent 

measures. For example, Madigan (1969) used free 

recall of nouns studied in the presence of a same or 

different cue on their second presentations and found 

the same pattern of recall at lag 0 as in the present 

experiment. As Madigan did not bias homographie 

meaning, no condition comparable to the HV condition 

in the present experiment was studied. Both Thios 

(1972) and D'Agostino and DeRemer (1973) studied 

recall of sentences. Measures of cued recall (Thios) 

and free recall (D'Agostino and DeRemer) at lag 0 

showed patterns similar to those found in the present 

study. A study by Gartman and Johnson (1972) used 

homographie nouns whose meanings were biased by other 

list items preceding it. They found recall to be 

greater for homographie nouns preceded by different 

list items on their second presentation than by the 

same list items. These findings appear to run counter 

to the model developed here. However, it is unclear 

as to whether their manipulations of the meanings of 

homographs were successful. There is no evidence, 

such as a rating task (this experiment) or sentence 

comprehension task (Thios, 1972), to verify the ex- 
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perimental manipulation. Thus, one cannot determine 

whether their results confirm or contradict those of 

the present study. 

This study failed to replicate the lag 0 condi¬ 

tion of Johnston, Coots and Flickinger (1972) with 

which the stimulus conditions matched very closely. 

The recall proportions for the conditions equivalent 

to S, LV, and HV conditions of this study were X=.41, 

.42, and .52 respectively. The fact that Johnston et 

al.'s subjects were given eight lists to learn, in¬ 

stead of this study's one, does not seem to be a 

sufficient reason for the different pattern of re¬ 

call. The only apparent variation in stimulus mater¬ 

ial is that Johnston £t al. used "generally unrelated" 

adjectives in what corresponded to the LV condition 

(e.g., engagement-fan, grand-fan). This difference 

may have made in more difficult for the subjects to 

encode the semantic meaning of the item, thus reducing 

the amount of time for elaboration or contextual pro¬ 

cessing. However, the semantic confusion generated by 

this procedure was not found in the HV condition, 

where the adjectives had to be related to the noun in 

order to ensure its biasing (e.g., sport-fan, 

electric-fan). Therefore, it may have been easier to 
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encode the nouns in the HV condition, thus giving them 

an advantage at recall over the nouns in the LV condi¬ 

tion. The problems encountered in interpreting the 

results of studies with confusing stimuli, such as the 

Johnston et al. study, make it all the more important 

to have and to use normative stimuli in future 

studies. 

General Discussion 

The two experiments reported here have had as 

their focus the roles of semantic encoding and 

repetition effects on free recall. The impetus for 

Experiment 1 came from the observation that homo¬ 

graphie stimuli used in semantic variability studies 

have not been chosen using a scale based upon the de¬ 

gree of meaning change between the stimuli's two pre¬ 

sentations. Rather, previous studies have used scales 

based upon the frequency with which different meanings 

of a stimuli occur (Winograd & Raines, 1972) or only 

that the alternate meanings of a stimulus be familiar 

and distinct (Johnston, et al., 1972). Thus, Experi¬ 

ment 1 was designed as a stimulus normalization pro¬ 

cedure so that more homogenous groups of stimuli could 

be identified for use in verbal learning and memory 



54 

experiments. The objectives of Experiment 2 were 

two-fold, although interrelated. The first objective 

dealt with the results from the normative data col¬ 

lected in Experiment 1: do the differences in the 

homogenous subgroups of stimuli identified in Experi¬ 

ment 1 produce any reliable differences in recall? 

This might be seen as a validity check on the concept 

of semantic variability. The second objective was to 

inquire about the specific role played by semantic 

encoding in memory for repeated stimuli. Following 

Experiment 2, a tentative model of the effect of repe¬ 

titions on recall was put forth based upon notions of 

semantic and contextual variability. 

One major assumption present in both studies, but 

not explicitly tested, was the idea that semantic 

meanings are not discrete in nature but overlapping. 

This is a network concept of meaning similar to that 

proposed by Anderson and Bower (1973). From their 

perspective it seems reasonable to ask subjects to 

rate the degree of meaning change of a noun when in 

the presence of two different adjectives. According 

to their position, in many cases the two adjectives 

would elicit two different but overlapping sets of 

semantic attributes. The amount of meaning change 
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could be described as inversely related to the amount 

of overlap between the two sets of attributes. Indi¬ 

rect evidence for this idea comes from the subjects' 

ratings in Experiment 1. 

If one assumes that, on the two presentations of 

a noun to be rated by subjects, the meanings are 

actually dichotomous in nature, i.e., the meanings are 

either exactly the same or totally different when pre¬ 

sented with two different adjectives, any ratings 

other than 1 or 7 (the endpoints) should be considered 

error and therefore reduce the reliability measure. 

If one further assumes that the rating error for "same 

meaning" items is spread over the lower one-half of 

the scale (ratings 1-3) and the rating error for "dif¬ 

ferent meaning" items is distributed across the upper 

one-half of the scale (ratings 4-7), by collapsing the 

seven categories into two categories (e.g., 1-3=1, 

4-7=2), one would predict greater inter-rater relia¬ 

bility. However, as shown in Table 3, if one col¬ 

lapses the data in this way, the reliability rating 

decreases. Table 3 also shows the result of two other 

partitionings of the rating scale. As can be seen, 

the highest reliability coefficient is obtained when 

the full scale is used. This suggests that subjects 
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Table 3. 

Inter-rater Reliabilities of 39 Raters on 489 Items 

Rating Scale Used 
(or its recoding) 

0a k0b 

1,2,3,4,5,6,7 .6017 .9833 

1,2,2,3,3,3,4 .5613 .9804 

1,1,2,2,2,3,3 .5739 .9813' 

1,1,1,2,2,2,2 .5100 .9760 

Reliability measures are 
collected on Experiment 1. 

based 
See 

on the 
text for 

original « 
discussion 

a0 * cov/var; The reliability of a single rater. 

bkQ = 39 * cov/(var + 38*cov); 
reliability. See Winer (1971, p. 291). 

The inter-rater 
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did indeed perceive meaning change on a continuous 

scale. Thus, the assumption of overlapping semantic 

meanings has at least indirect supporting evidence. 

The model developed in Experiment 2 is similar to 

one proposed by Glenberg (1979). In Glenberg's model, 

the memory trace is described as having three compo¬ 

nents or levels of information: the structural, the 

contextual, and the descriptive. The structural com¬ 

ponent refers to the experimenter-induced or subject- 

imposed structure among the list items. An example 

might be the subjective organization subjects give 

items in a multitrial free recall experiment (i.e., 

Tulving, 1962) or the subject's noticing that the 

items are members of certain categories which were 

selected by the experimenter (i.e., Bousfield, 1953). 

The contextual component of the model developed in the 

present paper is more general than Glenberg's, encom¬ 

passing both the contextual and structural components 

of his model. The descriptive (or semantic) compo¬ 

nents in both models are conceived along the same 

ideas and are very nearly identical. The major dif¬ 

ference between these two models lies in the manner in 

which the memory trace is represented. 

Glenberg's model assumes only one memory trace 

for a given nominal stimulus, no matter how different 
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its semantic representation might be on two different 

occasions. Semantic components are considered by 

Glenberg as attributes of the trace and therefore can 

be very dissimilar (in the case of homographs) in what 

they describe yet be a part of the same memory trace. 

The model developed here states that when a second 

semantic representation of an item is sufficiently 

different from the first representation, a new trace 

is formed. The present model assumes that the memory 

trace takes as its basis the semantic representation 

(a network model) of the stimulus. Furthermore, as a 

second presentation's semantic representation becomes 

less like the first (it is assumed to be accessing an 

increasingly different network) the less will be the 

overlap of the two traces. In the extreme case of two 

totally different meanings for a nominal stimulus item 

(a homograph), two non-overlapping traces would be 

produced. Thus, the Glenberg model and the present 

one view the concept of the memory trace in fundamen¬ 

tally different ways. 

The conditions present in Experiment 2 correspond 

to the two extremes of an overlapping model, i.e, 

nearly total overlap (represented by the same or low- 

variability conditions), or none (represented by the 
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high-variability condition). These conditions, by 

themselves, do not adequately test such a model. A 

first step in testing this overlapping trace hypothe¬ 

sis would be to identify, as another condition in 

addition to those of Experiment 2, a set of items 

whose . variability is midway between the low- and 

high-variability conditions. If the overlapping trace 

hypothesis is descriptive of the processes underlying 

memory, one would expect the level of recall to be 

somewhere between the two extremes. More compelling 

evidence in favor of an overlapping trace hypothesis 

might come from the following experiment. Suppose one 

conducted a repetition study in which the second pre¬ 

sentation of items was biased to achieve meaning 

changes comparable to low-, medium-, and high- 

variability items. One then could ask subjects to 

recall any words from the list and measure the extent 

to which items positioned near each other on input are 

recalled near each other. For a stimulus item pre¬ 

sented twice, there are two sets of items near which 

it would be presented and with which it could be re¬ 

called. The overlapping trace hypothesis predicts 

that for low-variability items, recall of a nominal 

stimulus item will be surrounded to a greater extent 
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by items from both presentations than would items re¬ 

called from either medium- or high-variability cate¬ 

gories. A one-trace-per-stimulus model such as Glen- 

berg's would predict equal amounts of recall of sur¬ 

rounding items for all stimulus conditions. There¬ 

fore, such an experiment might serve to distinguish 

competing models of the memory trace. 

In summary, this paper has presented evidence 

that subjects can make reliable distinctions along a 

semantic variability scale. The ratings generated 

were used to define homogenous subsets of items. 

Those items so identified were used in a repetition 

experiment. The results of the repetition experiment 

indicate the category (subset) to which an item 

belonged was predictive of the item's probability of 

recall. An encoding variability hypothesis was ad¬ 

vanced to account for the results with a distinction 

being drawn between a model which hypothesized a 

single memory trace for a repeated item versus an 

overlapping of two memory traces for such a repeated 

item. The model put forth in this paper was developed 

to describe a way in which semantic encoding of a 

stimulus might interact with contextual components 

encoded to produce a memory trace, the recall of which 
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would account for repetition effects such as found in 

Experiment 2. 
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APPENDIX A 

Normative Data Gathered in Experiment 1 
(N = 39) 

Experimental Items 

Noun; Adjective, Adjective X SD 

Ace; War, tennis 4.49 2.35 
High, war 6.05 1.48 
Tennis, high 6.13 1.36 

Aid; Hearing, visual 2.87 1.87 
Financial, hearing 5.08 2.07 
Visual, financial 5.21 1.99 

Airplane; Fast, noisy 1.69 1.02 
Model, fast 3.56 2.09 
Noisy, model 3.67 2.18 

Animal; Fierce, vicious 1.34 .86 
Furry, fierce 2.31 1.73 
Vicious, furry 2.55 2.10 

Apple; Sour, green 1.82 1.32 
Crab, sour 2.18 1.75 
Green, crab 3.03 2.27 

Arrow; Straight, broken 2.87 2.23 
Target, straight 2.38 1.73 
Broken, target 2.62 2.06 

Artery; Traffic, main 4.92 1.90 
Hardened, traffic 5.64 1.73 
Main, Hardened 2.95 2.14 

Article; Journal, informative 1.85 1.21 
Misplaced, journal 4.74 2.07 
Informative, misplaced 4.97 1.91 

Athlete; Olympic, professional 2.26 1.75 
Mental, Olympic 3.54 1.56 
Professional, mental 3.54 2.11 
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Axis; Enemy, vertical 5.97 1.40 
Rotated, enemy 5.85 1.39 
Vertical, rotated 2.51 1.77 

Baby; Fat, sleeping 2.13 1.67 
Crying, fat 2.23 1.73 
Sleeping, crying 2.95 2.31 

Band; Rubber, jazz 6.67 .92 
Tribal, rubber 6.69 .56 
Jazz, tribal 5.51 1.95 

Bank; River, savings 6.72 .64 
Blood, river 6.26 1.35 
Savings, blood 4.49 2.02 

Bar ; Metal, sand 6.13 1.20 
Salad, metal 6.49 1.01 
Sand, salad 6.18 1.10 

Base; First, concrete 5.82 1.53 
Army, first 6.34 1.25 
Concrete, army 6.23 1.00 

Bat; Baseball, vampire 6.87 .40 
Round, baseball 2.90 2.07 
Vampire, round 6.15 1.62 

Basket; Straw, empty 2.08 1.38 
Picnic, straw 1.59 .81 
Empty, picnic 2.41 1.88 

Beam; Light, sun 1.95 1.62 
Wooden, light 5.79 1.56 
Sun, wooden 6.13 1.36 

Bear; Furry, timid 2.28 1.72 
Grizzly, furry 1.85 1.49 
Timid, grizzly 2.64 2.01 

Beast; Wild, horrible 1.82 1.08 
Furry, wild 1.90 1.34 
Horrible, furry 2.59 1.86 

Beggar; Starving, blind 1.95 1.38 
Ragged, starving 1.31 .61 
Blind, ragged 1.69 1.20 
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Belt; Outer, black 5.74 1.76 
Leather, outer 5.87 1.28 
Black, leather 3.87 2.27 

Bill; Telephone, duck 6.72 .55 
Legislative, telephone 6.15 1.17 
Duck, legislative 6.49 1.06 

Bird; Young, hungry 1.62 .92 
Rare, young 3.00 2.01 
Hungry, rare 2.64 2.01 

Board; Warped, rotten 1.69 1.04 
Parole, warped 6.41 1.23 
Rotten, parole 6.18 1.62 

Boat; Old, row 2.13 1.64 
Tug, old 2.21 1.62 
Row, tug 2.54 2.01 

Bomb; Bug, atom 4.74 2.26 
Detonated, bug 4.87 2.04 
Atom, detonated 2.23 1.64 

Book; Thick, boring 1.97 1.31 
Comic, thick 2.97 1.72 
Boring, comic 3.08 1.93 

Bottle; Pop, broken 1.95 1.28 
Plastic, pop 2.90 2.04 
Broken, plastic 3.05 2.30 

Bowl; Large, cracked 2.21 1.70 
Cereal, large 2.08 1.50 
Cracked, cereal 2.28 1.68 

Box; Square, wooden 1.87 1.38 
Mail, square 3.51 2.16 
Wooden, mail 3.03 1.78 

Bread; Crusty, stale 1.82 1.26 
French, crusty 1.44 .78 
Stale, French 2.69 1.84 

Breeze; Cool, southern 2.03 1.42 
Summer, cool 1.87 1.38 
Southern, summer 1.74 1.13 
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Brick; Concrete, heavy 1.59 .74 
Red, concrete 1.90 1.10 
Heavy, red 1.85 1.29 

Bridge; Narrow, sturdy 2.64 2.03 
Contract, narrow 5.32 2.16 ** 
Sturdy, contract 5.08 2.02 

Budget; Balanced, household 2.18 1.57 
Reduced, balanced 2.26 1.50 
Household, reduced 2.15 1.37 

Butter; Creamy, fresh 1.59 1.15 
Sweet, creamy 1.51 1.17 
Fresh, sweet 1.49 .90 

Cabinet; China, presidential 6.49 1.06 
Liquor, china 3.15 2.23 
Presidential, liquor 6.46 1.06 

Calf; Upper, baby 6.36 1.27 
Spotted, upper 6.49 1.15 
Baby, spotted 2.15 1.79 

Can; Rusty, tin 1.85 1.46 
Oil, rusty 2.59 1.72 
Tin, oil 2.13 1.30 

Candidate; Sincere, political 3.10 2.09 
Former, sincere 2.59 2.08 
Political, former 2.26 1.56 

Candy; Chocolate, sticky 1.92 1.36 
Messy, chocolate 1.72 1.01 
Sticky, messy 1.36 .66 

Cape; Hoodless, rocky 6.41 1.21 
Feathery, hoodless 2.69 2.03 
Rocky, feathery 6.13 1.28 

Chain; Silver, thick 2.38 1.50 
Steel, silver 2.54 1.37 
Thick, steel 1.67 1.00 

Chair; Comfortable, leather 1.80 1.32 
Easy, comfortable 1.33 .80 
Leather, easy 1.59 .87 
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Chest; Treasure, sunken 2.42 1.94 
Medicine, treasure 4.44 2.06 
Sunken, medicine 5.36 2.01 

Child? Happy, active 1.74 .95 
Only, happy 2.49 1.55 
Active, only 2.69 1.79 

Circle? Inner, perfect 4.67 1.91 
Sewing, inner 4.95 1.96 
Perfect, sewing 6.03 1.29 

Clock; Electric, alarm 1.46 .98 
Digital, electric 1.44 .78 
Alarm, digital 1.51 1.08 

Club? Country, wooden 6.21 1.40 
Athletic, country 2.31 1.56 
Wooden, athletic 6.31 1.02 

Coat? Ragged, warm 2.79 1.95 
Prime, ragged 5.56 1.75 
Warm, prime 5.67 1.54 

Coffee? Bitter, black 1.90 1.50 
Instant, bitter 2.08 1.56 
Black, instant 1.69 1.24 

Coin? Rare, valuable 1.21 .82 
Gold, rare 1.26 .71 
Valuable, gold 1.28 .71 

Cottage; Empty, quaint 2.08 1.46 
Enchanted, empty 2.23 1.51 
Quaint, enchanted 1.72 .99 

Count? Numerical, head 1.90 1.34 
Nose, numerical 2.64 1.90 
Head, nose 1.92 1.85 

Cow? Lazy, stubborn 1.64 .95 
Brown, lazy 2.34 1.78 
Stubborn, brown 2.55 1.79 

Cracker? Salty, crisp 1.38 .70 
Nut, salty 5.74 2.01 
Crisp, nut 5.87 1.87 
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Crane; Mechanical, nesting 6.77 .58 
Wading, mechanical 6.18 1.36 
Nesting, wading 2.62 2.06 

Creature; Hideous, loving 3.15 2.24 
Bald, hideous 2.56 1.78 
Loving, bald 3.03 2.13 

Dance; Modern, square 2.85 2.17 
Formal, modern 3.13 1.98 
Square, formal 2.95 2.14 

Date; Sweet, dream 4.66 2.41 
Late, sweet 5.31 1.92 
Dream, late 4.05 1.99 

Deck; Ship's, tape 6.62 .66 
Bridge, ship's 5.03 2.40 
Tape, bridge 6.38 1.08 

Deed; Good, legal 5.49 2.13 
Cruel, good 3.18 2.47 
Legal, cruel 5.72 1.88 

Desk; Antique, cluttered 2.51 1.75 
Rolltop, antique 1.85 1.54 
Cluttered, rolltop 2.41 1.41 

Dog; Friendly, big 2.13 1.67 
Shaggy, friendly 1.84 1.20 
Big, shaggy 1.95 1.28 

Dream; Freudian, interrupted 2.38 1.85 
Day, Freudian 2.49 1.72 
Interrupted, day 2.05 1.08 

Drill; Dentist, military 6.59 .63 
Repetitive, dentist 6.08 1.40 
Military, repetitive 2.26 1.45 

Engine; Turbine, jet 1.74 1.26 
Gasoline, turbine 2.13 1.56 
Jet, gasoline 2.33 1.59 

Fact; Subjective, proven 2.74 2.03 
Objective, subjective 3.15 2.61 
Proven, objective 2.54 1.88 
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Fan; Sports, electric 6.66 .90 
Japanese, sports 6.18 1.17 
Electric, Japanese 3.77 2.11 

Fault; Geological, personality 6.41 .84 
Double, geological 6.28 1.34 
Personality, double 6.36 1.42 

File; Single, secret 6.18 1.53 
Round, single 6.03 1.31 
Secret, round 5.41 1.82 

Fire; Roaring, grass 2.15 1.53 
Charcoal, roaring 2.87 2.17 
Grass, charcoal 2.92 2.19 

Fish; Colorful, small 1.77 1.05 
Tropical, colorful 1.64 .89 
Small, tropical 1.87 1.20 

Flood; Flash, annual 2.69 1.98 
Destructive, flash 1.51 1.20 
Annual, destructive 2.51 1.85 

Flower ; Fragrant, delicate 1.67 1.29 
Blossoming, fragrant 1.46 .81 
Delicate, blossoming 1.62 .80 

Foot; Poetic, rabbit's 6.21 1.24 
Six, poetic 6.15 1.37 
Rabbit's, six 6.49 .71 

Forest; Dark, primitive 2.00 1.15 
National, dark 2.54 1.66 
Primitive, national 2.69 1.86 

Garden; Vegetable, rock 3.54 2.13 
Rose, vegetable 2.13 1.42 
Rock, rose 2.97 1.95 

Gate; Open, squeaky 2.26 1.60 
Prison, open 3.33 2.18 
Squeaky, prison 2.54 1.85 

Green; Pea, golf 5.79 2.00 
Turnip, pea 4.62 2.29 
Golf, turnip 6.56 .67 
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Hands; Calloused, helping 3.31 1.88 
Stage, calloused 5.69 1.80 
Helping, stage 4.23 2.29 

Hill; Steep, barren 2.31 1.65 
Ant, steep 4.23 2.02 
Barren, ant 4.00 2.06 

Horse; Saw, quarter 5.92 1.53 
Docile, saw 6.08 1.37 
Quarter, docile 2.74 1.90 

Hotel; Luxurious, motor 2.54 1.91 
Cheap, luxurious 3.13 2.49 
Motor, cheap 2.05 1.36 

House; Vacant, drafty 2.15 1.48 
Haunted, vacant 1.92 1.44 
Drafty, haunted 2.26 1.68 

Hunter; Experienced, bounty 2.56 1.68 
Adventurous, experienced 1.95 1.32 
Bounty, adventurous 2.54 1.69 

Image; Mental, pictorial 2.77 1.73 
Ghostly, mental 3.54 1.77 
Pictorial, ghostly 3.44 2.10 

Insect; Flying, tiny 1.79 1.36 
Pesky, flying 1.82 1.26 
Tiny, pesky 1.36 .73 

Interest; Self, compound 6.03 1.49 
Special, self 2.46 1.46 
Compound, special 5.49 2.13 

Interval; Timed, repeated 2.54 1.75 
Quiet, timed 3.28 1.88 
Repeated, quiet 3.54 1.97 

Iron; Nine, steam 6.67 .52 
Pig, nine 6.49 1.30 
Steam, pig 5.64 1.87 

Jungle; Treacherous, African 1.79 1.16 
Primitive, treacherous 1.64 1.03 
African, primitive 1.68 1.15 
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Knife; Jack, pocket 2.97 2.34 
Sharp, jack 3.31 2.34 
Pocket, sharp 1.69 1.11 

Lake; Clear, deep 2.03 1.35 
Cold, clear 2.08 1.59 
Deep, cold 1.87 1.42 

Lamp; Dim, reading 2.74 1.97 
Flickering, dim 2.13 1.57 
Reading, flickering 2.85 2.01 

Letter; Personal business 2.74 2.16 
Form, personal 2.77 2.12 
Business, form 1.95 1.54 

Man; Frightened, cautious 1.85 1.19 
Liberated, frightened 3.51 2.40 
Cautious, liberated 3.00 2.00 

March; Peace, windy 6.36 1.29 
Forced, peace 3.87 2.14 
Windy, forced 6.41 1.08 

Mass; Catholic, critical 6.36 1.31 
Solid, Catholic 6.49 1.36 
Critical, solid 4.51 2.21 

Meadow; Grassy, wide 1.54 .92 
Mountain, grassy 1.69 1.04 
Wide, mountain 2.21 1.57 

Meal; Corn, hearty 5.44 1.61 
Nourishing, corn 4.82 2.02 
Hearty, nourishing 1.21 .40 

Memory; Photographic, poor 3.26 2.67 
Clouded, photographic 3.62 2.50 
Poor, clouded 1.31 .46 

Mole; Blind, facial 6.36 1.25 
Burrowing, blind 2.36 1.87 
Facial, burrowing 6.82 .45 

Nail; Sharp, bent 2.95 2.10 
Finger, sharp 5.08 1.85 
Bent, finger 5.72 1.62 
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Officer; Presiding, arresting 3.64 1.99 
Class, presiding 2.33 1.61 
Arresting, class 4.67 2.00 

Organ; Pipe, visual 6.53 .88 
Theater, pipe 1.90 1.32 
Visual, theater 6.33 .86 

Page; Printed, king's 6.44 .96 
Dutiful, printed 6.31 1.28 
King's, dutiful 2.16 1.76 

Pan; Frying, bed 4.92 2.10 
Dead, frying 6.05 1.40 
Bed, dead 6.41 1.01 

Pencil; Lead, drafting 2.00 1.50 
Dull, lead 1.95 1.20 
Drafting, dull 2.59 2.08 

Perch; Parakeet, sun 5.53 1.82 
Rocky, parakeet 4.77 2.02 
Sun, rocky 4.61 2.18 

Pie; Cherry, hot 1.62 1.25 
Peach, cherry 1.49 .87 
Hot, peach 1.54 .78 

Pitch; Sales, slow 6.49 .90 
Perfect, sales 6.23 1.14 
Slow, perfect 4.33 2.41 

Plant; Tall, bushy 2.41 1.81 
Tomato, tall 2.36 1.75 
Bushy, tomato 2.28 1.60 

Poker; Fire, draw 6.21 1.36 
Stud, fire 6.44 1.17 
Draw, stud 1.90 1.53 

Policeman; Kind, courteous 1.31 .69 
Friendly, kind 1.21 .46 
Courteous, friendly 1.36 1.07 

Port; Sheltered, vintage 5.77 1.87 
Safe, sheltered 1.74 1.10 
Vintage, safe 5.72 1.81 
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Pot; Clay, painted 1.89 1.34 
Cracked, clay 2.36 1.76 
Painted, cracked 2.49 1.92 

Prairie; Open, lone 1.67 1.25 
Dry, open 1.85 1.31 
Lone, dry 1.79 1.38 

Pupil; Dilated, witty 6.59 1.10 
Apt, dilated 6.64 1.07 
Witty, apt 2.36 1.82 

Race; Bicycle, alien 6.72 1.01 
Pennant, bicycle 3.76 2.18 
Alien, pennant 6.66 .62 

Radio; Transistor, shortwave 2.46 1.50 
Car, transistor 1.97 1.62 
Shortwave, car 2.41 1.60 

Rifle; Accurate, hunting 1.69 .91 
Powerful, accurate 1.59 .90 
Hunting, powerful 1.56 .98 

Ring; Circus, wedding 6.08 1.19 
Benzene, circus 6.54 .93 
Wedding, benzene 6.44 .87 

Rope; Stiff, strong 1.67 .92 
Jump, stiff 2.41 1.75 
Strong, jump 2.28 1.52 

Sage; Wise, desert 5.82 1.69 
Dried, wise 6.23 1.40 
Desert, dried 3.38 2.31 

Ship; Steam, sailing 2.38 1.63 
Space, steam 3.69 2.15 
Sailing, space 3.62 2.13 

Shoe; Scuffed, worn 1.46 .81 
Horse, scuffed 4.51 2.01 
Worn, horse 4.64 1.73 

Soldier; Brave, wounded 1.85 1.05 
Fighting, brave 1.82 1.32 
Wounded, fighting 1.87 1.22 
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Spring; Artesian, coiled 6.49 .98 
Early, artesian 6.05 1.68 
Coiled, early 6.53 .98 

Staff; Shepherd's, congressional 6.49 1.11 
Musical, shepherd's 6.00 1.75 
Congressional, musical 5.92 1.73 

Star ; Hollywood, north 6.44 .78 
Bright, Hollywood 5.92 1.65 
North, bright 1.54 1.15 

Stone; Hard, flat 1.85 1.19 
Kidney, hard 4.77 2.21 
Flat, kidney 5.54 1.65 

Store; Grocery, department 2.64 1.85 
Emergency, grocery 4.97 2.06 
Department, emergency 4.92 1.99 

Storm; Hail, wind 2.23 1.46 
Thunder, hail 1.97 1.25 
Wind, thunder 2.08 1.40 

String; Thin, long 1.95 1.40 
Kite, thin 1.59 1.30 
Long, kite 1.72 

# 

1.01 

Table; Flimsy, round 2.97 2.07 
Mathematical, flimsy 5.97 1.70 
Round, mathematical 6.44 1.08 

Tank; German, water 6.51 .67 
Fish, German 6.64 .58 
Water, fish 2.62 1.63 

Train; Late, slow 1.82 1.32 
Railroad, late 1.89 1.27 
Slow, railroad 1.82 1.34 

Tree; Shady, gnarled 2.64 1.83 
Christmas, shady 
Gnarled, Christmas 

3.08 1.87 
3.15 1.99 

Trumpet; Shiny, brass 1.51 1.22 
Loud, shiny 1.51 .87 
Brass, loud 1.72 1.01 
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Trunk; Tree, clothes 6.51 .81 
Elephant's, tree 6.43 1.15 
Clothes, elephant's 6.56 1.26 

Truth; Half, gospel 3.74 2.28 
Scientific, half 3.67 2.23 
Gospel, scientific 3.44 2.31 

Valley; River, desert 2.77 2.02 
Hidden, river 2.41 1.71 
Desert, hidden 2.54 1.78 

Volume; Paperback, spherical 6.08 1.59 
Intense, paperback 6.31 1.34 
Spherical, intense 5.74 1.64 

Wagon; Broken, red 2.31 1.76 
Chuck, broken 3.90 2.01 
Red, chuck 3.05 1.66 

Whistle; Plastic, tin 2.59 2.07 
Wolf, plastic 5.00 1.85 
Tin, wolf 4.46 2.01 

Warm-up Items 

Noun; Adjective, Adjective X SD 

Bug; June, flu 5.59 1.74 
Camera, June 6.56 .78 
Flu, camera 6.44 1.22 

Case; Leather, book 5.38 1.79 
Unsolved, leather 6.69 .56 
Book, unsolved 6.69 .65 

Computer ; Digital, analog 2.13 1.64 
Human, digital 3.77 1.90 
Analog, human 3.59 1.56 

Film; Oily, artistic 6.54 1.01 
Thick, oily 2.05 1.45 
Artistic, thick 6.00 1.38 
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Jam; Traffic, strawberry 6.82 .96 
Log, traffic 3.49 2.49 
Strawberry, log 6.85 .70 

License; Poetic, business 6.36 1.86 
Driver's poetic 5.74 1.85 
Business, driver's 2.79 1.64 

Mirror; Shattered, hand 2.41 1.55 
Bathroom, shattered 2.46 1.80 
Hand, bathroom 1.95 1.48 

Paper; News, construction 3.62 1.82 
Recycled, news 3.05 1.60 
Construction, recycled 2.44 1.55 

Party; Political, dinner 5.08 2.08 
Halloween, political 5.49 2.00 
Dinner, halloween 2.67 1.91 

Play; Broadway, child's 5.82 1.57 
Double, Broadway 6.46 .81 
Child’s, double 5.92 1.31 

Poem; Tone, melancholy 2.74 1.71 
Rhythmical, tone 2.54 1.57 
Melancholy, rhythmical 2.59 1.78 

Shower; Meteor, April 4.82 1.89 
Bride's, meteor 6.36 1.35 
April, bride's 5.95 1.65 

Society; High, decadent 3.38 1.93 
Primitive, high 4.28 2.09 
Decadent, primitive 2.82 1.88 

State; Physical, sovereign 6.03 1.31 
Agitated, physical 3.72 2.10 
Sovereign, agitated 6.18 1.34 

Sweater; Wool, bulky 1.76 1.09 
Ski, wool 1.41 .95 
Bulky, ski 1.77 1.33 
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Window; Opaque, glass 
Picture, opaque 
Glass, picture 

♦Mean and standard 
individuals. 

**Mean and standard 
individuals. 

2.41 1.94 
2.74 1.82 
2.23 1.58 

deviation based upon 38 

deviation based upon 37 
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APPENDIX B 

Instructions Used in Experiment 1 

In the everyday use of our language, nouns do not 

have static meanings but tend to vary in their 

meanings depending on the context in which they are 

used. We are interested in the extent to which the 

meanings of the following nouns vary in different con¬ 

texts. Each noun will be modified by two different 

adjectives. The meaning for a noun will vary little 

or greatly depending on the adjectives that modify 

it. For example, "wool sweater" and "ski sweater", 

the meaning of the noun "sweater" varies little. For 

the pair "log jam" and "strawberry jam", the meaning 

of the noun "jam" varies greatly. Please rate the 

following adjective-noun pairs on a scheme reflecting 

the extent to which you feel the meanings of the nouns 

vary. A scale from "1", meaning low variability, to 

"7", meaning high variability, is provided. Simply 

circle the number that reflects the amount you feel 

the noun varies in meaning. In the above example, the 

meaning of the noun "sweater", varied little, so you 
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would circle the number "1". The meaning of the noun 

"jam", varied greatly, so you would circle the number 

"7". Please feel free to use the entire range of 

scores from 1 to 7. Do not spend to much time on any 

one item; there is no right or wrong answer. Work 

quickly and trust your first impressions. You may 

refer to this page when necessary. Thank you. 


