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CHAPTER I 

INTRODUCTION 

A somewhat puzzling, yet well documented, finding of memory re-

search is that successive repetitions of an item have less of a posi-

tive effect on memory than do repetitions of the item which are sepa-

rated in time. Interest in such an effect dates back to Jost*s law 

(1897) which states that "if two associations are of equal strength 

but of different age, a new repetition has a greater value for the 

older one" (McGeoch, 1942, p. 140). Jost derived his law from careful 

study after noting a facilitative effect, in Ebbinghaus* (1885) data, 

of the spacing of learning trials. This area of interest has led to 

the fundamental and general finding in human memory that, for repeated 

verbal items, long-term retention is an increasing function of the 

temporal distribution of the repeated presentation of such an item. 

In other words, as the spacing between repeated items increases, reten-

tion of those items also increases. 

Various different effects of such spacing have been found and it 

is necessary to differentiate among them. One such effect is the dem-

onstrated advantage of distributed practice over massed practice in the 

learning of lists of words (for a review, see Underwood, 1961). By 

allowing a rest interval between list study trials, the total number 

of learning trials is generally smaller than when no rest (or spacing) 

intervenes. A second effect of spacing, known as the "Melton lag" 

effect, is found in free recall where recall performance for words in 

a list continues to increase over lag intervals (time between the first 
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and second presentations—Pj^ and P^—of a word) as long as three min-

utes (e.g., Melton, 1970; Melton & Shulman, 1967). The Melton lag 

effect, though, appears to be peculiar to free recall (Hintzman, 1974). 

A third effect of spacing of repetitions, known as the spacing 

effect, is more general than the other two effects previously mentioned. 

The basic experimental finding involved is that retention performance 

increases as the spacing between Pĵ  and P^ of a to-be-remembered item 

increases from 0 to about 15 seconds, when it then asymptotes (see 

Figure 1 for typical spacing effects). Thus the spacing effect is 

similar to the Melton lag effect, but the spacing interval is much 

shorter in length. However, as will be seen, what the spacing effect 

may lack in its limit of time, it more than compensates for with its 

breadth of applicability. 

Hintzman (1974) asserts that two methodological factors are vital 

in defining and demonstrating the spacing effect. First, he does state 

that the spacing effect asymptotes at an inter-stimulus presentation 

difference (spacing) of 15 seconds. Again, although Melton (1970) has 

demonstrated that a continued increase in recall performance is found 

with spacing intervals of more than 15 seconds, Hintzman maintains that 

this Melton lag effect is specific to free recall and should be dif-

ferentiated from the general spacing effect. As evidence, he notes 

that experimenters who have tested performance over spacing intervals 

greater than 15 seconds have actually found a decrement in performance: 

on continuous paired-associate learning (Peterson, Wampler, Kirkpatrick, 

& Saltzman, 1963; Young, 1971), on study-test paired-associate learning 

(Madigan, 1969, Exp. II), and on a frequency judgement task (Hintzman, 
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Block, & Summers, 1973). Secondly, Hintzman (1974) maintains that a 

test of long-term retention is necessary for obtaining the spacing 

effect. This assertion is based on the initial studies which demon-

strated the spacing effect in long-term retention (Peterson, Hillner, 

& Saltzman, 1962; Peterson et al., 1963). These studies also demon-

strated that the relationship was reversed when retention was tested 

immediately (also, Glenberg, 1976). In other words, short-term reten-

tion benefited less with spaced than with massed repetitions. In ad-

dition, by specifying a long-term retention test, one is able to avoid 

the potentially tough problem of interactions between the Pi-P^ ̂ nd 

P^-test intervals. Thus, Hintzman (1974) defined the spacing effect 

as the long-term increase in retention performance as the interval 

between presentations of an item increases from 0 to approximately 15 

seconds. 

There are two very important reasons for the inherent interest in 

the spacing effect—its broad generality and its anomalous nature. The 

spacing effect is such a general phenomenon in memory tasks that it is 

difficult not to demonstrate. Note that in the above description of 

the effect, the exact nature of the to-be-remembered information and 

type of retention task itself were left unspecified. This was inten-

tional since the spacing effect has been demonstrated in virtually 

every type of memory task and with numerous types of stimuli. The 

spacing effect has been found in recognition memory (Hintzman 6f Block, 

1970), in free recall (Melton, Reicher, & Shulman, 1966), in paired-

associate learning (Greeno, 1964), in the distractor paradigm (Peterson, 

1963), and even in short-term motor memory (Marshall, Jones, & Sheehan, 



1977). The appropriate dependent variable is not required to be the 

probability of recall or recognition, but has also included recognition 

latency (Hintzman, 1969a) and judged frequency of occurrence (e.g., 

Hintzman, 1969b). The spacing effect is not presentation modality-

specific, as the effect has been demonstrated in both auditory and 

vlsual modes (Melton, 1970) and even when the modalities were mixed 

within the same list (Hintzman, Block, & Summers, 1973). Stimuli which 

have produced the spacing effect have included sentences (Underwood, 

1970), words (Melton, 1967), nonsense syllables (Kintsch, 1966), and 

pictures (Hintzman & Rogers, 1973). The spacing effect has been dem-

onstrated regardless of whether the spacing was manipulated within or 

between lists (Underwood, 1969) and over a wide range of presentation 

rates (Melton, 1970). In addition to the intentional learning experi-

ments mentioned, the spacing effect has also been found in incidental 

learning situations (Rose & Rowe, 1976; Shaughnessy, 1976). Experimen-

ters (Paivio, 1975; Shaughnessy, 1976) have also shown that a change 

in the subjects' orienting task from P, to P^ does not harm the spacing 

effect, provided that the change does not cause a new semantic inter-

pretation of the item (Hintzman, 1976). Finally, Underwood (1969) has 

shown that the spacing effect is not limited to two presentations, but 

continues to increase in magnitude as more presentations are given at 

the same spacing. 

Also, the spacing effect is an anomaly in certain respects—it 

has proved difficult to derive or predict from other laws of memory. 

First, one should note from the description of the spacing effect that 

retention performance suffers as ?•, becomes more recent. This is an 



apparent contradiction of the law of recency pointed out by Hintzman 

(1974) and of the well established recency effect of the serial posi-

tion curve (e.g., Deese & Kaufman, 1957). Second, the spacing effect 

Is an apparent violation of the total time law (Bugelski, 1962; Cooper 

& Pantle, 1967). The total time law states that retention of an item 

is a function of the total study time given the item regardless of how 

that study time is distributed. However, the spacing effect clearly 

demonstrates that different words which have been studied for identical 

periods of time in two differently spaced presentations have different 

retention potentials. Third, if the massed presentations of items in 

a list are relatively rare, they should attract a subject's attention 

and a von Restorff or isolation effect (von Restorff, 1933) would oc-

cur. As much research (e.g., McLaughlin, 1966) has shown, the von 

Restorff effect raises retention performance dramatically for the dis-

tinctive item. Thus, it would seem that retention of massed presented 

items would be raised rather than lowered. Finally, Hintzman and Block 

(1970) have demonstrated that when subjects are asked to estimate the 

number of times an item was seen in a row, they respond as if the con-

secutive presentations were barely noticed. Certainly there is ample 

evidence which points to the anomalous nature of the spacing effect. 

From the evidence summarized above, one can see that the spacing 

effect is both a unique and ubiquitous phenomenon. Thus, the spacing 

effect has attracted a great deal of experimental attention. Unfor-

tunately, however, a definitive explanatory mechanism for the effect 

is still lacking. Hintzman (1974, 1976) surveyed the various attempts 

at theoretical explanations and found six major attempts which he clas-



slfled into two main categories: encoding variability theories (se-

mantlc and contextual variability) and deficient processing theories 

(rehearsal, consolidation, habituation, and voluntary attention). The 

evidence concerning each is summarized below. 

Semantic encoding variability theory (Bower, 1972; Martin, 1968, 

1972) makes the basic assumption that there are more ways than one to 

encode a to-be-remembered item. Also, it is assumed that the longer 

the Pi-P^ interval is, the more likely the encoding of the item at P^ 

is to be different from the encoding at P,. Finally, the assumption 

is made that the greater the number of different encodings of an item, 

the more likely it is to be retrieved on a retention test. Thus, at 

longer spacing intervals, retention performance would be higher and 

the spacing effect would be explained. 

If homographs (words with identical spellings, but different mean-

ings; e.g., bank, club) are used as stimuli in a spacing experiment and 

different meanings are biased on Pj and P^ (for all spacings), the 

spacing curve is indeed flattened (D'Agostino & DeRemer, 1973, Exp. 

II; Johnston, Coots, & Flickinger, 1972; Madigan, 1969). However, as 

Hintzman (1974, 1976) pointed out, this merely demonstrates that, de-

pending on its context, a homograph can indeed function as two different 

words and that, logically, one should not and cannot expect a spacing 

effect between two different words. Damaging evidence against the 

semantic encoding variability position was found when experiraenters 

(Bellezza, Winkler, & Andrasik, 1975; D'Agostino & DeRemer, 1973, Exp. 

II) attempted to force the same encodings of stimuli on Pĵ  and P^. 

Contrary to the prediction of semantic encoding variability, spacing 
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effects were still found. Additionally, semantic encoding variability 

cannot account for the spacing effect that is found with frequency 

judgements. If an item is encoded differently on two presentations, 

then a judgement of that item's frequency at some later point in time 

should be based on the single encoding at the time of testing and, 

hence, be too low. However, evidence shows (Hintzman, 1969b; Hintzman 

& Rogers, 1973; Underwood, 1969) that judgements of frequency increase 

as the spacing increases. Since increased spacing is more likely to 

lead to encoding variability, the prediction is counter to the pub-

lished data. This problem might, at first, seem to be a minor one 

since encoding variability theories are so often concerned with recall 

and since recall is of greater concern to learning theorists than are 

frequency judgements. Hintzman (1974), however, feels that recall is 

a poor dependent measure with which to study the spacing effect because, 

as Rundus (1973) pointed out, "recall of some of the items of a list 

reduces the probability of recall for the remaining list items" (p. 

49). Also cited is the possibility that the Melton lag effect may be 

restricted to a free recall paradigm. Thus, Hintzman (1974) recommended 

that frequency judgement tasks be highly considered as appropriate de-

pendent variables with which to study the spacing effect rather than 

free recall. Therefore, the failure of semantic encoding variability 

theory to account for the frequency judgement spacing effect must be 

viewed as a critical failure of that possible explanation. 

A second possible version of encoding variability theory deals 

with non-semantic components of the memory trace. Anderson and Bower 

(1972) assumed that encoding involves the formation of associations 



between the meaning of the item and a bundle of contextual elements 

(much like the subject's "stream of consciousness" at that particular 

time). On each successive presentation of an item, the context is 

slightly different from that previously sampled. Therefore, if a word 

is seen twice, it would be associated with differing subsets of con-

textual elements. Thus, during testing "the subject could*••judge that 

he had seen the word in two contexts" (Anderson & Bower, 1972, p. 104). 

The spacing effect is explained (for recognition and recall) in that 

the more relevant contextual associations a test item triggers, the 

more likely the subject is to decide that the test item did occur 

during the experimental context and then produce it on a recall or 

recognition test. Similarly, on a frequency judgement task, the sub-

ject attempts to determine the number of different contextual bundles 

associated with the test item. Again, since immediate repetition is 

more likely to sample the same contextual elements, the spacing effect 

may be explained. 

As Hintzman (1976) pointed out, the strongest evidence for the 

contextual variability hypothesis would be the finding that forced 

contextual variability could eliminate the spacing effect (since words 

at all spacings would vary equally). However, the evidence here is 

negative. The spacing effect has not been eliminated when input mo-

dalities were switched between Pĵ  and P (Hintzman, Block, & Summers, 

1973; Wells & Kirsner, 1974). Hintzman, Summers, Eki, and Moore (1975, 

Exp. I) compared results from the usual spacing paradigm to those ob-

tained when P, was "normal" and P^ was accompanied by a tone. The 

spacing effect was not altered by the tone. Finally, Shaughnessy (1976) 
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showed that the spacing effect remained just as pronounced when the 

subjects' orienting task on P. and P was different as when it was the 

same. The failure of these manipulations to alter the spacing effect 

must be seen as a serious failure of the contextual variability hypoth-

esis. Neither encoding variability theory, then, has any strong em-

plrical support. 

The remaining theories were subsumed under the heading of defi-

cient processing. They have in common the belief that, at some point 

in the processing stage that processing for some reason breaks down or 

is simply not done, thus causing the spacing effect. The rehearsal 

hypothesis is based in part on Atkinson and Shiffrin's (1968, 1971) 

models of memory in which rehearsal is necessary both to maintain an 

item's stay in short-term memory and to transfer that item to long-term 

memory. The spacing effect is explained merely by assuming that the 

probability of P, being a member of the rehearsal set decreases with 

time since P, and that subjects would not simultaneously hold two traces 

of the same item in the rehearsal set. Thus, it is easy to see that 

the amount of rehearsal given an item (and, therefore, its long-term 

memory strength) will be greater when P^ is separated from P^ by longer 

intervals (when Pi is no longer being rehearsed). 

Rundus (1971), while analyzing rehearsal processes, has found sup-

port for this idea. Subjects do indeed give words with short P^-P^ 

intervals fewer rehearsals than words with longer P^-P^ intervals. Two 

studies, however, provide critical evidence against rehearsal as an 

explanation for the spacing effect. Bjork and Allen (1970) found that 

recall remained the same regardless of whether an easy or difficult 
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task was interpolated between P^ and P^. Since rehearsal is a con-

scious activity which does require some amount of processing capacity, 

It should reasonably be affected by a difficult distractor task. There-

fore, the notion that rehearsal provides a large facilitative effect 

between P^ and P^ is at odds with Bjork and Allen's (1970) finding. 

Also, Shaffer and Shiffrin (1972) have demonstrated that subjects do 

not rehearse intricate visual scenes (or at least not in a way that 

affects retention). The argument then is that if rehearsal is the 

cause of the spacing effect and if pictorial stimuli are not rehearsed, 

the use of pictures as stimuli should eliminate the spacing effect. 

However, Hintzman and Rogers (1973), using vacation slides as stimuli, 

did find a typical spacing effect. They also compared retention when 

the Pj-P^ interval was empty with an item-filled P.-P interval. They 

found that the spacing effect was not changed based on an empty versus 

filled interval, thus reinforcing the idea that the spacing effect is 

not a function of the processing activity during the Pĵ -P̂  interval. 

Apparently rehearsal does not play the major role of a theoretical ex-

planation for the spacing effect. 

The consolidation hypothesis has grown from work by Peterson (1966) 

and Landauer (1969). Consolidation is defined as "an autonomous in-

crease over time in the retrievability of the memory trace" (Hintzman, 

1976, p. 73) which occurs independently of the actual physical stimu-

lus. Thus, the idea of consolidation is much like the concept of trans-

ferring an item from short-term memory to long-term memory. It is as-

sumed that different occurrences of an identical item are processed by 

the same consolidation mechanism. Therefore, if P^ occurs before the 
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consolidation of Pi is complete, a lesser degree of overall consolida-

tion would result than if P^ was delayed until the consolidation of P, 

was complete. A close presentation would result in overall retention 

being lowered and the spacing effect would result. 

The consolidation hypothesis encounters two immediate problems. 

Flrst, attempts at confirming a consolidation process in animals have 

not met with much success (e.g., Miller & Springer, 1973). Also, the 

emphasis in human memory is currently on voluntary mechanisms rather 

than involuntary such as consolidation (Melton, 1970). 

Experimentally, the consolidation hypothesis fares little better. 

Remember that Bjork and Allen (1970) reported no differences in recall 

when either an easy or difficult task was interpolated between Pĵ  and 

P^. Again, one may presume that a difficult distractor task would 

prove to be a greater detriment to short-term memory than an easy task 

and would thus disrupt consolidation to a greater extent. Equality of 

recall, though, provides no such evidence. In addition, when Hintzman, 

Block, and Summers (1973) presented Pĵ  and P^ in different modalities, 

they found evidence that P^ was the more crucial location concerned in 

the spacing effect. In other words, memory for the P^ modality in-

creased with P1-P9 spacing rather than vice versa. This, again, is 

contrary to the consolidation hypothesis which presumes that P^ may 

interrupt the consolidation of Pj^—actually the evidence points to an 

interruption in the opposite direction. Although a revision of con-

solidation theory might be able to adequately take into account the 

above results, it would be a form of the theory quite alien to any 

present version of consolidation. Still, however, that would simply 



13 

be a matter of refuting negative evidence and there would still be no 

evidence directly favoring consolidation theory as the explanation of 

the spacing effect. 

Habituation, like consolidation, assumes that a mechanism is at 

work which is not under the subject's voluntary control. The basic 

idea is somewhat similar to the refractory period of a neuron. When 

the to-be-remembered stimulus occurs, an internal representation is 

activated in order to allow for an enduring memory trace to be formed 

and stored. That representation is then habituated—its threshold for 

re-activation is raised. Adaptation continues for as long as the stim-

ulus is present; its removal starts the recovery process. The spacing 

effect would then occur if P« came before recovery from the habituation 

of P, was complete—later retention would be poorer than when that 

recovery was fully complete. Although the example of the neuron was 

used, the time periods involved would be quite dissimilar. A complete 

recovery time on the order of 15 seconds would be needed to explain the 

spacing effect in this case since the spacing curve could be thought 

of as picturing the time sequence of the recovery from habituation 

(Hintzman, 1976). 

Hintzman (1974) pointed out that although habituation has been 

hinted at as a possible explanatory tool for the spacing effect (Posner 

& Warren, 1972; Underwood, 1969), it had not been explored systemati-

cally. He also listed it as one of the more plausible explanations, 

apparently for just that reason—there was no great amount of negative 

evidence against habituation at that time. However, Hintzman, Summers, 

and Block (1975) attempted to directly test the habituation-recovery 
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hypothesis and did obtain negative findings. Assuming that the spacing 

effect is due to habituation, they attempted to alter the recovery 

(spacing) curve by producing different amounts of habituation for dif-

ferent items. However, the spacing curve was not altered by either 

manipulating the P, duration and the Pi-P^ interval (Exp. I) or by 

giving one, two, or three massed presentations (Pĵ 's) and varying the 

spacing interval before P^ (Exp. II). In both experiments, a slower 

recovery curve was predicted when habituation was greater, but the 

spacing effects found were highly similar to those obtained with the 

"normal" spacing paradigm. One glimmer of hope was found, though, in 

Experiment III. In comparing recognition scores for uninterrupted 

(massed) and spaced presentations which were matched with respect to 

initial onset and offset times, it was found that spaced presentations 

consistently (although primarily non-significantly) had higher proba-

bilities of recognition. For example, an item presented for 2.2 sec-

onds, off for .8 second, and on again for 2.2 seconds (5.2 seconds 

total, 4.4 seconds of presentation time) had a correct recognition 

score of .822 while an item presented constantly for 5.2 seconds (5.2 

seconds total and presentation time) had a recognition score of "only" 

.802. This information led Hintzman, Summers, and Block (1975) to 

conclude that "the facilitative effect of stimulus interruption sug-

gests that''^some sort of habituation-recovery hypothesis may yet turn 

out to be the best explanation of the effect of spacing on memory" (p. 

294). 

Apparently Hintzman's opinion changed because, in 1976, he main-

tained that the voluntary attention hypothesis was the most likely ex-
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planation for the spacing effect. The voluntary attention hypothesis 

Is quite simple—the subject merely chooses to pay less attention to 

p2 when it appears close in time to P^ than when the Pi-Po interval is 

longer. This explanation does have the advantage, implied by its name, 

that the process is under the subject's control. Voluntary attention 

is used "to refer to the subject's voluntary direction of processing 

effort to a stimulus event" (Hintzman, 1974, p. 86). Voluntary is a 

key term here since Hintzman (1974) pointed out that the habituation-

recovery hypothesis deals with involuntary attention. 

The findings concerning the voluntary attention hypothesis are 

decidedly mixed. The favorable evidence is surveyed first. Since the 

voluntary attention choice is made at P^, it stands to reason that the 

retention of P^ and not P, would suffer at short spacings. This is 

exactly what Hintzman, Block, and Summers (1973) found when they pre-

sented P. and P^ in different modalities—memory for the P^ modality 

was better with longer spacings. More evidence that subjects may divert 

their attention away from P^ came from Johnston and Uhl (1976) whose 

subjects were required to study word lists for recall and, secondarily, 

respond to a weak auditory signal accompanying P^, P̂ * or P,. Response 

times to the signals grew progressively faster (over P^, Po, to P ) for 

massed presentations of a word, but not for spaced repetitions. This 

decrease suggests that subjects indeed devoted less attention to massed 

repetitions and therefore had "greater capacity" left over for the 

monitoring task during those massed presentations. Similarly, Shaugh-

nessy, Zimmerman, and Underwood (1972) conducted an experiment in which 

the stimulus presentation rate was under the subjects' control. They 
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found that less time was given to P^ and P when they were massed than 

when they were spaced. This was replicated by Zimmerman (1975) when 

only two presentations (Pĵ  and P^) were given. 

Actually, the evidence summarized to this point is only circum-

stantial—it does point toward an attentional factor being involved in 

the spacing effect, but not necessarily a voluntary one. The habitua-

tion-recovery hypothesis could probably explain the above results 

equally well. As Hintzman (1974, 1976) pointed out, to demonstrate 

that a voluntary mechanism is at work, one should be able to alter 

typical experimental outcomes through instructional manipulations de-

signed to modify the attentional process of the subject. Several ex-

perimenters have tried this approach. Hintzman, Summers, Eki, and 

Moore (1975) assumed that an appropriate manipulation of attention, 

which would make all items equally attended, should eliminate the spac-

ing effect. In their Experiment I, they paired a tone with half of the 

items at P^ after telling the subjects that the tone meant that partic-

ular picture was especially important to remember and that they would 

be paid four times as much for remembering that item as for an item 

with no paired tone. As was mentioned previously, typical spacing ef-

fects were found both with and without the tone—the curve was not flat 

with the tone as had been predicted (see Figure 1). Likewise, in their 

Experiment II, the experimenters attempted to equate the subjects' pro-

cessing activities by requiring them to recite the stimulus word aloud 

three times when it was shown. Subjects also participated in a stand-

ard (silent study) condition. When the results from the two conditions 

were compared, typical spacing effects were again found. Additionally, 
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Elmes, Sanders, and Dovel (1973) attempted to manipulate voluntary pro-

cessing through the von Restorff effect. Words were presented massed 

and spaced in lists, with some words being presented in a distinctive 

manner (different voices or type style). The isolated massed items 

were recalled at a higher level than "normal" spaced items from the 

same list, which led the authors to favor the voluntary attention hy-

pothesis. However, Hintzman (1974) has pointed out that the recall 

of the isolated spaced items was facilitated even more than that of 

the isolated massed items. Thus, the spacing effect was not elimi-

nated by Elmes, Sanders, and Dovel (1973), but remained in its typical 

form and was, perhaps, even enhanced. Since, in these three studies, 

manipulations of attention apparently made no difference in the shape 

of the spacing curves, the voluntary attention hypothesis suffers from 

a lack of credibility. 

The finding of Bjork and Allen (1970) mentioned earlier, that a 

difficult task inserted between Pĵ  and P^ leads to better retention 

than an easy task (also, Tzeng, 1973) helps support the idea that the 

attention given to P^ may somehow be determined by the forgetting of 

Pi. In other words, P^ would receive the subject's attention fully 

only if he has forgotten that the same item occurred previously (Pĵ ) . 

However, two experiments (Bellezza, Winkler, & Andrasik, 1975; John-

ston & Uhl, 1976) have reported that items for which P^ is forgotten 

when P^ occurs have poorer retention than those where P̂  is remembered. 

This finding would certainly negate the above argument for explaining 

the spacing effect. Hintzman (1976) noted that although the results 

of these two experiments might have been influenced by item selection. 
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"they cast some doubt on the notion that attention given to P^ is di-

rectly related to forgetting of P^" (p. 79). 

Flnally, Hintzman (1976) felt that the demonstration of a spacing 

effect in incidental learning (Rose & Rowe, 1976; Shaughnessy, 1976) 

was particularly damaging to the voluntary attention explanation of the 

spacing effect. There is no real need for the subject to worry about 

forgetting a particular item in a task that appears to be unrelated to 

learning (by definition, an incidental learning task), so attention 

should be approximately equal for all items regardless of whether they 

are massed or spaced. However, the spacing effect is apparently just 

as pervasive in incidental learning as in intentional leaming. 

Thus it seems that none of the six hypothetical explanations that 

Hintzman (1974, 1976) offered for the spacing effect have stood up well 

to the empirical test. Recently, however, several experiraenters (Elraes 

& Bjork, 1975; Evans, Good, Lintzenich, & Francis, 1975; Rose & Rowe, 

1976; Rowe, 1974) have used a post hoc combination of the theories of 

encoding variability (Bower, 1972; Martin, 1968, 1972) and levels of 
j 

processing (Craik, 1973; Craik & Lockhart, 1972) to plausibly explain 

the spacing effect. This is the approach that will be taken and de-

veloped here. To adequately understand and impleraent the two theories, 

a detailed review of each is required. 

Approach to the Problem 

Encoding has played an increasingly important role in meraory theory 

In the past few decades. Since the representation of an event in meraory 

is likely to dictate later perforraance with respect to that event, the 

process by which the event becomes represented in memory (encoding) must 
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have a most significant role in memory. Encoding has been variously 

defined as stimulus selection (Estes' stimulus sampling theory, 1955a, 

b), elaboration (Prytulak's natural language mediation, 1971), compo-

nential description (Osgood, Suci, & Tannenbaum's semantic differential, 

1957), and rewriting (Miller's magical number seven, 1956). However, 

all of these definitions maintain the same basic idea that Underwood 

(1963) and Shephard (1964) pointed out. Underwood (1963) distinguished 

between the nominal (entire) and functional (fractional) stimulus and 

Shephard (1964) agreed, stating that there are two basic types of stim-

uli, "those that are reacted to as horaogenous, unitary wholes, and 

those that tend to be analyzed into perceptually distinct compounds or 

properties" (p. 80). This view, when taken in conjunction with the 

varying definitions of encoding, raises the distinct possibility that 

stiraulus encoding variability could occur. In other words, it is a 

possibility, if a stimulus was presented more than once, that it could 

be encoded differently on each presentation. This is the focus of 

theories of encoding variability. 
j 

Lawrence (1963) proposed the coding-response hypothesis which is 

the cornerstone for the raore current theories of encoding variability. 

The stage in Lawrence's formulation that is of interest with respect 

to encoding variability is stimulus-response association in the per-

ceptual or sensory stage of learning. All stimulus-response pairs are 

mediated by a coding response. The sensory input of a nominal stiraulus 

corresponds to the actual physical object seen. However, as an elicitor 

of behavior, its characteristics are undetermined until it undergoes a 

coding operation which is determined by the context in which the stimu-
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lus object is encountered, motivational state of the subject, and task 

Instructions. Thus, a new stimulus, known as the stimulus-as-coded or 

s-a-c, is produced. "It is this s-a-c that is directly associated with, 

and elicits, the overt behavior being measured" (Lawrence, 1963, p. 

189). Lawrence, therefore, distinguished between a nominal and func-

tional stimulus just as Underwood (1963) and Shephard (1964) did. 

The form of the coding response is determined by leaming and is 

almost limitless in its range of possibilities. Thus, the s-a-c may 

also assume a wide range of forms and levels. Given a fixed sensory 

input, a new and different s-a-c would result from each different coding 

response. Thus, for each nominal stimulus, there are a great number of 

potential code iteras (s-a-c's) that would correspond with the stimulus. 

On the other hand, if the coding response was constant, a new sensory 

input would be required to generate a new s-a-c. The different coding 

responses, then, are the basis of stimulus encoding variability in 

Lawrence's (1963) system. Lawrence stated that "even though the sarae 

stimulus object occurs in two successive tasks, it is conceivable that 
j 

the individual shifts from one coding response to another" (1963, p. 

211), clearly allowing the possibility that encoding variability could 

occur. 

Although Lawrence's (1963) coding-response hypothesis did not ac-

tually touch on encoding variability per se, several of his concepts 

did become cornerstones in Martin's (1968) stimulus meaningfulness 

theory of encoding variability. Martin divided association activation 

into two phases, the E phase where a perceptual response produces an 

encoding and the A phase where the resultant encoding activates an 
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assoclation. It is the E phase that is of concern as far as encoding 

varlability goes. Presentation of the nominal stimulus leads to a 

perceptual/encoding response which yields a functionally encoded ver-

sion (one of some possible number) of the nominal stimulus. This func-

tional encoding is analogous to the s-a-c in Lawrence's (1963) frame-

work. Describing the encoding operation (r-s) schematized below, Martin 

NOM 

says that it 'is a central event composed of a perceptual response (r) 

plus the consequent functional encoding (s) of the nominal stiraulus S" 

(1968, p. 422). 

In the illustration, the norainal stimulus is seen to have three 

possible functional encodings. Martin assumes that only one encoding 

will be made upon each presentation of the nominal stimulus. Each 
j 

member in this set of functional encodings is assumed to have a certain 

unknown probability of being chosen. For example, research has indi-

cated (Lovelace & Blass, 1968; Postman & Greenbloom, 1967) that for 

alphabetic stimuli (CCCs and CVCs), the initial letter is a high prob-

ability member to be chosen frora the set. The number of raembers in 

the set of functional encodings is determined by the raeaningfulness of 

the nominal stimulus. However, meaningfulness (as traditionally de-

fined) and encoding variability are not one and the same. Variability 

in meaningfulness, in Martin's framework, does not refer to the number 
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of associations a stimulus elicits (Noble, 1952), but rather to the 

number of perceptual/encoding responses (and, hence, functional en-

codings) that can be made to the stimulus. Martin argues that high 

meaningfulness stimuli lead to a low number of perceptual/encoding re-

sponses and vice versa. For example, a high meaningfulness stimulus 

such as MOP may have only one or two possible functional encodings 

while a low meaningfulness stimulus (e.g., XOL) would have quite a few 

possible encodings. In support of Martin's contention, Abra (1968) 

found more variability in subject-generated responding for low mean-

ingfulness stimuli. Also, Butler and Merikle (1970) found that vari-

ability raeasures correlate negatively with meaningfulness measures as 

traditionally defined by Noble (1952). This theoretical framework 

leads directly to several testable hypotheses. 

If low meaningfulness stirauli lead to a more variable encoding 

by subjects than do high meaningfulness stirauli, this should be detected 

by a recognition test. In other words, if a stiraulus is recoded in a 

different raanner on a second presentation (the recognition test), it 
j 

would not be recognized as an old item. Martin (1967) presented sub-

jects with 160 trigrams (high and low meaningfulness) twice each with 

varying nurabers of trigrams intervening between the two presentations. 

Subjects were tested on their ability to recognize the trigram on its 

second occurrence. The high meaningfulness trigrams were significantly 

easier to recognize. Also, as the number of intervening items in-

creased, recognition decreased—indicating that subjects are more 

likely to change encodings as raore time passes. Light and Carter-Sobell 

(1970) have demonstrated the implication of such a finding experimen-
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tally. Words were semantically encoded during presentation (i.e., 

"jam" was presented to the subjects biased as "strawberry jam") and 

then were presented in entirely different contexts (e.g., "jam" was 

presented as "traffic jam") during the recognition testing. Recogni-

tion of these "changed" items was significantly depressed when compared 

to items that were presented in the identical context at the time of 

their recognition testing. Thus, if the subject encodes an item dif-

ferently at the time of its presentation and its testing, recognition 

of that item is hampered. 

Several experimenters (Bevan & Dukes, 1967; Bevan, Dukes, & Avant, 

1966; Glanzer & Duarte, 1971) have experimentally forced subjects to 

variably encode stimuli. Glanzer and Duarte presented bilingual sub-

jects with a word repeated in both English and Spanish, Bevan and Dukes 

presented nouns modified by different adjectives (e.g., "tall tree" and 

"green tree"), and Bevan, Dukes, and Avant also presented differently 

modified nouns, but in larger numbers ("pine, oak, pecan, and elm 

tree"). All found that even forced variable encodings led to higher 
j 

recall than repeated (but non-varied) presentations. 

The idea that separate presentations are necessary to produce en-

coding variability came about and was reinforced due to the above evi-

dence and a series of experiments by Tulving and his associates. Tul-

ving and Pearlstone (1966) showed that items may reside in the meraory 

store which are inaccessible with the usual recall test but which can 

be recalled if an appropriate retrieval cue (e.g., the category name) 

is given. Tulving and Osler (1968) presented evidence that such a 

retrieval cue is effective only if the to-be-remerabered item was en-
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coded with respect to that cue at the time of storage. The encoding 

specificity hypothesis which grew from these experiments and others 

(Thomson & Tulving, 1970; Tulving & Thomson, 1973) suggests that an 

item may be encoded in only one way on each presentation. Thomson and 

Tulving (1970) demonstrated that recall of a word (e.g., "queen") which 

was learned in the presence of a weak recall cue ("lady") was signifi-

cantly higher when that weak cue was presented to aid recall than when 

a previously unseen, but strong, cue ("king") was presented at the time 

of recall. Others (Barclay, Bransford, Franks, McCarrell, & Nitsch, 

1974; Pelligrino & Salzberg, 1975; Winograd & Conn, 1971) have repli-

cated this finding. Martin's assumption that only one encoding can 

occur upon presentation of the nominal stimulus appears to have been 

correct, based on this evidence. 

Martin (1968) was especially interested in the effects of mean-

ingfulness in the negative transfer paradigm (A-B, A-Br; meaning that 

the responses are paired with different stimuli in the second list). 

Several experimenters (Martin, 1968; Martin & Carey, 1971; Weaver, 

McCann, 6e Wehr, 1970) have demonstrated less negative transfer with low 

meaningfulness stimuli, lending support to Martin's (1968) contention 

that such stimuli offer a greater chance to recode. Additionally, by 

using "recodable" (multiple) stimuli in a negative transfer paradigm, 

direct evidence has been found (Goggin & Martin, 1970; Merryman & Merry-

man, 1971; Polzella & Martin, 1973; Schneider & Houston, 1969; Weaver, 

1969) that ±f^ subjects chose to recode the stimulus on the second list, 

negative transfer was not obtained. However, Goggin and Martin (1970), 

Polzella and Martin (1973), and Schneider and Houston (1968) all have 
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demonstrated that many subjects will not take advantage of the oppor-

tunity to use different functional stimuli (recode) on List 2, but 

will actually use the same stimuli that they employed in learning List 

1. Subjects, then, are not "eager" to recode the stimulus, but they 

avoid negative transfer when they do. These results raise problems 

because they indicate that shifts in coding responses are not auto-

matic in the face of negative transfer, as Lawrence (1963) proposed 

and that stimulus recoding is not the natural response in such a case, 

as Martin (1968) postulated. 

Martin's (1968) theory, though, has as a whole stood up fairly 

well to its empirical tests. However, its restricted scope (mainly 

concemed with stimulus meaningfulness and the problem of transfer) 

has limited its use and applicability. Bower has developed a stimulus-

sampling theory of encoding variability (1972) which is applied much 

more broadly to the f ield of leaming (including even amnesia) . The 

framework, Bower admits, is "an amalgamation of the approach of Lawrence 

(1963) and Martin (1968) with the stimulus-sarapling theory of Estes 

(1955a)" (1972, p. 89). In simpler terms, Bower has merely applied 

stimulus-sampling theory to Martin's encoding variability theory, since 

Martin had already borrowed from Lawrence. Encoding is still seen as 

a response process which operates on a nominal stimulus with the output 

of a functional stiraulus. Bower agrees that low meaningfulness stirauli 

will lead to a raore variable distribution of encoding responses and 

that the s-a-c controls any response made on a particular trial. It is 

still assumed that, if two stimuli are encoded identically, different 

responses cannot be made to them and that nominal stirauli may be recog-
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nlzed as repeated only if they are encoded in the same manner at each 

presentation. 

Bower notes four assumptions in his modified version of stimulus-

sampling theory as it relates to encoding variability. First, every 

nominal stimulus (e.g., presentation of a trigram, etc.) may yield a 

number of possible stimulus elements (the output of an encoding re-

sponse, i.e., a s-a-c). Second, for every norainal stimulus, there will 

be a set of stiraulus elements. Two different nominal stimuli could 

have common elements in the sets, as the encoding response "select 

first letter" would produce common elements for the trigrams XQW and 

XLM. Thus, there is a basis for stimulus generalization between two 

nominal stimuli. Third, every stimulus element can be associated to 

one or more responses or cognitive elements in all-or-none fashion. 

This accounts for response suppression rather than extinction. Fourth, 

a subject's performance with respect to a nominal stimulus depends on 

associative connections of stimulus elements in the active sample. 

The notion of an active sample is the major difference between 
j 

Bower (1972) and Martin (1968), and it results from the inclusion of 

stimulus-sampling theory in the encoding process by Bower. Bower's 

system is pictorially represented on the following page. The encoding 

process is composed of a set of N operators or encoding responses, each 

with an associated probability, 9̂ , that it (operator i) will be used, 

which leads to the activation of a s-a-c (stiraulus element s^). Also 

shown are some associative connections between the s-a-c and ideas or 

responses. The active sample refers to the £ encoding operators that 

are active on each trial. This results in s active stimulus elements 
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(s-a-c) whenever the subject is presented with a nominal stimulus. The 

value of £ would vary due to exposure duration, tjrpe of encoding opera

tion, contextual factors, etc., but Bower's expectation for the value 
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of s^ is "to be in the range of 5 to 10 with the usual presentation 

rates prevalent in verbal learning studies" (1972, p. 92). Thus, it 

is clear that, while Martin (1968) allowed for only one encoding re-

sponse per stimulus presentation. Bower (1972) feels that multiple en

coding upon presentation is possible. In other words, Martin agreed 

with Tulving's encoding specificity hypothesis (Tulving & Thomson, 

1973), while Bower did not. 

Winograd and Geis (1974), using balanced homographs (two rela

tively equiprobable semantic encodings) and polarized homographs (one 

dominant semantic encoding), have provided evidence supporting Bower's 

(1972) contention. Winograd and Geis (1974) did demonstrate that the 

balanced homographs had a greater variety of semantic encodings. Their 
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results also demonstrated that recognition of balanced homographs was 

hlgher than the polarized homographs (also, Perfetti & Lindsey, 1974). 

This Is counter to Martin's theory which would predict higher recogni-

tion rates for polarized homographs since their two encodings (Pĵ  and 

test) would be more likely to be the same. Geis and Winograd (1975) 

then attempted to determine whether subjects multiply encoded upon 

presentation or recoded at the time of testing. Since judgements of 

frequency are directly related to the number of memory traces stored 

(Hintzman & Block, 1971) and balanced homographs have greater seraantic 

encoding variability (Winograd & Geis, 1974), Martin's specific (as 

opposed to the multiple) theory of semantic encoding would predict 

higher frequency judgements for polarized than for balanced homographs, 

given identical presentation frequencies. Geis and Winograd (1975), 

however, found that balanced homographs were judged as having occurred 

more often than the polarized homographs. Thus, Geis and Winograd were 

led to favor the proposition that subjects do multiply encode upon 

presentation. It is interesting to reraember that in the Tulving ex-

periments mentioned previously, which supported the encoding specific-

ity principle, the words were presented with recall cues which raay well 

have determined the semantic encoding of the word. It is not surpris-

ing, then, that a strong, but previously unseen, recall cue was not 

effective. As Bower (1972) pointed out, the simplest way to change 

the encoding process is to present the study words in context with some 

other words. Also, MacLeod and Nelson (1976) demonstrated that, with 

a lag in a continuous recognition paradigm, false alarms to semantic as-

sociates of the stimulus (e.g., "lion-tiger, table-chair") were higher 
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than with no lag, indicating that some amount of dual encoding had oc-

curred. Thus, it seems that the support for Bower's (1972) multiple 

encoding model of encoding variability might well be stronger than that 

In favor of Martin's (1968) single encoding version. 

Despite these theories and the data that they purport to explain, 

encoding variability was, until recently, still only an inferred pro-

cess and not a demonstrated fact. Britton (1976) did actually study 

subjects' encodings by having them write the stimuli as they were pre-

sented aurally. The stimuli were homonyms (one pronunciation with two 

spellings and meanings; e.g., sale and sail). The results deraonstrated 

that, even in this paradigm which involved no negative transfer or no 

"threat" of retroactive inhibition, subjects would vary their stimulus 

encodings and do so increasingly over tirae. Some subjects had their 

encodings prompted by the surrounding context and these encodings be-

came even more unstable over time. This was the first concrete evi-

dence that subjects did actually change their stimulus encodings as 

both Martin (1968) and Bower (1972) had proposed. Earlier evidence 
j 

had yielded the same conclusion, but it was based only on failures of 

recognition or recall. 

Encoding variability theory has progressed to a healthy state of 

refinement. It provides interesting and informative answers to the 

question of why some words are retained and others are not. However, 

as was mentioned, encoding variability theory seems incapable of ade-

quately explaining the spacing effect without extra theoretical "help." 

The levels of processing notion is a later attempt at solving some 

of the puzzles of memory, but in a manner much different from that of 
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encoding variability. Several theoretical and data-related inconsist-

encies in the short-term/long-term memory model (STM/LTM; e.g., Atkin-

son & Shiffrin, 1968; Murdock, 1967; Waugh & Norman, 1965) led Craik 

(1973; Craik & Lockhart, 1972) to propose an altemative fraraework of 

memory based on a levels of processing notion. An example of such an 

Inconsistency was the demonstration by Shallice and Warrington (1970) 

of evidence against the notion that information must go through STM in 

order to enter LTM. In the levels of processing approach, perception 

of stimuli is seen as highly similar to encoding as componential de-

scription (Osgood, Suci, & Tannenbaum, 1957). Perception is viewed as 

rapidly analyzing a stimulus on a number of stages or levels (Selfridge 

& Neisser, 1960; Sutherland, 1968; Treisman, 1964). The preliminary 

stages of analysis are concerned with physical features of the stimulus 

(e.g., lines, angles, brightness, pitch, loudness, etc). The later 

stages deal with raatching the input to stored syrabolic, abstract, se-

mantic features (e.g., meanings, associations, images, pattems, etc). 

This hierarchical series of processing stages is referred to as "depth 
j 

of processing." Greater "depth," thereby, implies a more seraantic or 

cognitive analysis. Although this analysis appears to be aimed pri-

marily at verbal material, Craik (1973) maintained that all incoming 

stimulus patterns are subjected to such a series of analyses. 

The end product of these analyses is a memory trace. It is sug-

gested, in this framework, that trace persistence is a positive func-

tion of the depth of analysis. Thus, the deeper the level of analysis, 

the more durable, elaborate, long-lasting, and stronger the meraory trace 

becomes. In fact, the product of the early analyses may not even be 
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stored—the extraction of meaning from stimuli is usually the primary 

or only concern of the organism. Therefore, it is probably the prod-

ucts of the later, semantic analyses that are stored or "learned" in 

the traditional sense of the word. Retention, then, is a function of 

depth of processing and depth is a function of three factors: stimulus 

salience or intensity, stimulus meaningfulness or compatibility with 

the analyzing structures, and the amount of processing devoted to (or 

amount of attention paid to) the stimulus. Craik and Lockhart (1972) 

viewed processing levels as a continuum of analysis and "thus, memory, 

too, is viewed as a continuum from the transient products of sensory 

analyses to the highly durable products of semantic-associative oper-

ations" (p. 676). 

Although memory is viewed primarily as the product of the percep-

tual/semantic analysis, items may also be retained in a second manner— 

by maintaining processing or recirculating information at one level of 

processing. This re-processing is analogous to the common descriptions 

"rehearsal of the item" and "keeping the itera in consciousness." This 

type of processing, which is raerely repetition of analyses that have 

already been carried out, is referred to as Type I processing and is 

contrasted with Type II processing which involves the deeper, semantic 

processing of the stimulus. It is assumed that only Type II processing 

will lead to the formation of a more permanent meraory trace and, hence, 

improved memory performance. Thus, memory will improve with study time 

In Type II processing, but time devoted to Type I processing will only 

prolong a given item's high accessibility in raemory for as long as 

that particular type of processing is maintained. Type I processing. 
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thenj 

only a maintenance function. 

The levels of processing formulation is able to explain the ex-

Isting learning data as easily as the short-term memory/long-term mem-

ory model. Incidental learning literature (reviewed by McLaughlin, 

1965; Postman, 1964) is explained by the subjects' processing of infor-

mation at a more shallow level than in the usual intentional learning 

paradigm. Different orienting tasks in incidental situations should 

cause different levels of processing of the stimulus items and, hence, 

differential retention. This effect has been demonstrated by several 

experimenters (Bower & Karlin, 1974; Frase & Karaman, 1974; Gardiner, 

1974; Rowe, 1974) with the resultant conclusion that the raore seraantic 

the orienting task (i.e., the deeper the level of processing), the 

higher the incidental learning and retention of the iteras are. The 

advantage of using an incidental task is that the experiraenter is able 

to exercise more control over the processing (orienting task) than in 

an intentional learning paradigm. For exaraple, Wicker, Weinstein, and 
j 

Eckman (1975) demonstrated that subjects who formed mediators for items 

with no intent to learn the items had recall equal to that of subjects 

who were instructed to use raediation to intentionally learn the items. 

Although the intent of the two groups was different, the level of pro-

cessing was not. Levels of processing also has a simple explanation 

of the usual results found in experiments concerning selective atten-

tion and sensory storage. In a dichotic listening task (different raes-

sages presented to each ear), Moray (1959) demonstrated that words pre-

sented to the non-attended channel (ear) were not recognized in a sub-
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sequent test. Also, Neisser (1964), using a visual search task, showed 

that the non-target items did not leave a recognizable trace. These 

seemingly obvious results do serve as proof of the claim that items 

which are analyzed only at the preliminary stages (processed only to 

peripheral levels) have, at best, a fleeting record in memory. 

More crucial for the levels of processing notion is the necessity 

that it can satisfactorily explain the data that led to the original 

STM/LTM dichotomy. The finding that only a few items may be held in 

STM is handled by the postulation of a flexible central processor in 

the levels of processing framework. Although this processor is flex-

Ible in that it can be "deployed" to one of several levels in one of 

several encoding diraensions, it is liraited in terras of the number of 

items it can handle since it serves as the vehicle for Type I process-

ing and must continually rehearse items to keep them in consciousness. 

One of the traditional distinctions between STM and LTM is their coding 

characteristics—STM is seen as predominantly acoustic or articulatory 

while LTM is largely semantic This makes sense in the levels of pro-

cessing formulation, since acoustic errors (sensory errors) would occur 

predominantly only if analysis had not proceeded to a semantic level. 

Another distinction between STM and LTM is Glanzer's (1972) report that 

variables like presentation rate (Glanzer & Cunitz, 1966) and word fre-

quency (Sumby, 1963) affect only long-term retention. Craik and Lock-

hart (1972) explained these findings by maintaining that such variables 

either prevent or inhibit the Type II processing which is necessary for 

long-term retention, but not the coding operations which are adequate 

for short-term retention. This, of course, would have led to the con-
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cluslon that the variables pointed out by Glanzer (1972) have an effect 

only on LTM and not STM. 

One of the more persuasive arguments for a STM/LTM distinction 

has been the serial position effects for free recall (Broadbent, 1971; 

Kintsch, 1970). In the serial position curve, heightened recall of 

the initial items in a list (primacy) is seen as deraonstrating the 

storage of those items in LTM. Additionally, the heightened recall of 

the last items in the list (recency) appears to imply that those items 

are stored in STM. However, Craik and Lockhart (1972) raaintained that 

serial position effects are found because the subject engages in Type 

II processing for primacy items, since he knows that he must, at some 

point, stop attending to these initial iteras in order to leam the 

subsequent items. The final list items can be processed by Type I 

processing since they can be maintained in that manner until the imme-

diate recall test. The fact that such items (recency) are less well 

processed has been deraonstrated with Craik's (1970) discovery of a 

negative recency effect when a delayed or final recall test is used. 
j 

Rundus (1971), though, also showed that the number of rehearsals de-

creases over serial position, yielding the possibility that recency 

items have simply been rehearsed fewer times than the priraacy items as 

an alternative explanation of the negative recency effect. However, 

a number of investigators (Craik, 1973; Jacoby & Bartz, 1972; Light, 

1974; Mazuryk & Lockhart, 1974; Watkins & Watkins, 1974) have demon-

strated that recall of the last few items in a list is dependent on 

the type, and not amount, of processing for those recency items. Ma-

zuryk (1974) has even demonstrated a positive recency effect when only 
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the recency Items were learned with the aid of mediation. Thus, levels 

of processing can explain not only serial position effects that are 

most commonly found, but can also predict certain unusual position 

effects found when the stimulus processing is manipulated. This finding 

by Mazuryk (1974) is especially meaningful in view of the fact that the 

negative recency effect (Craik, 1970) is normally a very powerful and 

pervasive finding. 

The multi-store raodels of meraory state that the function of re-

hearsal or repetition is not only to maintain the items in STM, but 

also to transfer them to LTM. On the other hand, mere rehearsal in 

levels of processing terms serves only a maintenance function. There 

is evidence that repetition of an item which has been encoded only at 

a sensory level does not lead to improved memory, both in vision (Tur-

vey, 1967) and audition (Moray, 1959; Norman, 1969). Tulving (1966) 

demonstrated that leaming was not facilitated by repetition without 

the intention to learn. Also, Glanzer and Meinzer (1967) showed that 

the overt repetition of items by subjects is a less effective strategy 
j 

than that normally used in free recall. Craik and Watkins (1973) and 

Madigan (1973) have demonstrated that increasing the number of overt 

rehearsals does not lead to higher recall in a free recall or a probe 

paired-associate task, respectively. Thus, there is araple evidence 

which demonstrates that levels of processing is better equipped to ex-

plain repetition effects than the dichotomous memory stores. 

The main advantage that the levels of processing framework has 

over the STM/LTM dichotomous model is that observed differences in mem-

ory can often be more easily explained by reference to a continuous. 
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flexlble information processing system than a rigid, inflexible set of 

boxes, each with its own set of limitations. Unlike the distinctions 

made between STM and LTM, there is no further need for any fixed ex-

pectations about the characteristics or the number of units that may 

be retained in memory. On the other hand, the workings of the flexible 

central processor, the conditions believed to be conducive to mainte-

nance rehearsal, and the effectiveness of the deeper semantic process-

ing are all consistent with the functional differences once noted be-

tween STM and LTM. The failure of stimulus processing/analysis to have 

reached a sufficiently deep level can be used to explain results which 

have caused basic problems for the dual process theories, such as the 

lack of correlation between retention and the amount or number of prior 

rehearsals. Also, by assuraing that the level of processing varies with 

the position of an item within a list, the critical serial position 

effects in immediate and delayed free recall can be readily explained. 

Elmes and Bjork (1975) attempted to account for the spacing effect 

with an explanation which was based on the levels of processing formu-

lation. They felt that the spacing effect resulted from different 

types of rehearsal or processing rather than differences in the amount 

of rehearsal or number of encodings. This hypothesis is apparently a 

direct outgrowth of the success that Craik and Lockhart's (1972) levels 

of processing framework has had in accounting for other retention phe-

nomena. Elmes and Bjork's reasoning was that massed presentations 

would tend to yield only primary processing of the item on P^ while 

spaced repetitions would tend to result in secondary processing on P^ 

(note the similarity to the voluntary attention hypothesis). Massed 
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repetitions are seen as encouraging a simple rote recycling of the item 

upon its second presentation because the item is easily remembered, 

with a minimum of effort, from the first to second presentation. Thus, 

the subject would feel that nothing more was required than to continue 

to cycle the item as it was originally encoded. However, with spaced 

repetitions, the item is either more difficult to remember or even 

cannot be remembered when it is presented for the second time. Thus, 

the subject would feel a need to encode the itera again or to elaborate 

upon the initial encoding. With such differences in the processing of 

a second encoding, spaced repetitions would result (on the average) in 

more deeply processed items than massed presentations. This, in turn, 

would lead to a higher level of long-term retention for the spaced re-

petitions and the spacing effect would be the final result. 

Elmes and Bjork (1975) thus hypothesized that controlling the 

processing of items upon P^ could eliminate the retention advantage 

that spaced repetitions have over massed repetitions in the spacing 

effect. Particularly, they felt that requiring priraary processing of 
j 

the second presentation of an item would elirainate the spacing effect 

since the pattern of processing in such a situation would be equivalent 

to that of massed-presented iteras which do not demonstrate a spacing 

effect. However, the results of their study showed that the most sub-

stantial spacing effects were found when the second presentation of an 

item was primary processed, regardless of the type of processing it 

received on its first presentation. Elmes and Bjork (1975) concluded 

that the "strong spacing effects obtained in those conditions where 

primary processing of the second presentation was required at all spac-
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Ing intervals run directly contrary to the predictions of the level of 

processing view" (p. 40). They also found no support for an encoding 

variability explanation because no spacing effect was found when two 

spaced repetitions were both processed in a secondary manner (also, 

Roediger & Crowder, 1975). The spaced presentations, theoretically, 

should have allowed more variable encoding which would have yielded, 

in turn, higher recall. 

Elmes and Bjork (1975) used a post hoc amalgamation of encoding 

variability theory and the levels of processing view to explain their 

findings and, possibly, the spacing effect in general. This combina-

tion of theories does require some additional assumptions to be made. 

First, it must be assumed that either prior to or during the primary 

processing of a stimulus, there is sorae amount of obligatory secondary 

(semantic) processing. "The individual words are certainly processed 

to a semantic level when they are first attended to even though it may 

be their acoustic representation that is cycled in a rote fashion during 

their subsequent rehearsal" (1975, p. 40). If this is the case, it 
j 

would be almost unavoidable for certain associations to the stirauli to 

come to mind. Elmes and Bjork (1975) present evidence for this as-

sumption in the final (delayed) recall of words which received only 

primary processing (overt rehearsal). Their level of recall ranged 

from one-fourth to one-half that of items given only secondary pro-

cessing. As Elmes and Bjork pointed out, it is unlikely that such a 

high level of recall would have resulted from the mere acoustic repre-

sentation of the primary processed items. 

A second assumption is that any such secondary encodings that may 



39 

have occurred on primary processing trials are very unstable. Any en-

codings of this type would also have only slight opportunity for inte-

gration in light of the task requirements. Thus, that encoding would 

become rapidly unavailable during the activity involved in the spacing 

interval. Therefore, the obligatory secondary processing of the item 

on its second presentation should be highly independent of the first 

encoding. The result is that encoding variability is a very likely 

outcome of primary processing with increasing spacing. Elmes and Bjork 

(1975) maintain that such encoding variability led to both their demon-

strated poor recall of once-presented items and the substantial spacing 

effects found for primary processed repeated iteras. 

The third assumption is that secondary processing yields encodings 

that are relatively stable. Such an encoding would remain available 

over the spacing interval, despite the activity of that period. Thus, 

the encoding at the time of a second presentation has a high probability 

of belng identical to the initial encoding. Therefore, despite the 

longer spacing intervals, there is only a very little encoding varia-

bility and, hence, little or no spacing effect when the stimuli are pro-

cessed with deep processing. 

Elmes and Bjork (1975) thus required an interaction of encoding 

variability theory and the levels of processing notion in order to ade-

quately explain the spacing effect. As was mentioned previously, others 

have also hypothesized such a vital interaction in the spacing effect. 

Evans et al. (1975) concluded that "the long-term retention effects of 

increasing the amount of processing are not independent of depth of 

processing" (p. 337). Both Rowe (1974) and Rose and Rowe (1976) have 
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stressed the importance of an evident interaction between level of pro-

cessing and the number of presentations (closely aligned, of course, to 

encoding variability) to derive a satisfactory post hoc explanation of 

the spacing effect on frequency judgements. 

Experimental Strategy 

Elmes and Bjork (1975) and the other experimenters mentioned above 

used their accounts of the spacing effect only as a post hoc explana-

tion of their results and not as a predictive and manipulative tool. 

The focus of these experiments was to empirically manipulate encoding 

variability and level of processing in order to test Elmes and Bjork's 

(1975) proposal that these two theoretical positions may interact to 

explain and predict the spacing effect. Although their hypothesis was 

developed with respect to the spacing effect demonstrated in recall, 

its application to both recognition and frequency judgeraents required 

testing in light of Hintzraan's (1974) previously discussed objections 

to the use of recall tests in deraonstrating the spacing effect. It is, 

of course, crucial for this theoretical explanation to predict and ex-
j 

plain spacing effects for all dependent variables in order to function 

as a viable tool. In addition, such an explanation should have predic-

tive ability concerning the form of the spacing curves found at all 

levels of the interaction of encoding variability and level of process-

ing. Other accounts of the spacing effect were also to be evaluated 

in light of these manipulations. 

The experiments reported here reflect the attempt to directly ma-

nipulate both encoding variability and level of processing to assess 

their theorized interactive effects on the spacing effect. This was 
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accomplished by embedding underlined homographs in sentences and test-

Ing for the retention of those homographs. A shallow level of process-

ing was induced with a sentence which made a statement conceming the 

printing of the stimulus word (whether it appeared in capital or lower 

case letters). A deep level of processing was manipulated by using a 

sentence which caused the stimulus word to be semantically encoded in 

one of its two possible meanings. Low encoding variability was the 

result of having the subject encode either the sarae semantic sense or 

the same type style of the stimulus word on its second presentation. 

High encoding variability occurred when the subject encoded the dif-

ferent semantic sense or type style of the stimulus word when it was 

presented for the second tirae. It was assured that the subjects had 

encoded the stimulus words as the experimenter had intended by requir-

ing them to give a true or false answer to each statement as it was 

presented in the experiment. Four different spacing intervals were 

included in Experiment I~0, 1, 3, and 7 intervening items which repre-

sented 0, 5, 15, and 35 seconds, respectively. Subjects completed a 
j 

recognition and frequency judgement task immediately after the stirauli 

were presented and six days later. In Experiraent II, only the 0, 1, 

and 3 intervening iteras were employed for the spacing manipulation. 

Also, subjects participated in only one recognition test and frequency 

judgement task which were given fifteen minutes after presentation of 

the stimuli. In both experiraents, the joint effects of encoding vari-

ability and level of processing raanipulations were assessed on the 

spacing curves for the recognition probabilities and for the frequency 

judgements. 



CHAPTER II 

METHOD—EXPERIMENT I 

Subjects. The subjects were 80 undergraduate students enrolled in 

Introductory psychology courses. Forty subjects (11 males, 29 females) 

were enrolled at Angelo State University and forty (24 males, 16 fe-

males) were enrolled at Texas Tech University. Subjects from Angelo 

State received extra credit in their course while the subjects from 

Texas Tech fulfilled partial course requirements. Their total partic-

ipation lasted approximately one and one-half hours in three separate 

sessions of 10, 40, and 40 minutes in length. 

Materials and apparatus. The Inforraation subtest of the Wechsler Adult 

Intelligence Scale (Wechsler, 1955) was used to pre-test subjects on 

verbal intelligence since it correlates 0.89 with the overall Verbal 

Intelligence score obtained on the full WAIS. It was anticipated that 

verbal intelligence might be a factor which determined performance on 

the dependent raeasures since the task itself required the verbal skills 

of reading, comprehension, and responding under tirae constraints. Raw 
j 

scores on the Information scale were used to raatch subjects in blocks 

of four who were then randomly assigned to one of four groups. The 

mean raw scores on the Information scale of the four groups were 19.10, 

19.25, 19.10, and 19.20. A randomized blocks analysis of variance 

(Kirk, 1968) detected no significant difference between those means 

[F (3, 57) = 0.25, £> .25]. 

The stimuli in the sentences were 45 of the homographs (see Ap-

pendix A) previously used by Geis and Winograd (1974) and Winograd and 

42 
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Gels (1974). The homographs used were balanced homographs, meaning 

that fewer than 75% of the associations generated to the words were 

classified under the primary semantic meaning of the word (Winograd & 

Gels, 1974). The stimuli, underlined in the sentences, were photo-

graphed and the negatives were mounted in slide frames so that the sen-

tences appeared in white letters on a dark background. A Kodak Carou-

sel projector was used to present the slides for five seconds each. 

Design. The subjects, after being matched in groups of four, were 

randomly assigned to one of four groups based on the 2 x 2 factorial 

combination of low and high encoding variability with shallow and deep 

levels of processing. The level of processing manipulation was much 

like that used by Craik and Tulving (1975) which consisted of asking 

questions concerning the stimuli in order to prompt a certain type of 

processing for each stiraulus word. A statement including the under-

lined stiraulus word in a true-false forraat was used to raanipulate 

both the level of processing and encoding variability. A statement 

used to prompt a shallow level of processing required an analysis of 
j 

the physical structure of the word (e.g., "The word ADM T is not typed 

in capitals"). Statements used to promote a deep processing of the 

stimulus required a seraantic analysis of the stiraulus word (e.g., "The 

U.S. did admit Hawaii as a state"). Half of the statements required 

"true" responses and half required "false" responses since Craik and 

Tulving (1975) have demonstrated that words encoded with "yes" answers 

were retained at a higher level than those stimuli encoded with a "no." 

Additionally, each twice-presented word was encoded with both a "true" 

and a "false" response on its two presentations, with the order of 
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those two responses determined randomly. 

The encoding variability manipulation was associated with the 

statements also. For low encoding variability, the same semantic 

sense or type style was encoded upon both presentations of a stimulus 

word. On the other hand, a different semantic meaning or type style 

was encoded on each presentation of the stimulus in the high encoding 

variability condition. For example, for the word "drop" in the deep 

level of processing condition, the two possible "true" sentences were 

"To drop a feather is harmless" and "A tear drop is salty." In the 

shallow level of processing condition, the encoding variability dimen-

sion concerned the printing of the stiraulus word—capitals versus 

lower-case letters. This non-seraantic diraension was required by the 

constraints of a shallow level of processing. 

Great care was taken in the development of the stateraents them-

selves. A trial set of statements was developed and pre-tested on a 

number of subjects to determine which statements were not interpreted 

in the same manner by subjects and the experimenter. The misinter-
j 

preted statements were then revised and tested. In this manner, state-

ments were devised such that at least 90% of the pilot subjects an-

swered true or false as the experimenter had expected. Eight state-

ments were devised for each stimulus word: two true statements using 

one semantic sense or capital letters, two false statements using the 

same semantic sense or capital letters, two true statements using the 

second semantic sense or lower-case letters, and two false statements 

using the second semantic sense or lower-case letters. None of the 

statements exceeded eight words in length. The 90 pairs of true and 
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false statements for each homograph employing the same semantic sense 

were matched as closely as possible so that there would be no differ-

ences in retention due to sentence length or homograph position based 

simply on whether a subject had received the true or false statement. 

Likewise, the 90 pairs of true and false statements eraploying the sarae 

type style (capitals or lower-case letters) were similarly matched. 

Correlations were coraputed on the resultant 180 pairs of matched sen-

tences. The correlation between the number of words used in each sen-

tence for true and false statements (using the identical seraantic sense 

or type style) was 0.79. A further correlation between the nuraber of 

letters in each statement for the same true and false sentences was 

0.85. Finally, the correlation between the positions of the stimulus 

words in the stateraents (e.g., word number three in both sentences, 

etc) for the same true and false statements was 0.93. All three 

correlations, with 180 pairs of scores, were highly significant (£< 

.00001). Thus, the matched statements were essentially the same with 

respect to length and homograph position. Those variables should, 
j 

then, have had no effect whatsoever on the retention scores. The 

actual stimulus statements are listed in Appendix B. 

A 91 slide sequence was composed of 10 buffer items (five primacy 

and five recency) and 81 actual stimulus presentations. The buffer 

items served to negate the beneficial primacy and recency serial posi-

tion effects as far as the actual stimulus presentations were concerned. 

The 81 stimulus presentations were arranged in nine replications of the 

following sequence: 

A B C D C^ B^ E E^ A^ 
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where the subscript (2) denotes the second presentation of a given 

stimulus. Thus, the "A" words had an inter-item spacing of seven words 

(35 seconds), the "B" words had a spacing of three items (15 seconds), 

the "C" words had a one item spacing (5 seconds), the "D" words were 

once-presented items, and the "E" words had a zero item spacing (suc-

cessive presentations). Five different random presentation orders 

were used with the restriction that each word appeared in each of the 

possible spacing conditions. 

Procedure. Subjects participated in the experiment in small groups 

for a total of three sessions. During the first session, the WAIS 

Information subtest was administered. Subjects were informed of its 

true purpose—the attempt to obtain equal groups. After the subjects 

had been pre-tested and randomly assigned to groups, they were allowed 

to sign up for their later sessions. 

During the second session, subjects were told that they were to 

view a series of slides for five seconds each and give a true or false 

response to each statement on a sheet provided by the experimenter 
j 

(Appendix C). Also, subjects were told to remember the underlined 

words in the sentences for a later raeraory test of an unspecified nature 

(see Appendix D for exact instructions). After insuring that subjects 

understood their task, the slide sequence was shown. Subjects were 

required to meet a criterion score of 90% correct on the true-false 

test to insure that they had actually paid attention to that phase of 

the experiment and had not devoted all their attention to the stimulus 

words themselves. A total of eight subjects were excluded from the 

subsequent data analyses for failing to meet this criterion (most fail-
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ures appeared to have been caused by the skipping of a sentence or a 

space somewhere on the answer sheet and not by the task itself). Fol-

lowlng a short (about one minute) delay, subjects were given a sheet 

of paper (Appendix E) with the original 45 stimuli mixed with 45 similar 

distractors (polarized homographs) and asked to write all the words 

that they had seen underlined in the statements on a sheet (Appendix F) 

with 45 lines (instmctions in Appendix G) . Subjects were allowed ten 

minutes to complete the recognition test, after which they completed 

a self-paced frequency judgement task (Appendix H) which consisted of 

the 45 original stimuli and 15 distractors (new polarized horaographs). 

Subjects were told to rate each item as to the frequency of its occur-

rence in the original statements (instructions in Appendix I). Upon 

completion of the frequency judgement task, subjects were reminded of 

their third experimental session and disraissed. 

At the third session, subjects completed the same recognition test 

and frequency judgement task that they had done six days earlier. After 

the retention tests were completed, the subjects were debriefed, thanked 
j 

(or given participation credits), and disraissed. 



CHAPTER III 

RESULTS—EXPERIMENT I 

The analyses were four randomized block factorial (RBF-2,2,4) 

analyses of variance (Kirk, 1968). All factors were analyzed as with-

In-subjects factors because the subjects were matched on the verbal 

Intelligence measure. The three variables analyzed in the RBF-2,2,4 

were level of processing (deep and shallow), encoding variability 

(high and low), and spacing (0, 1, 3, and 7 intervening items). The 

four analyses corresponded to an immediate test of recognition (Rec-

ognition 1), an immediate test of frequency judgeraents (Frequency 1), 

a delayed test of recognition (Recognition 2), and a delayed test of 

frequency judgements (Frequency 2). 

Recognition 1. The spacing curves for the initial recognition test 

are reproduced in Figure 2. The only statistically reliable finding 

(ANOVA source table in Table 1; means in Table lA) was that a deep 

level of processing yielded a higher level of recognition than a shal-

low level [ ; (1, 285) = 114.54, £< .001]. The spacing factor did ap-
j 

proach significance [F^ (3, 285) = 2.16, £< .10], but a glance at Figure 

2 shows that it did not demonstrate the pattem of the typical spacing 

curve previously shown (Figure 1). 

Frequency 1. The spacing curves for the initial frequency judgement 

task are shown in Figure 3. The analysis (ANOVA source table in Table 

2; means in Table 2A) showed a main effect of level of processing [_F 

(1, 285) = 25.27, £< .001] and for encoding variability [£ (1, 285) = 

15.73, £<.001]. These results deraonstrated, respectively, that fre-

48 
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quency judgements were more accurate (closer to 2.0) for the deep level 

of processing condition and for the low encoding variability condition. 

The spacing variable was again non-significant (jF< 1), but Figure 3 

shows that the deep-low group (level of processing-encoding variability, 

respectively) did appear to demonstrate the commonly found spacing 

curve. Although the curve did drop at the last point, this was for 

the 7-item spacing point or 35 seconds which overextended Hintzman's 

(1974) 15 second time limit on the spacing effect. The effect of this 

one apparent spacing effect was not strong enough, however, to cause a 

significant interaction effect to be found. 

Recognition 2. The spacing curves for the second recognition test 

(six days later) are shown in Figure 4. Again, as in Recognition 1, 

the only statistically significant finding (ANOVA source table in Table 

3; means in Table 3A) was that a deep level of processing led to higher 

recognition scores than the low level of processing [F̂  (1, 285) = 30.86, 

£< .001]. As with the results of Frequency 1, Figure 4 appears to show 

that the deep-low group demonstrated the spacing effect (again, while 
j 

ignoring the last point). Despite the fact that the deep-low curve was 

almost an exact opposite of those of the other three conditions, a sig-

nificant three-way interaction was not found, although it did approach 

significance [p; (3, 285) = 1.92, £< .13]. 

Frequency 2. Spacing curves for the second frequency task are shown 

in Figure 5. As in Frequency 1, significant main effects (ANOVA table 

in Table 4; means in Table 4A) were found for level of processing [f; 

(1, 285) = 6.64, £< .02] and for encoding variability [F (1, 285) = 

7.50, £< .01]. Again, frequency judgements were more accurate for the 
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deep level of processing and for low encoding variability, respectively. 

As In Frequency 1 and Recognition 2, visual inspection of Figure 5 

appears to show a spacing effect for the deep-low condition. However, 

once again no interaction effect was found. 

It did appear, from Figures 2 through 5, that Hintzman's (1974) 

assertion that the spacing effect asymptotes (or may even fall) at a 

spacing of 15 seconds is correct. In 13 of the 16 spacing curves pic-

tured, the last point (7-item spacing—35 seconds) either dropped or 

showed only a very slight increase. Since the curves consistently fell 

at this point, it only served to make those curves more similar which, 

in turn, only served to decrease the likelihood of finding significant 

differences among the curves. For this reason, the data were re-ana-

lyzed after dropping the data points of the 7-itera spacing. The re-

analyzed results appear below (the spacing curves would appear as in 

Figures 2 through 5, with the last points missing). 

Recognition 1(R). As in Recognition 1, a main effect (ANOVA source 

table in Table 5) of level of processing was found [f; (1, 209) = 

86.31, £< .001], with deep processing leading to better recognition. 

Again, the spacing main effect showed raarginal significance [_F (1, 

209) = 2.93, £< .06], but visual inspection showed a U-shaped spacing 

curve rather than the typical spacing effect curve which increases in 

value at each point. 

Frequency 1(R). As with Frequency 1, the re-analysis (ANOVA source 

table in Table 6) showed raain effects of level of processing [̂  (1, 

209) = 19.08, £< .001] and of encoding variability [F (1, 209) = 7.27, 

£< .01]. Frequency judgements were more accurate for deep processing 
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and low encoding variability, respectively. Even with the removal of 

the 7-ltem spacing point there was no interaction found. 

Recognition 2(R). The re-analysis (ANOVA source table in Table 7), as 

in Recognition 2, showed a main effect of level of processing [|; (1, 

209) = 18.86, £< .001], with the deep level of processing producing 

higher recognition scores. In addition, the main effect of encoding 

variability (£ < .12 in Recognition 2) becarae significant [T_ (1, 209) = 

4.81, £< .03], such that high encoding variability led to higher rec-

ognition scores. 

By dropping the 7-item spacing points of Recognition 2, the dif-

ference between the spacing effects of the deep-low group and the other 

three conditions became more dramatic However, the three-way inter-

action (£ < .13 in Recognition 2) did not reach significance, although 

it did come even closer [jF (2, 209) = 2.59, £< .08]. 

Frequency 2(R). This re-analysis (ANOVA source table in Table 8) 

showed a greater change than any of the others. Both significant 

effects from Frequency 2 were "lost," although marginal significance 
j 

was still obtained in both cases. Specifically, the results changed 

were for level of processing [Y^ (1, 209) = 2.70, £< .10] and encoding 

variability [ ̂  (1, 209) = 2.21, £< .14]. The directionality of those 

results remained the same as in Frequency 2. 



CHAPTER IV 

DISCUSSION—EXPERIMENT I 

Experiment I proved to offer little in terms of evaluating Elmes 

and Bjork's (1975) explanation of the spacing effect. The problem was 

not that their hypothesis was disconfirmed, but simply that no reliable 

spacing effects were found—at least none that could be demonstrated 

statistically. 

There were, though, several interesting trends in the data which 

will be mentioned only briefly at this point. First, it appeared that, 

In this particular experiment, the recognition tests were insensitive 

to the effects of encoding variability, but were substantially affected 

by the level of processing manipulation. Only in the re-analysis of 

Recognition 2 did high encoding variability lead to higher recognition 

scores than low encoding variability. This is somewhat surprising in 

light of the previously cited evidence which pointed out that several 

experimenters (Bevan & Dukes, 1967; Bevan, Dukes, & Avant, 1966; Glan-

zer & Duarte, 1971) have found a beneficial effect of forced variable 

encoding on recall scores. Perhaps the dramatically powerful effects 

of the level of processing manipulation on recognition scores were of 

such magnitude that they were able to overshadow the effects of encod-

ing variability. 

The frequency judgement tasks, on the other hand, showed the ef-

fects of both the level of processing and encoding variability manip-

ulations (except for the re-analysis of Frequency 2). Neither effect 

was particularly surprising. A standard finding in level of processing 
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experiments is that retention is better under a deep level of process-

Ing (e.g., Rowe, 1974). Evidently this finding is not peculiar to 

recognition or recall, but applies to judgements of frequency also. 

High encoding variability meant that the word would have been encoded 

with a different meaning (or type style) on both presentations. If, 

on the frequency judgement task, only one of those encodings was re-

membered, then the frequency judgement would obviously be low. Low 

encoding variability, however, caused only one version of the stimulus 

word to be encoded. If that correct version was reraembered on the 

frequency task, then the judgement would not have been low. Apparently, 

words encoded with only one meaning or type style are decoded in the 

identical manner at the time of a frequency judgement task. 

Of most interest, however, was the continuing pattern of the deep-

low condition producing an apparent spacing effect. Despite the fact 

that it was not demonstrable statistically, there was (by visual in-

spection) a spacing effect for the deep-low group in three of the four 

retention tests. 
j 

Hintzman (1974), when reviewing the generality of the spacing 

effect, had cautioned that the experimenter who failed to demonstrate 

the spacing effect "would probably be wise to suspect sampling error, 

ceiling effects, or a flaw in the experimental design" (p. 79). In 

an attempt to reconcile the results of Experiment I with Hintzman's 

(1974) assertion that the spacing effect is such a general phenomenon, 

the experiment was carefully scrutinized. With the exception of the 

deep level of processing groups in Recognition 1, a ceiling effect 

would not seem to be a problem since subjects recognized fewer than 
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7.5 words of a possible nine in every instance. Further, since the 

deep level of processing groups showed no spacing effects even on the 

delayed Recognition 2, this lessens the possibility of a ceiling effect 

at work in Recognition 1. Likewise, a ceiling effect seems unlikely 

for frequency judgements since the highest mean frequency judgement 

was less than 1.80 for two actual presentations. Additionally, no 

mention was ever raade to the subjects that a stimulus word could have 

been seen a maxiraum of two times. In fact, almost two-thirds of the 

subjects did judge that they had seen at least one word three or four 

times. Ceiling effects, then, do not seem to be a satisfactory ex-

planation for the lack of spacing effects. The possibility that sam-

pling error existed in the form of subject bias and caused the failures 

to demonstrate spacing effects raerits only minor consideration. The 

most plausible possibilities are that perhaps sampling from the two 

different populations could have had an unforseen effect or that these 

subjects, being drawn from a summer school population, were somehow 

different from "normal" subjects. There is, however, no evidence to 

substantiate either possibility. 

Finally, the experimental methodology was examined quite closely 

and three possible flaws were found. First, reraember that Hintzman 

(1974) maintained that the spacing effect asymptotes at about 15 sec-

onds. In surveying the large number of studies that Hintzman has con-

ducted on the spacing effect, one finds that he often does not extend 

the spacing intervals past that boundary. The spacing effect was ex-

tended past its alleged limit in the present experiment with the 7-item 

spacing condition (35 seconds). As was raentioned previously, since the 
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majority of the spacing curves tended to fall at this point, this only 

served to increase the similarity of the curves and decrease the prob-

ability of detecting any statistical differences between them. Even 

though the data were re-analyzed without the 7-item spacing points, 

those analyses could not have removed any effects that the overly long 

spacing could have originally had on the shorter intervals. Secondly, 

Hintzman (1974) also emphasized the need for a long-term retention 

test in order to demonstrate the spacing effect. Hintzman's often-

used pattern (e.g., Hintzman & Rogers, 1973) is to include some number 

(10-30) of buffer slides at the end of the stimuli presented and then 

go to a retention test which, naturally, is preceded by instructions. 

It is quite conceivable that the one rainute unfilled delay in the pres-

ent experiment was simply not long enough and/or did not have the ac-

tivity required to make Recognition 1 and Frequency 1 long-term reten-

tion tests. An inadequate manipulation of this delay can even cause 

the spacing effect to be reversed (Hintzman, 1974). Thirdly, it seems 

that even if the delay manipulation was inadequate, the six day delayed 
j 

recognition and frequency judgement tests should certainly have tapped 

long-term retention. Therefore, spacing effects should have become 

evident in Recognition 2 and Frequency 2, but did not. The possibility, 

though, becomes real that a pre-testing effect (Christensen, 1977, p. 

272) could have been at work and could have prevented spacing effects 

from occurring even in the delayed retention tests. By giving subjects 

the same tests twice, they could have been sensitized to the delayed 

tests by the mere adrainistration of the iramediate tests six days 

earlier. For example, through the use of memory, the subjects raay 
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have attempted to give the identical answers on the second tests which, 

slnce there were no original spacing effects, would have again yielded 

no spacing effects. 

It seems that, with these flaws, Experiment I may simply have been 

lacking in the proper design to bring about the spacing effect. To be 

sure, the flaws were not intentionally designed into the experiment. 

In some cases (e.g., Hintzman, Summers, & Block, 1975, Exps. I & II; 

Hintzman, Summers, Eki, & Moore, 1975, Exp. I; Rose & Rowe, 1976), ex-

perimenters have extended the spacing effect past the 15 second limit 

and have found that the spacing curves were raerely flattened. This was 

not the case in Experiraent I. Also, an attempt was raade to test long-

term retention with the use of a one minute delay after the slide pre-

sentations before retention testing began. The problem was likely the 

fact that the delay in Experiment I was not a filled delay as Hintzman's 

typically are with many buffer slides (e.g., Hintzman, Suramers, & Block, 

1975). Finally, a pretesting effect had not been anticipated with the 

delayed retention tests. No instance of a prior attempt to test for the 
j 

persistence of spacing effects was uncovered in the literature, so 

there was no clue as to the effects of testing subjects twice with iden-

tical performance measures. Thus, although Experiment I seemed, at the 

time, to be soundly designed, a post hoc scrutiny did show these pos-

sible flaws. Therefore, it seemed iraportant to re-design the experi-

ment so that spacing effects could be obtained and Elmes and Bjork's 

(1975) hypothesis could be legitimately evaluated. 

This led directly to the methodological modifications found in 

Experiment II. To eliminate the possibility that extending the spac-
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Ing effect past the 15 second time limit in Experiment I had somehow 

entirely eliminated the spacing effects, the maximum spacing interval 

used in Experiment II was 15 seconds. In order to insure that long-

term retention was being tested, subjects worked mathematical problems 

for 15 minutes after the stimulus slides had been presented and before 

retention was tested. Any possible pre-testing effects were eliminated 

by having the subjects perform the recognition and frequency judgement 

tasks only once each. The methodology of Experiment II, then, seemed 

much sounder than that of Experiment I. 



CHAPTER V 

METHOD—EXPERIMENT II 

Subjects. The subjects were 84 undergraduate students (31 males, 53 

females) enrolled in introductory psychology courses at Ouachita Bap-

tist University. Subjects were volunteers and received extra credit in 

their course. Their participation lasted about one hour on one day. 

Materials and apparatus. Subjects were not pre-tested with the Infor-

mation subtest of the WAIS in this experiment. Subjects were randomly 

assigned to groups which assured that any effect of verbal intelligence 

was randomly distributed among the groups (Cochran & Cox, 1957). The 

stimuli were the same slides used in Experiment I, with five seconds 

again serving as the stimulus duration. 

Design. The subjects were randomly assigned to one of four groups 

based on the 2 x 2 factorial combination of low and high encoding vari-

ability with shallow and deep processing. The level of processing and 

encoding variability manipulations were the same used in the previous 

experiment—the statements on the slides. 
j 

A 100 slide sequence was composed of 10 buffer iteras (five priraacy 

and five recency) and 90 actual stiraulus presentations. The 90 stiraulus 

presentations were arranged in 7.5 replications of the following se-

quence: 

A B B^ C A^ C^ D E D^ F F^ E^ 

where the subscript (2) denotes the second presentation of a given 

stimulus. Thus, the "A" and "E" words had an inter-item spacing of 3 

words (15 seconds), "C" and "D" words had an inter-item spacing of 1 
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word (5 seconds), and "B" and "F" words had an inter-item spacing of 0 

words (consecutive presentations). Three different random presentation 

orders were used so that each stimulus item could appear in each pos-

slble type (number) of spacing. This increased the number of observa-

tions per subject at each spacing point from nine in Experiment I to 

15 in Experiment II since the 7-item spacing and single presentations 

were done away with. 

Procedure. Subjects, as in Experiment I, participated in small groups. 

The identical instructions were given before the slide sequence was 

shown, emphasizing the importance of both the true-false test and the 

memory requireraent. Again, subjects were required to raeet a 90% cri-

terion score on the tme-false test. Seven subjects who did not raeet 

that criterion were excluded from the data analyses, although it was 

apparent (as in Experiraent I) that they had siraply skipped a space (or 

spaces) on the answer sheet and had not raade errors because of the 

manipulation itself. After viewing the slides, subjects were given a 

sheet of mathematical problems (Appendix J) to work. Subjects were 
j 

told at the time of the math problems that the experimenter was as-

sessing the effect of processing a large amount of verbal raaterial on 

their mathematical abilities (see Appendix K for exact instructions). 

Subjects were allowed 15 minutes to work on this sham test. The real 

purpose of the math test was to delay the retention tests in order to 

insure that they actually tested long-term retention and to prevent 

additional rehearsal of the stimulus items. When the math test time 

limit was over, subjects completed the recognition and frequency judge-

ment tasks with the same instructions and in the identical manner of 
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Experiment I. Upon completion of the tasks, the subjects were debriefed 

and dismissed. 

Rationale. The basic focus of Experiment II was to improve upon the 

design of Experiment I wherever possible. The possible flaws of Ex-

periment I previously mentioned were all corrected. By doing away 

with the 7-item spacing level, Experiment II did not overextend the 

spacing effect. In addition, the "noise" of those data points in Ex-

periment I was not there to affect the results from Experiment II. By 

inserting the 15 minute math test in Experiraent II, the retention raeas-

ures were certainly made long-term as Hintzman (1974) has maintained 

is necessary. Also, since subjects performed the recognition test and 

frequency judgeraent task only once each, no pre-testing effect could 

have occurred. Finally, by increasing the number of observations at 

each spacing point for each subject, those points should have becorae 

more stable and power should have increased. Thus, with all factors 

considered, Experiment II was a much more precise manipulation of the 

spacing effect than was Experiraent I. Therefore, the opportunity to 
j 

make a valid assessment of the interactive effects of level of pro-

cessing and encoding variability on the spacing effect was greatly 

enhanced, as was the ability to evaluate Elmes and Bjork's (1975) hy-

pothetical explanation of the spacing effect. 



CHAPTER VI 

RESULTS—EXPERIMENT II 

The main analyses were two split-plot factorial (SPF-2,2.3) analy-

ses of variance (Kirk, 1968). The two between-subjects factors were 

level of processing (deep and shallow) and encoding variability (high 

and low). Spacing (0, 1, and 3 intervening items) was a within-subject 

factor. The data of both analyses [Recognition (II) and Frequency (II)] 

demonstrated the required equality and symmetry of the variance-covari-

ance matrices (constraint on the use of repeated measures designs). 

Recognition ( ) . The spacing curves for the recognition data are re-

produced in Figure 6. Two main effects were found to be significant 

(ANOVA source table in Table 9; means in Table 9A)—level of processing 

[ ; (1, 80) = 85.08, £< .001] and spacing [F (2, 160) = 9.23, £< .001]. 

A deep level of processing led to a higher level of recognition than a 

shallow level. An overall spacing effect was found, as the mean number 

of items recognized for the inter-item spacings of 0, 1, and 3 were 

10.98, 11.62, and 11.92 (15 possible), respectively. Tukey's HSD mul-

tiple comparison test (Kirk, 1968, p. 292) showed that the 0 and 1-item 

spacing means were significantly different at the .01 level and that 

the 1 and 3-item spacing raeans were different at the .05 level. 

However, the interpretation of the main effects above must be 

qualified in view of the fact that two significant interactions were 

found—level of processing by encoding variability [ ; (1, 80) = 5.65, 

£< .02] and encoding variability by spacing [Y^ (2, 160) = 3.68, £< .03]. 

The level of processing—encoding variability interaction is depicted 
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In Flgure 7. Simple main effects tests (Kirk, 1968, p. 289) revealed 

(see Table 9) that the mean recognition scores of the deep and shallow 

levels of processing were significantly different (£< .001) for both 

high and low encoding variability (A at bi and A at bn, respectively). 

This finding simply reflects the main effect of level of processing 

dlscussed above. The meaningful interaction was actually found because 

the recognition scores for high encoding variability at a deep level of 

processing were significantly higher (£< .03) than those for low encod-

ing variability at a deep level of processing (B at a^), while there was 

no significant difference between the recognition means for high and low 

encoding variability at the shallow level of processing (B at a^). 

The more interesting and meaningful encoding variability—spacing 

interaction is shown in Figure 8. Siraple raain effects tests revealed 

that the mean recognition score for high encoding variability was sig-

nlficantly (£ < .03) above that for low encoding variability at a spacing 

of 0 items (B at Cj^), but there were no differences at the 1-itera or 

3-item spacings (B at c^ and B at C3, respectively) . The more important 
j 

findings, though, concemed the spacing effects. The mean recognition 

scores for the three spacing levels of high encoding variability (C at 

b|) were not significantly different ( ; < 1 ) . This raeant, essentially, 

that the spacing curve for high encoding variability was a flat line 

(see Figure 8). However, the recognition scores for the three spacing 

points of low encoding variability (C at b^) were found to be signifi-

cantly different (£ < .001), indicating that the spacing curve for low 

encoding variability was not flat. Coraparisons among the three spacing 

means at the low encoding variability level were made with the a. priori 
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_t-test (Kirk, 1968, pp. 268, 292) since comparisons among the levels 

of spacing were planned in advance. The 1-item spacing mean was found 

to be higher than the 0-item spacing mean [_t (80) = 2.94, £< .005] and 

the 3-item spacing mean was higher than the 1-item spacing mean [_t 

(80) = 2.00, £< .05]. The overall spacing difference (0-item spacing 

mean less than the 3-item spacing mean) was highly significant [jt (80) = 

4.89, £< .001]. It was concluded, then, that the spacing effect was 

obtained for the low encoding variability condition, but not for the 

high encoding variability condition. 

Finally, the level of processing by spacing interaction (see Figure 

9) was marginally significant [F_ (2, 160) = 2.96, £< .06]. Siraple main 

effects tests revealed that recognition scores for the deep level of 

processing were significantly higher (£< .001) than those of the shallow 

level of processing condition for all three spacing points (A at ci, A 

at C2, and A at Co). This finding again was simply a reflection of the 

very powerful level of processing effect. The interaction approached 

significance, however, because of the effect of spacing. The recog-

nition scores of the three spacing points of the deep level of pro-

cessing (C at a^) were not significantly different (_F = 1.03), indi-

cating a flat spacing curve. However, the recognition scores of the 

three spacing points for the shallow level of processing (C at a^) did 

show significant differences (£< .001), which indicated that the spac-

ing curve was not flat. The a_ priori _t-test was used to compare the 

three spacing raeans in the shallow level of processing condition. The 

1-item spacing point was found to be significantly higher than the 

0-item spacing point [_t (80) = 3.46, £< .002], but the 1-item and 3-
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Item spaclng points were not significantly different [jt (80) = 1.05, 

£>.25]. Thus, the typical spacing effect was not demonstrated for 

the shallow level of processing despite the usual increase in recog-

nltion probability from the 0 to the 1-item spacing point since the 

spacing curve leveled off at that point. 

Frequency (II). The spacing curves for the frequency judgement task 

are graphed in Figure 10. Results (ANOVA source table in Table 10; 

means in Table lOA) for the main effects were highly similar to those 

of Recognition (II). Level of processing was marginally significant 

[f; (1, 80) = 3.86, £< .06] with a deep level of processing leading to 

a higher recognition score than a shallow level. The main effect of 

spacing was also significant [F_ (2, 160) = 12.79, £< .001]. However, 

a typical spacing effect was not found, as the mean frequency judge-

ments for the inter-item spacings of 0, 1, and 3 were 1.43, 1.58, and 

1.57, respectively. Tukey's HSD multiple coraparison test (Kirk, 1968) 

showed that the 0-item spacing mean was signif icantly different (£ < .01) 

from both the 1-item and 3-item spacing means. The 1-item and 3-item 
j 

means did not significantly differ. 

Again, the interpretation of the main effects raust be qualified 

due to a significant interaction. The encoding variability—spacing 

interaction was found to be significant [Y_ (2, 160) = 4.82, £< .01] and 

is depicted in Figure 11. Siraple raain effects tests revealed that the 

mean frequency judgement for low encoding variability was marginally 

above (£< .10) that for high encoding variability at a spacing of 3 

items (B at C3), but that there were no differences at the 0-item or 

1-item spacings (B at Ct and B at Co, respectively). The more impor-
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tant finding of the interaction, though, concerned the spacing effects. 

The mean frequency judgement scores for the three spacing levels were 

significantly different for both high encoding variability (C at b,; 

£< .03) and low encoding variability (C at b^; £< .001). Thus, neither 

of the spacing curves for high or low encoding variability was statis-

tically flat. Comparisons were made among the three spacing means for 

both high and low encoding variability with the a priori t-test. For 

high encoding variability, the 1-item spacing raean was found to be 

higher than the 0-item spacing mean [_t (80) = 3.00, £< .01], but the 

3-item spacing raean was marginally lower than the 1-item mean [_t (80) = 

1.95, £< .06]. Further, the 0-item and 3-item spacing means were not 

significantly different [_t (80) = 1.05, £>.20]. Thus, for high en-

coding variability, the spacing curve took the form of an inverted 

U-shaped curve and did not demonstrate the typical spacing effect. 

On the other hand, for low encoding variability, the 1-itera spacing 

mean was found to be higher than that of the O-itera spacing [_t (80) = 

3.26, £< .01] and the 3-itera spacing mean was marginally higher than 
j 

the 1-item mean [t^ (80) = 1.68, £< .10]. The overall spacing difference 

(3-item spacing mean corapared to the 0-itera spacing raean) was highly 

significant [_t (80) = 5.39, £< .001]. Therefore, the typical spacing 

effect was found for the low encoding variability condition with fre-

quency judgements, but not for the high encoding variability condition. 

Unlike the findings of Recognition (II) , neither the previously 

significant level of processing—encoding variability interaction nor 

the marginally significant level of processing—spacing interaction 

approached significance in Frequency (II). 



CHAPTER VII 

DISCUSSION 

Before consideration of the theoretical consequences of these ex-

periments with regard to the spacing effect, individual findings of 

some importance will be discussed. By examining the results of Experi-

ments I and II, it is possible to ascertain that Hintzman (1974) was, 

Indeed, correct in his assertion that there are two methodological 

factors vital for the demonstration of the spacing effect. As was men-

tioned previously, Experiment I demonstrated additional evidence in 

support of the idea that the spacing effect does asymptote at approxi-

mately 15 seconds. Experiments which have shown a continued increase 

in retention past this 15 second "barrier" have been limited to free 

recall and should be considered as a separate entity (Melton lag ef-

fect) from the spacing effect. The findings from Experiment I indi-

cated, that for recognition and frequency judgements, retention not 

only asymptoted, but actually tended to decrease when the spacing in-

terval was extended to 35 seconds. Hintzman (1974) also emphasized 

the need for a long-term retention test in order to demonstrate the 

spacing effect. By contrasting the results of Experiraent I with those 

of Experiment II, it appears that this claim is also supported. In 

Experiment I, the first retention test (Recognition 1) was given with 

little delay after the stimuli had been shown and no spacing effects 

were found. On each of the three subsequent retention tests, a spacing 

effect appeared visually for one of the four groups, but was not dem-

onstrated statistically, indicating that the magnitude of this visual 
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spaclng effect was simply not large enough to detect. Thus, it appears 

that the detrimental effects of giving an "immediate" retention test 

are not specific only to that immediate test and its spacing effect, 

but may carry over to later tests of retention. In Experiment I, re-

tention tests given six days after the first retention testing still 

showed no significant spacing effects. It must be cautioned, though, 

that this failure cannot be specifically linked to the administration 

of an "immediate" retention test. However, in Experiment II, the ini-

tial retention test was delayed by sorae 15 rainutes of activity, and 

significant spacing effects were found. Based on these experiments, 

no evidence was found that would argue against Hintzraan's (1974) dec-

larations that the spacing effect asymptotes at 15 seconds and that 

the spacing effect is found only with long-terra tests of retention. 

Rather, the evidence surveyed here only strengthens those claims. 

Level of Processing 

A very pervasive finding that simply cannot be ignored is the fact 

that the level of processing variable had an extreraely strong effect on 
j 

retention measures. On only two of the measures of long-terra frequency 

judgements (the re-analysis of Frequency 2 in Experiment I and the Fre-

quency measure in Experiraent II) did the level of processing raanipula-

tion fail to have a clearly significant effect, and it was raarginally 

significant in both of those cases (£< .10 and £< .06, respectively) . 

In all recognition raeasures, the level of processing variable was 

highly significant. A deep level of processing, where the stimuli 

were encoded with semantic inforraation, consistently led to better re-

tention scores than the shallow level of processing, where the words 
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were encoded with physical information. This finding was not unex-

pected given the history of similar findings in recognition (e.g., 

Craik & Tulving, 1975, Exps. 1, 2, 8, 9, & 10; Elmes & Bjork, 1975, 

Exps. I & II), frequency judgements (e.g., Rose & Rowe, 1976), and 

recall (e.g., Evans, Good, Lintzenich, & Francis, 1975; Jacoby & Gool-

kasian, 1973). It is apparent from these present experiraents, though, 

that the level of processing effect was rauch stronger for recognition 

than for frequency judgements, since it was only marginally significant 

in the two cases mentioned above. This, too, is not an uncommon find-

ing. For example, Rose and Rowe (1976) found that subjects performing 

an orienting task which required them to rate a word on its "implied 

goodness" (which certainly involved semantic meaning) gave higher fre-

quency judgeraents than subjects who merely wrote down a number for each 

word based on a code where each vowel represented sorae nuraber (involved 

physical features of the word). However, there was no difference be-

tween the frequency judgeraents of the evaluation group and a group of 

subjects who simply wrote down a word that rhymed with the stimulus 
j 

word. This task involving the phonemic structure seems to concern 

only the word's physical features, yet frequency judgeraents resulting 

from the task were just as high as those obtained with a seraantic-

oriented task. Craik and Tulving (1975, Exps. 1, 2, 3, & 4), on the 

other hand, have demonstrated consistent significant differences in 

both recognition and recall between words that were processed seman-

tically and phonemically. Thus, previous evidence does exist which 

suggests that the effect of the level of processing might be lessened 

for frequency judgements relative to recognition. Still, the informa-
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tlon from the present experiments seems to lend some support to Craik 

and Lockhart's (1972) levels of processing notion. 

In all fairness, it must be noted at this point that there is an 

Increasing trend for experimenters (e.g., Baddeley, 1978; Nelson, 1977) 

to question the theoretical validity of the levels of processing formu-

lation. Baddeley (1978), for example, not only points out that con-

cepts within the levels of processing framework are vague and difficult 

to measure, but also cites recent evidence which questions some of the 

basic assumptions of levels of processing. Thus, any explanation of 

the spacing effect which relies totally or in part on the levels of 

processing framework could soon find its basic foundation crumbling 

from beneath it. This topic will be particularly relevant in the case 

of the Elmes and Bjork (1975) hypothesis and will be discussed again 

when that hypothesis is evaluated. 

Encoding Variability 

The findings conceming the effects of encoding variability on 

recognition and frequency judgements were almost opposite those of the 
j 

level of processing. Only in the re-analysis of Recognition 2 (Experi-

ment I) did encoding variability have a significant effect on the rec-

ognition scores. On the other hand, encoding variability did have an 

effect on frequency judgements in every analysis except in Frequency 

II. In light of previous demonstrations that high encoding variability 

leads to better recognition (Perfetti & Lindsey, 1974; Winograd & Geis, 

1974) and recall (Bevan & Dukes, 1967; Bevan, Dukes, & Avant, 1966; 

Glanzer & Duarte, 1971), the finding that encoding variability did not 

affect recognition scores seemed to be soraewhat puzzling. However, the 
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answer to that puzzle appears to be lodged in the topic of the previous 

section—the powerful level of processing effect. Because of the ap-

parent dominance of the level of processing factor in the recognition 

scores, it appears that any possible encoding variability effect could 

have been overridden. Support for this idea may be obtained from the 

Recognition analyses themselves. The only case in which encoding vari-

ability had a significant effect on recognition scores (the re-analysis 

of Recognition 2) was when the level of processing effect was at its 

smallest [_F = 18.86; proportion of variance accounted for (oĵ ) was 

equal to 7.1%]. In all the other recognition tests, where the encoding 

variability manipulation did not have a significant effect, the level 

of processing manipulation had a larger effect (e.g., Y_ = 114.54, o)̂  = 

25.6%; F = 86.31, CÛ̂  = 26.4%; F = 85.08, ui^ = 34.6%; and F = 30.86, 

(D̂  = 8.6%). Interestingly, in the recognition analysis where the level 

of processing variable was the next "smallest" (Recognition 2, _F = 

30.86, 0)̂  = 8.6%), the encoding variability effect also came the next 

closest to being significant (£ < .12). The idea that the raagnitude of 
j 

the level of processing effect could siraply have overshadowed any en-

coding variability effect, then, appears to be a possibility. Despite 

the overall lack of significance of encoding variability on recognition 

scores, the directionality of the results was uniforra, with high encod-

ing variability yielding the higher recognition scores. This is con-

sistent with the research findings mentioned above except for that lack 

of slgnificance. To be entirely fair, however, it must be pointed out 

that several experimenters (D'Agostino & DeRemer, 1973, Exp. II; John-

ston, Coots, & Flickinger, 1972; Madigan, 1969) have failed to find 
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the superiority of high encoding variability in a spacing paradigm ex-

cept at a spacing of zero. Thus, it may be that there would have been 

no effect of encoding variability even without the large level of pro-

cessing effects that were found. 

Again, encoding variability did have at least a marginally sig-

nificant effect on frequency judgements in all analyses except that 

of Frequency in Experiment II. In all cases, low encoding variability 

led to higher and more accurate judgements of frequency than high en-

coding variability including even the directionality of the results 

in Frequency (II). This finding agrees with those of an unpublished 

study by Hintzman (discussed in Hintzman, 1974, p. 94) in which fre-

quency judgements were higher when words appeared in a constant as 

opposed to a varied context and an experiraent by Hintzman and Stern 

(1977) in which frequency judgements were higher for pictures presented 

identically on P, and P^ than when P was the mirror-image of Pĵ . How-

ever, these findings disagree with that of Geis and Winograd (1975), 

who found that balanced horaographs, which have greater seraantic encod-
j 

ing variability than polarized homographs (Winograd & Geis, 1974), were 

judged as having occurred raore often than polarized homographs. Their 

results led Geis and Winograd (1975) to reject the encoding specificity 

hypothesis in favor of the idea that subjects raultiply encode both 

meanings of a homograph at the time of its presentation. It must be 

noted, though, that Geis and Winograd (1975) presented their stiraulus 

words singly, with no context, in a list which they adraitted would be 

more likely to lead to raultiple encoding than if words were biased by 

surrounding context. In the present experiments, the homograph's en-
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codlng was biased by its context or its type style, which implies that 

multlple encoding would occur only for the high encoding variability 

condltion. At the time of testing for low encoding variability, that 

context or type style which had been biased on both input presentations 

would likely be the one encoded in the testing situation. Thus, fre-

quency judgements for low encoding variability stimuli should have been 

fairly accurate. On the other hand, during testing in the high encod-

Ing variability condition, it is more likely that one of the contexts 

or type styles originally encoded would be reraembered and the subject 

would then judge the frequency of the word, being temporarily "blinded" 

to its other possible encoding because of the one remembered. Thus, 

the frequency judgements would tend to be lower in the high encoding 

variability condition. Therefore, the findings of the present experi-

ments actually may not be in conflict with those of Geis and Winograd 

(1975)—it may siraply be explained that raultiple encoding occurs for 

unbiased homographs, but not for homographs that are biased by their 

context. 
j 

The interesting question arises, of course, as to why encoding 

variability did not have an effect on Frequency in Experiment II. The 

statistical reason may be seen in Figure 11, the graph of the encoding 

variability—spacing interaction. The curves for high and low encoding 

variability are statistically identical except for the 3-item spacing 

point (£< .10). That accounts for the slight, yet non-significant, 

superiority of the low encoding variability group. Here a picture is 

seen that is similar to the one found in recognition by several inves-

tigators (D'Agostino & DeRemer, 1973, Exp. II; Johnston et al., 1972; 
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Madigan, 1969) in which high encoding variability leads to higher re-

tention scores only at a spacing of zero. If Figures 3, 5, and 10 are 

compared, it becomes evident that the difference between Frequency for 

Experiments I and II lies in the fact that the frequency judgements for 

the shallow-high group are much higher in Frequency (II). In Frequency 

1 and 2 (Exp. I), the shallow-high group's curve is depressed far below 

the other curves, while in Frequency (II), it falls in the sarae vicin-

ity as the others. This, too, may be seen as the cause of the just 

marginal significance (£< .06) for the level of processing manipula-

tion. The explanation of the lack of an encoding variability effect 

on Frequency (II) , then, may actually be tied in with the level of pro-

cessing manipulation. Remember that evidence was summarized earlier 

which concluded that the level of processing effect may be weaker for 

frequency judgements than for recognition. This would have had the 

effect of elevating the shallow-high group curve closer to the other 

groups. Thus, in lessening the effect of the level of processing, the 

effect of encoding variability could also be lost. 
j 

The subsequent discussion relates priraarily to findings that were 

specific to Experiment II. Experiment I is largely ignored frora this 

point on because of its inconclusive results. 

Level of Processing—Encoding Variabílity Interaction 

In Recognition (II), a significant level of processing—encoding 

variability interaction was found due to the superiority of recognition 

scores of the high encoding variability condition at a deep level of 

processing, but not at the shallow level. In this result, the puzzling 

flnding that encoding variability had alraost no effect on recognition 
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scores (see above) may well have had a different answer—at least for 

Recognition (II). Again, it was previously noted that several experi-

menters (Bevan & Dukes, 1967; Bevan, Dukes, & Avant, 1966; Glanzer & 

Duarte, 1971; Perfetti & Lindsey, 1974; Winograd & Geis, 1974) had 

found that high encoding variability led to better recognition and re-

call performance. Earlier, it was theorized that the magnitude of the 

level of processing effect could have overshadowed the encoding vari-

ability effect on recognition scores based on the percentage of vari-

ance accounted for by the level of processing manipulation. In Experi-

ment I, where no level of processing—encoding variability interactions 

appeared, that argument may be valid. However, with that interaction 

reaching significance in Recognition (II), a different answer is quite 

apparent. High encoding variability did lead to higher recognition 

scores than low encoding variability, as the previous evidence would 

have predicted, but only at a deep level of processing. At the shallow 

level of processing, the low encoding variability condition actually 

had higher, but not significantly, recognition scores than those of 
j 

high encoding variability. Thus, no main effect of encoding variabil-

ity was found. 

Those studies cited which demonstrated superiority of high encod-

ing variability on retention are consistent with the above finding. In 

each case, subjects were presented with words either modified by con-

text or alone in a list. Nowhere in the instructions or procedures of 

any of those experiments was there a manipulation designed to affect 

the level of processing of the stimuli. Therefore, subjects were free 

to process the stimuli in any manner that they desired. Previous ex-
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perlments (Hall & Pierce, 1974; Locascio & Ley, 1972) in which subjects 

were instructed to encode items by means of generating associations, 

repeating the items aloud, or silent study (non-specific encoding in-

structions) have demonstrated a lower level of recall for the repeti-

tion condition than for either the association or neutral instmctions, 

which were found to lead to equivalent recall scores. It is evident 

that generating associations to an item is indicative of a deep level 

of processing and that mere repetition is equated with a shallow level 

of processing. Since their recall is equivalent to that of a deep pro-

cessing group, it may be assumed that subjects in an uninstructed con-

dition will engage in some type of unspecified deep processing. There-

fore, subjects in the experiments which demonstrated the superiority 

of high encoding variability in retention (Bevan & Dukes, 1967; Bevan 

et al., 1966; Glanzer & Duarte, 1971; Perfetti & Lindsey, 1974; Wino-

grad & Geis, 1974) could be seen as participating in a duplication of 

the present deep-high condition, which, of course, did lead to higher 

recognition scores than the other three conditions. 
j 

On the other hand, high encoding variability did not result in in-

creased retention at a shallow level of processing. Apparently, at a 

very minimal level of processing such as a physical representation, an 

exact repetition of an itera (low encoding variability) leads to reten-

tion at least equal to that found with an altered repetition (high en-

coding variability). This result was previously demonstrated by Evans 

et al. (1975) when they found no recall difference between items en-

coded with the same superficial orienting question ("does the word 

contain an 'e* or a 'g'?") twice or with two different superficial 
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questions. These differing effects of high encoding variability, then, 

would explain the initially puzzling finding that high encoding vari-

abllity had no apparent effect on recognition. 

The possibility should be noted, at this point, that this level 

of processing—encoding variability interaction yields some information 

concerning the manipulations themselves. Since high encoding varia-

bility led to higher recognition scores than low encoding variability 

only at a deep level of processing, the possibility that high encoding 

variability is "more variable" in a deep level of processing than in a 

shallow level is raised. This could have profound significance for 

future studies which include encoding variability as a manipulation. 

However, it should be noted that high and low encoding variability did 

have differential effects even within a shallow level of processing. 

The Spacing Effect and Low Encoding Variability 

From Experiment II, it became apparent that there should be a third 

methodological constraint necessary for deraonstrating the spacing ef-

fect. In addition to the 15 second time lirait and vital long-term re-
j 

tention test (Hintzman, 1974) should be added the condition that the 

stlmuli must appear in a state of low encoding variability in order to 

demonstrate the spacing effect. The findings of Experiment I also 

agree with this conclusion in that the "visual spacing effects" therein 

were obtained in the low encoding variability condition. Other experi-

menters (D'Agostino & DeRemer, 1973, Exp. II; Johnston et al., 1972; 

Madigan, 1969) have also demonstrated that high encoding variability 

does not result in a spacing effect. As Hintzraan (1974) pointed out, 

such a finding is only logical—two entirely different semantic en-
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codlngs of the same letter pattern should have no more chance of demon-

strating the spacing effect than two corapletely different words. How-

ever, this result held true even for high variability at a shallow 

level of processing where only physical information about the stimulus 

was encoded rather than any semantic information. On the other hand, 

two different stimuli encoded in the identical manner should lead to a 

spacing effect. This was demonstrated by Glanzer and Duarte (1971), 

who used bilinguals as subjects and gave P^ and P^ in different lan-

guages and Hintzman, Block, & Summers (1973) who presented P̂  and P^ 

in different modalities; with both experiments demonstrating spacing 

effects. This finding of the present experiment appears to be just a 

simple replication of earlier studies, but its significance will be 

made clear in the discussion of the Elmes and Bjork (1975) hypothesis 

in the next section. 

Evaluation of the Elmes and Bjork (1975) Hypothesis 

To summarize the theoretical position of Elmes and Bjork (1975), 

it is necessary to be reminded of their three assumptions added to the 
j 

traditional encoding variability theory. First, sorae secondary (se-

mantic, deep) processing does occur even during primary (shallow) pro-

cessing conditions. Second, those semantic encodings are very unstable 

and, thus, encoding variability is quite likely to occur during in-

creased spacings in primary processing. Third, secondary processing 

yields encodings that are fairly stable and, therefore, results in very 

little encoding variability. The second and third assumptions, Elmes 

and Bjork (1975) maintained, led directly to the substantial spacing 

effects they found with primary processed items and the nonexistent 
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spaclng effects for secondary processed items. Elmes and Bjork (1975) 

are very simply saying, then, that high encoding variability (caused 

by primary or shallow processing) will result in spacing effects and 

that low encoding variability (caused by secondary or deep processing) 

will lead to no spacing effect. However, evidence has already been 

clted (D'Agostino & DeRemer, 1973, Exp. II; Johnston et al., 1972; 

Madigan, 1969) which showed that high encoding variability elirainated 

the spacing effect. Additionally, Hintzraan (1974) asserted that low 

encoding variability results in a spacing effect, while high variability 

does not. 

Still, the Elmes and Bjork (1975) position emphasizes different 

types of rehearsal or processing and not simply differences in numbers 

of encodings or amounts of rehearsal as in attentional theories. Elmes 

and Bjork placed a great emphasis on an empirical test of their hypoth-

esis—an experiment that would "orthogonally vary both type of rehearsal 

and the amount of encoding" (1975, p. 41) with type of rehearsal re-

ferring to level of processing and amount of encoding referring to en-
j 

coding variability. Experiment II consisted of just such manipulations 

mentioned by Elmes and Bjork, in the proper spacing fraraework. However, 

once again, the results were in agreement with those in the literature 

(previous paragraph) and did not support Elraes and Bjork (1975). For 

example, Elmes and Bjork maintained that priraary processing led to high 

encoding variability which then caused their spacing effects. However, 

in Experiment II, combining a shallow level of processing with high 

encoding variability eliminated the spacing effect for both recogni-

tion and frequency judgements. Again, Elmes and Bjork said that sec-
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ondary processing gave rise to little encoding variability and, hence, 

no spacing effect. However, a combination of a deep level of process-

Ing and low encoding variability did demonstrate spacing effects in 

both recognition and frequency judgements. Continuing with their line 

of reasoning, Elmes and Bjork might have expected that a combination 

of a deep level of processing and high encoding variability would have 

resulted in a spacing effect. It did not have such an effect for ei-

ther of the dependent variables. Finally, Elmes and Bjork apparently 

would not have predicted a spacing effect for a shallow level of pro-

cessing and low encoding variability manipulation. Again, the results 

of Experiment II would have disappointed them. Experiment II lends 

absolutely no support to the Elmes and Bjork (1975) explanation of the 

spacing effect and it contributes rather negative evidence against 

their position. 

If the results of Experiment II may be accepted at face value as 

valid and free from any methodological flaws (unlike Experiment I), 

which is likely in view of the number of replicatory findings, the 
j 

question of how Elmes and Bjork (1975) could have been so drastically 

in error immediately arises. A careful look at their methodology re-

veals that there were several differences when corapared to a raore tra-

ditional spacing experiraent. Although a wide variety of different 

stimuli have been used in spacing tasks, Elmes and Bjork (1975) ap-

parently used a completely new type of stimulus—word pentads. Each 

stimulus was composed of five common four-letter nouns. Also, the 

paradigm itself was unusual, although not totally alien to the spacing 

effect. A modified Brown-Peterson distractor paradigm was used in 
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whlch the subjects saw a pentad, rehearsed it, had a spacing interval 

wlth a distractor task, saw the same pentad, rehearsed it, had a reten-

tlon Interval with a distractor task, and then attempted to recall the 

pentad. Thus, the same pentad was always seen consecutively—spacing 

was based solely on the intervening time between the presentations, and 

not on any intervening presentations. Although a final free recall 

test was given after a number of the above trials were completed, Elmes 

and Bjork (1975) based all of their spacing effect curves on the ini-

tial recall scores. In other words, their spacing curves were based 

on recall tests for each itera that ranged frora six to eighteen seconds 

immediately after that item had been presented for the second tirae. 

Although the distractor technique has been used to deraonstrate the 

spacing effect (Peterson, 1963), it would not seem to be the best pos-

sible paradigm for testing for or demonstrating the spacing effect 

since the technique is typically used for tests of short-terra meraory 

(Cerraak, 1972, pp. 46-47) and Hintzraan (1974) has asserted that a long-

term retention test must be used. 
j 

Beyond their probleras with the spacing effect paradigm, Elmes and 

Bjork (1975) seem to have used less than adequate techniques in their 

level of processing manipulation. The usual manner of inducing a level 

of processing manipulation through instructions or an orienting task 

is to employ a between-subjects design (e.g., Craik, 1973; Evans et al., 

1975; Rose & Rowe, 1976) in which each subject receives the instructions 

or task pertinent only to his particular level of processing. The as-

sumption is made implicitly that subjects who have been alerted to more 

than one method of rehearsal may realize that a deeper processing strat-
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egy Is more efficient for retention purposes and choose to circumvent 

their instmctions to use this more efficient strategy. Elmes and 

Bjork (1975) however, used a within-subjects manipulation of level of 

processing—"all subjects received both priraary and secondary rehearsal 

Instructions" (p. 33). To further complicate matters, the monitoring 

of primary rehearsal was haphazard at best—subjects "were told to say 

the words over and over, either out loud or to themselves" (1975, p. 

33, emphasis added). No attempt, such as having subjects write their 

associations, was made to monitor the secondary rehearsal either. Thus, 

there was no way for Elmes and Bjork to be certain that subjects were 

performing the particular rehearsal that was indicated for the subject 

to use on each separate pentad. 

With these numerous problems associated with the experiment that 

led to the data that Elmes and Bjork (1975) based their theoretical 

explanation of the spacing effect on, it is perhaps not surprising that 

the existing literature and the present data reflect such negative evi-

dence. Since the Elmes and Bjork hypothesis appears to be incorrect, 

there are no further theoretical explanations to consider which incor-

porate the level of processing forraulation as an integral part of the 

explanation of the spacing effect. The contention of Baddeley (1978) 

and Nelson (1977) that the levels of processing fraraework raay be in-

valid or at least contains sorae incorrect assuraptions then becomes a 

moot point as far as a theoretical explanation for the spacing effect 

Is concerned. 

Additionally, though, the failure of Elmes and Bjork's (1975) ex-

planation also still leaves the theoretical explanation of the spacing 
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effect an unresolved matter. There are, however, two final results 

from Experiment II which appear to shed some light on that subject. 

Locus of the Spacing Effect 

Hlntzman (1976), in his review of the deficient processing theories 

of the spacing effect, pointed out that the four theories are catego-

rized on the basis of 1) whether the locus of critical processing that 

causes the spacing effect is assumed to fall between ?^ and P^ or at 

P^, and 2) whether the critical processing is assumed to be under vol-

untary control of the subject or happens involuntarily. The four de-

ficient processing theories can thus be classified in a 2 x 2 table 

(see Table 11). 

A portion of Hintzraan's efforts in trying to find the theoretical 

explanation for the spacing effect has centered on the atterapt to de-

termine the locus of critical processing which might lead to the effect. 

If the locus of such processing could be determined, then the designa-

tion of the proper explanation of the spacing effect would be made 

easier. Hintzman, Block, and Summers (1973) presented evidence that 
j 

?2 Is the locus of the critical processing. In their experiraent, Pĵ  

and P^ occurred in different raodalities (auditory and visual). They 

found that memory for the Po modality increased as the Y-^-?^ spacing 

increased, but that memory for the P, modality remained relatively con-

stant. Apparently, then, the locus of the critical processing is at 

P^—it seems that attention is not paid to P^ until the processing of 

P, is completed and that retention performance is not raised until at-

tention is paid to P^. Also, the finding by Bjork and Allen (1970) and 

Tzeng (1973) that a difficult task interpolated between P̂  and P^ leads 
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Classification of Deficient Processing Theories 

of the Spacing Effect 
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Locus of Processing 

Between P, and Po 

During ?2 

Control of Processing 

Involuntary 

Consolidation 

Habituation-
Recovery 
(Involuntary 
Attention) 

Voluntary 

Rehearsal 

Voluntary 
Attention 

(source: Hintzman, 1976, p. 72) 
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to better retention than an easy task also appears to pinpoint Po as 

the slte of critical processing since retention of P- would logically 

be lower after a difficult task than an easy task. The processing of 

P2 after a hard task, then, would have to be "stronger" or require more 

attention than after an easy task in order to make its retention higher 

In the long run. 

Experiment II provided additional evidence that the location of 

critical processing is at P^. On a very basic level, since low encod-

ing variability led to spacing effects while high encoding variability 

did not, an analysis of the difference between those two conditions 

should yield some evidence about the causation of the spacing effect. 

The subjects' experiences in the high and low encoding variability con-

ditions were identical up to a point—that point, of course, was Po. 

The subject in the high encoding variability condition then apparently 

encountered a new word, while with low variability, he saw a repeated 

word. Since the only difference between the two conditions was P« and 

since only one condition led to a spacing effect, one might logically 
j 

assume that P« is then the locus of the critical processing. The ar-

gument does, however, have more than just this simple logical basis. 

Analytically, the argument concerns the subjects' actions during 

the stimulus presentation. At a spacing of 0 items, the approach of 

subjects in both high and low encoding variability conditions would, 

presumably, be identical. Even though the prior stiraulus is seen with 

a new meaning or appearance in the high variability condition, it would 

seem naive to assume that the subject does not realize that the stimulus 

has just been repeated. On this repetition, in the low variability 
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conditlon, the subject either decides not to pay close attention to the 

repetltion (voluntary attention) or is still habituated to it (invol-

untary attention) and, thus, would not or could not recode the item. 

In the high variability condition, the subject could recode since the 

Item Is different in some way from its first presentation even though 

It is a repetition. Still, though, this recoded version is probably 

somewhat weaker than the first encoding due to the fact that the sub-

ject did realize that it was a repeated word and thus would not have 

devoted total attention to it. Therefore, at the time of retention 

testing, a subject in the high encoding variability condition would 

have two encodings (one strong, one weak) for each O-spaced repeated 

item while a subject in the low variability condition would probably 

have only one. This would lead to the finding of higher retention 

scores for high encoding variability at a spacing of 0 by several ex-

perimenters (D'Agostino & DeReraer, 1973, Exp. II; Johnston et al., 

1972; Madigan, 1969). This effect was also demonstrated in Recognition 

of Experiment II in the encoding variability—spacing interaction (Fig-

ure 8). The directionality of the result for Frequency (II) was the 

same, but was non-significant (Figure 11). However, as the spacing 

then increases, items that are repeated would become less noticeable 

as such to subjects in both conditions. A trend would then start—sub-

jects in the high encoding variability situation would end up with two 

different encodings for what appear to be two different words (although 

they are actually the sarae letter pattern) and subjects in the low 

variability condition would end up with either two encodings of the 

same word or one stronger encoding of the word. At the tirae of reten-
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tlon testlng, subjects from the high variability condition should be 

able to find only one stored encoding of the stimulus word (because 

one meaning or physical representation would be interpreted on the test 

Itself), while subjects in the low variability condition could find two 

encodings (based on the same meaning or representation) or the one 

stronger (deeper?) encoding of the word. Of course, even accepting the 

reality that retention is less than perfect, the odds would still be 

greater in favor of a subject finding one of two encodings or a stronger 

encoding than of finding just one "normal strength" encoding. Thus, at 

spacings greater than zero, retention for low encoding variability 

would be heightened in relation to high variability, and the spacing 

effect would result for the low variability condition. From this ex-

planation, one may conclude, in conjunction with previous evidence 

(Hintzman, Block, & Summers, 1973), that the locus of the critical pro-

cessing is P^. 

Since the evidence points to P_ as being the location for the 

critical processing that causes the spacing effect, Table 11 indicates 
j 

that an attentional explanation of the spacing effect is the raost likely 

possibility. Hintzman has concluded the same thing, but appears to have 

hit a snag at that point since he has wavered between endorsing the 

habituation-recovery hypothesis (1974) and then the voluntary atten-

tion hypothesis (1976) as the most likely explanatory tool, although 

there was no apparent increase in evidence (positive or negative) to 

cause such a shift in his position. The evidence from the present ex-

periments has now brought this identical question to the forefront—an 

attentional explanation does seem to be the most likely candidate with 
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regard to the spacing effect, but which explanation is the more likely 

one? Is there evidence, in Experiment II, in favor of either the vol-

untary attention or the involuntary attention (habituation-recovery) 

hypothesis? 

The Spacing Effect and Level of Processing 

Although the claim of Baddeley (1978) and Nelson (1977), that the 

levels of processing theory may be invalid, has been previously ac-

knowledged, it must be pointed out that this section of the paper is 

not concerned with the validity of levels of processing as a theory. 

The only item of concern here is the level of processing manipulation 

itself—the fact that a deep or semantic processing yields differential 

retention effects from those of a shallow or non-semantic processing. 

Neither Baddeley (1978) nor Nelson (1977) have disputed that claim. 

From the appearances of the four spacing effects in Figures 6 and 

10 (deep-low and shallow-low for both Recognition and Frequency in Ex-

periment II), it would seera that the spacing effect is raore pronounced 

for the shallow level of processing than for the deep level. This ac-
j 

tually is more than an appearance, as the slopes of the two shallow-low 

curves are steeper than those of the two deep-low curves [Recognition 

(II): 0.684 compared to 0.289 and Frequency (II): 0.086 corapared to 

0.060]. Despite all their methodologically-based probleras, Elmes and 

Bjork (1975) also demonstrated more pronounced spacing curves for pri-

mary processing. Hintzman, Sumraers, Eki, and Moore (1975, Exp. II, for 

frequency = 2) have shown much the same result. Subjects were told to 

study stimulus words by reciting them aloud (shallow processing) as 

opposed to a normal silent study condition. As has already been men-
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tioned, silent study has been shown to lead to a deep processing (Hall 

& Pierce, 1974; Locascio & Ley, 1972). Hintzman, Summers, Eki, and 

Moore (1975) also found a spacing curve with a steeper slope for the 

aloud (shallow) condition when compared to the silent (deeper) study 

condition. 

The explanation of these results also points toward an attentional 

explanation of the spacing effect. It was demonstrated throughout both 

Experiment I and II that the level of processing consistently had a 

great effect on the retention scores such that a deep level of process-

Ing led to higher scores than a shallow level. Thus, it is a demon-

strated fact that either poorer encoding or more forgetting occurs in 

a low level of processing since subjects in both processing conditions 

had encoded the same number of stimuli. With increasing Pi-P^ spac-

ings, therefore, a subject in a low processing condition would be raore 

likely, at P^, to have a weaker encoding of the stiraulus from P, than 

a subject in the deep level of processing condition. It is unlikely, 

with a 15 second inter-presentation interval time lirait on the spacing 
j 

effect, that an original stiraulus would be completely forgotten by the 

time of P̂ j although it could be difficult to retrieve. Also, the 

original encoding of an item at Pĵ  was made raore meaningful to the sub-

ject in the deep processing condition (given the definition of deeper 

processing) . With a weaker and less meaningful encoding of P̂ ,̂ then, 

a subject in the shallow level of processing condition is more likely 

to encode a stimulus item again at P^ than a subject in a deep process-

Ing condition. This would lead to a higher retention rate for shallow 

processed items at longer spacing intervals, and the spacing effect 
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would result. This recoding would be a voluntary decision on the part 

of the subject because of his realization that the encoding of P, is 

less than adequate. If the decision was not a voluntary one, then the 

difference in magnitude between the spacing curves for shallow and deep 

levels of processing would not exist because repeated stimuli in both 

conditions would be involuntarily recoded at the earliest opportunity 

(whenever the habituation-recovery process had progressed enough). 

Thus, it is the lower retention rate of shallow processed items com-

bined with their more pronounced spacing effect that argues for a vol-

untary decision on the part of the subject to recode such repeated 

items at a higher rate than deeply processed items. 

The claim might be made, though, that the habituation-recovery 

hypothesis, with its involuntary attention mechanisra, could account 

for this difference in the raagnitude of the spacing effects. For the 

habituation-recovery hypothesis to explain such a difference, it must 

be assumed that either the habituation or the recovery (from habitua-

tion) is longer in duration for shallow processed items than for those 

processed deeply. However, Hintzman (1974) stated that "habituation 

may be assuraed to continue for as long as the stimulus is present" (p. 

90), thereby eliminating the possibility that habituation duration is 

a variable since all stimuli were presented for equal araounts of time. 

Recovery from habituation then begins "when the stimulus ceases" (1974, 

p. 90). The assuraption must then be made that the recovery time is 

longer for stimuli encoded with shallow processing. If this assumption 

Is made, the attention given each repeated stimulus in a deep process-

ing condition would be closer to equal than that given to repeated 
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stimull In a shallow processing situation, since the ability to pay 

attention to a repeated stimulus would become possible sooner with a 

shorter recovery time for deep processing. Even with the inelegancy 

of such an assumption ignored, the supposition does not fit with the 

latest conceptualizations of the habituation mechanism by Hintzman 

(1976; Hintzman, Summers, & Block, 1975). Hintzman, Summers, and Block 

(1975) referred to the habituation mechanisra as an "internal process 

involved in storing a raemory trace" (p. 287). Also, Hintzman (1976) 

stated that, according to habituation-recovery theory, the spacing ef-

fect is caused by "an inability of the nervous system to encode P« at 

full strength when it follows shortly after P^" (p. 73, emphasis added). 

The very fact that the habituation-recovery hypothesis involves internal 

involuntary mechanisms makes it highly unlikely that recovery tiraes 

could differ for different types of stirauli. Additionally, the assurap-

tion of unequal recovery times simply makes little sense in its present 

form. If unequal recovery times could soraehow be at work in the nerv-

ous system, the logical ordering would be a shorter recovery time for 
j 

shallow processed stimuli. These are the stimuli that are most likely 

to be lost on a retention test. Therefore, a longer recovery time for 

them would be non-adaptive. The habituation-recovery hypothesis, then, 

does not seem to be able to account for the difference noted in the 

spacing effects for deep and shallow levels of processing. 

This conclusion combined with the voluntary attention explanation 

of the levels of processing effect on the spacing effect argue in favor 

of the voluntary attention explanation of the spacing effect. However, 

in the earlier capsule description of the voluntary attention hypothe-



101 

sls, evldence against that hypothesis was summarized. A re-evaluation 

of some of that evidence now seems in order. 

Bjork and Allen (1970) and Tzeng (1973) had reported that the in-

terpolation of a hard task between Pĵ  and P led to higher retention 

than did an easy task. According to Hintzraan (1976), this finding ap-

peared to support the notion "that the forgetting of P, somehow deter-

mines the attention given P^" (p. 79). However, Hintzman (1976) then 

related two experiments (Bellezza, Winkler, & Andrasik, 1975; Johnston 

& Uhl, 1976) which presented evidence that at P^, items forgotten from 

Pj were remembered worse on a later recall test than items for which 

Pj was remembered. This is no surprise. It simply indicates that an 

item encoded only once is not remerabered as well as an itera which has 

been encoded twice—not a profound finding. It became meaningful only 

because Hintzman (1976) used the word "forgetting" in the quote above 

in this paragraph. In the explanation of a related finding for the 

shallow level of processing earlier in this paper, the claira was made 

that the encoding of P, is probably just weaker in some cases and would 
j 

be more difficult to retrieve, but would rarely be totally forgotten 

in only fifteen seconds. This explanation would reconcile the seem-

ingly conflicting results of Bjork and Allen (1970) and Tzeng (1973) 

with those of Bellezza, Winkler, and Andrasik (1975) and Johnston and 

Uhl (1976). A logical assumption to make is that a difficult task in-

terpolated between P, and P^ would lead to a weaker remaining encoding 

of P, (at the time of P^) than would an easy task. The weakness of the 

trace of Pi's encoding (and not its forgetting), then, could determine 

the attention given P̂ - Likewise, items with such a weak encoding of 
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Pĵ  at the time of P^ that P, could not be retrieved would certainly be 

remembered at a lower level than those items for which the Pi encoding 

could be retrieved at the time of P^. Thus, the supposition that a 

"stonger" encoding of P^ could cause the results of Bjork and Allen 

(1970) and Tzeng (1973) is not in conflict with the retention findings 

of Bellezza et al. (1975) and Johnston and Uhl (1976). 

Additionally, Hintzman (1976), in his review of evidence against 

the voluntary attention explanation of the spacing effect, pointed out 

that the spacing effect is found in incidental leaming tasks (e.g., 

Rose & Rowe, 1976; Shaughnessy, 1976) despite the fact that there is 

no reason for subjects to pay differential attention to iteras in an 

incidental task. Torakins (1962) and Berlyne (1966), though, raaintained 

that man has a positive affect for novelty and that novelty is one of 

the most reliable attractors of attention, respectively. Since novelty 

causes both positive affect and attracts man's attention, a relatively 

straightforward explanation of the spacing effect in incidental situa-

tions surfaces. A completely new presentation is, logically enough, 
j 

the most novel event that could possibly occur in a spacing experiraent. 

Since the locus of critical processing has been shown to occur at P^, 

though, one should be concerned with the repetitions of the original 

stimuli. Since novelty refers to newness, the raost novel repetition 

would be one which occurs after a long spacing and a back-to-back rep-

etition would be the least novel. With novelty attracting attention 

and attention leading to better retention (e.g., the von Restorff ef-

fect), then items that are spaced farther apart in an incidental task 

would be expected to have higher rates of retention than those with 
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shorter spacings. This, then, would account for a spacing effect being 

found in Incidental learning situations. 

It must be remembered, in addition to these re-explanations of 

"negative" evidence, that there are findings in favor of the voluntary 

attention hypothesis. Hintzman, Block, and Summers (1973) found that 

memory for the modality tag of P^ suffered when the Ri-Ro spacing was 

short—just as expected since less attention would be directed to P^ 

when P, occurred more recently. Johnston and Uhl (1976) found that 

subjects devoted less attention to raassed repetitions than to spaced 

repetitions when there was a secondary deraand on their processing ca-

pacity. Likewise, Zimmerraan (1975) and Shaughnessy et al. (1972) found 

that when subjects had control of the stiraulus presentation rate, less 

time was spent on repeated presentations of a stimulus when the presen-

tations were massed than when they were spaced. 

Finally, a recent study by Marshall et al. (1977) on the spacing 

effect in short-term motor raemory has lent support to the voluntary at-

tention hypothesis. In Experiraent 1, spacing effects were found as the 

spacing interval was increased from 5 to 60 seconds. In Experiments 2 

and 3, it was demonstrated (although not in the context of the spacing 

effect) that subjects could reduce the error of motor memory through a 

voluntary attention manipulation ("pay real close attention to this next 

trial") . The authors concluded (by comparing the results of Exp. 1 to 

those of Exps. 2 & 3) that, in Experiraent 1, raore attention was given 

to a motor repetition at the longer spacing interval than at the shorter 

interval. This greater attention was hypothesized as the cause of the 

demonstrated spacing effects. 



CHAPTER VIII 

CONCLUSIONS 

It did appear, when comparing the results of Experiments I and II, 

that Hintzman's (1974) claim of two methodological necessities to dem-

onstrate the spacing effect was supported. Experiment I did demon-

strate visually, if not statistically, that spacing curves will not 

continue to increase at spacing intervals greater than fifteen seconds. 

In Experiment II, when a long-term memory test was definitely given, 

spacing effects were statistically demonstrated while in Experiment I, 

with a poorer manipulation of the long-terra requirement, they were not 

found. In addition, a third methodological constraint was evidently 

identified in these experiments. The only case in which spacing ef-

fects were obtained, either visually or statistically, was when sub-

jects participated in the low encoding variability condition. It is 

true, then, that being presented with the sarae pattern of letters twice 

in a high encoding variability situation is no different than being 

presented with two different words, at least as far as the spacing ef-
j 

fect is concemed. The versatility of the spacing effect was once raore 

demonstrated in Experiraent II. In addition to the many different types 

of stimuli and conditions previously cited, it may be stated that the 

spacing effect can also occur for words embedded in sentences. These 

experiments seem to have again demonstrated the robust nature of the 

spacing effect provided methodological factors are carefully planned. 

Another conclusion that may be drawn is the fact that the level of 

processing manipulation had a very pronounced effect on the retention 

104 
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scores. A deep semantic level of processing was fairly consistent in 

ylelding higher retention scores than a shallow level, particularly for 

the recognition scores. Again, Baddeley (1978) and Nelson (1977) have 

questioned the validity of the levels of processing framework. In par-

ticular, Baddeley (1978) emphasized "the problem of attempting to pro-

duce an independent measure of depth of processing" (pp. 140-141). He 

further pointed out that "most studies have adopted the procedure of 

choosing types of processing that it seems intuitively plausible to 

assume differ in depth" (1978, p. 141). This was the approach taken 

in these experiments. While it does seera that not having an indepen-

dent measure of depth J^ a serious problem, there still is no denying 

the very consistent finding, when intuitively different types of pro-

cessing are chosen, that the deeper level of processing uniformly leads 

to higher levels of retention. While levels of processing may lack 

theoretical validity, the manipulation of levels is certainly a valid 

independent variable. 

The effects of encoding variability appeared to be much weaker and 
j 

more inconsistent than those of level of processing. The greatest ef-

fect of encoding variability seemed to be on the frequency judgement 

variable, with low encoding variability leading to higher and raore ac-

curate judgements of frequency (all frequency analyses of Experiment 

I). However, this relationship was not found to be significant in Ex-

periment II, although the directionality of the results was the same. 

Thus, the results of encoding variability's effect on frequency judge-

ments is not conclusive. Encoding variability had alraost no effect on 

the recognition scores; a finding which seeraed to contradict previous 
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results. However, by analyzing the level of processing—encoding vari-

abllity interaction of the Recognition data (Experiment II) , it was 

found that high encoding variability did lead to higher recognition 

scores, but only at a deep level of processing. This finding is con-

sistent with the previous evidence since the subjects in those studies 

(Bevan & Dukes, 1967; Bevan, Dukes, & Avant, 1966; Glanzer & Duarte, 

1971; Perfetti & Lindsey, 1974; Winograd & Geis, 1974) had used some 

form of deep processing. 

The focal point of the experiments was to test Elmes and Bjork's 

(1975) theoretical explanation of the spacing effect which states that 

an interaction of level of processing and encoding variability causes 

the effect. However, it was found that the four forms of the spacing 

curves that were predicted (for the interactions of high and low en-

coding variability with deep and shallow levels of processing) based 

on the Elmes and Bjork theory disagreed uniforraly with the actual re-

sults. Thus, evidence negating the Elraes and Bjork hypothetical ex-

planation was found. After careful analysis of their original experi-

ment, it was concluded that Elraes and Bjork (1975) had incorporated 

serious methodological flaws in terms of the spacing effect which may 

have caused them to make incorrect assuraptions at that tirae. Again, 

the experiments did not support Elmes and Bjork (1975) in any way. 

With the failure of the Elmes and Bjork (1975) position to explain 

the spacing effect, the focus was shifted to an evaluation of other ex-

planations of the effect. Attention was focused on the issue of the 

location of the critical processing that causes the spacing effect. 

The evidence from this experiment (and previous findings) seemed to 
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Indlcate that P^ is the point at which differential processing takes 

place to cause the spacing effect. It was assumed that subjects in a 

hlgh encoding variability situation would end up with two different en-

codings of the "same" word (same letter pattern, but with a different 

meaning or physical appearance) as spacing intervals increase, which 

would not yield a spacing effect. On the other hand, subjects in the 

low encoding variability condition were assuraed to increasingly have 

either two encodings of the sarae word or one stronger encoding of it as 

a result of recoding the word at P^ with increasing spacings. This 

would result in a spacing effect for the low encoding variability group. 

With this evidence that Po is the location of the critical processing, 

an attentional explanation of the spacing effect was raost likely to be 

correct (see Table 11). 

However, there were still two attentional theories to consider— 

the voluntary attention and involuntary attention (habituation-recovery) 

hypotheses. These two explanations differ as to whether the critical 

processing that occurs at P^ is under the voluntary control of the sub-

ject or whether it happens involuntarily. The finding, within low en-

coding variability, that a shallow level of processing led to a raore 

pronounced spacing effect than a deep level of processing then led to 

the conclusion that the attentional process at P^ is a voluntary one. 

Since a deep level of processing has been shown to consistently lead 

to higher retention rates, it would have been expected that the deep 

level of processing would result in a spacing effect of greater magni-

tude. However, since the shallow level of processing condition actually 

led to the more pronounced spacing curves, subjects must have been vol-
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untarily processing P^ with more attention in the shallow processing 

condition than in the deep processing group. Because of the fact that 

the habituation-recovery hypothesis deals with internal involuntary 

mechanisms of attention, it seems very unlikely that either the dura-

tlon of habituation or recovery from habituation could differ for stim-

ull processed at shallow and deep levels. Thus, it was concluded that 

the habituation-recovery hypothesis could not explain the differences 

in spacing curves for the deep and shallow level of processing condi-

tlons, while the voluntary attention explanation of the spacing effect 

was able to explain the results. 

In conclusion, evidence against the Elmes and Bjork (1975) expla-

nation of the spacing effect was found from these experiments. The 

results did, however, point strongly toward the voluntary attention 

hypothetical explanation. When a different view of sorae findings that 

had previously been categorized as non-supportive of the voluntary at-

tention hypothesis was taken, that evidence was seen as actually being 

supportive of that explanation. From all the available evidence at 
j 

this point in time, it seems that the spacing effect raay best be ex-

plained by the voluntary attention hypothesis. 



REFERENCES 

Abra, J. C. Acquisition and retention of consistent associative re-

sponses with varied meaningfulness and similarity of stimuli. 

Journal of Verbal Leaming and Verbal Behavior, 1968, 1_^ 647-652. 

Anderson, J, R., & Bower, G. H. Recognition and retrieval processes 

In free recall. Psychological Review, 1972, ̂ i* 97-123. 

Atkinson, R. C , & Shiffrin, R. M. Human memory: A proposed system 

and its control processes. In K. W. Spence and J. T. Spence 

(Eds.), The psychology of learning and motivation: Advances in 

research and theory, Vol. II. New York: Academic Press, 1968. 

Atkinson, R. C , & Shiffrin, R. M. The control of short-term meraory. 

Scientific American, 1971, ̂ 25̂ , 82-90. 

Baddeley, A. D. The trouble with levels: A reexamination of Craik 

and Lockhart's framework for raemory research. Psychological 

Review, 1978, ̂ , 139-152. 

Barclay, J. R., Bransford, J. D., Franks, J. J., McCarrell, N. S., & 

Nitsch, K. Coraprehension and seraantic flexibility. Journal of 

Verbal Learning and Verbal Behavior, 1974, 21, 471-481. 

Bellezza, F. S., Winkler, H. B., & Andrasik, F., Jr. Encoding pro-

cesses and the spacing effect. Meraory & Cognition, 1975, ̂ , 

451-457. 

Berlyne, D. E. Curiosity and exploration. Science, 1966, 153, 25-33. 

Bevan, W., & Dukes, W. F. Stimulus-variation and recall: The role of 

belongingness. American Journal of Psychology, 1967, ̂ , 309-312 

Bevan, W., Dukes, W. F., & Avant, L. L. The effect of variation in 

109 



110 

speclfic stimuli on memory for their superordinates. American 

Journal of Psychology, 1966, ̂ i, 250-257. 

Bjork, R. A., & Allen, T. W. The spacing effect: Consolidation or 

differential encoding? Journal of Verbal Leaming and Verbal 

Behavior, 1970, 9̂, 567-572. 

Bower, G. H. Stimulus-sampling theory of encoding variability. In 

A. W. Melton and E. Martin (Eds.), Coding processes in huraan 

memory. Washington, D.C: V. H. Winston & Sons, 1972. 

Bower, G. H., & Karlin, M. B. Depth of processing of pictures of 

faces and recognition memory. Joumal of Experimental Psychology, 

1974, JL03. 751-757. 

Britton, B. K. Semantic encoding stability and context. Journal of 

Experiraental Psychology: Huraan Leaming and Meraory, 1976, 2̂, 

69-75. 

Broadbent, D. E. Decision and stress. New York: Acaderaic Press, 1971, 

Bugelski, B, R. Presentation tirae, total tirae, and raediation in paired 

associate learning. Journal of Experimental Psychology, 1962, 63, 
j 

409-412. 

Butler, B. E., & Merikle, P. M. Uncertainty and meaningfulness in 

paired-associate learning. Journal of Verbal Learning and Verbal 

Behavior, 1970, 9̂, 634-641. 

Cerraak, L. S. Huraan memory: Research and theory. New York: Ronald 

Press Co., 1972. 

Christensen, L. B. Experimental methodology. Boston: Allyn & Bacon, 

Inc, 1977. 

Cochran, W. C , & Cox, C M. Experiraental designs. New York: Wiley, 



111 

1957. 

Cooper, E. H., & Pantle, A. J. The total-time hypothesis in verbal 

learning. Psychological Bulletin, 1967, ̂ , 221-234. 

Craik, F. I. M. The fate of primary memory items in free recall. 

Journal of Verbal Learning and Verbal Behavior, 1970, ̂ , 143-148. 

Craik, F. I. M. A "levels of analysis" view of memory. In P. Pliner, 

L. Krames, and T. Alloway (Eds.), Communication and affect: Lan-

guage and thought. New York: Acaderaic Press, 1973. 

Craik, F. I. M., & Lockhart, R. S. Levels of processing: A framework 

for memory research. Journal of Verbal Leaming and Verbal Be-

havior, 1972, JU,, 671-684. 

Craik, F. I. M., & Tulving, E. Depth of processing and the retention 

of words in episodic raemory. Journal of Experiraental Psychology: 

General, 1975, 104, 268-294. 

Craik, F. I. M., & Watkins, M. J. The role of rehearsal in short-term 

memory. Journal of Verbal Learning and Verbal Behavior, 1973, 21, 

599-607. 
j 

D'Agostino, P. R. , & DeRemer, P. Repetition effects as a function of 

rehearsal and encoding variability. Journal of Verbal Leaming 

and Verbal Behavior, 1973, 21, 108-113. 

Deese, J., & Kaufman, R. A. Serial effects in recall of unorganized 

and sequentially organized verbal raaterial. Journal of Experi-

mental Psychology, 1957, 54, 180-187. 

Ebbinghaus, H. ÍJber das Gednachtnis. Leipzig: Duncker & Humbolt, 

1885. Translated by H. A. Ruger and C E. Bussenius. New York: 

Columbia Teacher's College, 1913. Reissued as paperback (Memory), 



112 

New York: Dover, 1964. 

Elmes, D. C , & Bjork, R. A. The interaction of encoding and rehearsal 

processes in the recall of repeated and nonrepeated items. Jour-

nal of Verbal Learning and Verbal Behavior, 1975, 2A» 30-42. 

Elmes, D. C , Sanders, L. W., & Dovel, J. C Isolation of raassed-

practice and distributed-practice items. Memory & Cognition, 

1973, 1, 77-79. 

Estes, W. K. Statistical theory of spontaneous recovery and regression, 

Psychological Review, 1955, 62̂ , 145-154. (a) 

Estes, W. K. Statistical theory of distributional phenomena in learn-

ing. Psychological Review, 1955, 62̂ , 369-377. (b) 

Evans, J. D., Good, S. M., Lintzenich, P., & Francis, N. C Level of 

processing, type of processing, and the repetition effect in free 

recall. Canadian Journal of Psychology, 1975, 19, 327-339. 

Frase, L. T., & Kamman, R. Effects of search criterion upon unantici-

pated free recall of categorically related words. Memory & Cog-

nition, 1974, 1, 181-184. 

Gardiner, J. M. Levels of processing in word recognition and subse-

quent free recall. Journal of Experimental Psychology, 1974, 

102, 101-105. 

Geis, M. F., & Winograd, E. Norms of semantic encoding variability 

for fifty homographs. Bulletin of the Psychonomic Society, 1974, 

2, 429-431. 

Geis, M. F., & Winograd, E. Semantic encoding and judgements of back-

ground and situational frequency for homographs. Journal £f Ex-

perímental Psvchology: Human Leaming anj_ Memory, 1975, 1, 385-



113 

392. 

Glanzer, M. Storage mechanisms in recall. In C H. Bower (Ed.), The 

psychology of learning and motivation: Advances in research and 

theory. Vol. 5. New York: Academic Press, 1972. 

Glanzer, M., & Cunitz, A. R. Two storage raechanisms in free recall. 

Journal of Verbal Leaming and Verbal Behavior, 1966, ̂ , 351-360. 

Glanzer, M., & Duarte, A. Repetition between and within languages in 

free recall. Journal of Verbal Learning and Verbal Behavior, 

1971, 20, 625-630. 

Glanzer, M., & Meinzer, A. The effects of intralist activity on free 

recall. Journal of Verbal Leaming and Verbal Behavior, 1967, 6̂, 

928-935. 

Glenberg, A. M. Monotonic and nonmonotonic lag effects in paired-

associate and recognition raeraory. Journal of Verbal Leaming and 

Verbal Behavior, 1976, 2å, 1-16. 

Goggin, J., & Martin, E. Forced stimulus encoding and retroactive in-

terference. Journal of Experiraental Psychology, 1970, 84_, 131-136 

Greeno, J. C Paired-associate leaming with raassed and spaced repe-

titions of items. Journal of Experiraental Psychology, 1964, ^ , 

286-295. 

Hall, J. W., 6f Pierce, J. W. Recognition and recall by children and 

adults as a function of variations in memory encoding instruc-

tions. Memory & Cognition, 1974, 1, 585-590. 

Hintzman, D. L. Recognition time: Effects of recency, frequency, and 

the spacing of repetitions. Journâ l of Experimental Psychology, 
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TABLE 1 

Source Table for Recognition 1 
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Source 

Blocks 

A—Level of Processing 

B—Encoding Variability 

AB 

C—Spacing 

AC 

BC 

ABC 

S. w. groups—Error 

Sum of 
Squa res 

58 .68 

196.88 

0 .70 

0 .15 

11 .13 

1.23 

1.61 

0 . 6 1 

489.87 

df 

19 

1 

1 

1 

3 

3 

3 

3 

285 

Mean 
Square 

3.09 

196.88 

0 .70 

0 .15 

3.71 

0 .41 

0.54 

0 .20 

1.72 

F 

1.80 

114.54 

0 .41 

0.09 

2 .16 

0 .24 

0 .31 

0.12 

£ 

£< .03 

£< .001 

£< .10 

Total 760.87 319 



TABLE lA 

Means (and Standard Deviations) for Recognition 1 

Spacing 

_0_ 1 3 7 
LOP EV 

Deep — High 

Deep — Low 

Shallow-High 

Shallow-Low 

8.15 7.80 8.35 7.75 

(0.88) (1.11) (0.81) (1.12) 

7.85 7.75 8.05 7.85 

(0.93) (1.41) (1.00) (0.81) 

6.50 6.15 6.65 6.30 

(1.28) (1.63) (1.76) (1.81) 

6.40 5.90 6.60 6.50 

(1.64) (1.55) (1.76) (1.28) 

I 
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TABLE 2 

Source Table for Frequency 1 
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Source 

Blocks 

A—Level of Processing 

B—Encoding Variability 

AB 

C—Spacing 

AC 

BC 

ABC 

S. w. groups—Error 

Sum of 
Squares 

14.75 

4.67 

2.91 

0.08 

0.24 

0.07 

0.48 

0.09 

52.68 

2f 

19 

1 

1 

1 

3 

3 

3 

3 

285 

Mean 
Square 

0.78 

4.67 

2.91 

0.08 

0.08 

0.02 

0.16 

0.03 

0.18 

2 

4.20 

25.27 

15.73 

0.44 

0.44 

0.12 

0.87 

0.16 

£ 

£ < .001 

£ < .001 

£ < .001 

Total 75.96 319 
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TABLE 2A 

Means (and Standard Deviations) for Frequency 1 

LOP EV 

Deep — High 

Deep — Low 

Shallow-High 

Shallow-Low 

_g^ 

1.53 

(0.35) 

1.59 

(0.33) 

1.24 

(0.34) 

1.43 

(0.60) 

Spacing 

_1_ 

1.55 

(0.36) 

1.64 

(0.31) 

1.25 

(0.37) 

1.37 

(0.63) 

J_ 

1.52 

(0.46) 

1.76 

(0.27) 

1.28 

(0.41) 

1.50 

(0.94) 

_7_ 

1.45 

(0.48) 

1.68 

(0.23) 

1.17 

(0.41) 

1.53 

(0.56) 



TABLE 3 

Source Table for Recognition 2 

129 

Source 

Blocks 

A—Level of Processing 

B—Encoding Variability 

AB 

C—Spacing 

AC 

BC 

ABC 

S. w. groups—Error 

Sum of 
Squares 

27 .42 

64 .80 

5 .00 

0 .80 

4 . 2 3 

4 . 7 3 

11.28 

12.08 

598.47 

df 

19 

1 

1 

1 

3 

3 

3 

3 

285 

Mean 
Square 

1.44 

64 .80 

5 .00 

0 .80 

1.41 

1.58 

3.76 

4 . 0 3 

2 .10 

2 

0.69 

30.86 

2 .38 

0 .38 

0 .67 

0 .75 

1.79 

1.92 

£ 

£ < .00 

£ < .12 

£ < .15 

£ < .13 

Total 728.80 319 
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TABLE 3A 

Means (and Standard Deviations) for Recognition 2 

Spacing 

LOP EV 

Deep ~ High 

Deep — Low 

Shallow-High 

Shallow-Low 

_0^ 

7.35 

(1.42) 

6.20 

(1.28) 

6.40 

(1.10) 

6.10 

(1.48) 

_1_ 

6.90 

(1.29) 

6.65 

(1.31) 

6.25 

(1.55) 

5.60 

(1.14) 

_2_ 

6.65 

(1.73) 

7.20 

(1.11) 

6.15 

(1.79) 

5.40 

(2.04) 

_7_ 

6.60 

(1.27) 

6.85 

(1.50) 

5.50 

(1.24) 

5.80 

(1.36) 



TABLE 4 

Source Table for Frequency 2 
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Source 

Blocks 

A—Level of Processing 

B—Encoding Variability 

AB 

C—Spacing 

AC 

BC 

ABC 

S. w. groups—Error 

Sum of 
Squares 

10.12 

1.42 

1.61 

0 .34 

0 .30 

0 .85 

0 .71 

0 .19 

61.04 

áf_ 

19 

1 

1 

1 

3 

3 

3 

3 

285 

Mean 
Square 

0 .53 

1.42 

1.61 

0.34 

0 .10 

0 .28 

0 .24 

0.06 

0 .21 

F 

2 .49 

6.64 

7 .50 

1.58 

0 .47 

1.32 

1.10 

0 .29 

£ 

£ < .001 

£ < .02 

£ < .01 

Total 76.56 319 
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TABLE 4A 

Means (and Standard Deviations) for Frequency 2 

LOP EV 

Deep — High 

Deep — Low 

Shallow-High 

Shallow-Low 

_0_ 

1.33 

(0.30) 

1.32 

(0.30) 

1.24 

(0.37) 

1.47 

(0.69) 

Spacing 

J_ 

1.31 

(0.38) 

1.39 

(0.32) 

1.17 

(0.54) 

1.26 

(0.67) 

_3^ 

1.43 

(0.52) 

1.48 

(0.42) 

1.22 

(0.43) 

1.31 

(0.64) 

_7_ 

1.36 

(0.49) 

1.55 

(0.32) 

1.01 

(0.40) 

1.42 

(0.63) 
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TABLE 5 

Source Table for Recognition 1(R) 

Sum of Mean 

Source Squares df Square 2 £ 

Blocks 35.38 19 1.86 1.01 

A—Level of Processing 158.44 1 158.44 86.31 £< .001 

B~Encoding Variability 1.84 1 1.84 1.00 

AB 0.10 1 0.10 0.06 

C—Spacing 

AC 

BC 

ABC 

S. w. groups—Error 

Total 591.30 239 

10.76 

0.48 

0.02 

0.61 

383.67 

2 

2 

2 

2 

209 

5.38 

0.24 

0.01 

0.30 

1.84 

2.93 

0.13 

0.01 

0.17 



TABLE 6 

Source Table for Frequency 1(R) 
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Source 

Blocks 

A—Level of Processing 

B—Encoding Variability 

AB 

C—Spacing 

AC 

BC 

ABC 

S. w. groups—Error 

Sum of 
Squares 

11 .53 

3 .78 

1.44 

0 .03 

0 .22 

0 .04 

0 .17 

0 .06 

41 .38 

df 

19 

1 

1 

1 

2 

2 

2 

2 

209 

Mean 
Square 

0 .61 

3 .78 

1.44 

0 .03 

0 .11 

0 .02 

0.09 

0 .03 

0 .20 

2 

3.06 

19.08 

7.27 

0 .14 

0.57 

0 .11 

0 .44 

0 .16 

£ 

£ < .001 

£ < .001 

£ < .01 

Total 58.66 239 



TABLE 7 

Source Table for Recognition 2(R) 
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Source 

Blocks 

A—Level of Processing 

B—Encoding Variability 

AB 

C—Spacing 

AC 

BC 

ABC 

S. w. groups—Error 

Sum of 
Squares 

17.21 

42.50 
N 

10.84 

1.20 

1.41 

3.91 

3.93 

11.66 

471.14 

df 

19 

1 

1 

1 

2 

2 

2 

2 

209 

Mean 
Square 

0.91 

42.50 

10.84 

1.20 

0.70 

1.95 

1.96 

5.83 

2.25 

0.40 

18.86 £< .001 

4.81 £< .03 

0.53 

0.31 

0.87 

0.87 

2.59 £< .08 

Total 563.80 239 



TABLE 8 

Source Table for Frequency 2(R) 
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Source 

Blocks 

A—Level of Processing 

B—Encoding Variability 

AB 

C—Spacing 

AC 

BC 

ABC 

S. w. groups—Error 

Sum of 
Squares 

10.07 

0 .57 

0 .46 

0 .14 

0 .30 

0 .54 

0 .01 

0 . 1 3 

43 .90 

df 

19 

1 

1 

1 

2 

2 

2 

2 

209 

Mean 
Square 

0 .53 

0 .57 

0 .46 

0 .14 

0 .15 

0 .27 

0 .01 

0 .06 

0 .21 

2 
2 .52 

2 .70 

2 . 2 1 

0 .68 

0 .71 

1.28 

0 .03 

0 .30 

£ 

£ < .001 

£ < .10 

£ < .14 

Total 56.11 239 



TABLE 9 

Source Table for Recognition (II) 
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Source 

A—Level of Process ing 

A a t b^ (high EV) 

A a t b2 (low EV) 

A a t C]̂  (0 spacing) 

A a t C2 (1 spacing) 

A a t c^ (3 spacing) 

[Pooled Error—A a t c . ] 

B—Encoding V a r i a b i l i t y 

B a t aĵ  (deep LOP) 

B a t a^ (shal low LOP) 

B a t c, (0 spacing) 

B a t c^ (1 spacing) 

B a t Co (3 spacing) 

[Pooled Error—B a t c^] 

AB 

S. w. groups—Bet. Error 

C—Spacing 

C a t a j (deep LOP) 

C a t a^ (shal low LOP) 

C a t b i (high EV) 

C a t b2 (low EV) 

AC 

Sum of 
Squares 

494.48 

391.14 

136.20 

246.86 

133.76 

126.30 

8.04 

36.70 

4.20 

19.05 

3.05 

1.44 

32.86 

464.95 

38.82 

4.33 

46.92 

3.35 

50.97 

12.43 

df 

[133 

[133 

1 

80 

2 

2 

2 

2 

2 

2 

Mean 
Square 

494.48 

391.14 

136.20 

246.86 

133.76 

126.30 

3.34] 

8.04 

36.70 

4.20 

19.05 

3.05 

1.44 

3.34] 

32.86 

5.81 

19.41 

2.17 

23.46 

1.68 

25.48 

6.22 

2 
85.08 

67.30 

23.43 

73.92 

40.05 

37.82 

1.38 

6.31 

0.72 

5.70 

0.91 

0.43 

5.65 

9.23 

1.03 

11.15 

0.79 

12.11 

2.96 

£ < 

£ < 

£ < 

£ < 

£ < 

£< 

£ < 

£ < 

£ < 

£ < 

£ < 

£ < 

D < 

£ 

.001 

.001 

.001 

.001 

.001 

.001 

. 03 

. 03 

.02 

.001 

.001 

.001 

.06 



TABLE 9 (CONTINUED) 

Source Table for Recognition (II) 

138 

Source 

BC 

ABC 

C X S—Within Error 

Sum of 
Squares 

15.50 

1.34 

336.57 

df 

2 

2 

160 

Mean 
Square 

7.75 

0.67 

2.10 

3.68 £ < .03 

0.32 

Tota l 1404.99 251 
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TABLE 9A 

Means (and Standard Deviations) for Recognition (II) 

LOP EV 

Deep — High 

Deep — Low 

Shallow-High 

Shallow-Low 

_0_ 

13.48 

(1.29) 

11.90 

(1.37) 

9.43 

(2.16) 

9.10 

(2.17) 

Spacing 

J_ 

13.38 

(1.28) 

12.38 

(1.77) 

10.24 

(2.07) 

10.48 

(1.83) 

J_ 

13.48 

(1.12) 

12.81 

(1.63) 

10.10 

(2.47) 

11.29 

(2.17) 



V 

TABLE 10 

Source Table for Frequency (II) 
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Source 

A—Level of Process: 

B—Encoding Variabi! 

B at cj (0 spacing) 

B at c^ (1 spacing) 

B at c^ (3 spacing) 

[Pooled Error—B at 

AB 

S. w. groups—Bet. ] 

C—Spacing 

C at b^ (high EV) 

C at b2 (low EV) 

AC 

BC 
j 

ABC 

C X S~Within Error 

i-ng 

lity 

Cil 

Error 

Sum of 
Squares 

1.51 

0.11 

0.02 

0.00 

0.54 

0.03 

31.25 

1.17 

0.38 

1.25 

0.08 

0.44 

0.08 

7.34 

df 

[133 

1 

80 

2 

2 

2 

2 

2 

2 

160 

Mean 
Square 

1.51 

0.11 

0.02 

0.00 

0.54 

0.16] 

0.03 

0.39 

0.59 

0.19 

0.62 

0.04 

0.22 

0.04 

0.05 

2 

3.86 

0.29 

0.13 

0.00 

3.35 

0.07 

12.79 

4.16 

13.57 

0.87 

4.82 

0.90 

£ 

£< .06 

£< .10 

£< .001 

£< .03 

£< .001 

£< .01 

Total 42.01 251 



TABLE lOA 

Means (and Standard Deviations) for Frequency (II) 

Spacing 

LOP EV 

Deep — High 

Deep — Low 

Shallow-High 

Shallow-Low 

_0L 

1.57 

(0.27) 

1.49 

(0.27) 

1.32 

(0.49) 

1.34 

(0.52) 

J^ 

1.64 

(0.31) 

1.67 

(0.32) 

1.52 

(0.43) 

1.49 

(0.50) 

_3_ 

1.57 

(0.24) 

1.69 

(0.20) 

1.42 

(0.55) 

1.61 

(0.50) 

I 
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List of Homograph Stimuli 
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admit 

article 

bar 

bark 

bat 

beam 

bit 

bowl 

cell 

charge 

check 

club 

country 

crank 
j 

cieed 

drop 

express 

file 

hail 

iron 

lie 

limp 

march 

maroon 

mole 

nut 

palm 

park 

patient 

play 

pot 

pound 

racket 

rash 

seal 

second 

sole 

stable 

stick 

temple 

tip 

top 

type 

volume 

yard 
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APPENDIX B 

Paired True-False Statements Using Homograph Stimuli 

The U.S. did admit Hawaii as a state. The U.S. will admit Cuba as a 

state. 

People should admit their mistakes. People should not admit their 

mistakes. 

The word ADMIT is not printed in smalls. The word ADMIT is not printed 

in caps. 

The word admit is printed in smalls. The word admit is not printed in 

smalls. 

A sports article might concern baseball, A sports article usually con-

cerns opera. 

A shirt is an article of clothing. A comb is an article of clothing. 

The word ARTICLE is in capital letters. The word ARTICLE is in small 

letters. 

The word article is not printed in caps. The word article is printed 

in caps. 

A bar sells liquor. A bar sells flowers. 

A wet bar of soap is slippery. A bar of soap is rough. 

BAR is in capitals. BAR is in smalls. 

bar is printed in smalls. bar is printed in caps. 

Most dogs can bark. Most cats can bark. 

Bark protects a tree. Bark merely decorates a tree. 

Capitals print BARK. iSmall letters print BARK. 

bark is printed in smalls. bark is printed in caps. 

A bat is a flying animal. A bat_ is a swimming animal. 
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Babe Ruth could bat well. Babe Ruth could not bat well. 

BAT is printed in capitals. BAT is printed in smalls. 

Small letters print bat. Caps are used to print bat. 

A ceiling beam might be made of wood. A ceiling beam is usually made 

of nylon. 

A sun beam feels warm. A sun beam feels quite cool. 

The printing of BEAM is in caps. The printing of BEAM is not in caps. 

The word beam is in smalls. The word beam is in caps. 

A horse*s bit is placed in the mouth. A horse*s bit is placed on the 

tail. 

3C is a small bit of money. A bit of money is more than $1000. 

The word BIT is not printed in smalls. The word BIT is not printed 

in caps. 

The print of bit is in smalls. bit is not printed in small letters. 

A crystal bowl is breakable. A crystal bowl is not breakable. 

To bowl a perfect game is difficult. To bowl a perfect game is easy. 

The word BOWL is in caps. The word BOWL is not in caps. 

bowl is printed in small letters. bowl is printed in capital letters. 

A jail cell is usually locked. A jail cell is seldom locked. 

One cell is a small unit of life. One cell is the largest unit of life. 

The word CELL is in capitals. The word CELL is not in capitals. 

The word cell is not printed in caps. cell is not printed in small 

letters. 

Roosevelt led the charge of San Juan Hill. Kennedy led the charge of 

San Juan Hill. 

Utilities charge for electricity. Utilities don*t charge for elec-
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tricity. 

The printing of CHARGE is in capital letters. The printing of CHARGE 

is not in capitals. 

The printing of charge uses smalls. The word charge is not in smalls. 

One should check a car's oil frequently. One should never check a 

car*s oil. 

A "hot" check is not appreciated. A "hot" check is appreciated. 

The word CHECK is not printed in smalls. The printing of CHECK is in 

smalls. 

The word check is not in capitals. The word check is in capitals. 

A very exclusive club is hard to join. An exclusive club is easy to 

join. 

Cartoon cavemen usually carry a club. Cartoon cavemen never carry a 

club. 

The printing of CLUB is in capital letters. The word CLUB is not in 

caps. 

Capitals are not used to print club. Capitals are used to print club. 
j 

France is a country. Arizona is a country. 

Most farms are in the country. Most skyscrapers are in the country. 

Caps print COUNTRY. Smalls print COUNTRY. 

Capitals do not print country. Smalls are not used to print country. 

Crank phone calls are a problem. Crank telegrams are a big problem. 

Some early cars had crank starters. No early cars had crank starters. 

CRANK is not printed in smalls. CRANK is not printed in capitals. 

Capitals are not used in crank. Smalls are not used in crank. 

Boy Scouts should do a good deed daily. Boy Scouts should do a bad 
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deed daily. 

A property deed is a valuable document. A property deed is a worth-

less document. 

Capital letters are used in printing DEED. Capitals are not used in 

printing DEED. 

The word deed is printed in smalls. The printing of deed is not smalls 

To drop a feather is harmless. To drop an atomic bomb is harmless. 

A tear drop is salty. A tear drop is not salty. 

DROP is printed in capital letters. DROP is not printed in capital 

letters. 

The word drop is in smalls. The word drop is in capitals. 

The express train is usually fast. The express train is usually slow. 

Babies cry to express themselves. Babies do nothing to express them-

selves. 

EXPRESS is not printed in smalls. EXPRESS is not printed in caps. 

Smalls are used to print express. Capitals are used to print express. 

A file cabinet stores papers. A file cabinet stores clothes. 

A nail file is used for grooming. A nail file is used for cooking. 

FILE is printed in capitals. FILE is not printed in capitals. 

The word file is not in capitals. The word file is not in smalls. 

Hail storms damage crops. Hail storms are good for crops. 

"Hail to the Chief" is played for Presidents. "Hail to the Chief" is 

played for dogcatchers. 

HAIL is in capitals. i AIL is not printed in capitals. 

hail is not printed in capital letters. hail is not printed in small 

letters. 
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ron is a metal. Iron is a chemical. 

An iron is used to press clothes. An iron is used to press dishes. 

IRON is in caps. IRON is in smalls. 

^̂ oî  is not printed in capitals. iron is not printed in small letters. 

One should not lie under oath. One shoulû lie under oath. 

To recline means to lie down. To arise means to lie down. 

The printing of LIE is in caps. The print of LIE is smalls. 

Smalls are used to print lie. Caps are used to print lie. 

On Gunsmoke, Chester walked with a limp. On Gunsmoke, Kitty walked 

with a limp. 

A limp hammer would not be useful. A limp hammer would be useful. 

Small letters are not used to print LIMP. Capitals are not used to 

print LIMP. 

limp is not printed in capital letters. limp is not printed in smalls. 

Maroon is a darkish red color. Maroon is a darkish yellow color. 

A stormy sea might maroon a ship. A calm sea should maroon ships. 

MAROON is printed in capitals. MAROON is printed in small letters. 
j 

The print of maroon is in smalls. Capitals are used to print maroon. 

A mole burrows in the earth. A mole digs in water. 

Most freckles are smaller than a mole. A freckle is larger than a mole. 

MOLE is printed in capitals. MOLE is printed in smalls. 

Capitals are not used to print mole. Smalls are not used to print mole. 

March is the third month. March is the tenth month. 

Bands often march at football games. Bands often march at church. 

MARCH is printed in caps. MARCH is printed in smalls. 

The word march is in small letters. The word march is in capitals. 
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A pecan is a nut. A banana is a nut. 

A bolt requires a nut for fastening. A nail requires a nut for fas-

tening. 

Smalls do not print NUT. Caps do not print NUT. 

The printing of nut is small letters. The printing of nut is in capi-

tals. 

A person*s hand has a palm. A person's foot has a palm. 

There are palm trees in Miami. There are palm trees in Alaska. 

Caps are used to print PALM. Smalls are used to print PALM. 

The word palm is not in caps. The word palm is not in smalls. 

Yellowstone is a large park. Yellowstone is a small park. 

One should not park by fire plugs. One should park by fire plugs. 

Smalls do not print PARK. Capitals do not print PARK. 

The printing of park is in smalls. The word park is in capitals. 

You should be patient with children. You shouldn't be patient with 

children. 

A patient should trust his doctor. A patient shouldn't trust his 

doctor. 

The print of PAT ENT is capitals. The printing of PAT ENT is smalls. 

patient is not in capital letters. patient is not printed in small 

letters. 

Children like to ̂ la^ games. Children don't like to ̂ la^ games. 

"Hamlet" is a well known ̂ la^. "Hamlet" is not a well known £la^. 

Smalls do not print PLAY. Capitals are not used to print PLAY. 

Caps aren't used to print 2IÊZ' Smalls are not used to print ̂ la^. 

A flower £Ot is used by gardeners. A flower £Ot is used by bakers. 
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Po^ is slang for marijuana. Pot is a killer drug. 

The word POT is printed in caps. The word POT is printed in smalls. 

PO^ is printed in smalls. pot is printed in caps. 

A bully will pound on someone smaller. Bullys usually pound on some-

one larger. 

One pound is easy to lift. One pound is hard to lift. 

The printing of POUND is not in smalls. The printing of POUND is not 

capitals. 

Pound is not printed in caps. pound is not printed in smalls. 

A tennis racket is not used in baseball. A tennis racket is used in 

baseball. 

Making a racket in libraries is discouraged. Making a racket in li-

braries is encouraged. 

The word RACKET is printed in big letters. The word RACKET is printed 

in small letters. 

The word racket is printed in small letters. The word racket is 

printed in capital letters. 
j 

Babies sometimes develop a rash. Babies never develop a rash. 

Rash decisions are not usually wise. Rash decisions are usually wise. 

Smalls do not print RASH. Capitals do not print RASH. 

rash is not printed in capitals. rash is not printed in smalls. 

A tight seal helps keep food fresh. A loose seal helps keep food fresh. 

A seal is an aquatic animal. A seal is a flying animal. 

The word SEAL is printed in capitals. The word SEAL is printed in 

smalls. 

seal is in small letters. seal is in capital letters. 
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^^^ond place wins the silver medal. Second place wins the gold medal. 

One second is a short time. One second is a long time. 

SECOND is not printed in smalls. SECOND is not printed in capitals. 

second is not printed in caps. second is not in small letters. 

A shoe sole is on the bottom. A shoe sole is on the side. 

A sole survivor is alone. A sole survivor is with friends. 

The word SOLE is printed in caps. The word SOLE is in smalls. 

sole is in small letters. sole is printed in capitals. 

Horses are kept in a stable. Elephants are kept in a stable. 

A stable condition indicates no changes. A stable condition indicates 

many changes. 

Smalls are not used to print STABLE. Caps are not used to print STABLE • 

stable is not printed in capital letters. stable is not printed in 

small letters. 

A grandfather might use a walking stick. A baby might use a walking 

stick. 

A knife will stick in wood. A knife will not stick in wood. 
j 

Capital letters are used to print STICK. Small letters are used to 

print STICK. 

The printing of stick is in smalls. The printing of stick is caps. 

A pain in the temple is a headache. A pain in the temple is a backache 

A temple is similar to a church. A temple is similar to a store. 

The printing of TEMPLE is not in smalls. The printing of TEMPLE is 

not in caps. i 

temple is not printed in capitals. temple is not printed in smalls. 

A waiter would like a large tl£- ^ waiter would like a small ti£-
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An iceberg's 2i£ is the smallest part. An iceberg's ti£ is the largest 

part. 

Capitals are used to print TIP. Small letters are used to print TIP. 

The word ti£ is printed in smalls. The word _ti£ is printed in capitals. 

The top of a mountain is the peak. The top of a mountain is the foot. 

A top is a child's toy. A top is a very expensive toy. 

TOP is not printed in small letters. TOP is not printed in capitals. 

top is not printed in caps. top is not printed in smalls. 

A snake is a type of reptile. A snake is not a type of reptile. 

Most secretaries can type. Most secretaries cannot type. 

The printing of TYPE is in caps. The printing of TYPE is in smalls. 

Small letters print type. Capital letters print type. 

A radio's volume can be adjusted. A radio's volume cannot be adjusted. 

Encyclopedias usually have more than one volume. Encyclopedias usually 

have only one volume. 

The word VOLUME is not in smalls. The word VOLUME is not in capitals. 

Capital letters are not used to print volume. Small letters are not 
j 

used to print volume. 

A yard is three feet. A yard is four feet. 

A weed-filled yard is not attractive. A weed-filled yard is attractive. 

YARD is printed in caps. YARD is printed in smalls. 

The printing of yard is in smalls. The print of yard is in capitals. 
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APPENDIX C 

True-False Answer Sheet 

26. T F 51. T F 76. T 

27. T F 52. T F 77. T 

28. T F 53. T F 78. T 

29. T F 54. T F 79. T 

30. T F 55. T F 80. T 

31. T ¥ 56. T F 81. T 

32. T F 57. T F 82. T 

33. T F 58. T F 83. T 

34. T F 59. T F 84. T 

35. T F 60. T F 85. T 

36. T F 61. T F 86. T 

37. T F 62. T F 87. T 

38. T F 63. T F 88. T 

39. T F 64. T F 89. T 

40. T F 65. T F 90. T 

41. T F 66. T F 91. T 

42. T F 67. T F 92. T 

43. T F 68. T F 93. T 

44. T F 69. T F 94. T 

45. T F 70. T F 95. T 

46. T F 71. T F 96. T 

47. T F 72. T F 97. T 
1 

48. T F 73. T F 98. T 

49. T F 74. T F 99. T 

50. T F 75. T F 100. T 
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APPENDIX D 

Instructions for Slide Sequence 

This experiment requires you to do two tasks at the same time—process 

information quickly and use your memory. A sentence such as this 

(SLIDE WAS SHOWN) will be shown on the wall. You are to decide whether 

the sentence is true or false and circle the appropriate letter on your 

answer sheet. (THE FOLLOWING INSTRUCTIONS WERE GIVEN TO THE LOW LEVEL 

OF PROCESSING CONDITION ONLY: The words capital letters, capitals, and 

caps all mean the same thing—an upper-case letter. So do the words 

small letters and smalls—they both denote a lower-case letter.) Be 

sure not to skip any spaces on the answer sheet and be sure to keep 

up with the sentences. Also, in each sentence, a word will be under-

lined. Try to remember this underlined word because later I will test 

your memory for those words. Both tasks are equally important—try to 

do your best on both the true-false statements and remembering the 

words. Each sentence will be shown for only five seconds, so you must 

j 

try to woirk as rapidly as possible. 
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Recognition Test Stimulus Sheet 
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feet 

cold 

check 

limp 

poker 

boil 

type 

bowl 

march 

fleet 

fancy 

fit 

bat 

strand 

patient 

capital 

file 

bark 

pen 

pot 

cell 

second 

cabinet 

shift 

light 

park 

host 

miss 

bank 

hide 

rent 

admit 

fence 

rake 

iron 

corn 

charge 

crank 

plant 

rash 

stable 

sole 

sound 

nut 

grave 

play 

base 

letter 

plot 

club 

volume 

bar 

lie 

pound 

sentence 

top 

racket 

yard 

suit 

calf 

deed 

board 

drop 

wax 

count 

private 

temple 

stick 

express 

country 

hail 

spell 

article 

palm 

beam 

riddle 

fawn 

maroon 

mint 

train 

mole 

bit 

bear 

seal 

toll 

tip 

season 

yarn 

duck 

tire 
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1. 

2. 

3. _ 

4. _ 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. _ 

15. 

16. 

17. 

18. . 

19. _ 

20. 

21. 

22. 

APPENDIX F 

Recognition Test Answer Sheet 

24. _ 

25. _ 

26. _ 

27. _ 

28. _ 

29. _ 

30. _ 

31. _ 

32. _ 

33. _ 

34. _ 

35. _ 

36. _ 

37. _ 

38. _ 

39. _ 

40. _ 

41. _ 

42. _ 

43. _ 

44. _ 

45. 

23. 
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APPENDIX G 

Instructions for Recognition Test 

I will now give you a sheet of paper that contains 90 words. Forty-

five of them are words that were underlined in the sentences that you 

saw and the other 45 are new words. On the lined sheet of paper write 

down the 45 words that you think were underlined in the original sen-

tences. Try to fill all 45 blanks. You will have ten minutes. You 

may make any marks on the sheet of words that you wish. 
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Frequency Judgement Task 

158 

type 

stable 

patient 

port 

drop 

fast 

march 

mole 

seal 

check 

racket 

rear 

mug 

stick 
j 

play 

pot 

deed 

sole 

beam 

article 

charge 

hail 

iron 

bark 

rash 

stern 

maroon 

temple 

country 

organ 

crank 

tip 

park 

bat 

admit 

nut 

down 

file 

second 

cell 

ring 

bit 

top 

bar 

bowl 

limp 

watch 

yard 

grate 

meal 

lie 

can 

spray 

express 

uniform 

palm 

interest 

pound 

volume 

club 
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APPENDIX I 

Instructions for Frequency Judgement Task 

This task is also a memory task, but a different kind. This is a fre-

quency judgement task. I would like you to estimate how many times 

you saw each word on this sheet as one of the underlined words in the 

sentences. If the word is a new, unseen one, you should rate it as 

zero times seen. If you did see the word before, make your best guess 

as to how many times it appeared as the underlined word in one of the 

sentences. Work as quickly as you can. 
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APPENDIX J 

Sham Math Test 

ADDITION 

100 
375 

660 
310 

852 
635 

737 
985 

118 
834 

325 
48 

747 
108 

776 
321 

457 
177 

54 
996 

765 135 346 548 
648 742 248 248 

340 768 366 361 
455 824 353 426 

320 656 686 748 
353 470 905 575 

35 647 358 342 
149 686 221 405 

277 507 682 294 
980 137 700 184 

809 
240 

658 
867 

730 
284 

609 
609 

242 
406 

991 
206 

398 
174 

852 
287 

203 
934 

527 
687 

749 
104 

111 
234 

186 
834 

352 
505 

398 
62 

SUBTRACTION 

886 
995 

654 
801 

743 
699 

914 
803 

441 
125 

611 
154 

402 
673 

176 
356 

998 
268 

145 
98 

819 
737 

904 
452 

865 
875 

174 
125 

774 
662 

684 
269 

851 
111 

264 
259 

584 
649 

509 
80 

772 
291 

276 
88 

479 
^ 204 

477 
359 

367 
918 

580 
453 

432 
369 

461 
297 

329 
128 

519 
367 

679 
89 

769 
223 

200 
872 

835 
341 

265 
97 

337 
239 

903 
937 

730 
211 

455 
216 

947 
531 

576 
466 

653 
101 

764 
613 

571 
382 

642 
139 

899 
333 

408 
394 

595 
332 

296 
234 

402 
143 

98 
82 

370 
205 

222 
77 

582 
466 
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APPENDIX J 

Sham Math Test (Back Page) 

MULTIPLICATION 

44 93 52 49 75 24 45 86 51 
54 99 76 54 64 51 88 15 96 

35 96 15 30 26 89 93 54 33 
59 80 83 91 45 42 83 60 87 

46 58 85 32 56 79 28 41 94 
24 50 38 48 14 27 02 37 19 

10 24 45 60 28 37 41 29 82 
93 82 74 61 83 92 53 54 27 

16 20 38 46 98 16 38 46 45 
92 48 82 36 48 19 37 73 26 

10 28 32 44 67 58 18 39 99 
23 43 58 48 21 2i M II M 

92 38 18 36 44 U 78 93 48 
29 47 71 41 22 22 23 23 21 

92 
22 

97 
90 

37 
22 

26 
27 

77 
22 

49 
19 

18 
46 

02 
21 

29 
25 

30 
21 

07 
28 

40 
22 

36 
22 

91 
22 

19 
M 

55 
23 

27 
21 

77 
66 


