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ABSTRACT 

The present research dealt with two learning phenomena with a long research history in 

psychology, the spacing effect and the testing effect. The spacing effect (or distributed 

practice effect) describes the empirical finding that distributing learning over time 

increases retention performance, especially in the long term. The testing effect describes 

the empirical finding that testing the retention of information that was learned previously 

improves the later retention of that piece of information. More specifically, the goal of 

this research was to make a contribution to the theoretical foundations of the spacing 

effect and the testing effect, and provide recommendations for real world applications 

(i.e., creating timetables for testing and restudying for teaching). The present research 

thus encompassed three objectives. First, even though both effects have a long research 

tradition, evidence remains sparse for time intervals of more than a few hours. Of 

particular interest here was how testing and restudying interact with the length of time 

between the original learning session and the second session across longer time intervals. 

Restudying and testing were compared across two such time intervals (1 and 13 

intervening days). The second objective was to compare the results of the long term study 

to a short term study with similar design and methodology in order to investigate if 

recommendations and / or theories derived from short term studies generalize to the long 

term. The third objective was to examine how the findings relate to academic aptitude (as 

measured by the SAT/ACT). Analyzing the data of 72 undergraduate student participants, 

it was found that testing was more effective for the shorter time interval, whereas 

restudying was more effective for the longer time interval in the long term experimental 
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paradigm. For applied settings, it would thus be advisable to use testing within a small 

number of days of the original study session, and studying after more than a few days 

have passed, to increase long term retention. The pattern of results was different in the 

short term experimental paradigm. Here, it was found that testing was as effective as 

spacing for the shorter time interval, while restudying was more effective for the longer 

time interval. This indicates that results obtained through short term studies cannot be 

directly applied to the long term. There were no interactions with SAT/ACT scores, 

indicating that the results can be generalized to students with varying academic aptitude. 
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CHAPTER I 

INTRODUCTION 

Introduction 

 Over the last century, psychological research has explored two learning 

phenomena, which have both been shown to enhance long term retention of information 

considerably: The spacing effect and the testing effect. In spite of the benefits that an 

increase of long term retention would have for education, neither effect has been broadly 

applied to teaching or to study recommendations given to students. Students often 

perceive massed study right before an exam as the most effective use of their study time, 

whereas both students and teachers often see tests as a means of assessing, but not 

improving, retention. Both these perceptions are completely inconsistent with the two 

large bodies of empirical psychological research literature on the spacing and testing 

effect. 

 The spacing effect (or distributed practice effect) describes the finding that 

spacing out learning (i.e., distributing learning over time instead of using only one 

learning session) of skills or information increases retention performance. It goes all the 

way back to Ebbinghaus’ (1885) classic study, who, using himself as a participant, 

learned series of nonsense syllables. Ebbinghaus found that massed learning of 68 

repetitions on one day and spaced learning of 38 repetitions (total) spaced over 3 days 

had approximately the same effect on how many repetitions it took to relearn the series 

on the next day, thus reducing the needed repetitions by nearly half when they were 

spaced out. Jost (1897) formulated what has become known as Jost’s law: "If two 
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associations are of the same strength, but of different ages, a repetition has a greater value 

for the older one,” thus providing one of the first formalized descriptions of the spacing 

effect. By 1928, there had been enough research on the spacing effect for a first review 

article (Ruch, 1928), which encompassed more than 20 articles, and arrived at the 

conclusion that the spacing effect definitely existed. Since then, there has been a wide 

variety of experimental research on the topic. It was not only found to appear reliably in 

memorization tasks, but in a wide variety of learning tasks. Much research has been done, 

for example, on motor skill learning (e.g., meta-analysis by Lee & Genovese, 1988). 

Donovan and Radosevich (1999) investigated the spacing effect in different types of tasks 

in their meta-analysis, and came to the conclusion that the spacing effect is present across 

a wide variety of tasks, with motor skill learning studies showing high, verbal learning 

studies showing medium, and simulation learning studies (e.g., air traffic controller 

simulation) showing lower average effect sizes. 

 The testing effect describes the phenomenon that testing the retention of 

information that was learned previously improves the later retention of that piece of 

information. It has not received as much attention as the spacing effect. After initial 

interest earlier in the century (e.g., Spitzer, 1939), the testing effect was almost forgotten 

in the time between the 1940s and 1960s. Tulving (1967) triggered a revival by 

introducing a laboratory design and procedure to produce reliably the effect and 

distinguish it from the spacing effect. The testing effect was then mostly forgotten again 

between the 1970s and 1990s, after which it was picked up yet again (e.g., Kuo and 

Hirshman, 1997). An effect related to the testing effect is the test-spacing effect. It 
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describes the phenomenon that tests are more effective at increasing retention 

performance when they are spaced out, as opposed to being given in close succession 

(e.g., Carpenter & DeLosh, 2005; Sones and Stroud, 1940, control group 1), thus 

producing a pattern similar to the spacing effect. The time frames for the occurrence of 

the test-spacing effect are not necessarily similar to those of the spacing effect, though. 

See for example Pashler, Zarow, and Triplett (2003), who found an upper limit of the 

space-testing effect at 64 intervening items for a test one week later. No such limit has 

been shown for the spacing effect at comparable time intervals. Even though there is less 

research investigating the testing effect, compared to the spacing effect, the testing effect 

can also be considered a well established effect in experimental psychology (Roediger & 

Karpicke, 2006). 

Terms and Definitions 

 Before taking a look at the literature to make recommendations for using the 

spacing and testing effect to advance education, it is beneficial to define some important 

terms that will be used throughout the remainder of this document. This is especially 

important as these terms have not always been used in the exact same way in the 

literature, partly due to the long history of spacing effect and testing effect research. 

Today, these terms should be well accepted. They are based on the more detailed 

definitions in the review by Cepeda, Pashler, Vul, Wixed, and Rohrer (2006). 

 The first terms are the inter-study interval for the spacing effect and the study-test 

interval for the testing effect and the retention interval for both the spacing effect and 

testing effect. In a spacing effect study, some kind of material is studied repeatedly (i.e., 
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two or more times), and then a retention test is given. The inter-study interval is defined 

as the time between two successive studying sessions of the material. This is opposed to 

the retention interval, which is defined as the time between the final study session of the 

material and the retention test. It needs to be noted that it is possible to have more than 

one inter-study interval (e.g., two inter-study intervals if the material is studied three 

times). There can be only one retention interval, though, as it is always the time between 

the final study session and the retention test. In a testing effect study, the equivalent to the 

inter-study interval is often called the “period of time between study and retrieval attempt 

for the first time the information is tested”, and “the period of time between retrieval 

attempts if the information is tested more than once” in the more recent literature. In this 

document, for the sake of brevity, the term study-test interval will be used as the testing 

effect equivalent for inter-study interval and is meant to include the period of time 

between the original study session and the retrieval attempt. 

 The next two terms are massed conditions and spaced conditions in spacing 

experiments. A massed condition has an inter-study interval of 0 (or at least practically 0, 

e.g., the time it takes a projector to go to the next slide). A spaced condition has an inter-

study interval greater than 0. The final terms, also concerning the spacing effect, are 

spacing and lag experiments. In a spacing experiment, a massed condition is compared to 

a spaced condition, while in a lag experiment different spaced conditions (conditions with 

different inter-study intervals, and thus a different lag between original learning session 

and restudy session) are compared. According to this definition, the effects investigated 

in these experiments would be called the spacing effect and the lag effect, respectively. 
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However, throughout much of the literature, the term spacing effect is applied to both 

types of experiments. Furthermore, the term distributed practice effect usually refers to 

both spacing and lag effects. Following the common use, the terms distributed practice 

effect and spacing effect will be used interchangeably in this document to denote both 

spacing and lag effects unless stated otherwise. 

 Finally, a short term (spacing effect or testing effect) study is defined as the study 

taking less than 24 hours from the first to the last session, while a long term (spacing or 

testing effect) study is defined as being 24 hours or more in length from the first to the 

last session. The vast majority of studies for both the spacing effect and the testing effect 

have been short term laboratory studies, in which the inter-study interval or study-test 

interval are measured in intervening items. As a side note, this document will deal with 

research involving adult participants, as there is some evidence that the spacing effect is 

different in children (Toppino & DeMesquita, 1984), even though results are mixed (e.g., 

Rea and Modigliani, 1985, 1987; Seabrook, Brown, & Solity, 2005; Toppino, 1991). 

The Spacing Effect and Testing Effect and Education 

 The contribution that the spacing effect and testing effect could make to education 

would be to provide studying and testing timetables that would maximize long term 

retention of information, i.e., give recommendations when information should be 

presented, reviewed, studied, and tested. To construct these timetables, a closer look at 

the available literature relevant for real world applications (i.e., long term studies of the 

spacing effect and testing effect, and especially those comparing the two effects) and the 

theories that have emerged from this literature, is in order. However, once short term 
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laboratory studies, which make up the vast majority of the literature, are eliminated from 

consideration, only a small number of studies remain. The situation is somewhat better 

for the testing effect than for the spacing effect, but most of the testing effect long term 

studies were aimed exclusively at establishing the presence of the testing effect in real 

world settings, usually advertising or teaching. The situation is further complicated by the 

spacing effect and the testing effect often being confounded in experimental designs, 

usually because retention is tested after every study session. Furthermore, all theories of 

the two effects have been based on short term studies, thus making it questionable if they 

can be applied to the long term, and, even if so, they might predict different results in the 

short term and long term. Below, some of the (limited) experimental evidence for the 

long term spacing effect and testing effect is discussed. Then, the major theories and their 

implications for short term and long term paradigms for the two effects will be 

considered, including some experimental evidence from short term studies. 

Prior Research on the Spacing Effect and Testing Effect 

 In a recent meta-analysis, Cepeda et al. (2006) examined the influence of 

temporal variables on the distributed practice effect. The authors limited their meta-

analysis to verbal learning memory tasks (e.g., paired associates or cued recall, list recall, 

fact recall, sentence recall, paragraph or text recall, object recall, spelling, face naming, 

picture naming, and category recall), as opposed to non-verbal stimuli (e.g., pictures) and 

motor skill tasks. Verbal learning memory tasks constitute the most commonly used type 

of task in the distributed practice literature. In their first analysis, Cepeda et al. (2006) 

looked only at spacing (i.e., massed versus spaced; as opposed to lag) studies, and found 
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that the spacing effect exists, and is robust over a wide variety of inter-study intervals. In 

their second analysis, Cepeda et al. (2006) looked only at lag (i.e., different amounts of 

spacing; as opposed to spacing vs. massed) studies. Findings in the literature, including 

former meta-analyses, had been mixed regarding the question of whether different inter-

study intervals lead to differences in effect size of the spacing or lag effect. The authors 

proposed that this might be due to the combination of inter-study interval and retention 

interval causing the differences, not one of them alone. Cepeda et al. (2006) found that 

over a wide variety of inter-study intervals, the average accuracy was highest when 

absolute inter-study intervals were somewhat shorter or of the same length as the 

retention intervals. Put differently, as retention intervals increased, the optimum inter-

study interval also increased. It needs to be noted, though, that the meta-analysis included 

only 14 long term studies (see Table 1, P. 24). 

 As the number of studies is so limited, it is beneficial to take a closer look at them 

individually. An overview is provided in Table 1, P. 24. The list is similar to Cepeda et 

al.’s (2006) list. Peterson, Ellis, Toohill, and Kloess (1935), Landauer and Ross (1977), 

and Bahrick and Hall (2005) have been added to the studies reviewed by Cepeda et al. 

Four studies that were included in Cepeda et al.’s (2006) meta-analysis were excluded. 

The author was unable to locate a book chapter by Edwards (1917), as well as an 

unpublished dissertation by Strong (1973). The study by Childers and Tomasello (2002) 

used two and a half year old children as participants. Simon’s (1979) study used an 

unorthodox procedure (sending out direct mail advertisements to randomly chosen 

participants), which was also not clearly explained in the article. Out of the 12 studies 
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discussed, 10 showed the spacing and / or lag effect, with some demonstrating the 

spacing effect only, but not the lag effect. As can be seen in Table 1, P. 24, three studies 

confounded the inter-study interval and the retention interval by holding the time interval 

between the first study session and the final (test) session constant, so that as the inter-

study interval increased, the retention interval decreased. More importantly, seven studies 

confound the spacing effect and the testing effect, either by administering tests as part of 

their restudying procedure or by using a test after a restudying procedure to assess 

retention performance. As testing has an influence on retention, it is impossible to say in 

these studies if retention performance changes are due to the spacing effect, the testing 

effect, or both. Only the Strong (1916) and Glenberg and Lehmann (1980) studies show a 

lag effect, while not confounding the inter-study interval and the retention interval or the 

spacing effect and testing effect. However, the results of the former consisted only of 

descriptive statistics, and Strong scaled some of the results to adjust for retention 

intervals of different lengths (using data from a supplementary study conducted to find 

out how much information participants would have forgotten in the additional time). 

Strong’s results are thus hard to interpret. 

 Glenberg and Lehman conducted three experiments, in which their participants 

learned either word-pairs or words by doing an activity with them (i.e., construct a 

meaningful relation between the two words of a word pair and rate the difficulty of doing 

so, and construct and write on a piece of paper a super-ordinate category for each word 

and then rate the word on an activity dimension, respectively), and were then tested on 

the word-pairs or words using a free recall test. Their focus was on establishing the 



Arne Weigold, Texas Tech University, May 2008 

9 

 

existence of a proportionality effect (i.e., similar lengths of the inter-study interval and 

the retention interval maximize the spacing effect). However, Glenberg and Lehman did 

clearly show the existence of spacing and lag effects in the long term with their design. 

Their results concerning the proportionality effect were mostly, but not completely, 

consistent with the predicted effect. Overall, it appears that the spacing effect is present in 

long term learning and retention, but the literature does not provide a clear picture of 

possible boundary conditions. 

 The situation is not much better when it comes to the testing effect. The effect has 

been shown to exist in the long term in some studies including impressive numbers of 

participants, e.g., Spitzer (1939) with 3,605 participants, and can be considered well 

established. However, not much work has been done to compare it to restudying effects. 

Some recent evidence comes from studies dealing with how different types of tests 

influence the testing effect. For instance, Butler and Roediger (2007) found that a short 

answer-test (given after a lecture in a classroom setting) improved retention performance 

a month later more than a multiple-choice test or restudying the material (both of which 

still resulted in better retention performance than no activity). 

 There is one long term study dealing with the question of when within a fixed 

interval between original study and final test reviews or tests should be placed, and thus 

providing results relevant to the construction of timetables for education. Sones and 

Stroud (1940) had 1,300 seventh grade students read a 1,750 word article. Later, they 

either restudied the article or were tested on it using a multiple-choice test on two 

different days. The design consisted of two between subjects factors: activity (study vs. 
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test) and interval schedule of the two intervening sessions (days after initial study 

session: 1 and 3, 8 and 15, and 15 and 17 with both being either study or test sessions). It 

needs to be noted that the use of two intervening sessions makes the results harder to 

interpret, especially since the intervals between those two intervening sessions varied 

(i.e., two days, seven days, and two days). The final test was given 42 days after the 

initial study session for all groups, thus confounding the inter-study interval / study-test 

interval and retention interval, as one increased as the other decreased. No spacing (or 

lag) effect was found. This supports findings that the spacing effects might not be 

present, or at least diminished, in children (evidence of which remains mixed). Testing 

was superior to reviewing in the 1- and 3-day group, and inferior in the 15- and 17-day 

group. The differences in retention were small; average retention scores ranged from 

15.16 for the lowest group to 17.76 for the highest group. The results provide some 

support for the notion that neither restudying nor testing is generally superior for 

maximizing retention performance. Instead, which of the two is superior will depend on 

when they are done, i.e., the inter-study and retention intervals. The results need to be 

interpreted carefully due to the young participants, the use of two intervening sessions, 

the use of a multiple-choice tests (as recent studies have shown the testing effect to be 

smaller in multiple-choice tests compared to cued recall tests, e.g., McDaniel, Anderson, 

Derbish, & Morrisette, 2007), and the fixed interval between original study and final test 

with the resulting inter-study interval / study-test interval and retention interval confound. 

 In conclusion, the relevant literature on the spacing effect and testing effect does 

little more than establish that both effects exist in the long term. If recommendations are 
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to be made that go beyond a general “spacing out studying and testing is good for 

retention,” research is needed to address when restudying and testing are most beneficial 

to retention that does not confound the two effects. 

Theories of the Spacing Effect and Testing Effect 

 There are several theories of both the spacing effect and testing effect (all based 

on short term studies). No single theory has emerged as accepted at this point in time, so 

the theories that have generated the most research interest and are most relevant to the 

research at hand will be discussed here. A review of the literature, as well as several 

frequently cited reviews, have been used to identify the theories discussed below. These 

reviews are Melton (1970), Underwood (1970), Hintzman (1974), and Dempster (1996). 

The theories discussed are the reconstruction / accessibility theory and the encoding 

variability theory for the spacing effect, which also were the two theories that fit the data 

best in Janiszewski, Noel, and Sawyer’s (2003) meta-analysis, and the retrieval theory for 

the testing effect. 

 According to the encoding variability theory, the spacing effect is due to different 

contexts during encoding, which result in repeatedly studied items being encoded 

differently into memory on each repetition. The more of these different encodings there 

are for the item in memory, the easier the item is to remember (Hintzman, 1974). Several 

studies have shown that a change in context in the massed condition can eliminate the 

spacing effect (e.g., McFarland, Rhodes, & Frey, 1979), even though others have still 

found an effect (e.g., Bird, Nicholson, & Ringer, 1978; Johnston, Coots, & Flickinger, 

1972; Johnston & Uhl, 1976; Murdock & Babick, 1961). Even though the encoding 
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variability theory appears unable to provide the sole explanation for the spacing effect in 

the short term, a mathematical model based on it is able to replicate the proportionality 

rule, i.e., the optimal inter-study interval is a function of the length of the retention 

interval (Cepeda, Mozer, Coburn, Rohrer, Wixted, & Pashler, 2007). 

 According to the reconstruction / accessibility theory, the observation of a piece 

of information already in memory (because it had been observed before) results in an 

attempt to retrieve the information (i.e., reconstruction). Prior encodings already in 

memory may differ in how easy they are to access (i.e., accessibility). The more time has 

passed between the encoding and the repetition, the harder the original encoding is to 

retrieve, the more effort and attention needs to be allocated towards it, and thus the better 

accessibility will be later (Dempster, 1996; Rose, 1984). This is an involuntary 

mechanism, as the retrieval is triggered automatically by the cue of the (repeated) item. 

The reconstruction / accessibility theory is the most successful at providing an 

explanation for a wide variety of empirical findings, including those in the long term 

spacing effect literature. Nevertheless, there is still some empirical evidence against it, at 

least in the short term spacing effect literature. For instance, Glenberg and Smith (1981) 

had participants use different modalities (i.e., visual and auditory) for learning and 

retrieval across different inter-study intervals. This should have eliminated the spacing 

effect according to the reconstruction / accessibility theory, as the change in modalities 

should always have resulted in effortful retrieval, regardless of the length of the inter-

study interval. However, this procedure did not eliminate the spacing effect in the free 

recall final retention test performance in Glenberg and Smith’s study. What makes the 
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reconstruction / accessibility theory especially interesting for the present study is that it is 

somewhat similar to the retrieval theory of the testing effect, in that the effect is due to 

the retrieval of an item in memory. 

 When the testing effect was first found, it was theorized that it might be due to the 

test providing additional processing of the material, and thus basically an additional study 

opportunity. However, it has been shown repeatedly that testing can be more effective for 

retention performance compared to repeated studying (e.g., Kuo and Hirshman, 1996; 

Tulving, 1967). A theory that can account for this finding is the retrieval theory. It is 

based on the idea that it is not the additional processing per se, but the specific type of 

processing caused by retrieval that is the cause of the testing effect. In a series of two 

articles, Glover (1989) and Glover, Krug, Hannon, and Shine (1990) provided many of 

the findings providing support for the retrieval theory, with one major finding being that 

more effortful retrieval in the form of short-answer questions resulting in a larger effect 

compared to less effortful retrieval in the form of multiple-choice questions. Even though 

the research on this question has been complex, and often conflicting (e.g., Glover, 1989; 

Duchastel, 1981; Duchastel & Nungester, 1982; Runquist, 1983), recent long term studies 

investigating different types of tests have mostly found that short answer-tests are 

superior to multiple-choice tests in improving memory (Butler & Roediger, 2007; Kang, 

McDermott, & Roediger, 2007; McDaniel et al., 2007). It should be noted that multiple-

choice tests have other drawbacks as well, which might reduce their retention benefits. 

Roediger and Marsh (2005) found that lures on multiple-choice tests can lead to students’ 

learning of lures instead of the correct answer, diminishing the testing effect. 
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 When considering the reconstruction / accessibility theory for the spacing effect 

in conjunction with the retrieval theory for the testing effect, the effects of reviewing and 

testing could be viewed as based on the same process, with differences in how deep or 

effortful the processing is. Even though this would result in different magnitudes of the 

effects (i.e., testing being stronger), the overall pattern should be the same, at least for the 

short term. This pattern should consist of a spacing / test-spacing, as well as lag / “test-

lag” effect. This means retention performance should increase with the length of the 

inter-study interval / study-test interval (as their length approaches that of the retention 

interval), with testing being superior to restudying independent of the inter-study interval 

/ study-test interval. According to the encoding variability theory, which, as it is encoding 

based, applies only to restudying, not testing, longer inter-study intervals should result in 

better retention performance. Thus, at longer inter-study intervals, this might compensate 

for some of the advantage that testing has over restudying due to the retrieval processes, 

even though this effect is probably very small for very short inter-study intervals (i.e., 

seconds), as the encoding contexts would not have changed much. There is some 

experimental evidence related to this. In a recent replication of Tulving’s (1967) study 

(Kuo & Hirshman, 1996) using a slightly modified version of Tulving’s testing effect 

experimental paradigm, participants learned short lists. After the initial presentation, the 

lists were either restudied or tested repeatedly, and the pattern was varied (16 patterns 

were included in the study; e.g., initial presentation, study, study, study, study, final test; 

initial presentation, test, test, test, test, final test; initial presentation, study, test, test, 

study, final test). The result was a superiority of testing over restudying, even for long 
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retention intervals (e.g., a week). Note that even though Kuo and Hirshman’s study is 

more than 24 hours in length from the first to the last session, it uses a short term study 

paradigm with one additional long retention interval, and is thus categorized as a short 

term study here. 

 It is questionable whether these predictions hold for the long term, however. The 

retrieval based mechanisms should rapidly decline in effectiveness as inter-study 

intervals / study-test interval increase, since retrieval failure becomes more likely. 

Testing should thus show a smaller increase in retention performance as study-test 

intervals increase, as opposed to the even greater increase in the short term. At the same 

time, (re)encoding based mechanisms should increase in effectiveness in the long term, as 

encoding contexts should generally be more varied after days than after seconds. The 

decline in the effectiveness of retrieval based mechanisms would thus be compensated for 

by the increase in the effectiveness of encoding based mechanisms, but only for 

restudying, as the testing effect is not thought to be encoding based. Thus, in the long 

term, testing should be superior for increasing long term retention performance for 

shorter inter-study intervals / study-test intervals, when retrieval still has a high 

likelihood, while restudying should be superior for increasing long term retention 

performance as the inter-study intervals / study-test intervals increase. 

 It is thus questionable if the results of short term studies can be directly applied to 

the long term, even if the underlying mechanisms should prove to be the same. To this 

end, research comparing the results of short term and long term studies using similar 

methods would be beneficial. If the results were similar, recommendations for education 
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could be based on results obtained through short term studies, of which there are many 

more than long term studies at this point. If, however, the results were different, which, as 

shown above, would be expected even if the underlying mechanisms were the same, the 

contribution of the results from short term literature would be limited to furthering 

spacing and testing effect theory, and even this only if the underlying mechanisms for the 

effects in the short and long term were found to be identical. Either way, the only 

empirical evidence that could be used directly to construct timetables for studying and 

testing for education would be evidence from long term studies. 

Academic Aptitude 

 A related question to when reviewing or testing should be done in an academic 

setting is whether the conclusions are equally valid for all students in an educational 

setting across aptitude levels. This is also generally important in order to qualify the 

generalizability of studies to the academic population by looking at aptitude x treatment 

interactions (Snow, 1991, 1996). Interestingly, barely any research dealing with this 

question has been conducted. 

 Madsen’s (1963) study is one notable exception. He examined the spacing effect 

for participants with different levels of IQ using a paired-associates task. The inter-study 

intervals were either five seconds (massed condition) or one minute (spaced condition), 

and the retention interval was one day. IQ had been measured using an IQ test, and 

participants had been sorted into a High, Average, or Low group according to their IQ 

score. Madsen (1963) found that the Low IQ group showed the spacing effect, while the 

other two groups did not. The study had some methodological problems, though, e.g., 
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using different IQ tests for the different groups (both Wechsler-Bellevue Intelligence Test 

for children and Stanford-Binet Form L to select participants from specialty gifted and 

low intelligence classes for both the high and low groups, and the California Test of 

Mental Maturity to select participants from standard classes for the average group). In 

spite of the problems, it is an interesting finding that low intelligence students benefit 

from spacing out studying, while average and high intelligence students do not. 

 It should be noted that Madsen (1963) attributes his findings to short term 

mechanisms (i.e., consolidation from short term or working memory into long term 

memory). A long term experiment should thus eliminate this effect. Also, neither 

accessibility / reconstruction and retrieval theories, nor the encoding-variability theory, 

seem to make a prediction as to possible differences in retention due to differences in 

aptitude. 

 Research on the relationship between the spacing effect and the testing effect and 

academic aptitude would be beneficial as it might lead to different timetables for studying 

and testing depending on a student’s or group of students’ academic aptitude. There 

might even be students not benefiting at all from one or both effects. Conversely, it might 

be shown that all students benefit about the same. 

The Present Study 

 In order to construct a timetable for studying and testing to be used in education, 

the question at which inter-study intervals or study-test intervals restudying and testing 

are most effective needs to be answered, and is thus the focus of this study. The present 

study compared restudying (without confounding it with testing by administering a test 
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immediately after restudying) and testing across two inter-study intervals / study-test 

intervals, one short (1 intervening day; about 10-20% of the retention interval) and one 

long (13 intervening days; identical to the retention interval). The retention interval was 

fixed (13 intervening days). Due to the fixed retention interval, the inter-study interval 

and the retention interval were not confounded, but the inter-study interval and the 

overall length of the study (i.e., time between first study session and retention test) were 

confounded. This confound was controlled for by using a control group to indicate how 

much forgetting occurred during the intervals of different lengths (see below). The length 

of the intervals was chosen for two reasons. The first reason was to maximize the lag 

effect, which should be the case at these intervals (e.g., Cepeda et al., 2006; Glenberg & 

Lehmann, 1980). The second reason was to maximize the difference in the effectiveness 

of retrieval between the short and long inter-study interval conditions (based on 

Ebbinghaus’, 1885, forgetting curves, in conjunction with the Spitzer, 1939, study that 

shows the testing effect to vanish once the forgetting curve levels off). According to 

Spitzer (1939) and others, retention performance has mostly, but not completely, leveled 

off after 14 days, which should allow for a drop off in retention to be noticeable, but not 

to the point of reaching floor effects. A shorter interval of two days (or one intervening 

day) fits well with this retention interval, as it is about 14% of the length of the 14-days 

(or 13-intervening-days) interval, while being well over the 24 hours needed to make it 

relevant for education. As a result, the two inter-study intervals / study-test intervals were 

1 intervening day and 13 intervening days, and the retention interval was fixed at 13 

intervening days. Testing would be expected to be more effective with 1 intervening day, 
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while restudying would be more effective with 13 intervening days; a finding that would 

provide the basis for scheduling recommendations for education. 

 In order to examine how well results from short term studies might be generalized 

to make recommendations for education, the experiment included both experimental 

paradigms, i.e., short term and long term, with the goal of keeping the short term as 

similar to the long term as possible. To this end, the short term paradigm condition used 

the same participants, design, and materials as the long term paradigm condition. The 

inter-study intervals / study-test intervals were 1 intervening item and 13 intervening 

items in the short term paradigm condition (as opposed to 1 intervening day and 13 

intervening days in the long term paradigm condition), and the retention interval was 13 

intervening items in the short term paradigm condition (as opposed to 13 intervening 

days in the long term paradigm condition). If both paradigms showed the same results, 

the large body of short term research on the spacing effect and testing effect could be 

applied to the long term. As this would be a strange finding from a theoretical point of 

view, even if the underlying mechanisms for the spacing effect and testing effect were the 

same in the short and long term, this is not expected. Even a different result in the short 

term paradigm condition might still provide insight into the underlying mechanism of the 

two effects, and their similarity in the short and long term. 

 Participants’ scores on the Scholastic Achievement Test (SAT) and American 

College Testing Program (ACT) were used as the academic aptitude measure. Both 

measures are generally thought to be a good predictor of academic achievement (for SAT 

see Stumpf & Stanley, 2002; for ACT see Hamilton, 1990; Pettijohn, 1995), and are used 
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in the application procedures of most (U.S. American) colleges. They are also strongly 

related to intelligence (Frey & Detterman, 2004; Jackson & Rushton, 2006). A median 

split was performed, and the results used as an additional factor in the analysis. Any 

interactions between academic aptitude and another experimental factor, as the one found 

by Madsen (1963, 1966), would be interesting for educational applications, even though 

they would be hard to explain based on theory. 

Hypotheses and Predictions 

 Restudying Hypotheses. The beneficial effects of restudying on retention are 

assumed to be largely the result of encoding variability based mechanisms (see discussion 

of encoding variability theory above). As this means that retention performance increases 

with an increase in changes in the encoding contexts, the second studying session 

(following the inter-study interval) in the 1-intervening-day condition and 13-

intervening-days condition should be about equally effective for later retention 

performance in the long term paradigm part of the experiment. This is due to the 

assumption that short term contexts (e.g., mood of the participants) will have changed at 

the time of the second study session no matter if it is two or 14 days later. In contrast, 

more permanent external contexts (e.g., the room and equipment used for the experiment) 

won’t have changed at the time of the second study session, again no matter if it is two or 

14 days later. This is different for the short term paradigm part of the experiment. Here, 

with the second study opportunity being 5 seconds or 65 seconds later, it is assumed that 

the contexts, specifically the participants’ internal transient contexts, will have changed 

more in the 13-intervening-items condition than in the 1-intervening-item condition, 
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resulting in increased retention performance in the 13-intervening-items condition, 

compared to the 1-intervening-item condition. Compare the predictions shown in Figure 

1, P. 26 (long term paradigm condition) to those shown in Figure 2, P. 27 (short term 

paradigm condition) for an overview. 

 Testing Hypotheses. The beneficial effects of testing on retention are assumed to 

be largely the result of retrieval based mechanisms (see discussion of retrieval theory and 

reconstruction / accessibility theory above). As long as items can still be retrieved, 

retention performance should be high, and outperform restudying. This result is thus 

expected for the long term part of the experiment in the 1-intervening-day condition. If 

the probability of successful item recall has decreased due to the passage of time, as in 

the 13-intervening-days condition in the long term part of the experiment, the benefits of 

testing for retention are expected to decline, thus resulting in lower retention performance 

compared to restudying. In the short term paradigm part of the experiment, retrieval is 

thought to be possible in both the 1-intervening-item condition and the 13-intervening-

item condition. As retrieval is more effortful in the13-intervening-item condition, 

retention should be increased in comparison to the 1-intervening-item condition. Also, 

both should outperform the respective restudy conditions. Compare the predictions 

shown in Figure 1, P. 26 (long term paradigm condition) to those shown in Figure 2, P. 

27 (short term paradigm condition) for an overview. 

 Academic Aptitude Hypotheses. Neither the retrieval based theories nor the 

encoding variability theory make any prediction as to academic aptitude affecting 

retention performance differently in the short term or long term, across studying or 
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testing schedules, or across different activities (e.g., studying, testing). Thus, no 

interactions between academic aptitude and any of the other factors in this experiment are 

expected according to theory. In the short term paradigm, based on the findings of two 

previous studies (Madsen, 1963, 1966, see discussion above), lower aptitude participants 

might show increased retention in the 13-intervening-items condition, compared to the 1-

intervening-item condition. 

 Predictions. This leads to the following statistical predictions. All predictions are 

expected to reach statistical significance unless otherwise stated. 

 Short Term and Long Term Retention Performance Difference Predictions. There 

will be a three-way interaction between schedule (1 intervening day/item vs. 13 

intervening days/items), activity (test vs. restudy vs. control), and paradigm (short term 

paradigm vs. long term paradigm), because of the different patterns of results in the short 

term paradigm condition and the long term paradigm condition. 

 Long Term Retention Performance Predictions. In the long term paradigm, there 

will be an interaction between schedule and activity as a result of the test condition 

having a higher retention performance than the restudy condition in the 1-intervening-day 

condition, and the restudy condition having a higher retention performance than the test 

condition in the 13-intervening-days condition. Both restudying and testing will have a 

higher retention performance than the control condition in both the 1-intervening-day 

condition and the 13-intervening-days condition. 

 Short Term Retention Performance Predictions. In the short term paradigm, there 

will be an interaction between schedule and activity, due to the difference between the 
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test condition and the control condition, as well as the restudy condition and the control 

condition, being larger in the 13-intervening-items condition compared to the 1-

intervening-item condition. The test condition will have a higher retention performance 

than the restudy condition, which in turn will have a higher retention performance than 

the control condition, in both the 1-intervening-item condition and the 13-intervening-

items condition. 

 Academic Aptitude Predictions. In the long term paradigm, no interactions 

between either verbal academic aptitude or mathematical academic aptitude and any of 

the other factors are predicted. In the short term paradigm, there might be an interaction 

between academic aptitude and schedule, with lower aptitude having higher retention 

performance in the 13-intervening-items condition. This prediction is highly tentative. 
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Table 1 

Long interval spacing effect studies overview 

Study Type of 

Materials 

Interval(s) 

looked at (inter-

study / retention 

or total time) 

Statistics used Results Spacing effect 

confounded 

with testing 

effect 

Comments and Caveats In Cepeda 

et al. 

(2006) 

Strong (1916) Words 0, 1, 7 / 28 

R 

Descriptive 7 / 28 best No More intervals were used, but results 

were corrected with an unorthodox 

procedure 

Yes 

Burtt and Dobell (1925) Word-Pairs 0, 3, 10 / 16 

T 

Descriptive Spaced better 

than Massed 

No  Yes 

Welborn (1933) Text 0, 3h, 1, 3 / 28 

R 

Descriptive 3h, 1 / 28 best Partially Learning in form of multiple-choice tests 

Results had to be estimated from a graph, 

no numbers were given 

Yes 

Peterson, Ellis, Toohill, and Kloess 

(1935) 

Text, Word-

Pairs 

3, 7 and 1, 9 / 

10, 21 T 

Descriptive No differences Partially  No 

Ausubel (1966) Text 1, 7 / 6 R Inferential No differences No  Yes 

Landauer and Ross (1977) Phone 

Number 

1 / 14 T Inferential Spaced better 

than Massed 

No No control of number of exposures  

Glenberg and Lehmann (1980) Words, 

Word-Pairs 

0, 7 / 0, 7 R Inferential Spaced better 

than Massed 

No  Yes 

Bahrick (1979) Word-Pairs 0, 1, 30 / 30 R Inferential 30 / 30 best Yes Number of times words studied varied 

Number of study sessions varied 

Yes 
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Table 1 Continued 

Study Type of 

Materials 

Interval(s) 

looked at (inter-

study / retention 

or total time) 

Statistics used Results Spacing effect 

confounded 

with testing 

effect 

Comments and Caveats In Cepeda 

et al. 

(2006) 

Bahrick and Phelps (1987) Word-Pairs 0, 1, 30 / ca. 8y 

R 

Inferential 30 / 8y best Yes Number of times words studied varied 

Number of study sessions varied 

Retention interval length varied 

Yes 

Bahrick, Bahrick, Bahrick, and 

Bahrick (1993) 

Word-Pairs 14, 28, 56 / 1y, 

2y, 3y, 5y R 

Descriptive 56 / all best Yes Only four participants 

Number of times words studied varied 

Yes 

Bahrick and Hall (2005) Word-Pairs 0, 1, 3-4 / 7 R Inferential Spaced better 

than Massed 

Yes Number of times words studied varied No 

Cepeda, Mozer, Coburn, Rohrer, 

Wixted, and Pashler (2005) 

Word-Pairs 0, 1, 2, 4, 7, 14 

/ 10 R and 0, 1, 

7, 28, 84, 164 / 

180 R 

Inferential 1 / 10 and 28 / 

180 best 

Yes  Yes 

Note. Studies not included here that were included by Cepeda et al. (2006): Childers and Tomasello (2002), all participants were two and a half year old children; Edwards (1917), unable to 

retrieve book chapter; Simon (1979), methods problematic and unclear; Spitzer (1939), deals with the testing effect and will be discussed in that section; Strong (1973), unable to retrieve 

unpublished dissertation.
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Figure 1. Predicted outcome for the long term paradigm. 
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Figure 2. Predicted outcome for the short term paradigm. 
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CHAPTER II 

METHOD 

Design 

 The study used a 2 (schedule: 1 intervening day/item vs. 13 intervening 

days/items; between subjects) x 2 (academic aptitude: high vs. low; between subjects) x 3 

(activity: test vs. restudy vs. none; within subjects) x 2 (paradigm: short term paradigm 

vs. long term paradigm; within subjects) design. See Appendix B for the power analysis 

for this design. For the restudy and test conditions, the retention interval was constant for 

all conditions at 13 intervening items (short term paradigm condition) or 13 intervening 

days (long term paradigm condition). In the no activity condition, the total interval 

between the first and final session depended on the inter-study interval condition. It was 

either 15 (= 1 for study-test/inter-study interval + 1 for second exposure in the other two 

conditions + 13 for retention interval) intervening days or items (1-intervening-day/-item 

condition) or 27 (= 13 for study-test/inter-study interval + 1 for second exposure in the 

other two conditions + 13 for retention interval) intervening days or items (13 intervening 

day / item condition). It served as a control condition to determine if restudying and 

testing had an effect on retention performance, and thus also controlled for the different 

total length of the interval between original study and final test due to the two different 

study-test/inter-study intervals. See Figure 3, P. 38 for an overview. 

 Because the short term paradigm part of the experiment always followed the long 

term paradigm part, an order effects check was added to the design to check for effects 

due to practice with the experimental software, being more familiar with the language 

Swahili due to the exposure in the long term paradigm part of the experiment, fatigue, 
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etc. For this, data for the short term experiment part of the study was collected a second 

time with different participants for the first half of the participants. The order effect check 

design thus consisted of two between-subject factors, order effect (following long term, 

i.e., the participants did the short term paradigm part of the experiment after the long term 

paradigm experiment part of the experiment vs. short term only, i.e., the participants did 

the short term paradigm part of the experiment alone), and schedule (1 intervening item 

vs. 13 intervening items), and one within-subject factor, activity (test vs. restudy vs. 

none). Any statistically significant interactions between order effect and any other factor 

were assumed to be evidence for order effects, in which case the short term paradigm 

data were to be collected separately from the long term paradigm data using different 

participants for the long term paradigm and the short term paradigm, and the paradigm 

factor (compare main design above) was to become a between-subjects factor. 

Participants 

 One hundred and forty-seven undergraduate student volunteers from General 

Psychology classes at Texas Tech University participated in the experiment. They 

received partial course credit for their participation. The data of 72 participants were used 

in the main analysis, and the data of 36 participants were used to check for order effects 

due to the short term paradigm condition following the long term paradigm condition. Of 

these 108 participants, 81 were female and 27 were male, and the mean age was 18.82 

years (SD = 1.47 years), with 29 females and 7 males, mean age 18.42 years (SD = 1.00 

years) for the 36 participants in the 1-intervening-item condition of the main analysis, 29 

females and 7 males, mean age 18.94 years (SD = 1.74 years) for the 36 participants in 

the 13-intervening-items condition of the main analysis, and 23 females and 13 males, 
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mean age 19.11 years (SD = 1.51 years) for the 36 participants in the order effects 

analysis. The remaining 39 students were not included because they had been previously 

exposed to the language Swahili, did not reach the 90% learning criterion in 55 minutes, 

dropped out of the experiment by either canceling or not coming to the second and / or 

third session of the experiment, did not have accessible SAT/ACT scores, or opted not to 

complete the experiment; see Table 2, P. 38 for details. 

Stimuli and Materials 

 The stimuli consisted of 60 English-Swahili word-pairs selected from a list of 100 

words compiled by Nelson and Dunlosky (1994). The word-pairs were taken from the 

part of the list that was easier to learn according to the authors. Each word consisted of 3-

8 letters. The 60 word-pairs were randomly assigned across all conditions separately for 

each participant, i.e., the 60 word-pairs were randomly split into two block of 30 word-

pairs for the short term paradigm part of the experiment and the long term part of the 

experiment, separately for each participant. Then the blocks of 30 word-pairs were 

randomly split into three blocks of 10 word-pairs for the test, restudy, and control 

conditions. The presentation order was randomized for every single study or test trial 

throughout the experiment. The word-pairs were presented to the participants on standard 

15-17 inch computer screens at a viewing distance of approximately 45cm, with each 

word being about 1cm in height independent of the size of the screen, with width varying 

dependent on the number of letters. For the 45cm viewing distance and 1cm word height, 

the subtended visual angle was approximately 1.27 degrees. For memorization, the 

Swahili word of each word-pair was presented above the English word, with 1cm of 

empty screen separating the two words. In the testing condition and for the final retention 
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test, a box appeared instead of the English word for participants to type in the word that 

was paired with the Swahili word on the screen. The typed letters were the same size as 

those displayed. For those trials including feedback, the words “correct” or “incorrect” 

were shown 1cm below the English word on the screen, in addition to the correct word-

pair. 

Procedure 

 The study consisted of three sessions. During the first session, the participants 

were given the consent form to sign (including permission to access their SAT/ACT 

scores), a short demographic questionnaire to fill out (including the question if the 

participant had previously been exposed to the language Swahili), and the instructions for 

the learning task to read. If a participant answered “Yes” to the previous exposure to 

Swahili question, his or her data were not included in the analysis (see also Table 2, P. 

38). The participants were then presented once with each word-pair in random order for 

three seconds each. The participants were then tested on each word-pair once in random 

order. They were required to type in the English word when presented with the Swahili 

word within five seconds, after which the computer automatically moved on. A word was 

considered correct if the first three letters were correct to minimize counting spelling 

errors as incorrect. In this session, feedback was provided for the participants by showing 

the correct word-pair and the word correct or incorrect for 1 second, regardless of the 

word-pair having been answered correctly or not. The presentation and testing blocks 

were repeated until the participant had answered at least 27 words (i.e., at least 90% of 

the words) correctly on a single trial (i.e., had reached a 90% learning criterion). It should 

be noted here that a 90% criterion, as opposed to a 100% criterion, was chosen in order to 
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minimize participant frustration and “giving up” on a learning trial if an early word was 

answered incorrectly. If a participant had not reached the 90% criterion after 55 minutes 

from the start of the learning task, his or her data were not included in the analysis (see 

also Table 2, P. 38). This concluded the first session; see also Figure 3, P. 38. 

 The second session took place either after one intervening day or after 13 

intervening days, depending on the schedule condition. During the second session, the 

participants restudied 10 of the word-pairs, i.e., the word-pairs were presented for 5 

seconds each, for the restudy condition, and were tested on 10 word-pairs using the same 

testing procedure as in the first session, but without any feedback, for the test condition. 

The word-pairs were presented and tested in an alternating fashion. The 10 word-pairs for 

the no activity (i.e., control) condition were not presented or tested. The word-pairs were 

distributed evenly across conditions depending on how often the participant had 

answered them correctly during the first session, so that all conditions contained a similar 

mix of word-pairs in regard to word difficulty (e.g., the three word-pairs the participant 

had answered correctly the most often across all of his or her learning trials were each 

assigned to a different one of the three conditions). This concluded the second session; 

see also Figure 3, P. 38. 

 The third session took place after 13 intervening days for all conditions. The 

participants were tested on all 30 words in random order without any feedback, using the 

same test item format as before, but given 15 seconds per word-pair to answer. This 

concluded the long term paradigm condition (but not the third session). 

 The participants were then given the instructions for the short term paradigm 

condition part of the experiment, which followed immediately after. The participants 
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were presented with the same type of study and test items used in the long term paradigm 

condition part of the experiment, this time in one long list, in which they were to 

memorize the presented English-Swahili word-pairs, and answer whenever a test item 

came up. The word-pairs were presented for five seconds each, and the participants were 

given five seconds to answer in the test trials, with no feedback. 

 The lists consisted of 55 English-Swahili word-pairs, 25 of which were filler 

word-pairs that had to be present in order to be able to meet the inter-study interval / 

study-test interval and retention interval schedule requirements. Both the 1-intervening-

item condition and 13-intervening-items condition lists encompassed 115 items in total. 

The 10 word-pairs of the restudy condition were presented once, presented again after 

either one or 13 intervening word-pairs, depending on the schedule condition the 

participant was in, and then tested after another 13 intervening word-pairs. The 10 word-

pairs of the testing condition were presented once, tested after either one or 13 

intervening word-pairs, depending on the schedule condition the participant was in, and 

then tested again after another 13 intervening word-pairs. The 10 word-pairs of the 

control condition were presented once, and then tested after either 15 or 27 intervening 

word-pairs, depending on the schedule condition the participant was in. For instance, in 

the 1-intervening-item condition, the order would be like this for the testing condition: 

presentation, other, test, other, other, other, other, other, other, other, other, other, other, 

other, other, other, test. For an overview of the schedule for both the long experiment and 

the short term experiment see Figure 3, P. 38. Note that the participants did not study 

until they reached a criterion (as was the case in the long term paradigm condition). This 
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was not done because, generally, in short term studies, words are just presented and 

tested (e.g., Kuo & Hirshman, 1996). This concluded the third session. 

 After the completion of the third session, the participants’ SAT scores 

(Read/Verbal and Math) or ACT scores (English and Math) were accessed through the 

Texas Tech University TechSIS system. The most recent SAT scores were used, unless 

none were available, in which case the most recent ACT scores were used. They were 

transformed into z-scores using the yearly means and standard deviations published on 

the internet by the tests’ respective publishers (CollegeBoard, n. d.; ACT, n. d.). The 

standard deviation for the ACT for 2006 had to be estimated based on a frequency table, 

as the publisher did not publish it for this particular year, but should be reasonably 

accurate. The participants were then sorted into two groups (high and low) by means of a 

median split, separately for Read/Verbal/English and Math z-scores. 

 Data from 36 more participants were collected to check for order effects, i.e., 

effects due to practice with the experimental software, being more familiar with the 

language Swahili due to the exposure in the long term paradigm part of the experiment, 

fatigue, etc., as the short term paradigm part of the experiment always followed the long 

term paradigm part. These participants also signed up for more than one (i.e., two) 

session in order to avoid selection effects (with an unrelated experiment being done in the 

second session). The other participants signed up for all three sessions (see above). 

During the first session, they completed the same consent form and short survey the three 

session participants completed (see above). They then read the instructions for the short 

term paradigm condition part of the experiment only. Just like in the third session for the 

three session participants, they were told that there would be two experiments on that 
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day, taking less than an hour. The short term paradigm part of the experiment followed 

immediately after, and was identical to the task for the three session participants (see 

above). The lists were not created randomly, but instead were identical to the first 18 

participants’ lists of the 1-intervening-item condition and the first 18 participants’ lists in 

the 13-intervening-items condition of the three session participants. 
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Table 2 

Number of participants who started and completed various phases of the experiment in 

the 1 intervening item / day condition, 13 intervening items / days condition, and matched 

short term only conditions 

 Number of 

participants by 

paradigm condition 

Number of 

participants 

dropped by 

paradigm condition 

Percentage of 

participants 

dropped by 

paradigm condition 

 1 13 Short 

Only 

1 13 Short 

Only 

1 13 Short 

Only 

Signed up originally 55 59 42       

Did not come to first 

session 

51 56 40 4 3 2 7.27 5.08 4.76 

Previously exposed to 

Swahili 

49 55 37 2 1 3 3.92 1.79 7.50 

Did not reach 90 

learning criterion in 55 

minutes 

46 52 37 3 3 0 6.12 5.45 0.00 

Canceled or did not 

come to second session 

41 45 - 5 7 - 10.87 13.46 - 

Canceled or did not 

come to third session 

38 38 - 3 7 - 7.32 15.56 - 

Opted not to complete 

the experiment 

38 37 37 0 1 0 0.00 2.63 0.00 
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Table 2 Continued 

 Number of 

participants by 

paradigm condition 

Number of 

participants 

dropped by 

paradigm condition 

Percentage of 

participants 

dropped by 

paradigm condition 

 1 13 Short 

Only 

1 13 Short 

Only 

1 13 Short 

Only 

Did not have accessible 

SAT/ACT scores 

36 36 36 2 1 1 5.26 2.70 2.70 

Note. The short only participants’ data were used to check for order effects due to the 

short term paradigm condition following the long term paradigm condition. These 

participants did not have a second or third session. 
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Note. Not to scale. 

 

Figure 3. Study design. 
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CHAPTER III 

RESULTS 

Order Effects Check 

 An analysis of variance (ANOVA) was performed to check for possible order 

effects due to the short term paradigm part of the experiment always following the long 

term paradigm part (see also Procedure above). The ANOVA had two between-subject 

factors, schedule (1 intervening item vs. 13 intervening items) and order effect (following 

long term, i.e., the short term paradigm part of the experiment was done after the long 

term paradigm experiment part of the experiment vs. short term only, i.e., the short term 

paradigm part of the experiment was done alone), and one within-subject factor, activity 

(test vs. restudy vs. none). Any statistically significant interactions between order effect 

and any other factor were assumed to be evidence for order effects. Statistical 

significance for the order effects analysis, as well as the remainder of the results, unless 

stated otherwise, was defined as p < 0.05. For complete results see Table 3, P. 48 (cell 

means) and Table 4, P. 49 (ANOVA results). None of the three possible interactions 

between order effect and any other factor approached statistical significance (activity X 

schedule X order effect interaction, F(2,136) = 0.162, p = 0.851, partial eta-squared = 

0.002; activity X order effect interaction, F(2,136) = 0.496, p = 0.610, partial eta-squared 

= 0.007; schedule X order effect interaction, F(1,68) = 1.490, p = 0.226, partial eta-

squared = 0.021). As there were no interactions, the patterns of results for the participants 

who did the short term paradigm part of the experiment following the long term paradigm 

part of the experiment and for the participants who did the short term paradigm part of 

the experiment only were similar. It should be noted that there was a significant main 
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effect for order effect, F(1,68) = 5.629, p = 0.020, partial eta-squared = 0.076, with the 

participants in the following long term condition showing higher scores on average than 

those in the short term only condition. This is possibly due to the fact that participants 

that showed very low performance on the long term paradigm memorization task of the 

experiment (i.e., did not reach the 90% learning criterion after 55 minutes) were excluded 

from the experiment in the following long term group (see Procedure), but nothing 

similar was done in the short term only group. The important point remains that the 

patterns were not different in the two conditions. Thus, no evidence of order effects was 

found (i.e., there were no interactions between order effect and any other factor), and the 

analysis proceeded with the short term paradigm data collected following the long term 

paradigm. 

Learning Criterion 

 The participants had to reach at least a 90% learning criterion (i.e., at least 27 out 

of 30 items correct in one study trial) during the first session to be included in the 

experiment. Many participants exceeded the 90% criterion, however. On average, the 

participants had M = 93.93% (SD = 3.72%) percent correct during their final learning 

trial. The averages for the 1-intervening-day/-item condition and 13-intervening-days/-

items condition were very similar with M = 94.00% (SD = 3.73%) and M = 93.86% (SD 

= 3.77%), respectively. The difference was not significant, t(70) = 0.157, p = 0.875. 

Academic Aptitude 

 Two ANOVAs were performed with all four factors, i.e., 3 (activity: test vs. 

restudy vs. none; within subjects) x 2 (schedule: 1 intervening day/item vs. 13 

intervening days/items; between subjects) x 2 (paradigm: short term paradigm vs. long 



Arne Weigold, Texas Tech University, May 2008 

41 

 

term paradigm; within subjects) x 2 (academic aptitude: high vs. low; between subjects). 

The difference between the two analyses was solely that the verbal SAT/ACT scores 

were used as the measure of academic aptitude in the first analysis, and the mathematical 

SAT/ACT scores were used as the measure of academic aptitude in the second analysis. 

In this section only effects involving academic aptitude will be reported; the effects of the 

other independent variables will be discussed in the following sections. For complete 

results see Table 5, P. 50 (cell means with verbal academic aptitude as a variable), Table 

6, P. 51 (ANOVA results with verbal academic aptitude as a variable), Table 7, P. 53 

(cell means with mathematical academic aptitude as a variable), and Table 8, P. 54 

(ANOVA results with mathematical academic aptitude as a variable). In both of the 

analyses, no higher or lower rank interaction with academic aptitude and any other factor 

or factors approached statistical significance. Thus, the theory based Academic Aptitude 

Hypotheses were supported, as academic aptitude did not function differently for 

different conditions. In contrast, the Academic Aptitude Hypotheses based on Madsen’s 

(1963, 1966) findings (i.e., lower aptitude participants would show increased retention in 

the 13-intervening-items condition, compared to the 1-intervening-item condition) was 

not supported. The main effect for academic aptitude in the analysis using the verbal 

SAT/ACT scores approached significance, F(1,68) = 3.944, p = 0.051, partial eta-squared 

= 0.055. The participants in the low group had lower scores on average than those in the 

high group. Because there were no interactions, the academic aptitude factor was dropped 

from the remaining analyses. 
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Short Term Paradigm and Long Term Paradigm Difference 

 In order to examine if the pattern of the short term paradigm and the pattern of the 

long term paradigm differed, a three factor ANOVA was performed with paradigm (short 

term paradigm vs. long term paradigm; within subjects), activity (test vs. restudy vs. 

none; within-subjects), and schedule (1 intervening day/item vs. 13 intervening 

days/items; between-subjects). For complete results see Table 9, P. 56 (cell means) and 

Table 10, P. 57 (ANOVA results). There was a significant three-way interaction among 

paradigm, activity, and schedule, F(1,68) = 5.575, p = 0.005, partial eta-squared = 0.074, 

indicating a difference in the pattern of means between the two paradigm conditions. As 

can be seen in Figure 4, P. 62, the pattern of means of the test condition and the restudy 

condition was different in the 1-intervening-day condition and in the 1-intervening-item 

condition, with the test condition mean higher than the restudy condition mean in the 

long term condition, and the test condition mean and the restudy condition mean identical 

in the short term condition (compare left half of Figure 4, P. 62, top to left half of Figure 

4, P. 62, bottom). Thus, the Short Term and Long Term Retention Performance 

Difference Predictions (stating that the short term paradigm and the long term paradigm 

would produce different patterns) was supported. Due to the significant interaction, 

separate analyses for the two paradigm conditions were performed. 

Long Term Paradigm 

 A two factor ANOVA was performed on the long term paradigm data with the 

within-subjects factor activity (test vs. restudy vs. none), and the between-subjects factor 

schedule (1 intervening days vs. 13 intervening days). The results are depicted in Figure 

4, P. 62, top; for complete results see Table 11, P. 58 (cell means) and Table 12, P. 59 
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(ANOVA results). There were significant main effects for activity, F(2,140) = 104.535, p 

< 0.001, partial eta-squared = 0.599 and schedule, F(1,70) = 15.527, p < 0.001, partial 

eta-squared = 0.182. There was also a significant interaction between activity and 

schedule, F(2,140) = 24.340, p < 0.001, partial eta-squared = 0.258. 

 Due to the significant interaction, comparisons between the three activity 

conditions (using pairwise comparisons with a Bonferroni adjusted p of 0.017) were 

performed separately for each of the two schedule condition (1 intervening day vs. 13 

intervening days). The mean of the test condition was significantly higher than the mean 

of the restudy condition in the 1-intervening-day condition (M = 68.33%, SD = 21.97% 

vs. M = 56.11%, SD = 20.60%, respectively), F(1,35) = 13.423, p = 0.001, partial eta-

squared = 0.277. This reversed in the 13-intervening-days condition (M = 36.67, SD = 

14.93% vs. M = 54.17%, SD = 20.75%, respectively), F(1,35) = 30.444, p < 0.001, partial 

eta-squared = 0.465. The control condition means were significantly lower than the other 

two (test and restudy) in the 1-intervening-day condition (M = 30.00%, SD = 18.52% vs. 

M = 68.33%, SD = 21.97% and M = 56.11%, SD = 20.60%, respectively), F(1,35) = 

122.616, p < 0.001, partial eta-squared = 0.778, and F(1,35) = 74.990, p < 0.001, partial 

eta-squared = 0.682, respectively. The control condition means were also significantly 

lower than the other two (test and restudy) in the 13-intervening-days condition (M = 

21.67%, SD = 13.42% vs. M = 36.67, SD = 14.93% and M = 54.17%, SD = 20.75%, 

respectively), F(1,35) = 34.157, p < 0.001, partial eta-squared = 0.494, and F(1,35) = 

91.943, p < 0.001, partial eta-squared = 0.724, respectively. 

 Testing resulted in superior retention performance compared to restudying when 

the second learning session followed the original learning session relatively quickly. If, 



Arne Weigold, Texas Tech University, May 2008 

44 

 

however, the time between the original learning session and the second learning session 

was longer, this pattern reversed, resulting in restudying being superior to testing for 

retention performance. Both testing and restudying resulted in superior retention 

performance compared to doing nothing regardless of time between learning sessions. 

According to these results, the Long Term Retention Performance Predictions were fully 

supported. 

Short Term Paradigm 

 A two factor ANOVA was performed on the short term paradigm data with the 

within-subjects factor activity (test vs. restudy vs. none), and the between-subjects factor 

schedule (1 intervening item vs. 13 intervening items). The results are depicted in Figure 

4, P. 62, bottom; for complete results see Table 13, P. 60 (cell means) and Table 14, P. 61 

(ANOVA results). There was a significant main effect for activity, F(2,140) = 29.440, p 

< 0.001, partial eta-squared = 0.296 and also a significant interaction between activity 

and schedule, F(2,140) = 3.635, p = 0.029, partial eta-squared = 0.049. The main effect 

for schedule was not significant, F(1,70) = 0.061, p = 0.806, partial eta-squared = 0.001. 

 Due to the significant interaction, comparisons between the three activity 

conditions (using pairwise comparisons with a Bonferroni adjusted p of 0.017) were 

performed separately for each of the two schedule condition (1 intervening item vs. 13 

intervening items). As opposed to the interaction in the long term paradigm, the means of 

the test condition and the restudy condition were identical in the 1-intervening-item 

condition (M = 51.11%, SD = 25.72% and M = 51.11%, SD = 19.83%, respectively), 

F(1,35) < 0.001, p = 1.000, partial eta-squared < 0.001. In the 13-intervening-items 

condition, the mean for the test condition was significantly lower than the mean for the 
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restudy condition (M = 46.67%, SD = 26.40% vs. M = 59.72%, SD = 23.84%, 

respectively), F(1,35) = 11.965, p = 0.002, partial eta-squared = 0.250. The control 

condition means were significantly lower than the other two (test and restudy) in the 1-

intervening-item condition (M = 36.94%, SD = 19.83% vs. M = 51.11%, SD = 25.72% 

and M = 51.11%, SD = 19.83%, respectively), F(1,35) = 22.037, p < 0.001, partial eta-

squared = 0.386, and F(1,35) = 20.942, p < 0.001, partial eta-squared = 0.374, 

respectively. The control condition means were also significantly lower than the other 

two (test and restudy) in the 13-intervening-items condition (M = 36.11%, SD = 19.31% 

vs. M = 46.67%, SD = 26.40% and M = 59.72%, SD = 23.84%, respectively), F(1,35) = 

7.316, p = 0.010, partial eta-squared = 0.173, and F(1,35) = 40.767, p < 0.001, partial eta-

squared = 0.538, respectively. 

 Testing did not result in superior retention performance compared to restudying 

(as was the case in the long term paradigm) when the second learning opportunity 

followed the original learning opportunity relatively quickly, but retention performance 

was identical in the two conditions. However, if the time between the original learning 

opportunity and the second learning opportunity was longer, the pattern was closer to that 

observed in the long term paradigm, with restudying being superior to testing for 

retention performance. Both testing and restudying resulted in superior retention 

performance compared to doing nothing regardless of time between learning 

opportunities. According to these results, the Short Term Retention Performance 

Predictions were partially supported. As expected, there was an interaction between 

activity and schedule, and both the restudy and control conditions showed the respective 

predicted patterns (i.e., restudy having higher retention performance than control, with 
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the difference being larger in the 13-intervening-items condition, compared to the 1-

intervening-item condition). The results for the testing condition, however, were not as 

predicted, as instead of outperforming restudying in both schedule conditions, retention 

performance was the same in the 1-intervening-item condition, and lower in the 13-

intervening-items condition compared to the restudying conditions. However, testing did 

outperform the control condition in both schedule conditions as predicted. 

Relationship between Testing Effect and Restudying Effect in the Short Term and Long 

Term 

 In order to examine the relationship between the short term paradigm and the long 

term paradigm, testing effect scores and restudying effect scores were computed for each 

participant (i.e., the participant’s control condition score was subtracted from the 

participant’s test condition score and the participant’s restudy score, respectively) for 

both the short term paradigm condition and the long term paradigm condition. The 

resulting testing effect scores for the short term paradigm condition were then correlated 

with the resulting testing effect scores for the long term paradigm condition, resulting in a 

significant correlation, r = 0.290, p = 0.013. Thus, there was a positive relationship 

between how much testing improved a participant’s performance in the long term 

paradigm and in the short term paradigm. The restudying effect scores for the short term 

paradigm condition were correlated with the restudying effect scores for the long term 

paradigm condition, also resulting in a significant correlation, r = 0.391, p = 0.001. Thus, 

there was a positive relationship between how much restudying improved a participant’s 

performance in the long term paradigm and in the short term paradigm. Consequently, 

even though the pattern of results was different in the short term paradigm and the long 

term paradigm (compare analysis above), there was still a significant relationship 
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between the testing and restudying effects in the two paradigms, with participants who 

benefited more strongly from testing and re-studying in the short term paradigm also 

benefiting more strongly in the long term paradigm. 
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Table 3 

Order Effects Check Analysis of Variance Cell Means Short Term Data Only 

 Following Long Term  Short Term Only 

 1 intervening 

item 

13 intervening 

items 

 1 intervening 

item 

13 intervening 

items 

Activity Mean SD Mean SD  Mean SD Mean SD 

Test 45.56 23.066 49.44 25.546  42.78 20.524 33.89 22.788 

Restudy 50.00 16.088 66.11 21.458  42.22 16.997 50.00 23.515 

Control 32.78 15.265 36.11 16.852  29.44 19.844 24.44 18.856 

Note. The number of participants in all cells is N = 18. 
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Table 4 

Order Effects Check Analysis of Variance to Compare the Pattern of Results across the 

two conditions of Session (After Long Term vs. Short Term Only) 

Source df F Partial Eta 

Squared 

p 

Between-subjects 

Session 1 5.629 0.076 0.020 

Schedule 1 0.510 0.007 0.478 

Session X Schedule 1 1.490 0.021 0.226 

Error 68    

Within-subjects 

Activity 2 45.350 0.400 0.000 

Activity X Session 2 0.496 0.007 0.610 

Activity X Schedule 2 6.149 0.083 0.003 

Activity X Session X Schedule 2 0.162 0.002 0.851 

Error (Activity) 136    
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Table 5 

Verbal Academic Aptitude Analysis of Variance Cell Means for the Long Term Paradigm 

and the Short Term Paradigm 

 Academic Aptitude Low  Academic Aptitude High 

 1 intervening 

day / item 

13 intervening 

days / items 

 1 intervening 

day / item 

13 intervening 

days / items 

Activity Mean SD Mean SD  Mean SD Mean SD 

Long Term Paradigm 

Test 65.50
a
 19.324 36.87

b
 16.215  71.87

b
 25.091 36.50

a
 14.244 

Restudy 49.50
a
 20.384 53.13

b
 19.225  64.38

b
 18.246 55.00

a
 22.361 

Control 28.00
a
 19.894 21.88

b
 14.245  32.50

b
 16.931 21.50

a
 13.089 

Short Term Paradigm 

Test 49.50
a
 23.725 43.12

b
 26.513  53.12

b
 28.687 49.50

a
 26.651 

Restudy 48.50
a
 22.308 50.62

b
 20.807  54.38

b
 16.317 67.00

a
 24.083 

Control 33.50
a
 18.144 30.00

b
 17.127  41.25

b
 21.564 41.00

a
 19.974 

a
 Note. The number of participants in this cell is N = 20. 

b
 Note. The number of participants in this cell is N = 16. 



Arne Weigold, Texas Tech University, May 2008 

51 

 

Table 6 

Verbal Academic Aptitude Analysis of Variance for the Long Term Paradigm and the 

Short Term Paradigm including Verbal Academic Aptitude X Schedule X Paradigm X 

Activity 

Source df F Partial Eta 

Squared 

p 

Between-subjects 

Schedule 1 4.796 0.066 0.032 

Verbal Academic Aptitude 1 3.944 0.055 0.051 

Schedule X Verbal Academic 

Aptitude 

1 0.043 0.001 0.836 

Error 68    

Within-subjects 

Activity 2 103.135 0.603 0.000 

Activity X Schedule 2 17.363 0.203 0.000 

Activity X Verbal Academic 

Aptitude 

2 1.369 0.020 0.258 

Activity X Schedule X Verbal 

Academic Aptitude 

2 0.014 0.000 0.986 

Error (Activity) 136    

Paradigm 1 0.771 0.011 0.383 

Paradigm X Schedule 1 9.620 0.124 0.003 

Paradigm X Verbal Academic 

Aptitude 

1 0.725 0.011 0.397 



Arne Weigold, Texas Tech University, May 2008 

52 

 

Table 6 Continued 

Source df F Partial Eta 

Squared 

p 

Within-subjects 

Paradigm X Schedule X Verbal 

Academic Aptitude 

1 2.107 0.030 0.151 

Error (Paradigm) 68    

Activity X Paradigm 2 10.819 0.137 0.000 

Activity X Paradigm X 

Schedule 

2 5.689 0.077 0.004 

Activity X Paradigm X Verbal 

Academic Aptitude 

2 0.400 0.006 0.671 

Activity X Paradigm X 

Schedule X Verbal Academic 

Aptitude 

2 0.875 0.013 0.419 

Error (Activity X Paradigm) 136    
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Table 7 

Mathematical Academic Aptitude Analysis of Variance Cell Means for the Long Term 

Paradigm and the Short Term Paradigm 

 Academic Aptitude Low  Academic Aptitude High 

 1 intervening 

day / item 

13 intervening 

days / items 

 1 intervening 

day / item 

13 intervening 

days / items 

Activity Mean SD Mean SD  Mean SD Mean SD 

Long Term Paradigm 

Test 68.10
a
 21.123 36.00

b
 18.439  68.67

b
 23.865 37.14

a
 12.306 

Restudy 54.76
a
 20.885 57.33

b
 19.445  58.00

b
 20.771 51.90

a
 21.822 

Control 30.00
a
 18.439 22.67

b
 15.796  30.00

b
 19.272 20.95

a
 11.792 

Short Term Paradigm 

Test 52.38
a
 23.001 48.00

b
 29.326  49.33

b
 29.873 45.71

a
 24.814 

Restudy 51.43
a
 21.514 53.33

b
 23.503  50.67

b
 17.915 64.29

a
 23.574 

Control 35.71
a
 17.485 34.00

b
 20.633  38.67

b
 23.258 37.62

a
 18.683 

a
 Note. The number of participants in this cell is N = 21. 

b
 Note. The number of participants in this cell is N = 15. 
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Table 8 

Mathematical Academic Aptitude Analysis of Variance for the Long Term Paradigm and 

the Short Term Paradigm including Mathematical Academic Aptitude X Schedule X 

Paradigm X Activity 

Source df F Partial Eta 

Squared 

p 

Between-subjects 

Schedule 1 3.755 0.052 0.057 

Mathematical Academic 

Aptitude 

1 0.052 0.001 0.821 

Schedule X Mathematical 

Academic Aptitude 

1 0.007 0.000 0.935 

Error 68    

Within-subjects 

Activity 2 99.243 0.593 0.000 

Activity X Schedule 2 17.023 0.200 0.000 

Activity X Mathematical 

Academic Aptitude 

2 0.344 0.005 0.709 

Activity X Schedule X 

Mathematical Academic 

Aptitude 

2 0.040 0.001 0.960 

Error (Activity) 136    

Paradigm 1 0.782 0.011 0.380 

Paradigm X Schedule 1 9.291 0.120 0.003 
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Table 8 Continued 

Source df F Partial Eta 

Squared 

p 

Within-subjects 

Paradigm X Mathematical 

Academic Aptitude 

1 0.221 0.003 0.640 

Paradigm X Schedule X 

Mathematical Academic 

Aptitude 

1 0.628 0.009 0.431 

Error (Paradigm) 68    

Activity X Paradigm 2 10.894 0.138 0.000 

Activity X Paradigm X 

Schedule 

2 6.344 0.085 0.002 

Activity X Paradigm X 

Mathematical Academic 

Aptitude 

2 1.275 0.018 0.283 

Activity X Paradigm X 

Schedule X Mathematical 

Academic Aptitude 

2 1.492 0.021 0.229 

Error (Activity X Paradigm) 136    
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Table 9 

Paradigm (Short Term Paradigm vs. Long Term Paradigm) Analysis of Variance Cell 

Means 

 Long Term Paradigm  Short Term Paradigm 

 1 intervening 

day 

13 intervening 

days 

 1 intervening 

item 

13 intervening 

items 

Activity Mean SD Mean SD  Mean SD Mean SD 

Test 68.33 21.974 36.67 14.928  51.11 25.721 46.67 26.403 

Restudy 56.11 20.602 54.17 20.754  51.11 19.825 59.72 23.843 

Control 30.00 18.516 21.67 13.416  36.94 19.831 36.11 19.314 

Note. The number of participants in all cells is N = 36. 
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Table 10 

Paradigm Analysis of Variance to Compare the Pattern of Results across the two 

conditions of Paradigm (Short Term Paradigm vs. Long Term Paradigm) 

Source df F Partial Eta 

Squared 

p 

Between-subjects 

Schedule 1 3.818 0.052 0.055 

Error 70    

Within-subjects 

Activity 2 105.171 0.600 0.000 

Activity X Schedule 2 18.778 0.212 0.000 

Error (Activity) 140    

Paradigm 1 1.081 0.015 0.302 

Paradigm X Schedule 1 10.222 0.127 0.002 

Error (Paradigm) 70    

Activity X Paradigm 2 10.828 0.134 0.000 

Activity X Paradigm X 

Schedule 

2 5.575 0.074 0.005 

Error (Activity X Paradigm) 140    

 



Arne Weigold, Texas Tech University, May 2008 

58 

 

Table 11 

Long Term Paradigm Analysis of Variance Cell Means 

 1 intervening day 13 intervening days 

Activity Mean SD Mean SD 

Test 68.33 21.974 36.67 14.928 

Restudy 56.11 20.602 54.17 20.754 

Control 30.00 18.516 21.67 13.416 

Note. The number of participants in all cells is N = 36. 
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Table 12 

Long Term Analysis of Variance including Schedule X Activity 

Source df F Partial Eta 

Squared 

p 

Between-subjects 

Schedule 1 15.527 0.182 0.000 

Error 70    

Within-subjects 

Activity 2 104.535 0.599 0.000 

Activity X Schedule 2 24.340 0.258 0.000 

Error (Activity) 140    
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Table 13 

Short Term Paradigm Analysis of Variance Cell Means 

 1 intervening item 13 intervening items 

Activity Mean SD Mean SD 

Test 51.11 25.721 46.67 26.403 

Restudy 51.11 19.825 59.72 23.843 

Control 36.94 19.831 36.11 19.314 

Note. The number of participants in all cells is N = 36. 
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Table 14 

Short Term Analysis of Variance including Schedule X Activity 

Source Df F Partial Eta 

Squared 

p 

Between-subjects 

Schedule 1 0.061 0.001 0.806 

Error 70    

Within-subjects 

Activity 2 29.440 0.296 0.000 

Activity X Schedule 2 3.635 0.049 0.029 

Error (Activity) 140    
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Figure 4. Long term paradigm (top graph) and short term paradigm (bottom graph) 

results with one standard error bars. 
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CHAPTER IV 

DISCUSSION 

Educational Implications 

 The long term paradigm part of the experiment provided clear evidence that 

testing and restudying need to be timed correctly in order to achieve the maximum 

benefit for long term retention. According to the results, testing relatively soon after the 

original learning experience (i.e., within a few days), before too much of the information 

was not accessible any more, provided the best long term retention. After 13 days, 

however, the effectiveness of testing had greatly increased. Restudying did not seem to 

be as susceptible to longer inter-study intervals, though. Its benefits to long term retention 

were not as strong as those of testing, at least for those items still accessible, but after a 

period of time when the number of accessible items had strongly declined (i.e., after a 

few days), it was the best choice for increasing long term retention. It should be noted 

that within the overall time frame and study-test/inter-study / retention intervals of this 

experiment, both testing and restudying were significantly superior compared to doing 

nothing for long term retention. 

 The results of this study were to some extent comparable to those of Sones and 

Stroud (1940) in that there was an interaction between activity (test vs. restudy) and 

interval schedule based on the retention performance being higher in the shorter study-

test/inter-study interval condition, and the test condition retention performance being 

lower, with the restudy condition retention performance being higher in the longer study-

test/inter-study interval condition compared to the shorter study-test/inter-study interval 

condition. However, the latter difference in Sones and Stroud’s study between the test 
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condition and restudy condition only reached statistical significance in one of the two 

longer study-test/inter-study interval conditions. More importantly, the fact that Sones 

and Stroud used a fixed overall interval (thus confounding study-test/inter-study and 

retention intervals, since no one interval can be changed without changes to another 

interval) and two intervening tests or reviews makes a direct comparison difficult. 

 The retention performance in the test condition of the present study was 

comparable to that shown in earlier literature. Similar results (i.e., existence of a testing 

effect in the long term) were found as early as in Spitzer’s (1939) classic study. Recent 

results are also similar. Butler and Roediger (2007) found that a short answer-test (given 

after the participants viewed a tape of a lecture) improved retention performance a month 

later more than restudying the material, which still resulted in better retention 

performance than no activity. In the Butler and Roediger study, the presence or absence 

of feedback did not make a difference. These results are similar to the findings in the 1-

intervening-day condition in the present study. It should be noted that, according to the 

present study, the pattern might have shifted if Butler and Roediger had used a longer 

study-test/inter-study interval. 

 Interestingly, in the present study, the retention performance in the restudy 

condition was mostly the same across the two inter-study interval conditions, actually 

being slightly lower in the 13 intervening days inter-study interval condition compared to 

the 1 intervening day inter-study interval condition. This is not in line with the 

corresponding restudy condition results in Glenberg and Lehman’s (1980) second 

experiment (i.e., 1 day - 7 day interval pattern; between lists schedule), or the results of 

Cepeda et al.’s (2006) meta analysis of the spacing / lag effect (that is partially based on 
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Glenberg & Lehman’s, 1980, results), according to which the 1 intervening day inter-

study interval should have resulted in higher retention performance compared to the 13 

intervening days inter-study interval. It is also not quite in line with Bahrick’s (1979) 

finding that the a 23 intervening hours inter-study interval condition lead to lower 

retention performance on a final retention test after 29 intervening days compared to a 29 

intervening days inter-study interval condition. Since Cepeda et al.’s results are largely 

based on studies that confound the effects of restudying with those of testing, and 

Bahrick’s procedure confounded these as well, in addition to relying heavily on drop out 

procedures and including several learning trials between the original learning session and 

the final retention test, one might draw the conclusion that any type of proportionality 

rule between inter-study interval and retention interval in the long term might be more the 

result of the experimental procedure, including the confounding of restudying and testing 

effect, than a learning phenomenon. More research is needed in this area. 

 The pattern of results was not different for students with different levels of 

academic aptitude in the short term paradigm or the long term paradigm. This finding is 

different from that of Madsen’s (1963) study, in which Madsen found that low 

intelligence students benefited from distributed studying, whereas average and high 

intelligence students did not. Madsen’s study did have some methodological problems 

with student selection for the different groups (i.e., using different intelligence tests in 

different school settings), which might explain his findings. Our results provide evidence 

that the timetables for testing and restudying proposed here can be broadly applied to 

different student populations. Also, a teacher can expect to see beneficial results for his or 

her whole class, not just a select number of students. 



Arne Weigold, Texas Tech University, May 2008 

66 

 

Theoretical Implications 

 The pattern of results in the long term paradigm and short term paradigm were 

different. This finding provides evidence that results from short term studies of the 

spacing effect and testing effect cannot be applied directly to the long term. This includes 

basing recommendations for education on those results. This having been said, the pattern 

of the long term paradigm results did turn out as predicted by the retrieval theory 

(Dempster, 1996; Glover, 1989; Glover, Krug, Hannon, & Shine, 1990; Rose, 1984) and 

encoding variability theory (Hintzman, 1974), which were originally developed based on 

short term empirical evidence. Testing was superior for shorter study-test/inter-study 

intervals, restudying was superior for longer study-test/inter-study intervals, and both 

were superior to the control condition across schedules. An overview of which 

predictions were supported is given in Table 15, P. 70. This lends credence to the notion 

of some researchers that the encoding variability theories can be applied to the long term 

(Cepeda, Mozer, Coburn, Rohrer, Wixted, & Pashler, 2007; Cepeda, Pashler, Vul, 

Wixed, & Rohrer, 2006; Pashler, Rohrer, Cepeda, & Carpenter, 2007; Rohrer & Pashler, 

2007). 

 In the short term paradigm, the pattern of results for the restudy and control 

conditions were as predicted by the retrieval and encoding variability theories, with 

restudying being superior to control, and producing a higher mean in the 13-intervening-

items condition than in the 1-intervening-item condition. However, the pattern of results 

for the test condition did not completely turn out as expected. The means produced by the 

test condition were higher than those of the control condition, but they were not higher 

than those of the restudy condition. In fact, the test condition means were identical to 
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those of the restudy condition in the 1-intervening-item condition, and lower in the 13 

intervening item condition. For an overview of which predictions were supported see 

Table 15, P. 70. 

 This finding is different from those of prototypical short term testing effect 

experiments like Kuo and Hirshman (1996). However, in those studies, short lists are 

studied and tested repeatedly, leading to study-test/inter-study intervals between those (1 

intervening item and 13 intervening items) in the present experiment, fewer words to be 

studied overall, and the final retention test being administered after the conclusion of all 

of the learning trials, and often after a short break (or a week in Kuo and Hirshman’s 

study). These differences in procedure might provide an explanation for the failure of the 

present experiment to produce the superiority of testing over restudying in the short term 

demonstrated in previous research. The study-test intervals might have been too short in 

the 1-intervening-item condition to trigger or force a full retrieval of the information, i.e., 

some of the information might still have been in short term or working memory storage 

when it was accessed. In the 13-intervening-items condition, the study-test intervals 

might have been too long as they might have resulted in too many intervening items that 

needed to be kept in memory. In addition, there was only one intervening test, as opposed 

to several intervening tests. In future research, in order to find out if these results are due 

to the length of the study-test/inter-study intervals, different intervals should be chosen in 

the short term to try to facilitate testing effects using this study’s experimental paradigm. 

 It is thus not completely clear if similar underlying processes produce the spacing 

effect and testing effect in the short term and long term. In this experiment, further 

evidence that this might be the case came from the correlations between the testing 
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effects and the restudying effects in the short term and long term. There was a significant 

relationship between how much participants benefitted from either testing or restudying 

in the short term and long term. Since, to the author’s knowledge, no research has been 

conducted to directly compare the effects of restudying and testing in the short term and 

the long term, these results should be taken as the starting point for future research on this 

topic. 

Future Directions and Conclusion 

 In order to make more detailed recommendations for teaching timetables, future 

research should focus on examining a greater variety of study-test/inter-study and 

retention intervals. Furthermore, field research should be conducted (in the classroom) to 

investigate how to best implement the theoretical findings in applied settings, and to 

ensure that the timetables do not need modifications because of the different motivational 

level of students taking a class compared to those participating in a laboratory study. 

However, previous research does not indicate that the latter would be the case. Compare 

the results of Butler and Roediger’s (2007) laboratory study discussed above, for 

instance, to those of McDaniel, Anderson, Derbish, and Morrisette’s (2007) field study, 

in which they had students read textbook materials and then take online quizzes in a real 

classroom setting, and came to mostly similar conclusions, namely that short answer 

quizzes resulted in better retention performance than recognition quizzes, which in turn 

resulted in better retention performance than no activity. (However, note that McDaniel et 

al. did not find benefits of reviewing the information, a possible explanation for which 

could be that they did not check if the participants did review the information.) Also, it 

would be interesting to examine if and how feedback would influence the results for the 
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testing part of the experiments. Furthermore, more research is needed to investigate if the 

retrieval theories and the encoding variability theory in their current form would be able 

to explain this experiment’s findings, especially in the short term and, more generally, in 

how far the effects of restudying and testing are based on the same mechanisms in the 

long term and in the short term. 

 Presently, a general recommendation of testing soon after the information is first 

learned, and restudying later on, can be given for applied settings. This recommendation 

is equally valid for students with different levels of academic aptitude. On the theoretical 

side, it looks like at least some of the underlying mechanisms producing the spacing 

effect and testing effect might be the same in the short term and the long term, but more 

research is needed for a theoretical model to be constructed. 
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Table 15 

Support for Predictions 

 Predictions Supported 

Short Term and Long 

Term Retention 

Performance Difference 

Predictions 

Fully Supported 

 Three-way interaction between schedule, activity, and 

paradigm was found 

Long Term Retention 

Performance Predictions 

Fully Supported 

 Interaction between schedule and activity as a result of the 

test condition having a higher retention performance than 

the restudy condition in the 1-intervening-day condition, 

and the restudy condition having a higher retention 

performance than the test condition in the 13-intervening-

days condition was found 

 Both restudying and testing had higher retention 

performance than the control condition in both the 1-

intervening-day condition and the 13-intervening-days 

condition 
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Table 15 Continued 

 Predictions Supported 

Short Term Retention 

Performance Predictions 

Partially Supported 

 Interaction between schedule and activity was found, but 

only partially due to the difference between the test 

condition and the control condition, as well as the restudy 

condition and the control condition, being larger in the 13-

intervening-items condition compared to the 1-intervening-

item condition 

 Test condition and restudy condition had higher retention 

performance than control condition, in both the 1-

intervening-item condition and the 13-intervening-items 

condition 

 Contrary to predictions, the test condition did not have 

higher retention performance than the restudy condition in 

both the 1-intervening-item condition and the 13-

intervening-items condition (but instead the same in the 

former and lower in the latter) 

Theory Based Academic 

Aptitude Predictions 

Fully Supported (by null effect) 

 No interactions between academic aptitude and any of the 

other factors in this experiment were found 
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Table 15 Continued 

 Predictions Supported 

Madsen (1963, 1966) 

Based Academic 

Aptitude Predictions 

Not Supported 

 No interactions between academic aptitude and any of the 

other factors in this experiment were found 
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APPENDIX A 

REVIEW OF THE LITERATURE 

 This extended literature review covers the spacing effect (also called the 

distributed practice effect) and the testing effect. The former describes the phenomenon 

that spacing out learning improves retention performance, while the latter describes the 

phenomenon that testing learned information improves retention performance. The 

review is limited to verbal learning memory tasks (e.g., paired associates or cued recall, 

list recall, fact recall, sentence recall, paragraph or text recall), but also includes 

information about how findings in this field relate to other areas in which the effect has 

been found (e.g., skill acquisition). The review will also largely be limited to research 

with adult participants, as there is some evidence that the spacing effect might change as 

children age (Toppino & DeMesquita, 1984), even though results are mixed (e.g., Rea 

and Modigliani, 1985, 1987; Seabrook, Brown, & Solity, 2005; Toppino, 1991). An 

emphasis will be placed on long term (i.e., more than 24 hours) spacing effect studies, as 

research in this area remains scare even though it is the most relevant for real world 

applications of the spacing effect. The spacing effect is reviewed first, and the testing 

effect is reviewed separately in its own section. The two effects are often confounded in 

experimental designs (e.g., when retention is tested after every study session). This is 

noted throughout the spacing effect section when it might influence conclusions about 

prior studies. 

Spacing Effect 

 The spacing effect (or distributed practice effect) describes the phenomenon that 

spacing out (i.e., distribute over some time) learning (or practice) increases retention 
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performance, especially for the long term. It is thus superior to repeatedly learning (or 

practicing) in close succession, i.e., massed practice. The history of spacing effect 

research, as well as major theories formulated to explain it, are discussed in this section, 

with a special emphasis placed on longer duration studies (with inter-study intervals of 24 

hours and more) at the end of the section. These studies are especially interesting, as most 

studying that takes place in real world educational settings entails time frames of more 

than 24 hours (i.e., lecture, studying for the test, and the test rarely occur all on the same 

day), while the vast majority of spacing effect research deals with very short inter-study 

intervals. Before discussing the literature, some important terms will be defined. 

Spacing Effect Terms 

 There are some important terms that will be used throughout the remainder of this 

review. These are not always used in the exact same way in the literature, and some of 

them have changed during the long history of spacing effect research. Today, these terms 

should be accepted by a majority of researchers. They are based on the more detailed 

definitions in Cepeda, Pashler, Vul, Wixed, and Rohrer (2006). Four important 

distinctions are discussed here. 

Inter-study Interval / Retention Interval 

 The first distinction is between the inter-study interval and the retention interval. 

In a basic distributed practice study, some kind of material is studied at least twice, and 

then a retention test is administered. The inter-study interval is the time between studying 

the material for the first and second time. The retention interval, on the other hand is the 

time between the final study session of the material and the retention test. There can be 

several inter-study intervals if the material is studied more than twice, but only one 
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retention interval, as it is always the time between the final study session and the 

retention test. 

Massed / Spaced Conditions 

 The second distinction is between massed and spaced conditions in experiments. 

If the material is studied twice without any intervening time, which is to say with an 

inter-study interval of 0 (or at least practically 0, e.g., the time it takes a projector to go to 

the next slide), this constitutes a massed condition. If there is an inter-study interval 

greater than 0, this constitutes a spaced condition. 

Spacing and Lag 

 The third distinction is between spacing and lag experiments. In a spacing 

experiment, a massed condition is compared to a spaced condition. This is opposed to a 

lag experiment, in which two spaced conditions (two conditions with different “lags,” 

thus the name) are compared. Following this definition, the effects looked at in these 

experiments would be called the spacing effect and the lag effect. Here, things get 

somewhat complicated. Throughout much of the literature, the term spacing effect is 

applied to both types of experiments. Also, the term distributed practice effect refers to 

both spacing and lag effects. Following the common use, in this review, the terms 

distributed practice effect and spacing effect will thus be used interchangeably, referring 

to both spacing and lag experiments), unless stated otherwise. 

Expanding vs. Uniform Inter-study Interval Schedules 

 In an expanding inter-study interval schedule, there is more than one inter-study 

interval, and each inter-study interval is longer than the preceding inter-study interval. 

This is opposed to a uniform inter-study interval schedule, in which all inter-study 
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intervals have the same length. Some studies have found that this results in a stronger 

spacing effect (e.g., Carpenter & DeLosh, 2005; Cull, Shaughnessy, & Zechmeister, 

1996; Rea & Modigliani, 1985). Others were not able to replicate the effect (e.g., Cull, 

2000). Cepeda, et al. (2006) report a trend in favor of the effectiveness of expanding 

inter-study interval schedules in their meta-analysis (see also the detailed discussion of 

the analysis below). 

History of the Spacing Effect 

 At this point, research on the spacing effect has a history of more than a century. 

It was first reported by Ebbinghaus (1885). Using himself as a participant, Ebbinghaus 

learned a series of nonsense syllables. There were 12 syllables per series. Ebbinghaus 

found that massed learning (68 repetitions on one day) and spaced learning (38 

repetitions spaced over 3 days) had approximately the same effect on how many 

repetitions it took to relearn the series on the next day, thus reducing the needed 

repetitions by nearly half when they were spaced out. 

 Still in the 19
th

 century, Jost (1897) formulated what has become known as Jost’s 

law: "If two associations are of the same strength, but of different ages, a repetition has a 

greater value for the older one,” thus providing us with one of the first formalized 

descriptions of the spacing effect. It should be noted here that the text varies slightly 

depending on the translation from the original German with the above being the author’s 

translation. Also, Jost (1897) proposed a lesser know second law, which describes the 

forgetting curve in similar terms. 

 The spacing effect triggered enough research around the beginning of the 20
th

 

century for Ruch to publish a review of it as early as 1928. The review summarized more 
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than 20 articles, and came to the conclusion that the effect definitely existed. The author 

also found that massed learning seemed to be more beneficial for immediate recall, while 

spaced study seemed to be more beneficial for delayed recall, with the benefit really 

depending on the time in the learning process. Furthermore, the author discussed 

classroom use of the spacing effect. The idea of classroom application is thus by no 

means new. 

Verbal Learning and Skill Acquisition 

 In the 1940s and 1950s, a lot of research was done on the spacing effect in motor 

skill learning. Because the present review is limited to verbal learning, the vast literature 

on the topic of the spacing effect in motor skill learning will not be included here. To 

give the reader an idea about how the spacing effect in verbal learning and in motor skill 

learning relate, the two prominent meta-analyses by Lee and Genovese (1988) and 

Donovan and Radosevich (1999) will be summarized. Lee and Genovese (1988) dealt 

with the spacing effect in motor skill learning, while Donovan and Radosevich (1999) 

tried to address some of Lee and Genovese’s (1988) caveats, and compare the strength of 

the spacing effect across a wide variety of tasks. 

Lee and Genovese’s (1988) Meta-Analysis of the Spacing Effect in Motor Skill Learning 

 Lee and Genovese (1988) found that the many qualitative reviews of the 

distributed practice effect in the motor skill literature, mostly in the form of book 

chapters, showed great disagreement on the role of distributed practice in motor skill 

learning (even though most agreed that it had a large influence on performance). 

Performance here was defined as the performance during or shortly after the practice had 

occurred, thus possibly including short lived effects due to the practice, which would thus 
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not represent how well the skill had been acquired. Learning was defined as the retention 

of the skill after practice effects had worn off. The authors proposed that the 

disagreements on the role of distributed practice in the motor skill literature might be due 

to differences in the measures of learning employed. 

 Theoretical background. Lee and Genovese (1988) identified four major measures 

used in the literature either exclusively or in a combination: absolute retention, relative 

retention, percent relative retention, and final score. Absolute retention is the 

performance on the retention test, or in the case when a transfer test is given that has 

several trials, the first of these trials. Relative retention is the difference in performance 

between the last practice or study trial and the retention test or the first trial of the transfer 

test. Percent relative retention is the same as relative retention, but the difference is given 

in percent of the performance of the last practice or study trial. The final score measure is 

only calculated for studies that use transfer tests with several trials. It is the performance 

on the last trial of the transfer test. In their critique of the measures, the authors pointed 

out that the practice trials are not necessarily representative of the learning that had 

occurred. Instead, they were performance measures that might be confounded with 

effects of practice variables. Thus, for a more representative and unconfounded measure 

of learning, only retention test trials should be used, which is not the case for the two 

relative measures. These measures also have the problem of floor and ceiling effects, e.g., 

when performance is already high at the last practice trial, it is less likely to go up 

compared to low performance. Due to these problems, the authors excluded the relative 

retention and percent relative retention measures from the analysis. They also found 

problems with using the final score measure. Even though the course of the performance 
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over the transfer trials might be a good indicator of learning, the final score measure only 

reflects performance at an arbitrarily chosen point in this transfer process, as when and 

after how many trials this measure is given is up to the experimenter. The time chosen for 

the final score measure thus might lead to different results. The authors therefore decided 

against using the final score measure in the analysis. This left them with the absolute 

retention measure, which they used exclusively for their meta-analysis. 

 Meta-analysis method. In order to find out what role the distributed practice effect 

plays in motor skill acquisition, Lee and Genovese (1988) employed the (then) relatively 

new technique of meta-analysis. They only included studies they found to be either 

“pure” motor tasks (e.g., pursuit tracking, balancing, and climbing tasks), or tasks 

involving motor skill learning that also included some verbal learning (e.g., stylus mazes, 

inverted alphabet printing, and mirror tracing tasks). The authors excluded pure verbal 

learning tasks (e.g., paired associate learning tasks). Also, the authors found that not all 

study designs fit the standard massed vs. spaced or distributed practice distinction. 

Usually, massed practice is defined as practice with an inter-study (or inter-practice) 

interval of practically 0. Not all studies the authors looked at had a condition fitting this 

definition, but instead compared several conditions with longer inter-study intervals (i.e., 

lag studies). Also, even for those studies with a massed condition included in their 

design, some had several distributed study conditions. Since the meta-analysis was only 

going to compare massed vs. spaced learning, the authors decided to always include the 

condition with the shortest inter-study interval in the massed group, and the condition 

with the longest inter-study interval in the spaced group, leaving out any conditions in 

between. 
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 It needs to be noted here that Lee and Genovese’s (1988) meta-analysis has been 

criticized for this choice, as inter-study intervals of the same length could have been 

categorized as either massed or spaced, depending on the length of the other inter-study 

intervals in the study. Newell, Antoniou, and Carlton (1988) provide a detailed discussion 

and critique of Lee and Genovese’s (1988) meta-analysis, with the conclusion that the 

results are to be taken with great caution, if accepted at all. 

 Meta-analysis results and conclusions. The above inclusion criteria left Lee and 

Genovese (1988) with 47 effect sizes for performance (i.e., retention performance in the 

last practice trial), comparing the condition with the shortest inter-study interval in the 

massed group, and the condition with the longest inter-study interval in the spaced group. 

This was after removing four outliers so that the sample met homogeneity standards (as 

measured by the H statistic). The authors used the work of Thomas and French (1986), 

based on Hedges and Olkin (1985) to compute the effect sizes. The weighted mean of 

these effect sizes for performance was .91, with a standard deviation of .50, which 

according to Thomas and French (1986) is a “large” effect size. For learning (i.e., 

performance in the retention test or first trial of transfer test) the authors were left with 18 

effect sizes (after removing 2 outliers). The weighted mean of these effect sizes was .49, 

with a standard deviation of .35, which according to Thomas and French (1986) is a 

“medium” effect size. The outliers that were removed from the analysis were all from one 

side of the distribution, and had been identified as being outside of 95% of the mean 

using an outlier test that employed the standardized residuals from the weighted mean. 

All four outliers in the performance in the last practice trial analysis showed a massive 

effect of distributed study, as compared to massed study. The analysis thus became more 
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conservative with the outlier’s exclusion. The authors also looked at three studies that, 

although they did include trials for retention, did not include the related numbers. 

Examining the graphs, they found them to show similar results. An examination of other 

studies, that did not include numbers with which effect sizes could be calculated, but did 

include graphs, yielded the same results, with few exceptions. 

 Lee and Genovese (1988) concluded that even though the advantage of spaced 

practice was higher for retention performance at the end of acquisition (i.e., what they 

call performance) than for retention performance some time after the end of acquisition 

(i.e., what they call learning); there was still a definite advantage of distributed practice 

for learning. 

Donovan and Radosevich’s (1999) Meta-Analysis of the Spacing Effect Across Tasks 

 Donovan and Radosevich’s (1999) meta-analysis took a more differentiated look 

at the field than Lee and Genovese (1988) had done in their meta-analysis (see above). 

Specifically, the authors decided to look at the spacing effect for different types of tasks, 

to try to find possible boundary conditions. Also, they tried to avoid some of the caveats 

of Lee and Genovese’s (1988) meta-analysis. Furthermore, they were not as interested in 

the retention vs. performance distinction, as Lee and Genovese (1988) were, even though 

they did look at one potential moderator in this general area (see below). 

 Meta-analysis method. Donovan and Radosevich (1999) only included studies 

that had both a massed and a spaced practice condition. They did not define the massed 

condition broadly in order to include more studies as Lee and Genovese (1988), but 

included only those that had a condition with no (or a technically mandated minimal) 

inter-study interval, thus excluding lag studies from the analysis. The dependent variable 
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had to be some type of performance measure of the learned skill or knowledge. Finally, 

studies with non-human, child, and mentally disabled participants were excluded. 

 Donovan and Radosevich (1999) also coded these effect sizes according to four 

study characteristics they thought might be moderators of the spacing effect. The authors 

coded the studies independently, and then discussed the ratings until agreement was 

reached. 

 The first potential moderator coded was an acquisition vs. retention performance 

measure as the independent variable. The authors chose to define an acquisition 

performance measure as a retention interval of less than 24 hours. A retention 

performance measure was defined as a retention interval of equal to or more than 24 

hours. 

 The second potential moderator coded was the methodological rigor of the 

studies. The authors used a nine-item checklist by Terpstra (1981), which assigns a 

maximum of nine points to the general methodological rigor with which a study has been 

conducted. The highest score of the studies reviewed by the authors was 6, which was 

reached by two of the studies. Since only very few of the studies had scores of 1 or 6, the 

authors decided to collapse 1 and 2, 3 and 4, and 5 and 6 points into Rigor Level 1, Rigor 

Level 2, and Rigor Level 3, respectively. 

 The third potential moderator was the type of task used. Donovan and Radosevich 

(1999) decided to look at three dimensions characterizing the tasks: overall complexity, 

mental requirements, and physical requirements. They also decided to forgo using 

existing measures of these three dimensions. Instead of rating each task across each 

dimension, they wanted to construct a limited number of categories that were defined by 
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their pattern of scores on the three dimensions, and sort all used tasks into these 

categories. In order to construct these categories, the authors used cluster analysis. 

Ninety-five graduate and undergraduate students rated all tasks on each of the three 

dimensions (i.e., overall complexity, mental requirements, and physical requirements). 

The results are in Table 16, P. 158. The four Task Clusters that resulted were not 

distinguished by physical requirements (as all of them ranked high on this dimension). 

Apparently, even in the clusters with some less physically demanding tasks (e.g., the 

second Task Cluster, see Table 16, P. 158), the overall ratings for physical requirements 

still resulted in a score above Donovan and Radosevich’s (1999) cut-off point for a high 

ranking. Three of the clusters ranked low on mental requirements, and were distinguished 

by low, average, or high overall complexity, and the fourth and last cluster was ranked 

high on both mental requirements and physical complexity. Note that most verbal 

learning and memory tasks can be found in Task Cluster 2 (e.g., free recall and classroom 

lecture). 

 The fourth and final potential moderator was the inter-trial interval (i.e., the inter-

study interval). Donovan and Radosevich (1999) had to drop 24 of the effect sizes used 

for the meta-analysis, as no exact length of the inter-study intervals was given in the 

articles. The authors sorted the remaining 88 effect sizes into four time categories, which 

they found to emerge from the literature: Less than 1 minute (26 effect sizes), between 1 

minute and 10 minutes (31 effect sizes), between 10 minutes and 1 hour (10 effect sizes), 

and greater than 1 day (21 effect sizes). They called these time intervals 1, 2, 3, and 4, 

respectively. 
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 Meta-analysis results and conclusions. Donovan and Radosevich (1999) 

identified 63 studies with 112 effect sizes using the above inclusion criteria. The authors 

found an overall mean weighted effect size of d = 0.46, making it a “medium” effect size 

according to Cohen (1988). This was significantly different from 0 at a 95% confidence 

interval. The result is, however, much smaller than the comparable measure in Lee and 

Genovese’s (1988) meta-analysis, who found a “large” effect size (see above). 

 Donovan and Radosevich (1999) then proceeded with their moderator analysis. 

The acquisition vs. retention performance measure did not yield a significant difference, 

with d = 0.45 and d = 0.51 for acquisition and retention, respectively. 

 When the authors analyzed the second potential moderator, the methodological 

rigor of the studies, they found an average effect size of d = 1.22 for Rigor Level 1, an 

average effect size of d = 0.40 for Rigor Level 2, and an average effect size of d = 0.40 

for Rigor Level 3. The difference between Rigor Level 1 and the two others was 

statistically significant with p < 0.01, leading to the conclusion that studies with more 

methodological rigor tended to find smaller effect sizes for the spacing effect. 

 The third potential moderator to be analyzed was the type of task used. Average 

effect sizes found here were d = 0.97, d = 0.42, d = 0.11, and d = 0.07 for Task Clusters 

1, 2, 3, and 4, respectively (see Table 16, P. 158 for the Task Clusters.) All of these 

average effect sizes were significantly (p < 0.05) different from one another, except for 

Task Clusters 3 and 4. Interestingly, these results were consistent with those of Lee and 

Genovese’s (1988) meta-analysis, as Task Cluster 1 was the most consistent with the 

motor tasks used in that analysis. Task Cluster 2 (containing most verbal learning and 

memory tasks) scored lower, but still showed moderate average effect sizes. The more 
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complex tasks in Task Cluster 3 (e.g., balancing) and 4 (e.g. air traffic controller 

simulation) scored the lowest. 

 Finally, the authors analyzed the inter-study interval moderator. Average effect 

sizes found here were d = 0.71, d = 0.48, d = 0.26, and d = 0.16 for Time Intervals (i.e., 

inter-study intervals of less than 1 minute, between 1 minute and 10 minutes, between 10 

minutes and 1 hour, and greater than 1 day) 1, 2, 3, and 4, respectively. The Time Interval 

1 average effect size was significantly (p < 0.05) higher than the other three, and the 

average effect size of Time Interval 2 was significantly (p < 0.05) higher than the average 

effect size of Time Interval 1. The authors concluded that the spacing effect was highest 

after a certain minimum rest period, and then started to decline. They also proposed that 

this optimal rest period might be different depending on task, and presented some 

exploratory analysis to back up this claim. In light of the discussion on the interaction of 

inter-study and retention intervals presented in this paper (see below), though, this 

conclusion is questionable. 

Verbal Learning and Skill Acquisition Conclusions 

 The meta-analyses by Lee and Genovese (1988) and Donovan and Radosevich 

(1999) show clearly that the spacing effect does not only exist in verbal learning and 

memory, but also in motor skill learning and memory. In fact, according to the latter 

analysis, it might well be stronger for simple motor tasks (i.e., Task Cluster 1), compared 

to verbal learning (i.e., Task Cluster 2). Seeing that the spacing effect was found in both 

meta-analyses, including all four Task Clusters in the one by Donovan and Radosevich 

(1999), as well as two more dealing with verbal learning (discussed below), it can be 



Arne Weigold, Texas Tech University, May 2008 

96 

 

concluded that it exists in a wide variety of learning tasks, and thus has far reaching 

implications for learning and practice. 

Theories of the Spacing Effect 

 Many possible explanations of the spacing effect have been proposed in the 

literature. In this section, the major theories will be discussed, and it is also meant to give 

the reader a general overview of the research field. It must be stressed that the list of 

theories discussed here is by no means exhaustive, as many authors have their own 

theories. Apart from a review of the literature, several frequently cited reviews have been 

used to identify the theories that have generated the most research interest and to guide 

the review below. These reviews are Melton (1970), Underwood (1970), Hintzman 

(1974), and Dempster (1996). 

Encoding Variability Theory 

 The encoding variability theory is one of the most prominent theories of the 

spacing effect. Due to different contexts during encoding, repeatedly studied items are 

encoded differently into memory. The more different encodings there are for the item in 

memory, the easier the item is to remember (Hintzman, 1974). Evidence for the effect 

comes, for example, from McFarland, Rhodes, and Frey (1979), who conducted two 

word-list experiments. In the first, they manipulated contextual variability by presenting 

the to-be-learned words either in the same, or in a different context (e.g., to-be-learned 

word: “a knife…”; context 1: “…has a metal blade”; context 2: “…is used to cut”). The 

latter lead to the elimination of the spacing effect, thus showing that contextual variability 

can be effective in massed learning trials. When the authors varied nonsemantic contexts 

(i.e., phonemic context; context 1: ask participant if specified letter is included in the to-
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be-learned word; context 2: ask participant to produce a word that rhymes with the to-be-

learned word), the spacing effect was not eliminated. McFarland et al. (1979) concluded 

that in order to be effective, different sets of semantic features need to be encoded. In a 

similar study, using a somewhat different method, Johnston, Coots, and Flickinger (1972) 

failed to find similar results to McFarland et al.’s (1979) results that differential semantic 

encoding eliminated the spacing effect, though. In a follow-up study, Johnston and Uhl 

(1976) instead came to the conclusion that encoding effort, as opposed to encoding 

variability, was the source of the elimination of the spacing effect. That a change in 

context is not associated with better recall was shown by several other studies (e.g., Bird, 

Nicholson, & Ringer, 1978; Murdock & Babick, 1961). In fact, a change in context has 

even been associated with slightly decreased recall performance (Postman & Knecht, 

1983; Dempster, 1987; Dempster, 1989). There is also more support for the encoding 

variability theory. For example, in a study conducted by Singh, Mishra, Bendapudi, and 

Linville (1994), the author came to the conclusion that the encoding variability theory 

best fit the results obtained. Singh et al. (1994) showed participants an advertisement 

embedded repeatedly in a newscast (which the participants were told was the target of the 

study; thus making this an incidental learning task). When tested immediately after, the 

massed schedule for the advertisement was superior to the spaced schedule, but when 

tested the next day (compared between-subjects), the participants in the spaced condition 

showed about the same retention performance (as when tested immediately after the 

viewing session), while the participants in the massed condition now showed lower 

retention performance compared to the spaced condition. 
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 In a series of experiments, Glenberg (1976, 1977, 1979; Glenberg & Lehman, 

1980; Glenberg & Smith, 1981) developed the encoding variability theory into his 

component-levels theory. According to Glenberg, there are three components that a 

learner is able to encode. First, contextual components are all internal and external 

contexts of the learner that are present when the learning episode occurs. These are 

automatically encoded. Second, structural components are the structure given to the 

encodings by the learner (e.g., grouping items). Their encoding is determined by active 

control processes at time of learning. Third and last, there are descriptive components 

(e.g., meaning) involved. Greater variability in the encoding of these components in 

repeated learning makes it easier to retrieve a specific trace from memory. Glenberg 

(1979) used incidental learning procedures to manipulate interitem association formation 

during item processing. With absent interitem associations, a decrease of the spacing 

effect resulted after retention intervals of more than a day. This provided support for the 

component-level theory, and thus also for the encoding-variability theories in general. 

For some more details about the study (Glenberg, 1979), see the detailed description in 

the long term spacing effect single studies section below. 

 In summary, it seems unlikely that the encoding variability theory provides the 

sole explanation for the spacing effect. It has been used in several dual-process theories, 

though (see below). Interestingly, out of the theories discussed here, it is one of the few 

that can explain long term spacing effect. 

Consolidation Theory 

 The consolidation theory was proposed by Landauer (1969). It states that a 

memory trace, once created, needs time to reach a permanent state (as opposed to a 
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transient state). This process is called consolidation, and can be interrupted by the 

formation of new memory traces, as during massed learning. It is the first of the deficient 

processing theories discussed here, thus named because the processing of the memory 

trace is thought to be deficient in massed learning. Some of the sparse support for this 

theory came from Madsen (1963) and Toppino (1991), who came to the conclusion that 

the consolidation theory was consistent with their data. There are also several 

disconfirming articles, e.g., Bjork and Allen (1970), Elmes, Greener, and Wilkinson 

(1972), and Tzeng (1973). One of the consolidation theory’s biggest problems is the lack 

of definition of the time frame it takes a memory trace to consolidate (Rea & Modigliani, 

1987). According to Baddeley (1976), this time should be somewhere between 15 

seconds and one hour. If consolidation is limited to a time frame of this magnitude, it 

cannot explain the studies showing the spacing effect for longer inter-study intervals 

(e.g., Cepeda, Mozer, Coburn, Rohrer, Wixted, & Pashler, 2007). The long term spacing 

effect studies will be discussed in their own section below. 

 In conclusion, the consolidation theory is not able to explain many of the findings 

in the empirical literature. Importantly for this discussion, it is not able to explain spacing 

effects for long term spacing. 

Habituation Theory 

 The habituation theory is the counterpart to the consolidation theory. Here, it is 

the memory traces of the earlier items that lead to deficient processing of later items, not 

the memory traces of the later items that lead to deficient processing of earlier items 

(Jacoby, 1978). The idea is that after learning an item, there is a short period of time 

during which no further item can be learned (Dempster, 1996). The habituation theory 
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has the same problems with studies showing the spacing effect for longer inter-study 

intervals that the consolidation theory does (see above). In the same study that supported 

the consolidation theory, Toppino (1991) also supported the habituation theory, which is 

to say that they were both consistent with the data. According to Dempster (1996), the 

habituation theory has been largely ignored in the literature, which fits with the author’s 

impression. 

 In summary, just as the consolidation theory, the habituation theory does not 

provide an explanation for many of the findings in the empirical literature, including the 

findings related to the appearance of the spacing effect in long term spacing effect 

studies. 

Rehearsal Theory 

 The idea behind the rehearsal theory is simple. Since there is more time between 

spaced repetitions than massed repetitions, rehearsal can occur in-between. The rehearsal 

leads to better retention (Dempster, 1996). Some evidence for the rehearsal theory comes 

from Elmes, Sanders, and Dovel (1973), who found that isolating items on lists increased 

retention performance, which, as isolated items are supposedly rehearsed more, is 

congruent with the rehearsal theory. There have been a number of empirical findings 

opposing the rehearsal theory, though. The first problem the rehearsal theory faces is that 

it is generally thought that children do not rehearse spontaneously as much as adults, if at 

all. They do however show the spacing effect (Rea & Modigliani, 1985, 1987; Seabrook, 

Brown, & Solity, 2005). The second problem is that the spacing effect has been found in 

incidental learning tasks (e.g., Maskarinec & Thompson, 1976; Russo, Parkin, Taylor, & 

Wilks, 1998; Russo & Mammarella, 2002). Since the rehearsal is thought to be voluntary, 
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the spacing effect should only occur in intentional learning tasks, but not in incidental 

learning tasks. The third problem becomes apparent in a study by Hintzman and Rogers 

(1973). The items they had their participants learn were complex and visual, and, thus, 

hard to rehearse. , However, the spacing effect was still found. 

 Thus, few findings speak for, but many against the rehearsal theory of the spacing 

effect. It thus does not seem to be able to explain many of the empirical findings in the 

spacing effect literature. 

Voluntary-Attention Theory 

 The voluntary-attention theory is the last of the three deficient processing theories 

discussed here. It is sometimes called the attenuation of attention theory. The general idea 

behind the theory is that less attention is paid to repeated items in massed than in spaced 

learning. This is explained either by spaced items being less familiar and thus more 

interesting (Dempster, 1987) or by massed presentations inspiring a false sense of 

confidence (Zechmeister & Shaughnessy, 1980). The voluntary-attention theory is 

supported by findings by Johnston and Uhl (1976), and Elmes, Greener, and Wilkinson 

(1972). The latter conducted a spacing effect study with a massed condition and two 

spaced conditions (3-items in-between and 10-items in-between). They found the spacing 

effect, and, more importantly for this discussion, also found that items immediately 

following massed condition items were recalled more often than items immediately 

following spaced condition items in a free recall task. Thus, it appeared that more 

resources were available to the items following a massed presentation. Hintzman and 

Stern (1977) were not able to replicate Elmes et al.’s (1972) findings, though, even when 

attempting an almost exact replication. The authors conclude that Elmes et al.’s (1972) 
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experimental design was flawed. Wenger (1979) used the rate of presentation of the 

stimuli to create a task demanding the participants’ full attention. The spacing effect 

vanished in the fast condition, but was present in the less attention demanding slow 

condition, providing evidence for the voluntary-attention theory. Further evidence against 

the theory comes from Zimmerman (1975) and Maskarinec and Thompson (1976). 

Furthermore, the voluntary-attention theory has the same problems the rehearsal theory 

does with the spacing effect occurring in children and in incidental learning (see above). 

 In summary, the voluntary-attention theory is also unable to account for many of 

the findings in the spacing effect literature; although it might be able to contribute to an 

explanation for the long term spacing effect. 

Reconstruction / Accessibility Theory 

 According to the reconstruction or accessibility theory, the observation of a piece 

of information already in memory (because it had been observed before) results in an 

attempt to retrieve the information (i.e., reconstruction). Prior encodings already in 

memory may differ in how easy they are to access (i.e., accessibility). The more time has 

passed between the encoding and the repetition, the harder the original encoding is to 

retrieve, the more effort and attention needs to be allocated towards it, and thus the better 

accessibility will be later (Dempster, 1996; Rose, 1984). It also needs to be noted that this 

is an involuntary mechanism, as the retrieval is triggered automatically by the cue of the 

(repeated) item. Rose (1984) made the assumption that more effortful access or 

reconstruction of a memory trace should, in addition to the spacing effect, lead to more 

time needed to access or reconstruct the information. Rose (1984) thus had participants 

answer questions along with restudying the items (i.e., words) to be memorized to be able 
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to gather their reaction times. The findings mostly supported the hypothesis that longer 

reaction times and the spacing effect appeared at the same time, thus supporting the 

reconstruction / accessibility theory. More support for the theory comes from Dellarosa 

and Bourne (1985), who showed that giving a paraphrased version of the originally 

learned sentence as the repetition, and thus changing the surface structure, resulted in an 

elimination of the spacing effect. The authors pointed out, though, that this result would 

be consistent with several theories of the spacing effect. Further support along these lines 

for the reconstruction / accessibility theory came from Krug, Davis, and Glover (1990). 

Furthermore, these results could not always be fully replicated. Glenberg and Smith 

(1981) changed modalities between repetition, but did not find that this eliminated the 

spacing effect. Further support comes from studies dealing with the superiority of 

expanding inter-study interval schedules over the more commonly used uniform inter-

study interval schedules (see discussion in the terms section above), as, according to the 

reconstruction / accessibility theory, the more often the information has already been 

accessed, the longer it might take to make it hard to access again. 

 The reconstruction / accessibility theory can provide an explanation for some of 

the same data providing evidence for the rehearsal and voluntary-attention theories (see 

above), while at the same time, by being involuntary, does not fall prey to some of their 

pitfalls (see above). Nevertheless, there is still some evidence against it, at least in the 

short term spacing effect literature. Thus, none of the individual theories discussed here 

has been able to explain all the findings in the literature. 
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Dual-Process Theories 

 Underwood, Kapelak, and Malmi (1976), in a review of the theories of the 

spacing effect, came to the conclusion that no single theory could explain the spacing 

effect. Thus, Greene (1989, 1990) set out to account for the spacing effect with two 

different theories. A voluntary deficient processing theory (not further specified) was to 

account for the spacing effect in intentional learning, while a sub-theory of the encoding-

variability theory, called study-phase retrieval sub-theory, in which temporal distance of 

item repetition is stored with the item through difference of context encoding (also 

discussed in Janiszewski, Noel, & Sawyer, 2003, see below) was to account for both 

intentional and incidental learning. Greene (1989, 1990) found support for his theory in a 

series of studies manipulating types of recall (the two studies are discussed in detail in the 

testing effect section). Challis (1993) mostly agreed with Greene (1989, 1990), but 

proposed that the deficient processing theory is involuntary (i.e., automatic), not 

voluntary, and provided experimental evidence to back this up. Russo, Parkin, Taylor, 

and Wilks (1998), as well as Russo and Mammarella (2002), pointed out that the theory 

would need to be further modified, based on their evidence from cued memory tasks 

using nonverbal material. In their latest study, Mammarella, Avons, and Russo (2004) 

looked at the effect of changing the font for words and nonwords. The authors found that 

the change did not affect the appearance of the spacing effect in words, but did lead to its 

disappearance in nonwords, thus providing further evidence for their dual-process 

account of the spacing effect. 

 The dual-process theories can explain a wide variety of findings in the spacing 

effect literature. The caveat is that at this point, no consensus seems to exist on what the 
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sub-theories should be, and that all combinations have difficulties explaining at least 

some of the findings. An interesting point to take home from this is that different 

processes might account for different findings of the spacing effect. Thus, a theory like 

the encoding variability theory might well be useful to provide an explanation of the 

spacing effect with longer spacing intervals, even if it is not able to explain all findings in 

the short term spacing effect literature. 

 In conclusion, at this point, no theory is able to explain all experimental findings 

of the spacing effect. There has been one meta-analysis trying to distinguish between the 

theories, which will now be discussed to provide a broader perspective of the theories. 

Janiszewski, Noel, and Sawyer’s (2003) Meta-Analysis of the Spacing Effect in Verbal 

Learning 

 Janiszewski, Noel, and Sawyer (2003) conducted a meta-analysis in which they 

looked at distributed practice in learning of information (e.g., words and pictures). To 

provide some background, it should be noted that their original goal was to examine if 

and how advertising material interacted with advertising schedule. Since there wasn’t 

much research available on the topic, they chose to look at the related field of basic 

spacing effect research. This sacrificed external validity, but had the benefit of being able 

to use a well developed body of literature. In addition to finding out if the spacing effect 

existed, the authors also wanted to find out which of the explanations of the spacing 

effect proposed in the literature best explained the data, and could thus be used to base 

advertisement campaigns on. The authors discussed the voluntary-attention, rehearsal, 

encoding variability, retrieval, and reconstruction theories (see above for a discussion of 

the theories). The retrieval theory seems to be a slightly modified version of Greene’s 
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(1989, 1990) study-phase retrieval sub-theory. Janiszewski et al. (2003) proposed 10 

different hypotheses with different outcome expectations for each of the five theories 

(resulting in 50 different hypothesis) based on findings for: Increased lag effect, verbal / 

pictorial stimuli, meaningful / meaningless stimuli, familiar / novel stimuli, simple / 

complex stimuli, unimodal / bimodal presentation format, unrelated / related cues in a 

paired-associate learning task, intentional / incidental learning, isolated / embedded 

stimuli, and simple / complex intervening materials (see Table 17, P. 159). For example, 

the encoding variability theory predicts that there is a positive linear or logarithmic 

increase in effect size as time between presentations increases (i.e., increased lag effect). 

This hypothesis was supported (see below and Table 17, P. 159). The authors conducted 

a separate analysis for each of the 50 hypotheses (see below). 

 Main Analysis. The overall number of articles included in the meta-analysis was 

61. Counting all lag tests from the same studies, these studies contained 484 tests of the 

spacing effect. The authors chose to collapse lag tests from the same studies, resulting in 

an overall number of cases of N = 269. The studies were also coded for the independent 

measures used, for a total of six: Percentage correct in recall task, percentage correct in 

frequency estimate, percentage correct in recognition task, amount recalled, estimated 

frequency, and response latency. 

 The overall effect size r = .339 was significant, z = 36.83, with a fail-save N = 

148,979, showing that more information was retained under spaced learning conditions. 

The fail-save N approximates the number of studies with an effect size of 0 that, if added 

to the meta-analysis, would result in the meta-analysis’ outcome being not significant. 

There was no significant difference in effect size for the six independent measures, so 
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they were collapsed except where needed to distinguish between expected outcomes for 

different explanations of the spacing effect (i.e., cued vs. free recall, when comparing 

verbal and pictorial materials, see below and Table 17, P. 159). 

 Lag Effect. The authors found that there is a positive linear or logarithmic increase 

in effect size as time between presentations increases (tests for both were significant). 

This was predicted by all theories except the retrieval theory, which predicts an inverted 

U-shaped function because as information is forgotten, i.e., cannot be retrieved any more, 

the effect should decline. Consequently, the theories that were supported were voluntary-

attention, rehearsal, encoding-variability, and reconstruction. 

 Verbal / Pictorial Stimuli. Verbal and pictorial stimuli did not make a difference 

in effect size. This opposed the rehearsal theory, which predicts that pictures have less 

benefit from spacing, as they are harder to rehearse than words. As predicted by the 

reconstruction theory, cued recall was better for pictures, as reconstruction of pictures 

relies on stimulus features, while free recall was better for verbal information, as the 

reconstruction of verbal information relies on conceptual features. The other three 

explanations did not make a prediction. Consequently, the theory that was supported was 

reconstruction. 

 Meaningful / Meaningless Stimuli. Meaningless stimuli showed a stronger spacing 

effect than meaningful stimuli. This was predicted by the retrieval and reconstruction 

theories, since both retrieval and reconstruction are harder for meaningless stimuli, thus 

strengthening the effect. The finding was opposed to the predictions by the rehearsal and 

encoding variability theories. According to the rehearsal theory, meaningless stimuli are 

harder to rehearse, and thus should result in a smaller effect. According to the encoding 
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variability theory, meaningful stimuli have more associations than meaningless stimuli, 

resulting in a smaller effect for meaningless stimuli. The attention explanation did not 

make a prediction. Consequently, the theories that were supported were retrieval and 

reconstruction. 

 Familiar / Novel Stimuli. Novel stimuli lead to a stronger spacing effect than 

familiar stimuli. This was predicted by the retrieval and reconstruction theories. Both 

retrieval and reconstruction are harder for novel stimuli, thus strengthening the effect. 

According to the other three theories, there should have been a stronger spacing effect for 

the familiar stimuli. According to the voluntary-attention theory, novel stimuli are better 

at capturing and retaining attention then familiar stimuli, which should lead to a smaller 

difference between the attention for stimuli in the massed and spaced presentations, 

resulting in a lower effect size of the spacing effect. Familiar stimuli also should lend 

themselves better to rehearsing, and should have more associations already in place, thus 

resulting in the prediction of both the rehearsal and encoding variability theories of 

familiar stimuli leading to a stronger spacing effect compared to novel stimuli. 

Consequently, the theories that were supported were retrieval and reconstruction. 

 Simple / Complex Stimuli. Janiszewski et al. (2003) differentiated between simple 

stimuli (e.g., a word), semantically complex stimuli (e.g., a sentence), and structurally 

complex stimuli (e.g., a homograph). There was a stronger spacing effect in studies with 

semantically complex stimuli compared to the two others, which did not differ 

significantly from each other. Both the retrieval and reconstruction theories predicted this 

result, as retrieval and reconstruction should be harder for complex stimuli, but are not 

influenced as much by the structural cues of structurally complex stimuli, as opposed to 
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semantically complex stimuli. According to the rehearsal theory, complex stimuli should 

make it harder to rehearse, leading to a decrease in the spacing effect for all complex 

stimuli, while the encoding variability theory made the opposite prediction, as complex 

stimuli have more associations than simple stimuli. The voluntary-attention theory did 

not make a prediction. Consequently, the theories that were supported were encoding-

variability (in part), retrieval, and reconstruction. 

 Unimodal / Bimodal Presentation Format. Stimuli are usually presented as visual 

only, audio only, or both at the same time. Unimodal and bimodal presentations did not 

differ significantly in the average effect size of the spacing effect. The unimodal auditory 

stimuli alone resulted in a stronger effect size for the spacing effect compared to the 

bimodal stimuli, though. These results partially supported the voluntary-attention, 

retrieval and construction theories, all of which predicted the spacing effect to be stronger 

for unimodal stimuli. Bimodal stimuli are better at capturing and retaining attention than 

familiar stimuli, and encourage retrieval and reconstruction in the massed stimulus 

condition. This results in a smaller difference between the attention for, or retrieval or 

reconstruction of stimuli in the massed and spaced presentations, in turn resulting in a 

lower effect size of the spacing effect. According to the encoding specificity theory, there 

should be more associations when there are several modalities involved as compared to 

just one. It thus predicts that a stronger spacing effect in the bimodal presentation format. 

The rehearsal theory made no prediction. Consequently, none of the theories was 

supported. 

 Unrelated / Related Cues in a Paired-Associate Learning Task. Cues in paired 

associate learning tasks can be unrelated, structurally related, and semantically related. In 
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Janiszewski et al.’s (2003) meta-analysis, the authors did not find a significant difference 

between any of these three groups, or between related and unrelated cues. This is 

predicted by the encoding variability theory, as re-experiencing the same pair of cues 

places a limit on the amount of other associations with the stimuli. According to the 

rehearsal theory, associated cues are easier to rehearse, thus resulting in a stronger 

spacing effect. Opposed to this, since unrelated stimuli make it harder to retrieve and 

reconstruct the stimuli, the retrieval and reconstruction theories predict that they will 

result in a stronger spacing effect. The voluntary-attention theory made no prediction. 

Consequently, the theory that was supported was encoding-variability. 

 Intentional / Incidental Learning. There was a stronger spacing effect for 

intentional than for incidental learning. All theories made the same, correct prediction: 

That the spacing effect is stronger for intentional learning. According to the voluntary-

attention theory, an intentional learner is more likely to recognize the repeated 

presentation of the stimulus as identical. Relatedly, for the stimuli to be voluntarily 

rehearsed, it is better if the learner is aware that he or she is learning the stimuli, 

increasing the chance of him or her rehearsing it in the spaced condition. According to 

the encoding variability theory, intentional learning is more effective for fortifying 

associations. Having the intention to learn will also result in more tries to retrieve or 

reconstruct the stimuli from memory, thus increasing the spacing effect compared to 

incidental learning. Consequently, all of the theories were supported. 

 Isolated / Embedded Stimuli. Isolated stimuli are presented on their own, while 

embedded stimuli are part of a larger stimulus, e.g. one target number in a sequence of 

numbers. Janiszewski et al. (2003) did not find a significant difference in the spacing 
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effect between the two. This goes contrary to all theories. According to the voluntary-

attention theory, isolated stimuli are more likely to be made out on the first presentation, 

making them more likely to be recognized, and ignored on subsequent (massed) 

presentations, thus increasing the spacing effect. The rehearsal theory posits that the non-

target part of the stimuli might compete for resources with the target, resulting in a 

stronger spacing effect for isolated stimuli. The encoding variability theory also predicts 

a stronger spacing effect for isolated stimuli, as the embedded stimuli does not lead to an 

increase in associations. According to the retrieval and reconstruction theories, it should 

be easier to retrieve or reconstruct an isolated stimulus, thus resulting in a decreased 

spacing effect. Consequently, none of the theories were supported. 

 Simple / Complex Intervening Materials. Just like the stimuli, the intervening 

materials, presented between presentations of the stimuli, can be simple, structurally 

complex, or semantically complex. There was a statistically significant stronger spacing 

effect in studies with semantically complex intervening materials compared to the two 

other types of materials, which did not differ significantly from each other. These results 

were predicted by the retrieval and reconstruction theories, as semantically complex 

intervening materials make retrieval harder, and force more reconstruction of the spaced 

condition stimuli, thus increasing the spacing effect. According to the rehearsal theory, 

all complex material should be harder to rehearse, thus decreasing the spacing effect. On 

the other hand, the encoding variability theory posits that the complex intervening 

materials are additional opportunities to form associations, thus increasing the spacing 

effect. Consequently, the theories that were supported were encoding-variability (in part), 

retrieval, and reconstruction. 
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 Summary of Janiszewski et al.’s (2003) Meta-Analysis. The reconstruction and 

retrieval theories emerge as fitting the data best in Janiszewski et al.’s (2003) meta-

analysis, with seven and six hypotheses supported, respectively. Nevertheless, this also 

shows that they do not fit the data perfectly, and there is also experimental evidence 

against both theories (see above). The encoding-variability theory found support for four 

to five out of the 10 hypotheses. It is the only theory that can explain that unrelated, 

structurally related, and semantically related cues in paired associate learning tasks did 

not result in a significant difference in the strength of the spacing effect. The voluntary-

attention and rehearsal theories did not fare well, with only two hypotheses supported, 

both outcomes of which are also arrived at by several other theories. 

Brief Conclusions about the Theories 

 Overall, the review of the theories and the meta-analysis arrive at the same 

conclusions: The reconstruction / accessibility and encoding-variability theories are best 

able to explain the empirical findings, but are unable to explain all empirical findings. 

The rehearsal and voluntary-attention theories have problems with major empirical 

findings due to their voluntary character, and fail to be supported in Janiszewski et al.’s 

(2003) meta-analysis. The consolidation and habituation theories are not discussed by 

Janiszewski et al. (2003), probably due to their largely having been discredited in the 

literature already (see discussion above). 

Long Interval Studies 

 After having established that the spacing effect exists over a wide variety of tasks, 

and having looked at possible theories to explain it, one important caveat concerning the 

vast majority of the literature remains: The laboratory studies conducted have usually 
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used extremely limited timeframes (i.e., up to a few hours). Below, some of the (limited) 

experimental evidence for long term (i.e., more than 24 hours) spacing effect is 

discussed, starting with a recent meta-analysis for an overview, and then continuing with 

a discussion of individual studies. 

Cepeda, Pashler, Vul, Wixed, and Rohrer’s (2006) Meta-Analysis of Spacing and Lag 

Effects in Verbal Learning 

 Cepeda et al. (2006) examined the influence of temporal variables on the 

distributed practice effect. The authors limited their meta-analysis to verbal learning 

memory tasks (e.g., paired associates or cued recall, list recall, fact recall, sentence recall, 

paragraph or text recall, object recall, spelling, face naming, picture naming, and category 

recall), as opposed to non-verbal stimuli (e.g., pictures), and motor skill tasks. Verbal 

learning memory tasks constitute the most commonly used type of task in the distributed 

practice literature. The authors also used only those studies that had performance as the 

outcome variable, as opposed to, e.g., recognition or frequency judgments. 

 Spacing effect. In their first analysis, Cepeda et al. (2006) looked only at spacing 

(i.e., massed versus spaced; as opposed to lag) studies. They found 271 comparisons of 

retention accuracy in the literature, but were only able to obtain 23 effect sizes, which 

were too few to analyze. If a study had several different inter-study (i.e., lag) intervals, 

the shortest was used for the comparison. The authors found that spaced study did have a 

significant benefit over massed study. The retention accuracy improvement varied 

somewhat when the studies were split up by length of retention interval (less than 1 

minute, 1 to less than 10 minutes, 10 minutes to less than 1 day, 1 day, 2 to 7 days, 8 to 

30 days, and more than 31 days), and not all categories reached statistical significance. 

Percent correctly recalled was always higher in the spaced than in the massed condition. 
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This effect was also present for the very short retention intervals, which is contrary to 

opinions in the literature that massed presentation might be beneficial for short retention 

intervals (e.g., Peterson, Hillner, & Saltzman, 1962). Thus, like other meta-analyses 

before, the authors found that the spacing effect exists, and is robust. 

 Lag effect. In their second analysis, Cepeda et al. (2006) looked only at lag (i.e., 

spaced versus spaced; as opposed to spacing) studies. Findings in the literature, including 

former meta-analyses, had been mixed regarding the question if different inter-study 

intervals lead to differences in effect size of the spacing or lag effect. The authors 

proposed that this might be due to the combination of inter-study interval and retention 

interval causing the differences, not one of them alone. Thus, if only one factor was 

looked at, the results would differ depending on the other factor looked at in that 

particular study or studies. 

 The authors thus decided to first compute the accuracy difference produced by 

each pairwise inter-study interval difference. It is to note here that this analysis was based 

on inter-study interval differences, e.g. if there was one study session each on the 6
th

 and 

7
th

 day, this would be counted as 1 day. This has the problem that the difference resulting 

from the inter-study interval between, e.g., the 6
th

 and 7
th

 day might not be as large as, 

e.g., between the first time the item was studied and the second time a day later, but 

would be counted in the same bin (i.e., the bin including 1 day inter-study intervals). A 

similar analysis using only the absolute inter-study intervals lengths (i.e., not counting the 

two intervals in the preceding sentence as the same interval) thus follows immediately 

after this one (see below). The authors then sorted these inter-study interval differences 

into bins with different lengths of time (1 to 10 seconds, 11 to 29 seconds, 30 to 59 
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seconds, 1 to 15 minutes, 1 day, 2-28 days, and 29 to 84 days). This was plotted against 

length of time bins for retention interval (4 to 59 seconds, 1 minute to 2 hours, 1 day, 2-

28 days, and 30 to 2900 days). The goal was to have the bin time intervals follow a log 

function, but since that would have led to some categories being almost or completely 

empty, the authors adjusted the categories somewhat. They found that the accuracy 

differences were largest when inter-study intervals and retention intervals had 

approximately the same length. For example, 1 day inter-study intervals resulted in the 

largest accuracy difference when paired with 1 day retention intervals. A similar analysis 

with effect sizes instead of average accuracy differences showed a comparable picture. 

 Moving from inter-study interval differences to absolute inter-study intervals, the 

authors again sorted the inter-study intervals (this time not differences but absolute 

values) into bins (1 to 10 seconds, 11 to 29 seconds, 30 to 59 seconds, 1 minute to 3 

hours, 1 day, 2 to 28 days, 29 to 168 days), and then did the same for retention intervals 

(2 to 59 seconds, 1 minute to 2 hours, 1 day, 2 to 28 days, 30 to 2900 days). The results 

were similar to the results for the inter-study interval differences, namely that when 

absolute inter-study intervals and retention intervals had approximately the same length, 

average accuracy was highest, or, put differently, as retention intervals increased, the 

optimum inter-study interval also increased. This was the main result of this meta-

analysis. 

 Confounds in the original studies. Cepeda et al. (2006) also identified several 

confounds in the designs of studies. Some studies had the participants study the material 

until they reached perfect performance, and then restudy the material again to perfect 

performance after the inter-study interval (e.g., Bahrick, 1979). This resulted in a 
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different amount of studying for different participants, thus confounding amount of 

studying with inter-study interval. Other studies gave participants an unlimited amount of 

time to restudy the material after the inter-study interval (e.g., Simon, 1979), thus also 

confounding amount of studying with inter-study interval. Another group of studies gave 

recognition tests without feedback as the way of restudying after the inter-study interval 

(e.g., Welborn, 1933), making it questionable that items not recognized were restudied. 

This lead to a confound between recognition, i.e. having learned the item successfully 

during a prior study opportunity, and inter-study interval. For studies outside the 

laboratory, e.g., by sending the materials to be studied to participants through direct mail 

advertising agencies, it was unclear what and how much was being studied by the 

participants (e.g., Strong, 1973), confounding both amount of material and amount of 

time studied and restudied with inter-study interval. The authors also noted a number of 

studies without confounds (e.g., Cepeda et al. 2007), namely those in which the 

participants studied the material until they reached perfect performance, or alternatively a 

fixed number of study trials, in the first study opportunity only. This was followed by a 

fixed number of study trials or a fixed amount of study time after the inter-study interval. 

Direct comparison between comparable studies with and without confounds lead the 

authors to inconsistent results, some study pairs coming to the same, some to different 

conclusions. Excluding the confounded studies from the meta-analysis did not change the 

overall results, though. 

 Expanding vs. fixed inter-study intervals. The theory that expanding inter-study 

intervals (i.e., there is more than one inter-study interval, and each inter-study interval is 

longer than the preceding one) result in a stronger spacing effect has been discussed in 
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the literature for quite some time, with different conclusions (see terms section above). 

Cepeda et al. (2006) found 22 comparisons of retention accuracy and 8 comparisons of 

effect sizes in the literature. Because of the small number of comparisons, the results 

from their analysis only provided a trend. The authors found that expanding inter-study 

intervals led to a stronger spacing effect overall. There were studies showing the 

opposite, or no, effect, though. There were not enough studies to find systematic 

differences between those producing a positive, negative, or no spacing effect. 

Individual Long term Spacing Studies 

 As the number of long term spacing effect studies is limited, it might prove to be 

beneficial to take a closer look at the individual studies. A review of the individual 

studies is thus provided below. It needs to be noted here that the list is mostly, but not 

completely, identical to Cepeda et al.’s (2006) list. Peterson, Ellis, Toohill, and Kloess 

(1935), Landauer and Ross (1977), and Bahrick and Hall (2005) have been added in the 

present review. Four studies that were included in Cepeda et al.’s (2006) meta-analysis 

were excluded from this discussion for different reasons. The author was unable to locate 

a book chapter by Edwards (1917), as well as an unpublished dissertation by Strong 

(1973). Also, the study by Childers and Tomasello (2002) was excluded because all 

participants were two and a half year old children. Simon’s (1979) study was based on 

data published by Zielske (1959), which they reanalyzed since these articles only 

included “smoothed” curves and did not show the data points that had actually been 

observed. As Simon (1979) noted, the exact procedure used (sending out direct mail 

advertisements to randomly chosen participants) was unclear in the two preceding 

articles. However, this author found that it remained so in Simon’s (1979) own. Also, 
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more importantly, the design as a whole is problematic, and the article was thus excluded. 

Furthermore, the study by Spitzer (1939) dealt exclusively with the testing effect and will 

be discussed in that section (see below). An overview of the studies’ characteristics is 

provided in Table 1, P. 24. 

 Strong (1916). The first article discussed here that specifically deals with longer 

inter-study and retention intervals of at least a day is by Strong (1916). Even at that time, 

Strong (1916) conducted the research to deal with the question confronting us today: 

How to apply the well-known phenomenon of the spacing effect to education. The author 

did not employ educational materials, however, but instead opted to use magazine 

advertisements. These magazine advertisements were put into four different dummy 

magazines, which were read by the participants. 

 The design of the experiment was basically a standard 4 (inter-study and retention 

intervals: see below; between subjects) x 3 (magazine advertisements size: 1/3, 1/2, or 1 

page; within subjects) x 3 (number of times magazine advertisements were viewed per 

dummy magazine: 1, 2, or 4; within subjects) design. Note that Strong (1916) used 

different terms for practically all of this, e.g., the between subject conditions are called 

experiments. The effects of page size will not be discussed here. The first factor, inter-

study and retention intervals, encompassed four conditions. The first was a massed 

condition, in which all four dummy magazines were read in one sitting, one after the 

other. The other three conditions were all spaced. The second, third, and fourth condition 

had participants read each of the four dummy magazines one day, one week, and one 

month apart, respectively. The number of participants in conditions 1, 2, 3, and 4 was not 

equal, but n = 18, n = 25, n = 22, and n = 21, respectively. It must also be noted here that 
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the author chose to have the retention interval be four weeks in the first three conditions, 

and 16 weeks in the fourth condition. The author then conducted a small study to see how 

much people would forget in the 12 weeks of difference between the two retention 

intervals (no details are provided), and arrived at a retention rate of 58%, which was then 

multiplied with the retention data in the first three conditions to make it comparable. 

Seeing that this did not fit the overall pattern of results from the first three conditions, 

upon further examination, the author decided to apply another multiplier, of 88%, to the 

third condition as the inter-study intervals between conditions three and four varied 

somewhat, and thus resulted in slight differences in overall time. It should be noted that 

in their meta-analysis, Cepeda et al. (2006) did not include the fourth condition, probably 

because of these problems (and also did not include the first condition, as they were 

looking at lag studies). 

 Because of the problems mentioned above, Strong’s (1916) results should be 

interpreted very carefully. Table 18, P. 161 summarizes the findings using data from 

several of Strong’s (1916) original tables. It appears that for a 28-Day retention interval, 

the 7-Day inter-study interval resulted in the highest retention rates, compared to massed 

and 1-Day intervals. It is unclear if the 28-Day inter-study interval resulted in the highest 

retention rates for the 112-Day retention interval, as indicated by the numbers, because of 

the conversion needed for the other three conditions to project what the retention 

percentages would have been at the end of the 112-Day period (see above). Furthermore, 

there are no inferential statistics available, only descriptive statistics. 

 Burtt and Dobell (1925). The second article dealing with longer inter-study and 

retention intervals of at least a day is by Burtt and Dobell (1925), who also looked at 
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advertising materials. Their purpose for the study was to find an optimal schedule of 

repetition for advertisements, in order to maximize consumer learning of the name brand. 

Consequently, their materials consisted of fake brand names to be associated with a 

category of product, e.g., “perfume” and “Pettal.” The experiment was thus a paired 

associate task. There were 100 pairs of words. The participants were told to memorize the 

pairs, as they would later be asked to recall the brand name when presented with the 

product category. They were then presented with the word-pairs, which were projected on 

a screen, one every four seconds. This was repeated in the same order, for a total of two 

exposures. In the recall sessions, the authors first gave a recall test, where the product 

categories were given and the participants filled in the brand names, and then gave a 

multiple choice recognition test, with the participants choosing the brand name for the 

product category among four alternatives. 

 Interestingly, Burtt and Dobell (1925) controlled for testing effects. During the 

testing sessions, participants were only tested on 20 of the 100 words in each session, 

with different participants being tested on different 20 word blocks. These were then 

rotated in subsequent sessions so that as a result in every session every word was tested, 

but participants were not tested about the same material twice. 

 In their first study, Burtt and Dobell (1925) set out to establish that their materials 

and procedure would produce the expected (according to Ebbinghaus) curve of 

forgetting. The participants were tested immediately after the presentation of the words, 

and then one, two, three, and four weeks later. With 58 participants, the expected curve of 

forgetting was found, i.e., after an initial recall of 43% of the words, the percentages of 

recalled words dropped to 7%, 2%, 2%, and 2%, after one, two, three, and four weeks, 
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respectively. The recognition showed a similar trend, with 88% initial recall, and then 

70%, 60%, 51%, and 51% after one, two, three, and four weeks, respectively. No 

inferential statistics were used. 

 In their second study, Burtt and Dobell (1925) used the same method as in study 

one, with the exception that there were only three follow-up sessions, after 3 days, 10 

days, and 16 days. The participants (number not given) were shown 30 words each again 

during the 3 day and 10 day sessions. All this was balanced in order to arrive at three 

conditions: materials seen only at initial viewing, at initial viewing and after 3 days, and 

at initial viewing and after 10 days. Testing effects were still controlled for (see above), 

with the blocks of words reduced in size to 10 words (from 20) to accommodate the 

additional factor of presentation repetition. It must be noted here that this confounded the 

inter-study interval with the retention interval, as the total time between initial and last 

testing was the same, and thus the longer inter-study interval resulted in a shorter 

retention interval. 

 The materials seen only at initial viewing condition did as expected with 

percentages recalled of 52%, 11%, 6%, and 5% for the initial viewing and after 3 days, 

10 days, and 16 days, respectively. In the materials seen at initial viewing and after 3 

days condition 57%, 22%, and 16% were recalled after 3 days, 10 days, and 16 days, 

respectively. In the materials seen at initial viewing and after 10 days condition 48% and 

15% were recalled after 10 days and 16 days, respectively. The recognition percentages 

were higher and in line with these, as expected from the first study. It is interesting to 

note here that the two conditions with repetition resulted in approximately the same recall 

performance at the final testing time 16 days later. 
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 Burtt and Dobell’s (1925) third study was identical to their second study, except 

that the word-pairs were not shown but instead read out to the 47 participants, and that 

the final session was after 17, instead of 16, days. The results were very much in line with 

the second study, except for a tendency toward slightly higher numbers across the board. 

The materials heard only at the initial session condition did as was to be expected 

according to the first study with percentages recalled of 59%, 24%, 8%, and 8% for the 

initial viewing and after 3 days, 10 days, and 16 days, respectively. In the materials heard 

at initial session and after 3 days condition 65%, 30%, and 21% were recalled after 3 

days, 10 days, and 16 days, respectively. In the materials seen at initial viewing and after 

10 days condition recalled 55% and 25% were recalled after 10 days and 16 days, 

respectively. As in the two previous studies, the recognition percentages were higher and 

in line with these. Again, the two conditions with repetition resulted in approximately the 

same recall performance at the final testing session. 

 Overall, the results showed that a spaced repetition was superior to studying the 

materials only once, but did not show much of a difference between the pattern of a 3-day 

inter-study interval and a 13-day retention interval and a 10-day inter-study interval and a 

6-day retention interval. All statistics are descriptive, so the results should be interpreted 

with great care. 

 Welborn (1933). Welborn (1933) provided the first study discussed here that was 

not just aimed at benefiting education, but also using educational materials. The author 

found, that according to the literature available to him, logical materials (i.e., materials 

with meaning) were much better remembered than rote materials (i.e., materials without 

meaning). Also, large units of meaning were much better remembered than details. With 
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the majority of material to be learned during education being logical materials (i.e., texts 

from textbooks), the author wanted to find out more about how well these are 

remembered. More specifically, the author set out to compare how well text would be 

remembered when tested verbatim or paraphrased. Only the first of two studies will be 

discussed here, as the second study does not contain a spaced condition. 

 Welborn (1933) used three 1,500 word texts. For each text, 50 questions were 

constructed for the verbatim and paraphrase conditions, each. The verbatim items copied 

the words from the text nearly exactly, while the paraphrase items used different words. 

All questions were paired, i.e., there was always one verbatim and one paraphrased 

question about the same piece of or idea from the text. Each participant received 25 

verbatim and 25 paraphrased questions, balanced so that nobody received both questions 

from a pair dealing with the same piece of or idea from the text. The test was a 

recognition test, as participants were to decide if the item reflected the text, or not. The 

author tested the two different forms of the questionnaire for reliability, using Pearson’s r 

modified using Spearman-Brown for a test with twice as many items. This resulted in 

reliabilities mostly around 0.8, and one below 0.7, which the author found to be adequate. 

 Welborn (1933) also introduced an inter-study interval condition to the 

experiment (which is the primary interest in this discussion of the study). The participants 

were given the reading either massed, i.e., they read them four times in a row, or spaced 

with three 3-hour, 1-day, or 3-day inter-study intervals. A test was given immediately 

after the fourth reading session and 28 days later for all four inter-study interval 

conditions. It should be noted that this still confounded spacing and testing effects, but 
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not as strongly as in some other studies, as the participants were not tested in-between the 

first and final studying sessions. 

 According to the article (Welborn, 1933), the study had “about 800” participants. 

The participants read the texts between one and four times (with more reading resulting 

in better performance at test), and some of them were tested between the second and third 

reading of the material (also resulting in better performance at test). No details are given 

for these two statements. It is unclear from the article if these participants are mixed into 

the general results (discussed below) or not, or how many participants did what. 

 Welborn (1933) gave the results as medians of the scores of the participants in the 

four conditions. These numbers are only approximate as they were not given as numbers 

in the article, but only in a graph. In the verbatim condition, the 3 day inter-study interval 

resulted in the worst test performance with median scores of approximately 17.5 and 16.0 

for the first and the second test, respectively. The participants in the massed condition did 

only slightly better at approximately 18.5 and 16.0 for the first and the second test, 

respectively. The 3 hour condition produced the highest median scores at the first test 

with approximately 20.00, but only the second highest at the second test after 28 days 

with approximately 17.5 and 1 day conditions. Lastly, the 1 day condition produced the 

second highest numbers at the first test with approximately 19.0, but produced the highest 

score at the second test with approximately 18.0. The paraphrase condition was 

somewhat similar. From lowest to highest, with median scores for the first test first and 

the second test after 28 days second, the massed condition resulted in approximately 16.0 

and 14.5, the 3 day condition in approximately 16.5 and 15.0, the 1 day condition in 

approximately 17.0 and 16.0, and the 3 hour condition in approximately 17.5 and 16.5. 
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As a side note, overall, the verbatim groups did better than the paraphrase groups, which 

is unsurprising, as the presentation of the items was not varied in the study sessions, but 

only at test. 

 Overall, it appears that the massed and 3 day inter-study interval conditions 

resulted in lower retention rates with a 28 day retention interval compared to the 1 day 

and 3 hour inter-study interval conditions. It should be noted, that, as in the two 

preceding articles, the results Welborn (1933) arrived at are descriptive statistics. Also, 

the numbers were not given as numbers in the article, but only in a graph, and are thus 

only approximate. The results should be interpreted carefully for these reasons. 

 Peterson, Ellis, Toohill, and Kloess (1935). Peterson, Ellis, Toohill, and Kloess 

(1935) conducted two experiments to answer two questions they found relevant for 

education. The first experiment dealt with the question how adding one or two reviews of 

a text to the original studying session might influence retention performance after 2, 3, 6, 

and 18 weeks. The authors came to the conclusion that one review is better than none, 

and two are better than one. This experiment will not be further discussed here, as it does 

not deal with the spacing effect. 

 In their second experiment, Peterson et al. (1935) set out to examine the influence 

that the placement of the review in time (i.e., inter-study and retention intervals) has on 

retention performance. The authors chose a fixed time interval between the original study 

session and the final retention performance test, thus confounding the inter-study interval 

with the retention interval, since as one was increased, the other was decreased. The fixed 

time intervals used were 10 days and 21 days, with the undergraduate participants being 

tested on both days. The participants were not tested on the material in the study session, 
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so for the test after 10 days the spacing effect and testing effect were not confounded. 

This is opposed to the test after 21 days, as the test after 10 days could introduce a 

confound with the testing effect. Peterson et al. (1935) repeated this same basic 

experiment several times with different materials (described in detail below to show that 

they covered a range of topics and types of materials) to be studied by the participants 

and two different sets of inter-study and retention intervals. The first set of inter-study 

and retention intervals was 3 days and 7 days (i.e., participants reviewed the material on 

the third day after the original study session), compared to 7 days and 3 days (i.e., 

participants reviewed the material on the seventh day after the original study session). 

Three experiments were conducted using these intervals (called here experiments 2a, 2b, 

and 2c). In experiment 2a, the materials used were a text on “The Origin of Monastic 

Orders in Western Europe,” which was six pages long. It was tested using essay 

questions. There were 41 participants. In experiment 2b, the materials used were a part of 

a psychology textbook by Woodworth titled “Worry and Day Dreams,” which was six 

pages long. It was tested using essay questions. There were 65 participants. In experiment 

2c, the materials used were 40 English-German word-pairs. The test consisted of having 

to reply with the correct English word when shown the German word. There were 41 

participants. The second set of inter-study and retention intervals was 1 day and 9 days 

(i.e., participants reviewed the material on the first day after the original study session), 

compared to 9 days and 1 day (i.e., participants reviewed the material on the ninth day 

after the original study session). Two experiments were conducted using these intervals 

(called here experiments 2d and 2e). In experiment 2d, the materials used were chapter 4 

on “The Newspaper” taken out of “The City” by Park and Burgess, which was 11 pages 
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long. It was tested using essay questions. There were 73 participants. In experiment 2e, 

the materials used were a passage called “Immigration” taken out of “The Principles of 

Relief” by Devine, which was six 6 pages long. It was tested using essay questions. There 

were 68 participants. The results were identical for all five experiments: There was no 

statistically significant difference between the two inter-study interval and retention 

interval combinations. That this result was replicated five times over speaks for its 

validity. It is probably due to the fact that the inter-study intervals and retention intervals 

were confounded, as was also proposed by Peterson et al. (1935) in their discussion. 

 Ausubel (1966). The next article discussed is by Ausubel (1966), who set out to 

examine if delayed review of text materials is beneficial or detrimental to retention of the 

material. The basis for the study was the articles by Peterson, Ellis, Toohill, and Kloess 

(1935), see above, and Sones and Stroud (1940). According to the author, both of these 

articles came to the conclusion that there was no significant difference in retention 

between a short and a long retention interval. Both articles also shared a drawback: The 

final retention test was given a set number of days after the first study session, thus 

confounding inter-study and retention intervals. 

 Ausubel (1966) used a straightforward between-subject design to compare a 

shorter inter-study interval of 1 day to a longer inter-study interval of 7 days. The 

retention interval was 6 days for both conditions. The reading material was a 2,500 word 

text on Buddhism. The 97 student participants were tested on the materials using a 45 

item multiple choice test which had a split-half reliability of .73. Another group of 

students was given the test without reading the text first to establish if the participants 

could be expected to have prior knowledge of the subject matter. The group did not 
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answer significantly more items correctly than was to be expected by chance. Also, the 

participants in both conditions read a text on drug addiction when the participants in the 

other condition was reading the Buddhism text, i.e., participants in both conditions read a 

text 7 days and 1 days before reading the Buddhism text the second time, and were then 

tested 6 days later on the Buddhism text. 

 The mean in the 1 day condition was 19.14, and the mean in the 7 day condition 

was 17.87. According to a t-test, the difference was not statistically significant, thus 

providing one more finding of no significant difference between two lag conditions in a 

long term spacing study. 

 Landauer and Ross (1977). After reviewing the laboratory evidence for the 

spacing effect, Landauer and Ross (1977) wanted to find out if it was going to be an 

effective study aid outside of the laboratory in a real world setting. They thus gave 708 

undergraduate students a sheet with instructions after class, explaining to them that the 

following task was for a class demonstration later on. The participants were then told that 

they were to memorize a phone number, and act as if they wished to commit it to memory 

permanently. Half the sheets then contained a paragraph telling the participants to 

memorize the 7-digit phone number at the bottom of the sheet “in exactly the same way 

you normally would” (control group) and the other half of the sheets contained a 

paragraph telling the participants to “post the number someplace where you will see it 

once or twice a day for a week” (experimental group). Two weeks later, a short 

questionnaire asking for the phone number (as well as confidence, compliance with 

instructions, number of days the number was studied, which will not be further discussed 

here) was passed out. In the experimental group, 72.7% of participants recalled the 
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number correctly, compared to 61.0% in the control group. The difference was 

statistically significant, leading Landauer and Ross (1977) to conclude that the 

instructions for spaced study did make a difference in retention performance. A large 

caveat of this study is that it did not control for how often the participants looked at or 

studied the phone number. The difference might thus be due to the participants studying 

the number a lot more often in the experimental condition compared to the control 

condition, and not due to the studying having been spaced out. 

 Glenberg and Lehman (1980). Glenberg and Lehman (1980) set out to examine 

the proportionality effect reported in the spacing literature (see Bahrick, 1979, below; 

also Glenberg, 1976, 1977, 1979; Peterson, Hillner, & Saltzman, 1962), or more 

specifically, if the proportionality effect would appear with spacing of more than a few 

minutes, i.e., days. The proportionality effect consists of two different observations. The 

first applies to the case of the inter-study intervals being (considerably) longer than the 

retention intervals. In this case, the longer the inter-study interval is, the lower the 

retention performance. If, and this is the second case, the inter-study intervals are shorter 

than or as long as the retention intervals, then the longer the inter-study interval, the 

better the retention performance. Also, Glenberg and Lehman (1980) wanted to 

distinguish between the component-level theory of the spacing effect, and storage-based 

explanations of the spacing effect. This is briefly discussed in the encoding variability 

theory section above, and will not be discussed further here. 

 Glenberg and Lehman (1980) conducted three experiments. In their first 

experiment, they had participants learn word-pairs using an incidental learning procedure. 

The 48 participants (72 originally, 24 excluded to balance group size across conditions) 
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were presented with two words (common four or five letter single-syllable nouns) and 

told to construct a meaningful relation between them. They were to rate the difficulty of 

doing so after each such word pair. Word-pairs in the list were presented twice directly 

following one another (Lag 0 condition) or separated by 5-10 other words (Lag 7 

condition), constituting the within-subject factor of within-list lag, used only to provide 

evidence for the component level theory. More importantly for this discussion, there were 

a total of two lists to be learned, and some of the pairs occurred in both lists (Between 

Lists condition). The spacing of the inter-study and retention intervals was manipulated, 

resulting in two between-subjects factors. The two lists were either studied only a few 

minutes apart or 7 days later, and the retention performance test was administered either a 

few minutes after the conclusion of study of the second list, or 7 days later. This resulted 

in four conditions: 0-0, 7-0, 0-7, and 7-7, with the first number being the lag in days 

between studying the lists, and the second number being the length of the retention 

interval in days. The retention performance was measured using a free recall procedure. 

Results were presented for single words recalled, as they were very similar to the results 

for word-pairs recalled. For the proportionality rule, Glenberg and Lehman (1980) looked 

at the results for the words that had been repeated on the second list. As expected 

according to the proportionality rule, the 0-0 group showed significantly better retention 

performance than the 7-0 group, and the 7-7 group showed significantly better retention 

performance than the 0-7 group. It should also be noted that the 0 day retention interval 

groups showed significantly better retention performance than the 7 day groups. 

 In their second experiment, Glenberg and Lehman (1980) used a similar 

procedure with three notable changes. First, they used single words as opposed to word-
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pairs. Since constructing a meaningful relation between the two words in the word-pairs 

could thus not be done any more, the 96 participants now had to construct and write on a 

piece of paper a super-ordinate category for each word and then rate the word on an 

activity dimension. Second, once presented words were introduced to the lists (in addition 

to repeated between lists, Lag 0, and Lag 7). Third, a third inter-study interval was 

introduced with a length of 1 day (in addition to 0 and 7 days). Again, for the 

proportionality rule, Glenberg and Lehman (1980) looked at the results for the words that 

had been repeated on the second list. The 0 day retention interval group did as expected 

according to the rule, with the 0-0 group showing better retention performance than the 1-

0 group, which in turn showed better performance than the 7-0 group. Not quite in line 

with the theory, the 0-7 group showed lower retention performance than the 1-7 group, 

but the 7-7 group also showed lower retention performance compared to the 1-7 group, 

with the retention performance being between that of the other two groups. The overall 

interaction between the two factors (inter-study interval and retention interval) was still 

statistically significant. Again, there was a significant main effect for retention interval. 

 In their third experiment, Glenberg and Lehman (1980) again used a similar 

procedure, this time with two notable changes. First, the 64 participants were shown three 

(shortened) lists, with the first inter-study interval always being one day, and the second 

always being a few minutes. By presenting some of the same words on lists 1 and 2 and 

others on lists 2 and 3, the authors changed the retention interval from a between-subject 

to a within subject factor. The retention interval stayed a between-subjects factor, with 

the conditions of 0 days and 1 day. Second, participants now had to process the words by 

comparing them to one of two standards (i.e., more or less costly than a house, larger or 
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smaller than a dog). The results for the words that had been repeated between lists were 

similar to the other two experiments, again conforming to the proportionality rule. The 0-

0 group showed significantly better retention performance than the 1-0 group, and the 1-1 

group showed significantly better retention performance than the 0-1 group. Also for the 

third time, there was a significant main effect for retention interval. 

 In summary, Glenberg and Lehman (1980) did not just show the spacing effect 

over inter-study and retention intervals of equal to or more than 24 hours in a study 

without major caveats in design and execution, but they also provided evidence for the 

proportionality rule. This effect is similar to the lag and retention interval interaction 

shown in Cepeda et al.’s (2006) meta-analysis. It must be noted though, that the second 

experiment was the only one to use three intervals, and the results are only mostly, but 

not completely, consistent with the rule. 

 Bahrick (1979). In his article, Bahrick (1979) discussed the general lack of 

knowledge about how information, once learned, can be retained indefinitely in memory. 

It seemed to the author that the existing literature pointed toward retaining of information 

being highly related to the rehearsal of the information. The author thus tried to explore 

how rehearsal after different (i.e., longer than in a standard laboratory experiment) 

periods of time affected long term retention. To this end, the author conducted a spacing 

experiment (which will be the one discussed here) and also tried to establish a method 

that could be used to study the retention of whole knowledge systems over prolonged 

periods of time (i.e., decades), which the author called the method of cross-sectional 

adjustment. To demonstrate the method, the author ran a study on the verbal (street 

names) and spatial (street and building locations) information retained by students and 
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alumni of Ohio Wesleyan University about the town the university is located in: 

Delaware, Ohio. The author was able to estimate how many visits of what length were 

needed to retain knowledge comparable to knowledge at graduation about the city. 

 In the spacing study, Bahrick (1979) used the method of successive relearning, 

proposed by him in the article. The method used a paired associate task. The participants 

were presented with the items once during the initial study session. They were then tested 

on all items. If they had not answered all items correctly, they were presented with the 

items again using a drop-out technique (i.e., only those items were shown that had not 

been correctly answered previously). This was repeated until all items had been correctly 

answered once. The subsequent sessions were identical, with the sole exception that the 

sessions started with a test trial. It should be noted here that this method confounds the 

spacing and the testing effect, as the participants are both tested on the material, and 

review the material. 

 In the first study, Bahrick (1979) had 30 student participants study English-

Spanish word-pairs. For the tests, the English word was displayed, and the corresponding 

Spanish word was to be answered. The items were presented in random order in 5 second 

intervals, and during the initial presentation of the items, the experimenter also 

pronounced the Spanish words as they were displayed. For later study trials, the items 

were not pronounced, but the participants could request the experimenter to pronounce 

them. During the testing trials, the participants saw the English words, and then had 10 

seconds to say the corresponding Spanish word. The author decided to use three different 

intervals: 1 day, 7 days, and 30 days. There were six sessions total. It should be noted that 

the distinction between the inter-study and retention intervals is blurred, as there is no 
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final test, and items are tested (as well as restudied) after every interval. The final 

performance during the sixth session was 98% retention for the 1 day condition, 94% 

retention for the 7 day condition, and 82% retention for the 30 day condition. The 1 day 

and 30 day conditions were significantly different, with the 30 day condition resulting in 

the least information retained. 

 For Bahrick’s (1979) second study, the author added a massed condition, and 

dropped the 7 day condition. Also, another factor was introduced in number of sessions, 

either a total of six sessions, as before, or only three. Finally, another session was added 

30 days after the last session, independently of the other intervals. The results were as to 

be expected from the first study. The main finding was that, in the added final session 

(after 30 days), the retention performance of the 30 day condition participants improved 

significantly compared to before, while the retention performance decreased in the other 

two conditions. 

 In a third study, Bahrick (1979) used Chinese characters in order to see if the 

results could be replicated with non-verbal information. This resulted mostly in the same 

pattern, with massed and 1 day conditions showing a retention performance decrease 

after the 30 day interval, and an increase for the 30 day condition. The 1 day condition 

still showed somewhat higher performance after the 30 day interval, though. 

 In conclusion, this study (Bahrick, 1979) yielded some very interesting results in 

that the spacing of the inter-study intervals resulted in increases or decreases in retention 

performance during the same retention interval. The inter-study interval resulting in the 

increase was the one matching the retention interval. It needs to be noted, however, that 
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spacing and testing effects were confounded, as participants were always tested in 

addition to reviewing the materials. 

 Bahrick and Phelps (1987). In light of their finding that language information that 

has not been forgotten after five years of non-use will be retained virtually indefinitely 

(Bahrick, 1984), Bahrick and Phelps (1987) decided to investigate if an effect of spaced 

study when the information was originally learned would still be present after a time 

frame of this magnitude had passed. Since conducting such a study would take a long 

time, the authors built on the Bahrick (1979) study (described in detail above), which had 

been conducted eight years earlier. The authors thus examined if the difference in inter-

study intervals of 0, 1, and 30 days used in the Bahrick (1984) study would still be 

noticeable after a retention interval of eight years (for a detailed description of that 

study’s procedure see above). 

 Bahrick and Phelps (1987) were able to locate 35 participants (more than half the 

original sample) that had not had any formal education in Spanish, and had not lived in a 

native or bilingual Spanish setting in the meantime. They had them fill out a free recall 

test and a multiple choice recognition test with five alternatives that did not include the 

items that had been correctly answered on the recall test. The questionnaires were sent to 

the participants’ homes, with the recognition test being sent after having gotten the free 

recall questionnaire back). A control group was established by using the same procedure 

with former students from the same year that had not participated in the experiment. 

 The free recall results were as follows: 15% correct in the 30 days inter-study 

interval group, 8% correct in the 1 day inter-study interval group, 6% correct in the 0 

days inter-study interval group, and 1% correct in the control group. For recognition, the 
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results were: 83% correct in the 30 days inter-study interval group, 80% correct in the 1 

day inter-study interval group, 71% correct in the 0 days inter-study interval group, and 

62% correct in the control group. 

 These results have some caveats that need to be noted. The original study 

(Bahrick, 1984) used the drop-out method, which means that not all words were studied 

equally often by the participants, with the participants in the longer inter-study interval 

groups tending to study words more often. Bahrick and Phelps (1987) address this 

somewhat in the remainder of the article, but the basic problem still remains. Also, the 

procedure used in the original study confounded the spacing and the testing effect by 

using the drop-out method in all study sessions. Furthermore, not all participants in the 

original study had the same number of study sessions, but between six and nine, and the 

time between the last study session and the presently discussed study was not equal for 

all participants, but between 81 and 103 months. In spite of these caveats, the results are 

very noteworthy, as this is one of the two studies dealing with a time frame of this 

magnitude (with the other one being Bahrick, Bahrick, Bahrick, and Bahrick, 1993; 

discussed right below). The results show that spaced study has the potential to more than 

double retention performance in the (very) long run compared to massed study, thus 

strongly recommending spaced study for educational purposes. 

 Bahrick, Bahrick, Bahrick, and Bahrick (1993). The Bahrick, Bahrick, Bahrick, 

and Bahrick (1993) study is the second study (out of two) dealing with retention intervals 

of several years (the first one being Bahrick & Phelps, 1987; discussed right above). In 

this study, the participants were not taken from an earlier study, but instead the study was 

planned and executed as a nine year longitudinal study. 
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 There were only four participants, which were identical with the authors (i.e., H. 

P. Bahrick, L. E. Bahrick, A. S. Bahrick, and P. E. Bahrick). The authors decided to use 

foreign and English language vocabulary word-pairs as their materials, using languages 

that the participants had had prior, but no recent, exposure to, so that the participants 

would already posses a language schema that would help with acquisition. Three of the 

participants used German, and one used French as their foreign language. In the original 

study session, participants were presented with the word-pairs once (by first reading the 

foreign language word on the front of a card and then turning the card over and reading 

the English word on the back), and then drop-out tests were administered until all English 

words had been correctly given once after viewing the foreign word. In the following 

sessions, either 13 or 26, there was no exposure, but just the drop-out tests, again until all 

words had been correctly given once. This confounded the spacing effect and testing 

effect, as the words were all tested in every session. The sessions were spaced either 14, 

28, or 56 days apart. The design was thus a 2 (number of study sessions: 13 or 26) x 3 

(spacing of study sessions: 14, 28, and 56 days) within participant design. However, no 

inferential statistics were performed, probably due to the limited number of participants. 

The participants studied 50 different words for each of the resulting six conditions. Final 

retention was measured 1, 2, 3, and 5 years after the last study session. For the final 

retention test, the 50 words were split up into two groups of 12 and two groups of 13, so 

that each word was only tested once. The final retention test consisted of a recall test like 

the drop-out procedure used before, but only going through the words once. Only for the 

words not recalled, a multiple choice test with a total of five alternatives was given. 
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 Longer inter-study intervals resulted in slower learning, i.e., the percentage of 

words that the participants recalled (measured by their retention performance on the first 

trial of the drop-out procedure) was smaller in the 56 days inter-study interval condition 

compared to the 28 days inter-study interval condition, and again smaller in the 14 days 

inter-study interval condition. Even so, retention performance on the final test was best 

for the 56 days inter-study interval condition, followed by the 28 days inter-study interval 

condition, which was in turn followed by the 14 days inter-study interval condition across 

all retention intervals (i.e., 1, 2, 3, and 5 years). Lastly, retention rates in the 26 session 

conditions were higher than in the 13 session conditions. These results have to be 

interpreted carefully, as there were only four participants, and just as in Bahrick and 

Phelps (1987), the spacing effect and testing effect were confounded and the drop-out 

procedure resulted in words being studied different numbers of times. Nevertheless, this 

study provided more evidence for the effectiveness of the spacing effect in the very long 

term (i.e., several years). 

 Bahrick and Hall (2005). Bahrick and Hall (2005) set out to explain the spacing 

effect through the use of metacognitive monitoring of encoding strategies. The authors’ 

general idea is based on two assumptions. The first assumption is that different encoding 

strategies result in differences in long term retrieval performance (e.g., a certain strategy 

that works well for retrieval during the next few hours will result in inferior retention 

performance in a month). The second assumption is that a person only changes his or her 

encoding strategy if they find it to be inadequate. It needs to be noted here that in their 

previous research (e.g., see above discussions of Bahrick, 1979; Bahrick & Phelps, 1987; 

Bahrick, Bahrick, Bahrick, & Bahrick, 1993), the authors used a drop-out procedure for 
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relearning, and several relearning sessions, in effect giving the participants feedback on 

their performance. 

 In their first experiment, Bahrick and Hall (2005) had 41 undergraduate 

participants study 40 Swahili-English word-pairs. There were four study sessions in total 

(spaced out 0, 1, or 14 days apart, between-subjects) and a final retention performance 

test four weeks after the last study session. The study sessions used the same drop-out 

procedure used in Bahrick (1979; see above), i.e., the participants alternated between test 

and study trials. On a test trial, they tried to correctly recall the English word when 

presented with the Swahili word. On the study trial, they were presented with the word-

pairs. The first session started with a study trial, all others started with a test trial. As with 

all of Bahrick’s experiments discussed in this section, the spacing effect and testing effect 

were confounded by this experimental procedure. There was one modification in this 

experiment that set it apart from the others: After studying each word-pair, the 

participants indicated which one out of three strategies they had used to memorize the 

word: repetition, verbal elaboration, and visual elaboration. What each meant had been 

explained to them in the instructions. Just like in Bahrick’s other experiments (see 

above), the groups with the long inter-study intervals showed the (statistically significant) 

slowest acquisition, but managed to pull ahead in the final retention test (being nearly 

equal to the 1 day group on the final test, with both the 1 day and 14 day groups showing 

significantly better performance than the massed group). The strategies used made no 

statistically significant independent contribution to the differences in retention 

performance. The authors concluded that this might be due to too much experimental 
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control of all the aspects of learning, as well as the different number of times the items 

were studied (due to the drop-out procedure). 

 Bahrick and Hall (2005) thus chose to make their second experiment more 

naturalistic (even though they kept most of their experimental design and procedure). The 

authors had 73 undergraduate participants study 30 Swahili-English word-pairs. The two 

words of a pair were presented together on study trials for the participants to memorize at 

their own pace. There was no feedback given on the test trials, and there was no drop-out 

procedure. There were five study sessions, which were massed, spaced 1 day apart, or 

spaced 3 to 4 days apart, followed by a final retention performance test one week after 

the last study session. The results, as far as acquisition and retention performance goes, 

were mostly in line with those obtained in the first experiment. The interesting finding in 

this second experiment was that there was a significant difference in how long word-pairs 

that had been correctly remembered and word-pairs that had not been correctly 

remembered in a test trial were studied on average during the next study trial. The word-

pairs that were correctly remembered were studied longer (median 8.1 seconds) 

compared to the word-pairs that were not remembered correctly (median 2.2 seconds). 

This showed that even indirect feedback does make a difference in later studying 

behavior, thus providing evidence for a voluntary component in the spacing effect and / 

or testing effect (which were confounded in this study). Still, the study provided further 

evidence for the spacing effect and testing effect in the long term. 

 Cepeda, Mozer, Coburn, Rohrer, Wixted, and Pashler (2007). Cepeda et al. 

(2007) found the empirical evidence for the spacing effect in the long term, and how 

inter-study intervals and retention intervals might interact, to be sparse (see also Cepeda 
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et al., 2006; which is discussed above). When including only studies without any major 

confounds, they arrived at a total number of only four studies (i.e., Ausubel, 1966; 

Childers & Tomasello, 2002; Edwards, 1917; Glenberg & Lehmann, 1980). The authors 

thus set out to acquire more evidence in two experiments. 

 In their first experiment, Cepeda et al. (2007) had participants learn 40 English-

Swahili word-pairs (3-11 letter) in two sessions, and then tested them in the third session. 

The first session had them study the pairs to criterion (i.e., until all were known) using a 

drop-out procedure for those that were answered correctly twice. Interestingly, the second 

study session also consisted of a test with feedback. Participants were not taught to 

criterion, but instead were asked about each word twice. It must be noted here that this 

procedure confounds the spacing effect and testing effect. The inter-study interval was 

varied, and thus provided a between-subjects factor with 0 (i.e., 5 minutes), 1, 2, 4, 7, and 

14 days. The retention interval was fixed at 10 days (plus or minus one day if it fell on a 

weekend). In the test session, the participants were tested once for each word, without 

feedback. Participants were 215 undergraduate students. The data from 31 participants 

were discarded because they did not complete the first study session within the allotted 

time of 1 hour, and data from two more participants were discarded for performing more 

than three standard deviations below their condition’s mean performance. 

 As expected, the results of the test in the second session showed a standard 

forgetting curve. The results for the final retention performance (tested after the retention 

interval) showed that the optimal inter-study interval was 1 day. Performance for this 

group was better than for all other groups, and there was a statistically significant 

difference between its retention performance and the 0 day and 14 day groups’ retention 
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performances (with the latter two being lower). Having established the superiority of a 1 

day inter-study interval for a 10 day retention interval, Cepeda et al. (2007) now wanted 

to find out if 1 day was an optimal inter-study interval over a wide range of retention 

intervals (especially those considerably longer than 10 days), or if the length of the 

optimal inter-study interval depended on the length of the retention interval. The authors 

designed the second experiment to this effect 

 Cepeda et al.’s (2007) second experiment was similar to the first. The authors 

decided to change the retention interval to six months. Since the participants could not be 

expected to recall the English-Swahili word-pairs that long, the to-be-learned items were 

changed to the acquisition of not-well-known facts and names of unfamiliar visually 

presented objects. Each of these were used in a separate (but otherwise procedurally 

identical) experiment, resulting in experiments 2a and 2b. The inter-study intervals were 

0 (i.e., 5 minutes), 1, 7, 28, 84, and 164 days. The second studying session again 

confounded the spacing effect and testing effect by using testing in the learning 

procedure. There were 233 undergraduate participants, only 166 of which were included 

in the analysis. The others were discarded because they did not do all sessions, did not 

complete all sessions in the allotted time, or in one case, started to work in the author’s 

lab. The results obtained from both experiments 2a and 2b were in line with the first 

experiment, with the exception that the optimal inter-study interval (of the group showing 

the highest retention performance) was 28 days, and not 1 day. 

 In conclusion, Cepeda et al. (2007) showed that the optimal inter-study interval 

for retention performance depends on the retention interval. The authors note that this 

optimal inter-study interval might be around 10-20% of the retention interval (i.e., the 1 
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day inter-study interval was optimal for the 10 day retention interval in the first 

experiment, and the 28 days inter-study interval was optimal for the 6 months retention 

interval in the second experiment). This conclusion is also discussed in two recent 

overview articles (Pashler, Rohrer, Cepeda, & Carpenter, 2007; Rohrer & Pashler, 2007).  

Conclusions 

 Overall, according to the experimental research currently available, the spacing 

(and lag) effect appears to be present for long term intervals of more than 24 hours. 

However, out of the 12 studies discussed, only Strong (1916) and Glenberg and Lehmann 

(1980) did not confound the inter-study interval and the retention interval or the spacing 

effect and testing effect, and were able to show a lag effect. Especially the problem of 

confounding the spacing effect and the testing effect appears in many studies. As it is 

well established that testing influences later retention performance (see below), it is 

impossible to say in these studies if retention performance changes are due to the spacing 

effect, the testing effect, or both. For a more detailed overview of the long term spacing 

effect studies see Table 1, P. 24. 

Testing Effect 

 The testing effect describes the phenomenon that testing the retention of 

information that was learned previously improves the later retention of that information 

(e.g., Kuo and Hirshman, 1997). In this section, the history of testing effect research and 

the two major theories developed to explain it are discussed. In this document, for the 

sake of brevity, the term study-test interval will be used as the testing effect equivalent 

for inter-study intervals and is meant to include both the period of time between the 
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original memorization of the material and first retrieval attempt and the period of time 

between subsequent retrieval attempts. 

History and Studies of the Testing Effect 

 The history of the testing effect in the psychological literature is almost as long as 

the history of the spacing effect. The testing effect has not received as much attention, 

though. Three prototypical studies will be discussed here. Two are older: Spitzer (1939) 

and Sones and Stroud (1940); and one is more recent: Kuo and Hirshman (1996). Spitzer 

(1939) and Sones and Stroud (1940) both deal with long term intervals (i.e., 24 hours or 

more), while Kuo and Hirshman (1996) provide a modern study supporting the testing 

effect, using the classic testing effect experimental paradigm established by Tulving 

(1967), which uses several tests and reviews in a row (e.g., study, test, study, test). 

Together, these three studies should provide a good overview, and also reflect that the 

testing effect was almost forgotten in the time in between the 1940s and 60s, and the 

1970s and 1990s. 

Spitzer (1939) 

 One of the earliest studies on the testing effect (Spitzer, 1939) was not actually 

meant as a testing effect study, but a spacing effect study (and is still counted that way by 

some). It is in fact one of the studies Cepeda et al. (2006) count as a long term spacing 

effect study in their meta-analysis (see above). Since all the “reviews” of the material are 

actually tests, the study will be discussed here, and not under the spacing effect. 

 Even though Spitzer’s (1939) participants were sixth grade students, what makes 

the study stand out is the number of participants: 3,605. The materials consisted of two 

articles, titled “Peanuts” and “Bamboos”, with 604 and 577 words, respectively. The 
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contents of the articles were chosen to be at the correct difficulty level for, as well as new 

to, the students. The tests consisted of 25 multiple choice questions. The split-half 

reliability of the two tests was .77 and .80, respectively. There were eight experimental 

groups, distinguished by when the participants took the second test. All groups read both 

articles on day 0, and then took the first test on day 0. Group 1 took the second test on 

days 0 (immediately after studying the materials), 1, and 21. Group 2 took the second test 

on days 0, 7 and 63. Groups 3 through 6 took the test only twice: Group 3 on days 1 and 

14, group 4 on days 7 and 21, group 5 on days 14 and 28, and group 6 on days 21 and 63. 

Groups 7 and 8 took the test only once, on day 28 and 63, respectively. There were also 

two control groups, which are not further discussed here. 

 Spitzer (1939) used the various points in time at which the students were tested 

with and without prior testing to construct a retention curve without testing, and several 

curves with testing once or repeatedly. The general conclusion was that retention was 

significantly higher after prior testing, except for when the prior testing was later in the 

schedule (i.e., on day 14 or 21). The author states that “more is forgotten in one day 

without recall than is forgotten in 63 days with the aid of recall.” There were also some 

analyses using the two control groups (massed testing did not result in the testing effect), 

student performance (students doing better on the test retained information longer) and 

item difficulty. In conclusion, Spitzer (1939) showed that retention can be significantly 

and positively influenced by testing. 

Sones and Stroud (1940) 

 Like Spitzer (1939), Sones and Stroud (1940) set out to examine the effect of 

spacing of reviews in order to make recommendations for learning schedules in 
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education, and thus used long term intervals. A major difference compared to Spitzer’s 

(1939) article is, that Sones and Stroud (1940) compared the testing effect to the spacing 

effect (i.e., repeated testing and repeated learning). 

 Sones and Stroud (1940) had 1,300 seventh grade students as participants. The 

materials consisted of a 1,750 word article on the history and making of paper that all 

participants studied. Those groups that were tested on the article received a multiple 

choice test, while the others restudied the text. The use of a multiple-choice test was 

somewhat problematic, as recent studies have shown the testing effect to be smaller in 

multiple-choice tests compared to free recall tests (e.g., McDaniel et al., 2007). The 

design consisted of two between subjects factors: activity (study vs. test) and interval 

schedule (days after initial study session: 1 and 3, 8 and 15, and 15 and 17). Using two 

intervening sessions with different time intervals between them makes the results 

somewhat harder to interpret, especially since the final test was given 42 days after the 

initial study session for all groups, thus confounding the study-test intervals and retention 

intervals, as one increased as the other decreased. 

 Sones and Stroud (1940) used an ANOVA with 2 activity (study vs. test) x 3 

interval schedule (days 1 and 3, 8 and 15, and 15 and 17) to analyze the data. The 

participants that had the earlier testing (days 1 and 3) did better than the participants that 

had reviewed the material with the same interval schedule. This trend reversed for the 

two other interval schedule conditions (i.e., days 8 and 15 and 15 and 17). The 

differences for days 1 and 3, as well as 15 and 17 were significant, the differences for 

days 8 and 15 were not. The downward trend for the testing conditions was also 

statistically significant, but the upwards trend for the studying conditions was not. It 
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needs to be noted though that the differences in retention were small overall; average 

retention scores ranged from 15.16 for the lowest group to 17.76 for the highest group. 

Kuo and Hirshman (1996) 

 Kuo and Hirshman (1996) designed their study to provide evidence for the testing 

effect under methodologically pure (or as pure as possible) conditions. The paradigm 

used was built on the one established by Tulving (1967). Before them, Carrier and 

Pashler (1992) had conducted a study that dealt with several confounding influences. 

According to Kuo and Hirshman (1996), though, it still had the caveat of possibly 

confounding testing effects with studying effects of previously tested items. 

 In their first experiment, Kuo and Hirshman (1996) had 64 undergraduate student 

participants study 64 3-item lists of common words, each 4 to 7 letters long. Each list was 

presented once (on a computer screen), and then either studied again or tested (by saying 

the 3 words aloud) four times over, separated by a 3 second distractor task, resulting in 16 

(i.e., 2 x 2 x 2 x 2) possible combinations (e.g., study, test, study, test or test, test, study, 

study). After the participants were done with all 16 lists, they completed a 5 minute 

distractor task, followed by a surprise 8 minute free-recall test. 

 Kuo and Hirshman (1996) analyzed the results using an ANOVA with four within 

subject factors (one each for the four trials: study vs. test). They found that testing 

resulted in better retention performance in the free-recall test in the final session. This 

result was significant for the first and last trial, and approached significance in the two 

middle trials. 

 In their second study, Kuo and Hirshman (1996) set out to replicate the findings 

of their first study, while eliminating the repeated free recalls of the items. They used 40 
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common words, split up into two groups of 20 for the study and test condition (balanced 

across participants). The lists consisted only of one word (instead of 3 words), and there 

was only one study or test trial (instead of the four study or test trials in the first 

experiment). The distractor task before the final recall test lasted 10 minutes (instead of 5 

minutes), and the participants were given 4 minutes to recall the items (instead of 8 

minutes). Participants were 18 undergraduate students. Kuo and Hirshman (1996) again 

used a within subject ANOVA (study vs. test) to analyze their findings. The testing effect 

reappeared and was significantly superior compared to the study condition for retention 

performance. 

Testing Effect Terms and Related Phenomena 

 There are several phenomena related to the testing effect. Below, these are 

distinguished from the testing effect, and it is shown how they relate to it. 

Potentiating Effect 

  The term potentiating effect describes the phenomenon that a test trial increases 

learning on the next study trial, which has been found in the literature repeatedly (e.g., 

Izawa, 1971). 

Test-Spacing Effect 

 The test-spacing effect says, as the name implies, that spaced tests are more 

effective than massed tests. There is a variety of experimental evidence supporting the 

test-spacing effect (e.g., Carpenter & DeLosh, 2005; Sones and Stroud, 1940, control 

group 1). Pashler, Zarow, and Triplett (2003) showed that there might be an upper limit 

to the effect. Retention performance started to decline when exceeding an interval of 64 
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intervening items in a paired associate learning task with the retention performance test 

being a day later. 

 There is also evidence that expanding intervals provide yet more benefit for 

retention. Rea and Modigliani (1985) looked at multiplication facts and spelling lists 

using two conditions: Massed uniform (4 tests in short uniform intervals) and expanded 

(4 tests in expanding intervals with the interval increasing by about 50% each interval). 

The retention performance on a final test was better in the expanded condition compared 

to the massed uniform condition. Cull, Shaughnessy, and Zechmeister (1996) came to 

similar conclusions. Some studies have failed to replicate the effect, though (e.g., 

Carpenter & DeLosh, 2005; Cull, 2000). 

 More recently, research (Karpicke & Roediger, 2007) has indicated that an 

expanding study-test interval schedule is more beneficial for short term retention (with a 

retention interval of 10 minutes), while a fixed study-test interval schedule is more 

beneficial for long term retention (with a retention interval of 2 days) for vocabulary 

word pairs. 

Effects related to Misinformation 

 Related to the misinformation effect (e.g., Loftus & Palmer, 1974), this research 

is based on the idea that multiple-choice tests and true-false tests expose learners to 

wrong answers, which are then, on later tests, thought to be correct (Roediger & Marsh, 

2005). More evidence comes from McDermott (1996) for free recall of lists, and 

McDermott (2006) who showed that with more intervening tests, both the number of 

correctly and incorrectly recalled items increased. 
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Reminiscence and Hypermnesia 

 In reminiscence, items are recalled during a test that were not recalled during an 

earlier test. A classic example is Ballard (1913). The author gave children poetry to 

study, and then tested them using various intervals of up to a week. Some children were 

able to produce lines of poetry on later tests that they had not been able to produce on 

earlier tests. After some studies failed to replicate the effect, not much research was done 

on it until much later. Erdelyi and Becker (1974) were able to reliably produce the effect, 

though, and renamed it hypermnesia. Wheeler and Roediger (1992) found a boundary 

condition to the effect, in that the occurrence of hypermnesia depends on the interval 

between tests. Short intervals lead to hypermnesia, while long intervals do not. 

Different Types of Tests 

 Research has also dealt with how different types of tests influence the testing 

effect, providing some complex, and often conflicting, findings (e.g., Glover, 1989; 

Duchastel, 1981; Duchastel & Nungester, 1982; Runquist, 1983). Recent studies have 

looked at different types of tests in real world settings. Butler and Roediger (2007) found 

that a short answer-test (given after a lecture in a classroom setting simulated in the 

laboratory) improved retention performance a month later more than a multiple-choice 

test or restudying the material (both of which still resulted in better retention performance 

than no activity). The presence or absence of feedback did not make a difference. 

McDaniel, Anderson, Derbish, and Morrisette (2007), using a real classroom setting and 

online quizzes, came to mostly similar conclusions about the superiority of short-answer 

tests. It needs to be noted, though, that their results are harder to interpret, as the study-

test/inter-study intervals were not controlled (but probably short due to students’ studying 
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right before the quiz). Also, their short-answer condition only lead to superior retention 

performance on a test one to three weeks later, but not on the final test more than 5 weeks 

later. All their participants were provided with feedback for all items. Kang, McDermott, 

and Roediger (2007), using a classroom setting as well, arrived at similar findings when 

feedback was provided, but failed to replicate the findings when no feedback was 

provided. 

Theories of the Testing Effect 

 As opposed to the spacing effect research, testing effect research has generated 

only two major theories, namely the amount of processing theory and the retrieval theory 

(Dempster, 1996). Also as opposed to the spacing effect, one theory (amount of 

processing), but not the other (retrieval), has been largely discredited. 

Amount of Processing Theory 

 The idea behind the amount of processing theory (called the additional exposure 

theory in Roediger & Karpicke, 2006) is very basic. The testing is seen as additional 

processing of the item, and thus basically an additional study opportunity. Support comes 

mostly from early testing effect studies that just show the effect, and thus don’t 

distinguish between different theories. The most striking problem with this theory is that 

there is a difference between the testing effect and the spacing effect. Testing can be 

more or less effective for retention performance compared to repeated studying (see 

under History and Studies of the Testing Effect, especially Sones and Stroud, 1940; also 

Roediger & Karpicke, 2006), depending on a variety of factors. More evidence against 

the theory comes from Carrier and Pashler (1992). A series of studies by Glover (Glover, 

1989; Glover, Krug, Hannon, & Shine, 1990) and the evidence it provides against the 
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amount of processing theory and for the retrieval theory is discussed in detail right below 

in the retrieval theory section. 

Retrieval Theory 

 The retrieval theory (called the effortful retrieval theory in Roediger & Karpicke, 

2006) states that it is not the amount of the processing, but the type of processing caused 

by retrieval that is the cause of the testing effect. In a series of two articles (encompassing 

eight studies), Glover (1989) and Glover, Krug, Hannon, and Shine (1990) provided 

many of the findings providing support for the retrieval and against the amount of 

processing theory. These two prototypical articles will be discussed here in detail. 

 Glover (1989). Glover (1989) wanted to find out which of the two major theories 

of the testing effect (amount of processing and retrieval) is more likely to explain the 

testing effect. Following Dellarosa and Bourne’s (1985) account of the accessibility 

hypothesis of the spacing effect (massed exposures don’t result in full encoding; see 

above), which shows some parallels to the retrieval theory of the testing effect, the author 

arrived at the conclusions that according to the retrieval theory, two or more tests should 

only increase retention if they are spaced apart because otherwise the tests do not result in 

full retrieval. Also, different modes of retrieval (e.g., free recall, cued recall) should make 

a difference for retention performance. 

 Glover’s (1989) studies 1a and 1b were done to replicate the testing effect with 

the materials and procedure used. Study 1a was a laboratory study with 30 undergraduate 

student as participants, while study 1b was part of a course for seventh-graders, 27 of 

which participated. Materials were a 300-word essay describing the fictional nation of 

Mala in study 1a, and a drawing a flower with 12 of its parts labeled in study 1b. 
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The procedure for both tasks was identical, except for the different materials. Participants 

read the essay and then half of them returned 2 days later for a free-recall test. Then all 

participants returned 4 days after the first session for the final recall test. For both 

experiment 1a and 1b, participants had significantly better retention performance in the 

test condition compared to the no test condition. 

 Glover’s (1989) second study was very similar to study 1a (see above), with 

identical materials and procedure, except that there was the additional condition of 

massed, in which participants took the test immediately after the study session. There 

were 48 undergraduate student participants. Retention performance was significantly 

better for the spaced condition compared to the massed condition. The author takes this 

as confirmation for the retrieval theory, and rejection of the amount of processing theory. 

 Glover’s (1989) third study used the same materials as study 1b (see above). The 

57 seventh-grade students were assigned to four conditions: Single intervening test (1 day 

after study session), 2 massed intervening tests (both 1 day after study session), 2 spaced 

intervening tests (1 day and 2 days after study session), and control (no tests). The final 

test was 5 days after the study session for all conditions. A significant difference was 

found between the 2 spaced intervening tests and all other conditions (which were in turn 

not significantly different from one another). This further supported the retrieval theory. 

 Glover’s (1989) studies 4a, 4b, and 4c were mostly identical. They used the same 

materials and procedure as study 1a, except for that there were four conditions: free-recall 

intervening test, cued-recall intervening test, recognition intervening test, and no 

intervening test. The final test was free recall in study 4a, cued-recall in 4b, and 

recognition in 4c. In all three studies, the resulting order of conditions was the same: free-
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recall resulted in the best retention performance, followed by cued-recall, recognition, 

and no intervening test. All these differences were significant except for the cued-recall 

and recognition conditions. The author interpreted this as more completeness of retrieval 

leading to better retention performance, which, thus, again, supported the retrieval theory, 

and rejected the amount of processing theory. 

 Glover, Krug, Hannon, and Shine (1990). Glover, Krug, Hannon, and Shine 

(1990) further examined which of the two major theories of the testing effect (amount of 

processing and retrieval) is more likely to explain the testing effect. The rationale for the 

experiments was to directly compare rehearsal (the underlying mechanism of the testing 

effect according to the amount of processing theory) to retrieval. 

 In study 1, Glover et al. (1990) had 23 undergraduate students listen to 20 to-be-

learned words. The participants were to study the list until they reached a perfect recall 

criterion. Then, a different set of 20 words was played, which they were to shadow, as 

well as indicate when they heard a word from the previously learned list (which 7 out of 

the 23 participants did not manage to do, and were thus excluded from the analysis). 

Then the participants took a free-recall test about the 20 to-be-learned words. A within 

subjects comparison between the learned words that had been on the second list, and 

those that had not been, yielded no significant difference, which the authors attributed to 

a ceiling effect. 

 Thus, in study 2, Glover, Krug, Hannon, and Shine (1990) had 46 undergraduate 

students (10 of which failed to do the shadowing task and were excluded) learn (and 

shadow) 50 (instead of 20) words. Also, a between subjects design was used. Participants 

were randomly assigned to either the experimental condition (similar to study 1) or 
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control condition (the same as the experimental condition, but without needing to indicate 

when a word from the previous list was recognized in the shadowing task). In this study, 

the participants in the experimental condition showed significantly better retention 

performance than those in the control condition. 

 Glover, Krug, Hannon, and Shine’s (1990) study 3 replicated these findings with 

36 high school students (11 of which failed to do the shadowing task and were thus 

excluded). 

 In the fourth and last study, Glover, Krug, Hannon, and Shine (1990) replicated 

studies 2 and 3, except for doubling the times the items were presented in the shadowing 

task. This was done in order to give the participants more time for rehearsal. The results 

were consistent with studies 2 and 3. 

 Studies 2, 3, and 4 thus supported the retrieval theory, and rejected the amount of 

processing theory, as retrieval resulted in better retention performance than rehearsal. 

One caveat is the high number of participants that had to be excluded for failure to do the 

shadowing task. 

 Even though the retrieval theory has seen a lot of support, it needs to be noted that 

the retrieval theory has trouble explaining the findings of Reminiscence and Hypermnesia 

(see above). 

Conclusions 

 In conclusion, even though the amount of research available for the testing effect 

is smaller than for the spacing effect, the testing effect should be viewed as a well 

established phenomenon in both the short term and the long term. Even though there has 

been some research dealing with how it differs from the spacing effect in the short term, 
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the long term studies have largely been limited to showing the effect, not comparing it to 

the spacing effect. A notable exception is the study by Sones and Stroud (1940), which 

has some methodological problems that make the results harder to interpret. Seeing that 

most long term spacing effect studies confound the spacing effect and the testing effect, 

research is needed to distinguish between the two effects. 

Academic Aptitude 

 Another question of importance to the application of the spacing effect and the 

testing effect in the academic setting is which students would benefit most from reviews, 

and which students would benefit most from tests. Research dealing with this question is 

very sparse. 

 Madsen (1963) examined the spacing effect for participants with three different 

levels of IQ (High, Average, Low) using a paired-associative task. The average IQ scores 

were 136.9, 101.8, and 66.7 for the High, Average, and Low groups, respectively. 

Participants were selected for participation in the study based on their IQ score and drawn 

from three different types of classes (specialty classes for gifted students, regular classes, 

and specialty classes for low intelligence students). The tests used to assess the students 

in the different classes were not the same (both the Wechsler-Bellevue Intelligence Test 

for children and the Stanford-Binet Form L to select participants from classes for both the 

high and low groups, and the California Test of Mental Maturity to select participants 

from classes for the average group), making the validity sorting process somewhat 

questionable. Overall, the group selection was thus somewhat questionable from a 

methodological point of view. The to be learned word-pairs were presented using index 

cards, and the inter-study intervals were either five seconds (massed condition) or one 
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minute (spaced condition), making the study short term as far the inter-study intervals are 

concerned. The retention interval was one day, though. The Low IQ group showed the 

spacing effect, thus benefiting from the longer inter-study intervals of one minute. The 

other two groups did not show the spacing effect, however. Madsen (1966) replicated his 

earlier findings about the relationship between the spacing effect and IQ. 

 Another study dealing with a related question is the experiment by Cull, 

Shaughnessy, and Zechmeister (1996). This study is a short term expanding intervals 

(i.e., study-test intervals become longer with each additional interval) testing effect study. 

In their fourth experiment, they examined the relationship of learning ability and testing 

schedules. The testing schedules were a control condition (receiving no tests after the 

initial presentation of them items), massed (0-0-0 intervening items between tests), 

monotonous (5-5-5 intervening items between tests), and expanding (1-5-9 intervening 

items between tests). The measure of learning ability was participants’ retention 

performance in the control condition. Thus, the measure was not an independent ability 

test. The authors performed a median split, and then used an ANOVA with 2 (learning 

ability: low vs. high) x 2 (testing schedule: monotonous vs. expanding) to analyze the 

results. They found a significant interaction between learning ability and testing schedule, 

in that retention performance for the low learning ability participants was higher in the 

expanding (1-5-9) than in the monotonous (5-5-5) condition, but this increase was not 

present for the high learning ability participants. The massed condition (0-0-0) was not 

analyzed. This study thus provides more evidence that there can be a relationship 

between testing (or at least testing related) effects and learning ability. 
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 Measures that are generally thought to be a good predictor of academic 

achievement are the Scholastic Achievement Test (SAT) and the American College 

Testing Program (ACT). Stumpf and Stanley (2002) found that SAT scores at the 25
th

 

and 75
th

 percentile were predictors of student college graduation, with correlations 

ranging from .62 to .73. Hamilton (1990) found that high school rank, age at 

matriculation, and ACT scores accounted for 72% of the variance of college graduation 

GPA. Pettijohn (1995) found a correlation of .63 between ACT scores and college GPA. 

The SAT and ACT are also strongly related to intelligence. Frey and Detterman (2004) 

found that correlations between SAT scores and intelligence tests ranged from .48 to .82. 

Jackson and Rushton (2006) came to similar conclusions. It should be mentioned that 

there are some potential problems with validity, though. For example, Mau and Lynn 

(2001) found that men received better scores on both the SAT and the ACT, while 

women received better grades in college). Both measures are used in the application 

procedures of a vast majority of (U.S. American) colleges, as well as in a wide variety of 

psychological research. Thus, the SAT and ACT scores will be used in the present study 

to determine whether individual differences play a role in effects related to restudying 

and testing, as well as inter-study intervals and study-test intervals of different lengths. 
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Table 16 

(Adapted from Lee and Genovese, 1988) 

Cluster analysis for tasks used in previous research 

Task 

Cluster 

Mental 

Requirements 

Overall 

Complexity 

Physical 

Requirements 

Tasks 

1 Low Low High Rotary Pursuit, typing, ball toss, 

ladder climb, peg reversal, 

bilateral transfer, crank turning 

2 Low Average High Free recall task, video game, 

foreign language, slide bar task, 

voice recognition, classroom 

lecture, sound localization, 

word processing, stoop task, 

verbal discrimination, maze 

learning, connecting numbers, 

upside down alphabet printing 

3 Low High High Gymnastic skills, balancing task 

4 

 

High High High Air traffic controller simulation, 

milk pasteurization simulation, 

airplane control simulation, 

hand movement memorization, 

puzzle box task, music 

memorization and performance 
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Table 17 

(Adapted from Janiszewski, Noel, and Sawyer, 2003) 

Testing predictions of five theories of the spacing effect 

 Predictions by Theory (supported predictions are in bold) 

 Voluntary-

Attention 

Rehearsal Encoding-

Variability 

Retrieval Reconstruction 

Increased Lag Effect Positive Linear 

or Log 

Positive Linear 

or Log 

Positive Linear 

or Log 

Inverted-U Positive Linear 

or Log 

Verbal / Pictoral Stimuli  Stronger   Cued: Weaker 

Free: Stronger 

Meaningful / Meaningless 

Stimuli 

 Stronger Stronger Weaker Weaker 

Familiar / Novel Stimuli Stronger Stronger Stronger Weaker Weaker 
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Table 17 Continued 

 Predictions by Theory (supported predictions are in bold) 

 Voluntary-

Attention 

Rehearsal Encoding-

Variability 

Retrieval Reconstruction 

Simple / Complex (Structurally-

Semantically) 

 Weaker (Struct.) 

Weaker (Sema.) 

Stronger 

(Struct.) 

Stronger 

(Sema.) 

Null (Struct.) 

Stronger 

(Sema.) 

Null (Struct.) 

Stronger 

(Sema.) 

Unimodal / Bimodal 

Presentation Format 

Weaker  Stronger Weaker Weaker 

Unrelated / Related Cues in a 

Paired-Associate Learning Task 

 Stronger Null Weaker Weaker 

Intentional / Incidental Learning Stronger Stronger Stronger Stronger Stronger 

Isolated / Embedded Stimuli Stronger Stronger Stronger Weaker Weaker 
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Table 17 Continued 

 Predictions by Theory (supported predictions are in bold) 

 Voluntary-

Attention 

Rehearsal Encoding-

Variability 

Retrieval Reconstruction 

Simple / Complex (Structurally-

Semantically) Intervening 

Materials 

 Weaker 

Weaker 

Stronger 

Stronger 

(Sema.) 

Null (Struct.) 

Stronger 

(Sema.) 

Null (Struct.) 

Stronger 

(Sema.) 
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Table 18 

(Adapted from Strong, 1916) 

Percent of firms remembered per reader 

Condition 1 

Advertis-

ment per 

Magazine; 

28-Day 

ISI 

2 

Advertis-

ments per 

Magazine; 

28-Day 

ISI 

4 

Advertis-

ments per 

Magazine; 

28-Day 

ISI 

1 

Advertis-

ment per 

Magazine; 

112-Day 

ISI 

(projected) 

2 

Advertis-

ments per 

Magazine; 

112-Day 

ISI 

(projected) 

4 

Advertis-

ments per 

Magazine; 

112-Day 

ISI 

(projected) 

Massed 6.2 9.6 11.3 3.6
a
 5.6

a
 6.5

a
 

1-Day 9.4 13.4 16.2 5.1
a
 7.8

a
 9.4

a
 

7-Day 11.1 15.5 22.2 5.4
b
 7.3

b
 10.0

b
 

28-Day    6.1 7.3 9.2 

Note. All numbers are taken from Strong (1916). 

a 
Note. Correction applied to Massed and 1-Day conditions was multiplication with 58%. 

b 
Note. Correction applied to 7-Day condition was 47%. 
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APPENDIX B 

POWER ANALYSIS 

The power analysis was conducted using the software program G*Power 3.0.5. 

The following input parameters were used: 

Test family: F tests, 

Statistical test: Repeated measures, within-between interaction, 

Type of power analysis: A priori: Compute required sample size – given α, power, and 

effect size, 

Effect size f: 0.25, 

α err prob: 0.05, 

Power (1-β err prob): 0.95, 

Number of groups: 4, 

Repetitions: 3 (within-subject levels), 

Corr among rep measures: 0.5, 

Nonsheriphicity correction Є: 1. 

These resulted in the following output parameters: 

Noncentralicity parameter λ: 22.500000, 

Critical F: 2.180564, 

Numerator df: 6.000000, 

Denominator df: 112, 

Total sample size: 60, 

Actual Power: 0.954214. 
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In order to allow for uneven distribution of SAT/ACT scores, a groups size of 18 

participants, for a total of 72 participants (as opposed to a group size of 15 participants, 

for a total of 60 participants, as per the outcome of the power analysis), was chosen. 

 


