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ABSTRACT 

A test was made of a consolidation theory of remini

s cence for the pursuit rotor and inverted alphabet 

printing (IAP). This theory suggests that reminiscence 

f or these tasks is a result of consolidation of learning. 

A similar task interpolated early in rest should decrease 

reminiscence for the pursuit rotor. - A similar effect 

i s expected for IAP, but less pronounced. Subjects 

were 150 female undergraduates. All subjects did each 

t a sk for 5 minutes, took a 20 minute rest, then did the 

t ask again for 2 minutes. Order of the tasks was 

counterbalanced. Subjects were randomly assigned to 

orders and to experimental groups, which differed in 

the nature of the rest period. The five levels of 

treatment were: rest only, immediate reverse-cue 

(mirror image) pursuit rotor practice, delayed reverse

cue practice, immediate mirror tracing practice, or 

delayed mirror tracing . The immediate interpolated 

tasks began at the start of the rest period, and the 

delayed tasks after 6 minutes of the rest period. 

Three replications of the experiment, with 50 

subjects each, were performed. Analysis of the data 

for the pursuit rotor showed that the experimental 
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treatments did not alter the amount of reminiscence. 

Reminiscence was lower for sub j ects who had done the 

l AP first. A significant difference between replications 

indicates possible instrument error, which appears to 

be equal across the treatment groups. Analysis of the 

I AP data showed no significant differences in remini

sc ence for replications, tre atments ~ of order of tasks. 

The dat a f ai l to support the consolidation theory. 

The possibility of sex differences in the effect of 

interpolated tasks is discussed. It is concluded that 

no adequate theory of reminiscence has yet been advanced. 
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REMINISCENCE: A TEST OF EYSENCK'S 

THREE-FACTOR THEORY 

Reminiscence , usually de fined as an i mprovement in 

performance following a pe riod of rest without practice, 

has been repeatedly demonstrated for a number of motor 

and perceptual tasks, including the pursuit rotor (Ammons, 

1947 ), inverted alphabet printing (Kimble, 1949) , t app ing 

(Eysenck, 1964), and the visual kinesthetic aftereffect 

(Holland, 196J). Despite considerable variation in the 

amount of reminiscence shown by different individuals, 

the occurrence of the phenomenon is quite reliabl e (Huang 

& Payne, 1975). The main attempt to account for the 

phenomena of reminisc ence ( s uperiority of spac ed over 

massed practice and the typical post-rest upswing ) has 

been that of Hull (l94J), who postulated reactive and 

conditioned inhibition as the explanatory factors. 

With only a few exceptions, experiments on remini

scence and related phenomena have been used to test Hull's 

theory. Snoddy's (1935) explanation of reminisc ence in 

terms of his proposed "opposed processes of mental growth" 

produced little research. Eason and \~hi te ( 1960 ) and 

Kling and Schlosberg (1961) assembled some evidence con-

1 



2 

cerning physiolog ical correlates of reminisc ence, which 

s uggests that an approach considering reminiscence to 

r eflect levels of arousal or activation might be fruit f ul, 

but I am unaware of any systematic treatment of s uch an 

approach . 

The accumulation of experimental results se emingly 

inexplicable in terms of Hullian theory led Eysenc k (1965) 

t o formulate a three-factor th eory of reminiscence, which 

a ccounts for it as a result of consolidation of learning 

f or some tasks, and as a result of the dissipation of 

react i ve irmibition for ot h ers. Rachman and Grassi (1965) 

testing a pr ediction from Eysenck's theory, pr oduced 

experimental confirmation of Eys enck's explanation of 

pursuit rotcr r eminisc enc e as reflecting the consolidation 

across time of the l earning that has taken place during the 

initial practiceo Griffith (1968 ) has report ed similar 

finding s. 

A recent attempt by th e author to reproduce these 

findings under conditions similar to those used by Rachman 

and Grassi (1965) led to results which appear to contrad ict 

Eysenck's three-factor theory. 

inexplicable by Hullian theory. 

These results se em equally 

Replication of this 

procedure is neces s ary to attempt to determine the sourc e 

of the difference in result s . 



THE PROBLEM 

A period of rest introduced after several minutes 

of massed practice of a motor task such as the pursuit 

ro tor or inverted alphabet printing will lead to an improve

ment in performance when the task is resumed (reminisc ence). 

Th e level of performance reached after resumption of 

practice will not, however, be as high as the level of 

subjects who have followed a schedule of spaced practice, 

with short trials and frequent rest pauses. Hull (194J) 

attempted to account for these phenomena a s a result of a 

"negative drive" (reactive inhibition) and a habit (condi

tioned irmibition) which together inhibit performance 

under conditions of massed practice. 

Reactive inhibition accumulates as a function of t he 

amount of work done. When sufficient reactive inhibition 

accumulates, work will temporarily cease--a so-called 

involuntary r est pause . This brief cessation of work 

interferes with performance. Reactive inhibition is 

dissipated during these brief rest pauses and, since 

release of drive tension is reinforcing, non-responding 

becomes a habit. This habit is referred to as conditioned 

inhibition. Reactive and conditioned inhibition summate 

to oppose the drives expressed in performance, leading 

to a decrement in performance. Reactive inhibition is 

J 
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dissipated during rest, as a function of time, leading 

t o an improvement in performance when practice is resumed. 

This improvement in performance is reminiscence. Condi

tioned inhibition is not significantly affected by rest, 

however, and the permanent work decrement (Ammons, 1947) 

associated with conditioned inhibition leads to a lower 

level of performance for subjects whose initial acquisi

tion of the skill was under conditions of massed practice, 

a s opposed to subjects whose acquisition of the skill was 

under conditions of spaced practice. For these subjects 

t he frequent progr ammed rest pauses allow the dissipation 

of reactive inhibition before it accumulates to a level 

where involuntary rest pauses can occur, thus preventing 

the occurrence of conditioned inhibition. 

Despite the attention received by Hull's theory, 

it does not appear to offer any great advance over a 

conceptualization of the problem in terms of "simple 

fatigue," with an open admission that the exact nature of 

that fatigue is unknown as yet. · Adams (1964) has sug

gested that "we undoubtedly would be ahead in motor 

learning to abandon Hull's work-inhibition postulates and 

marshal our findings for work and rest ••• for a fatigue 

theory of our own" (p. 194). William of Occam's warning 

against the n eedle s s multiplication of explanatory entities 
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is perhaps appropriately applied to Hull's explanation of 

r eminiscence. 

Empirical evidence suggesting that reactive and condi

tioned inhibition fail as a model of pursuit rotor r emi 

nisc ence has been reviewed by Eysenck (1965). Studies by 

Eys enck and Willett (1961), Willet and Eysenck (1962 ), and 

Fe ldman (1964) have shown that high- and low-drive groups 

did not differ in pre-rest performance . The differences 

in reminiscence were due to the superior performance of 

the high-drive groups post-rest. Inhibition theory would 

predict that the high-drive group would perform better 

dur ing pre-rest practice , and would show more reminiscence 

a s a result of accumulating mo r e react i ve inhibition 

during pre-rest practice . Reminiscence would be gre ater 

owing to the larger amount of inhibition th a t could be 

dissipated during rest. Rachman (1962 ) tested Pavlov' s 

(19 27) theory concerning th e udisinh i bit ing '' effects of 

an alien stimulus. It was predicted that the introduction 

of a stimulus (a buzzer) l ate in pre-rest practice on 

the pursuit rotor should lead to dissipation of the 

accumulated inhibition, with an improvement in pr e-rest 

performance aft er the buzzer, and thus a lowering of 

reminiscence. Reminisc ence was indeed decreased for the 

group receiving the stimulus, but this was due to a 
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lowerine of post-rest performance, rather than an improve

ment in pre-rest perforMance following the stimulus. 

In the light of these findings, Eysenck (1965) sug

gests that a more adequate explanation of reminiscence in 

purs uit rotor learning can be offered by a consolidation 

theory. Eysenck's three-factor theory explains remin is

cence in terms of reactive and conditioned inhibition and 

consolidation of learning . Different motor tasks require 

different explanations, or different combin a tions of 

t hese factors. Tapping and vig ilance tasks , in which 

performance is best at the beg inning of pr e-rest practice, 

de t eriorates during pre-rest pr actice, and then recovers 

dur ing rest, are examples of relative ly pure re active 

inh ibition tasks. Since no learning is taking pl ace ( and 

thus no consolidation of l earning ), inhibition alone 

account~ for the reninisc ence that occurs. 

Pursuit rotor performance, on the other hand, offers 

an example of reminiscence accounted for almost exclusively 

by consolidation of learning , with inhibition playing a 

negligible role. Because learning of the task must take 

place, consolidation of learning is assumed to occur. 

Consolidation of learning continues after practice ceases, 

but much of the learn ~ng during the mas sed practice is 

not consolidated during practice, owing to the inter-
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ference of continued practice. Thus the learning that 

t ake s place during massed practice is not wholly avail 

able for performance . The learning that takes place 

during spaced practice is consolidated during the frequent 

r est pauses, and thus is available for performanc e . 

A test of this theory was undertaken by Rachman and 

Grassi (1965) . They suggest that r eminiscence will be 

prevented, or at least decreased, by interpolation during 

the rest period of a task designe d to interfere with 

consolidation. They t es t ed four groups of subjects on 

the pursuit rotor . Each group had five minutes of 

continuous practice , followed by four hour s and ten 

minutes of re s t, followed by two minutes of post-res t 

pract ice. During th e first ten minut es following pr e -

res t practice the subjects remained in the laboratory 

and were subjected t o one of four conditions . Th e fir s t 

was rest, with no interpolated task. The se cond group 

practiced for three minut e s on the pursuit rotor while 

looking at the rotor in a mirror (reverse-cue practice). 

The three minutes of reverse-cue practice began i mmediately 

after the pre-rest practice ended. The third and fourth 

groups also had three minutes of reverse-cue practice, 

beg innlne after three and six minutes of rest, respec tively. 

All subjects then left the l aboratcry , returning f our 
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hours later for the post-rest practice. 

The four hours of rest were assumed to be sufficient 

f or the dissipation in all groups. Thus, any differences 

in reminiscence would be accounted for by the introduction 

of the interpolated tasks . On the assumption that 

conso lidation would be interfered with by the practice 

of a similar learning task, and that most cons olidation 

occurs within the first few minutes after l earning , it 

was expected that th e rest-only group would show typ ic a l 

reminiscence, and that the immediate reverse-cue group 

would show little or none, with the t wo delayed reverse

cue groups intermediate. That was indeed the case , with 

the i mmed iate r evers e-cue group showing a s light n egative 

rem iniscence (a drop in performance from pre-rest levels) . 

Griffith (1968) has repeated this experiment , with 

a shorter rest period , and obtai ned similar result s . 

Since that time, little work has been done on this th eory. 

This authoY has conducted a similar experiment testing 

this theory, but with different results, which are 

summarized below. 

Eysenck (1965) suggests that reminiscence in pursuit 

rotor learning is largely a result of cons olidation, that 

reminiscence in tapp ing and vig ilance is large ly a r esult 

of the accumulation and di ssipation of inhibition, and 
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that such tasks as inverted alphabet printing (IAP) are 

i ntermediate on this continuum. These sugge stions assume 

t hat they require less learning than the pursuit rotor, 

but are not pure performance tasks, essentially devoid of 

learning, such as tapping . For that reason, in the pres

ent study, the experimental design of Rachman and Grassi 

(1965) was extended to include the lAP task. Reminiscence 

has been convincingly demonstrated for IAP (Kientzle, 

1946; Kimble, 1949; Huang & Payne, 1975). 

Mirror tracing suggests itself as a task likely to 

interfere with consolidation in IAP in somewhat the same 

manner as the reverse-cue practice is said to for the 

pursuit rotor. For this reason, five conditions were 

employed in the present study: rest only, immedia te 

reverse-cue practice, delayed reverse-cue practice, 

i mmediate mirror tracing, and delayed mirror tracing . 

Each subject was tested under the same condition for each 

task (pursuit rotor and IAP), with order counterbalanced. 

A twenty minute rest was used, which is expected to be 

sufficient for dissipation of any accumulated reactive 

inhibition (Ammons, 1947). 

According to Eysenck's consolidation theory, remini

scence should occur for the pursuit task under all 

conditions except immediate reverse -cue, and should be 
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diminished for the delayed reverse-cue group. Reminis

cence should be unaffected by mirror tracing , since the 

task is dissimilar to pursuit rotor. For the IAP task, 

rem iniscence should occur for the rest only and reverse

cue conditions, but be blocked by the immediate mirror 

t racing, and diminished by the delayed mirror tracing. 

In contrast to Rachman and Grassi's findings, there 

was no significant difference between the groups, using 

the measure of reminiscence for the pursuit rotor as the 

difference between the time-on-target score for the 

firs t 10 seconds post-rest and the last 10 seconds pre-rest. 

No significant differences in reminiscence occurred 

between the groups with respect to the IAP. For th e 

measure of reminisc ence for the pursuit rotor based on 

the difference between time-on-target scores for the first 

JO seconds post-rest and the last JO seconds pre-rest, it 

was found that the delayed mirror tracing group showed 

less reminiscence than the other groups. There was no 

difference between the rest only and i mmediat e reverse-cue 

groups in level of reminiscenc e .with either measure. No 

significant order effects occurred for either task. 

Owing to the disagreement betwe en these results and 

those obtained by Griffith (1968 ) and Rachman and Grassi 

(196.5) it is proposed that a r epl ic co.tion of the study 
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outlined above be undertaken. The number of subjects will 

be increased from the 50 used previously to 100. . The 

study will be designed as two seperate but identical 

experiments with 50 subjec t s each. Should the r esults 

warrant it, data from the three studies will be combined 

fo r further anal ysis. The method described b e low for 

th i s experiment is exactly the same as that used previous ly 

except that the pursuit rotor will b e conn ected to a 

se t of counters, to determine the numb er of hits during 

each 10 seconds of pract i ce , in addition to t he u sual 

time-on-targ et score . 



A REVIEW OF THE LITERATURE ON REMINISCENCE 

Reminiscence, first reported by Ballard (1913), has 

b een found to occur in a wide variety of tasks--verbal, 

perceptual, and motor. An early definition of remini

scence held that it is an improvement in retention as 

measured sometime after a partial mastery of the material, 

without formal review between learning and recall (McGeoch, 

1935). That definition was based on studies of verbal 

learning , and will hardly serve for other types of studies. 

Buxton (1943) suggested an improved definition of remini

s cence as "an improvement in performance, as shovm by some 

measure of recall at some point after the orig inal prac

tice, without (any) interven i ng practice" (p. 314). 

Buxton attempted to avoid, in this definition, some of the 

difficulties encountered in other studies, eliminating 

from consideration the effects of practice and rehearsal 

and the test-retest effect. Except that "performance" 

might be substituted for "recall" in order to make 

this definition more exactly applicable to perceptual 

and motor tasks, the definition given by Buxton can be 

considered most nearly applicable to the wide range of 

experiments reported here. 

12 
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In his original studies, Ballard (1913) found that, 

when school children were put to the task of memorizing 

poetry, their ability to recall the material learned was 

bett€r after a few days than it was immediately after the 

learning period. This contradicts the Ebbinghaus curve 

of forgetting , which predicts a gradual decline in the 

amount recalled over time (Erdelyi & Kleinbard, 1978). 

Experiments confirmed these results, using a number of 

different popular ballad poems, nonsense verse, and 

geometrical shapes. Ballard's urocedure was to test the 

children immediately after the learning period and then 

t o retest them after various intervals. He found that a 

per iod of at least a day was necessary for the occurrence 

of reminiscence. He also found that reminiscence was 

greatest at about age six, and absent by age 20. 

After Ballard's initial studies, little was done in 

this area until Williams (1926 ) repeated his work. 

Using essentially the same procedures, he found remini

scence for partially learned, meaningful material. Like 

Ballard, he found that the amount of reminiscence was 

greatest in younger children. He also found more 

reminiscence in girls than in boys. 

Certain possible sources of error are apparent in 

Ballard's and Williams' work, most notably the lack of 
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control of review or rehearsal during the rest period, 

and a possible test-retest effect. In an effort to 

control these variables, Ward (1937) and Hovland (l9J 8a , 

l9 J8b) conducted more rigorous studies. 

Both used short time intervals, rather than the 

several days b etween test and retest used by Ballard and 

Will iams, in order to allow them some control over possible 

rehearsal . Ward used intervals of from JO seconds to 

20 minutes . Hovland used a two minute interval throughout. 

Both experimenters had their subjects engage in color

naming during the rest period, in an effort to prevent 

rehears a l . Ward also compared this intervening task to 

the use of light reading during the re s t period , and 

f ound reliably more remini s c ence for the color-naming 

group , where rehearsal was presumably more completely 

controlled than by light reading . 

Hovland found a clear superiority of distributed 

(spaced) practice over massed practice, with subjects able 

to learn to criterion in fewer trials under distributed 

practice . He also found considerable reminiscence under 

the condition of mass ed tria ls , both for recall and for 

number of trials to relearn from the original criterion 

of 7 out of 12 items correct or to complete mastery . 

Distribution of trials during the acqui s ition phase l ed 
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t o less reminisc ence . Perhaps most interesting ly, 

Hovland found a significant increase in recall fo llowing 

a res t period when there had been only one presentation 

of the list prior to rest, as co mpared to controls 

te s ted for recall immediately aft er on e pres entation. 

Ward's general procedure was to hav e th e sub j ects 

l earn lists of nonsense syllables by the meth od of 

s er ial anticipation to either co mp l ete mastery of the 

material or to a criterion of 7 out of 12 correct. 

After an inter va l of from JO se conds to 20 minut e s , 

subject s were te s ted for rec all as well as for rat e of 

re l earning . Reminiscence was mos t noticeable aft er 

two minut es of r est. Reminiscence was scored by co mparing 

the level of ret ention after each interval to a cont r ol 

group which was tested for recall i mmediately aft er 

learning to criterion. In clear contradiction of the 

results of Ballard and Will iams , reminis cP-nce oc curr ed 

for completely learned lists as we ll as for tho s e 

partially learned. Ballard and Williams had each compar ed 

retention scores after a rest interval to the criterion 

scores, which had ruled out the possibility of reminis

cence for complete learning . Ward conclu ded that the 

criterion score is not a valid measur e of maste r y , s ince 

the score on an immediat e r ecall test i s usually slightly 
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lower . 

Hovland (1938a ) concerned himself with various 

amounts of distribution of practice , as well as with 

massed practice interrupted by a single rest per iod . He 

also used nonsense s yllables l earned by serial anticipa

t ion, to either 7 out of 12 items correc t or mastery. 

In order to control rehearsal, h e had subjects name 

colors presented on the memory drum during the rest 

intervals. 

Two major obj ec tions to th e Ballard - Williams type of 

experiments were made by Ward and Hovl and . These were 

the lack of control of r ehear s al during rest , and the 

possibility of test-retes t error influencing the r esults . 

Besides the color-naming and light reading us ed by 

Ward, other investigators report using arithmetic pr oblems 

(McGeoch , McKinney, & Peters, 1937 ), motor ac t ivities 

(Hovland, 1939 ), and rapid color-naming (r.:e lton & Stone , 

1942). Following their theoretical view that r eminiscence 

is a result of an accumulation of some sort of inhibition 

during practice and the dissipation of that inhibition 

during rest, Ward (1937 ) and later Holland (1963 ) have 

suggested that using another activity during the rest 

p~riod leads to disinhib ition. This view is ~ased on 

Pavlov's concept of d i sinhibition (1927 ). 
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Despite the attempts to control for rehearsal, 

Buxton concluded that there was the "haunting possibility" 

of review in even the best controlled experimen ts. 

An imal studies with rats (Bunch, l9 JJ ; Anderson, 1940) 

and pigeons (Boneau & Axelrod, 1962) have shown ap parent 

reminiscence . Given the unlikelihood that the rats or 

pigeons could engag e in symbolic rehearsal, th ese studi es 

se em to indicate that reminiscence can occur in the 

absence of rehe arsal . 

The most serious question concerning the studies of 

Ba llard (1913) and Wi lliams (1926) is that of a possible 

tes t-retest effect. Ward and Hovland had found far less 

rem iniscence than either Ballard or Williams, after using 

proper controls for rehearsal and switching to a re minis

cence score based on differences between a control group 

tested immediately and an exp erimental group tested after 

a rest interval. Other methodolog ical differences could 

have accounted for the results, however. Ballard used 

a number of age groups, findin g the most reminiscence in 

young children, whereas Ward (1937) and Hovland (l9J8a, 

l9J8b) both used colleg e students, who could not be 

expected, on the basis of Ballard's results, to show much 

reminiscence. Ballard. and Wi lliams also both found 

more reminis cence as th e meaningfulness of the material 
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increased . Ward and Hovland used nonsense syl l ables 

·thr oughout, which Ballard would have predicted to yield 

l ower reminiscence scores. 

Other test s of the possibility of a test-retest 

e f f ect confounding Ballard's and Williams ' re sults seem 

mor e conclusive. Bunch (19 38 ) demonstra ted that in fact 

an immed i ate recall test did improve the score on post 

res t performance. Gray (1940 ) compared delayed rec a ll 

without pre-test with delayed recall following a pr e-test 

and found hi gher reminisc ence scores with th e pre-t est . 

In addition , Gra y used meaningful material learn ed b y 

the whole method , as Ballard an d Williams had . Both Bun ch 

and Gray concluded that th e proc edur e us ed by Ward and 

Hovland was the best --to bring experimenta l and control 

groups to the same level of mastery , test the control 

group immediately after the criterion is att a i n ed , and 

test the experimental group after the rest int erva l. The 

difference between th e experimental group scores and 

the control group scores would then be a measure of 

reminiscence. 

The most thorough t es t of the possible test-retest 

effect in Ballard's study was done by H. Ammons and Irion 

(1954), who repeated Ballard's experiment using the same 

recall materials, bu t wi t h both a t est-ret est group and 
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a seperate test of a post-test only group compared to a 

c ontrol . The comparison of the two reminiscence scores 

indicated that the extremely high reminisc ence scores 

ob tained by Ballard were mainly an artifact. The increase 

in retention on the retest was seriously confounded by 

the additional learning that took place during the first 

tes t . 

Before turning t o the theories put forth to explain 

reminiscence in verbal learning , a brief r ev i ew of other 

pertinent studies will be g iven , showing th e range of 

variables manipulated in the verbal learning studi e s . 

Buxton (1943 ), in his revi ew of the literature , 

found no reliable evidence for differences in reminisc ence 

based on age , sex , or intelligence , desp ite the early 

indications of such differenc e s by Ballard (1913 ). McGeoch 

(1935 ), i n a test of age differences , found no differences 

between children and college students. 

The nature of the practice b efore rest , whether 

massed or distributed , was shown .by Hovland ( 1938a ) to 

be related to the amount of reminisc ence. More r eminis

cence is expected , according to an inhibition hypothesis , 

i f pr a c t i ce is massed , and such an effect is found . 

Melton and Stone (1942 ) found no reminiscence , even with 

very rapid r ates of' learning . This was in contradict i on 
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to Hovland's results, but it is likely that the materia l 

1sed by them ( adjectives in serial anticipation me thod) 

influenced the results. 

The nature of the material to be le arn ed has a 

great effect. Hovland (19 38a ) found remini s c ence using 

nons ense syllables, though Me lton and Stone (1942) f ound 

no rem iniscence with adjectiv es . Buxton (1949 ) r epeated 

Ward 's (1937) design with a comparison of non sense 

syllables with unrela t ed adjectives under th e same condi 

tions of rate of presentation and leng th of r est . Like 

Me l ton and Stone , he found no remini s cence with adjectives , 

though it did occur with syllables . Nob le (1950 ) also 

faile d to fjnd reminisc en c e in seria l l earning of adjec 

tives . 

Another attempt to measure reminiscence with different 

types of material is that of Edwards and Eng lish (1939 ) 

and English and Edwards (1939 ), using a prose passag e to 

be learned, and testing recall by a true-false test. The 

test was designed to include two types of items -- S-items , 

which test the content or summary of a sentence or several 

sentences, and V-items , which test verbatim recall of 

statements from the learned passage . The authors contend 

that reminiscence occurs with S-it ems , but th at V-items 

are more quickly forgo tten and show no re min i s c ence . 
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Their study used test-retest methods and had no control 

fo r review, which makes the results suspect. There was 

al s o a lack of clear equality in difficulty of the S-items 

and the V-it ems . 

Rate of exposure of t he items in serial anticipat ion 

stud ies influences results. Hovland (l9J8b) found that a 

fo ur-second rate, as oppos ed to a two-second rat e , 

lower~d the reminiscence score. McCle llend (1942 ) found 

th e same effect. Hovland speculated that the slow r ate 

mad e the task much easier , thus leading to less accumu

lation of inhibition. Only if a large amount of inhibi 

tion has accumulated during practice can r em inisc ence 

occur . 

Len~th of the rest interval itself is an obvious 

source of differences in reminiscence, but no definite 

conclusions can be reached. There is apparent ly an 

interaction of length of the lists to be learned, rate 

of presentation, and other variables with the duration 

of rest. 

Kleinsmith and Kaplan (196J ) tested a consolidation 

theory of reminiscence in paired- associate learning , 

using high and low levels of arousal. The hypothesis 

that mate~ial learned under high arousal woulJ show 

stronger permanent memory and weaker i mmed iate memory 
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was confirmed. 

Theories of Reminis cence 

McGeoch and Irion (19 52 ) reviewed the various 

t heories of reminiscence, dividing them into work theories, 

perseveration theories, and theories of differential 

f orgetting. Their general outline is followed here, 

except that Hull's reactive inhibition theory is only 

briefly discussed. A more complete discussion of it 

is presented below, in relation to motor l earn ing . 

Work Theories 

Fatigue. A simple accumulation of fat i gue during 

practice, with recovery from fatigue during r est , has 

some appeal as an explanation. A numb er of results make 

it untenable, however. In Hovland ' s (19J8a ) find i ng 

Of reminiscence following a single presentation of a 

list of nonsense syllables there was hardly enough mental 

work to have caused fatigue . In relation to motor learning 

and memorization, the concept of fatigue is too vague 

to prove useful in explaining reminiscence. 

Reactive inhibition. This. theory assumes that an 

inhibition of the response in a task accumulates as a 

result of performing the task, and that this inhibition 

disappears with rest. Hull (1943 ) formulat ed th is theory 

mo~t explicit l y, but the i dea that some form of inhibition 
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migh t affect reminiscence was mentioned by Ballard (191J ). 

'rh i s theory has great predictive value, and can account 

for s ome interesting findings, such as that of Rohrer 

(1949 ) that intentional r ehearsal does not l ead to more 

reminiscence. An inhibition th eory would account for 

this by the continued accumulation of inhibit ion during 

rehearsal. 

Inhibition theories are, of course, forms of fatiGue 

theory. Hull's theory att empt s to i mprove on a th eory of 

simple fatigue by making the nature of the inhibiting 

process more explicit. 

~otivation. The idea that continuous work leads to 

a l oss of motivation has been suggested. The same 

objections that occur in r elation to a simple fatiEue 

theory also a pply here. Loss of motivation could scarcely 

explain the reminiscence found by Hovland (l938a ) 

following a single presentation of a list, or in simil ar 

cases where short work intervals are concerned . 

Perseveration Theories 

Clas sical perseveration theory. The idea that 

n eural activity in learning per sists for some time after 

formal learning stops is termed classical perseveration 

theory by McGeoch and Irion, who dismiss this area of 

speculation as "unp .. omi s.i.ng ." This theory was the one 
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thought most adequate by Ballard (1913), who expressed it 

.'1 terms of neural growth or actual physiolog ical chang e 

which continues after learning . "Reminiscence may be 

said to be due to the inertia of the nervous system , 

which does not yield to an influence at once . Nor do es 

the inertia stop yielding at once" (Ballard, 1913, p . 82 ). 

Rehearsal . This is mentioned by McGeoch and Irion 

as another rehearsal theory. It has be en shown to be 

inadequate to explain reminis c ence, though i t may have 

a confounding effect on some experiment s . 

Snoddy ' s th eory of primary and secondary growth . 

Snoddy (19 35 ) postulated two opposed processes of mental 

growth. Primary growth appears early in learning a.T1d 

increases during the rest period. Secondary growth 

begins late in practice and is at its maximum when 

practice is continuous. Ammons' (1947) review of the 

theory mak es it clear that the variables a re not suf

ficiently well defined to be of predictive value . Almos t 

no work has been based on this theory, except tha t of 

Dore and Hilgard (19 38 ), who fai_led to support it . 

Diffe r ential forgett i ng 

Theories of differential forgetting hypothesize 

that during practice a subject l earns both correct 

respon8eE: a.nd :i.r.correct and conflict i ng ones which 
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retard fixation of correct responses and interfer e with 

perf ormance. The conflicting responses may be expected 

to b e forgotten at a faster rate, dve to extinction . 

Hul l ' s concept of reactive inhibition is treated as an 

operationally defined construct, and this inhibition 

presumably could take the form of learning of ineffective 

appr oaches to the task. 

Reminiscence in Mo tor Learning 

Since the early 1950 's, most of the work done on 

remin iscence has been done with motor tasks , most often 

th e pursuit rotor. These tasks have the advantag e of 

allowing control over practice (with th e poss ib le 

exc eption of internal, symbolic pr actice ), and of avoiding 

many of the other problems that plague verbal learning 

and memorization studies. Eysenck (1965), in formulating 

the theory of reminiscence on which the study proposed 

here is based, excluded verbal learning studies from 

consideration in his theoretical reformulation "because 

of the great difficulties that attend the very de monstra

tion of reminiscence in their field " (p . 164). Thus, 

the area where reminiscence was first found is now vi ewed 

as the mc.st suspect and least reliable area of experimen

tation, though there has be en some recent worh on r eminis 

cence in recall (Erdelyi & Kle inbard , 1978 ). Pursuit 
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ro tor learning, on the other hand, allows a clear demon

strat ion of reminiscence, and since a score is generated 

for each trial, learning curves and other presentations 

of th e data can more easily be made, without the problem 

of' repeated testing . In most of the motor and perceptual 

tasks used in recent work on reminiscence, each trial 

provides its own score of performance. 

In addition to pursuit rotor performance, other 

tasks have been used to investigate reminisc ence. These 

i nc lude inverted alphabet printing (Kientzl e , 1946 ), 

visual kinetic after-effects (Holland, 1961), vig ilance 

tasks s uch as signal detection (Buckner & McGrath, 196J ), 

symbol substitution (Eysenck & Willet, 1962 ), and 

writ ing of Chines e-l i ke nons ense characters (Furakawa, 

1970) . 

In the pursuit rotor task, the subject a ttemp t s to 

keep the tip of a hand-held stylus on the t ar get area 

of a disk rotating at a fixed speed (typically 60 revolu

tions per minute). The length of each trial is from 

10 to 60 seconds in most studies, with only enough time 

between trials for re-setting the timer and recording 

the score, if this is being done manually. A buzzer 

sounds whenever the subject is on target. Scoring of 

the amount of time on t arge t i s automatic. 
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After a few minutes of massed practice, a rest pause 

i s i ntroduced. After rest, massed practice is continued 

fo r a short time. Reminiscence is usually scored by 

s ubt ract ing the score on the last pre-rest trial from 

t he score on the first post-rest trial. 

Besides length of individual trials, the length of 

pre-rest practice has been manipula ted, along with the 

length of the rest period prior to rete s ting . Irion 

(1949 ) found that as the amount of pre-rest practic e 

increases, the amount of reminiscence first increases 

and then decreases . Ammons (1947) found tha t the amount 

of remin iscence appears to be a n egatively accelerated , 

increasing function of the leng th of the r es t period . 

with a very rapid rise in remini s cenc e during the first 

five minutes of rest. These results were also obtained 

by Kimble and Horenstein (1948 ). Koonce, Chambliss, and 

Irion (1964) have found that reminiscence occurs for 

pursuit ro~or learning after periods as long as 730 

days. 

Length of the intertrial rest period has been 

systematically studied by Adams (1954), who found that 

performance improves as the length of the intertrial 

interval increases . This amounts to a ereateJ.' distribu

tion of practice, which ha s been s hown to affect perfor-
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manc e on verbal learning and recall (Hovland, 1937), 

pr8sumably as a result of the dissipation of inhibition 

during the interval. Adams had subjects practice for 

150 J O-second trials, with distribution varied from 

completely massed trials (no intertrial interval) to 

30-second inter-trial intervals. All groups reached an 

asymptote at about 60 trials, and remained at this leve l 

t hrough the remaining trials. Level of performance at 

t he a symptote increased with the increase in intertrial 

int ervals. 

Size of the target has been experimentally manipulated. 

Larger target size shows a larger amount of reminiscence 

(Humphries, 1961), as well as showing typical post-rest 

up swing and downswing. A smaller target size was found 

to show little reminiscence and neither post-rest 

upswing nor post-rest downswing. Post-rest upswing and 

downswing refer to an increase in time on target score 

between the first and second post-rest trials, and a 

decrease in score between the second and thrid post-rest 

trials, respectively (Eysenck & Gray, 1971). These 

phenomena are most usually observed with 10-second 

trials. Ammons (1947) first described post-rest upswing, 

which he e;alled the warm-up decrement, suggesting that 

the second post-rest tri a l was higher than the first 
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owing to a "warm-up" or regaining of set. Eysenck (1969) 

ha suggested that this is due to a physiolog ical 

"warming up" of the muscles, rather than to a psycho 

logical resumption of set. 

A large amount of work has been done to test the 

poss ibility of personality factors in pursuit rotor 

learning . One variable tested is drive. Eysenck and 

Maxwell (19 61) and Willet and Eysenck (1962 ) found that 

a h i gh-drive group showed more reminiscence t han a low

drive group, but that overall performance was not 

significantly different. Eysenck and Willet found that 

perfo rman ce level was similar for the two groups but , 

contrary t o prediction, found more r eminis cence in the 

low-drive group (Eysenck and Wil let, 1962). A severe 

limitation of these studies was the assignment of 

subjects to high- and low-drive groups. High drive 

groups were engineering apprentices at the Ford Motor 

Co mpany in Great Britain. Low-drive sub jects were 

apprentices in trades where they were guaranteed advance

ment through union agreement. Wasserman (1951), using 

inverted alphabet printing as his task, did find better 

performance and more reminiscence for a high-drive group . 

In his study. high dr~ve was produced by telling the 

subjects that they were being given a new type of inte l -
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l igence test, while low-drive groups were told th a t 

t •y were helping with a preliminary experiment in a 

learn ing study. 

Hicks (1975) has compared cogn itive styles, a s 

dete rmined by the Stroop test, a?'ld also hi gh and low 

anxiety and the interaction between anxiety and co gn itive 

s tyl e . The cognitive styles are des.i gnated Cognitive and 

Perc eptual-Motor. Perceptual-Motor s ubject s were superior 

overall in performance on the pursu it rotor. For the 

Cogn itive group , reminiscenc e was gr eatest under low 

anx ie ty, wh i le for the Perceptual-Motor group remini s cence 

was greatest under high anxie t y . 

Meier (1964) has s hown that level of electroenc epha

logram (F.EG) abnormality in subjects with siezure dis 

orders is related to amount of remin iscence. He foun d 

significant differences between persons with normal EEG 

patterns and those with highly abnorma l patterns, with 

more reminiscence on the pursuit rotor occurring in the 

normal group. Meier (1961) has also found relations 

between degrees of reminiscence and various psychiatric 

diagnostic categories. Broadhurst and Eysenck (1973 ) 

on the other hand, failed to find d~fferences betwe en 

normals and schizophrenics on pursuit rotor reminiscence. 

~'he l arges t body of work relating reminis cence to 



Jl 

pers onality variables has been that of Eysenck and his 

assoc iates correlat ing reminiscence with the dimen s ion 

of extravers ion-introversion. Eysenck develo ped th e 

theory that extraverts should show more reminis cenc e than 

i ntroverts. An individual in whom reactive i nhibition 

i s eas ily generated, and in whom it is only slowly d is 

s i pate d , will be predisposed to extraverted patterns of 

b ehavior. On the oth er hand, pe r s on s in who m only low 

l eve ls of reactive inhibition a ccumulate, and who di s 

s ipate it quickly, will be pr ed isposed to introver ted 

pattern~ of behavior (Eysenc k , 1955 ). Eysenck has 

developed a test of extrav er s i on-introversion and n eurot

i cism, the Maud s ley Personality I nv entory , whi ch is 

gener a lly the instrument used to determin e extravers i on 

or introversion in his studies . Some twenty te sts of 

this hypothesis have been made (Eysenck, 1965 ), most 

of which show the expected dir ection of correlat ion, 

though in almost all the tests the correlation is a weak 

one. The importance of thes e find ings, and of the 

findings of Eysenck and his associates on drive and 

reminiscence, will become apparent below in relation 

to certa in difficulties with the Hullian theory of 

reminiscence. These and other findings have ied Eysenck 

(1965 ) to propose his thr ee-factor theory of rem i niscence . 
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Two- and Three-Factor Theories of Reminiscence 

C. L. Hull's (1943) theory of reminiscence has be en 

t he most widely accepted and certainly the most widely 

used by experimenters as a theoretica l fram ework for 

r emin iscence research. This two-factor theory of r eminis -

cence holds that an effortful response produces a tendency 

to avoid repeating that respons e . This hypoth etical 

tendency is called r2active inhibition (lR) . Hull 

c ons idered this to be a neoative drive state , which 

accumulates due to the effort involved in th e t as k or 

a rapid r ate of re sponding . The appropri a te goal situa -

tion for reactive inhibition is res t , which di sipate s 

the inhibition. 

If responding is rap id, as under conditions of 

massed practice, lR can accumulate to the point that i t s 

strength is equal to the positive drive und er which the 

subject is performing the task . When thi s occurs , th ere 

is a brief pause in the task, called an involuntary r es t 

pause (IRP ). Dissipation of l R during the IRP allows a 

return to the performance. Because they reduc e a drive 

state , IRP's are reinforcing . This reinforcement occurs 

as a result of not performing , thus cond itioning the 

subject not to perform. This h ab it of not performing 

i s called conditioned inhibition ( ~lR ) . 
...., J 
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In pursuit rotor investigations, it is hypo thesized 

t hat t he subject's score (time on target) improv es up 

t o the point where enough reactive inhibition accumul ates 

t o cause IHP's, at which time the score will re ach an 

a symptote , reflecting t he balance between drive to 

perform and reactive inhibition. During th e rna sed 

t r ials concli t ioned inhibition also accumulates , and plays 

a part in ke eping th e sc ore s low. During rest, howev er, 

i t is not di s sipated, since it is a habit r ather than a 

dr ive . ~,he amount of re s istance t o continued practice 

du e to reac tive inhibition is r eferred to a s t emporary 

work de crement (Ammon s , 1947 ). The r e istance due to 

conditionerl inhibj tion , which does not substantially 

diminish over time , i s ref erred to as perman ent work 

decrement. 

Eysenck (1965) points out, however, that th ere are 

f acts conc ernin g remini s cence t hat ar e no t adequately 

explained by the theory. Interest ingly , the f indings 

that most clearly call into qu es tion the validi ty of 

the reactive inhibition theory a!e all a r esul t of t ests 

of that theory in which the r esul ts were as predicted. 

Closer examiniation of the re sults , howev er, shows t hat 

the verificat ion of th e theory was only apparent. 

Studies on the effects of dr ive stat es en r eninis -
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cence, d i s cussed above, have tended overall to confirm 

t h e prediction that high -dr ive groups would exhibit 

mo re reminiscence. Kimble (19 50 ) contended th a t high 

mo tivation lea ds the subject to tolerate gr eater amount s 

or react ive inhibition, leading t o it s accumulation , 

since involuntary rest paus es are le ss frequ ent. For 

t h is reason, there will be better performance prior to 

re st by the high-drive group (s ince th ere i s l ess inter

fe rence from IRP 's) and greater remini scenc e ( sinc e th ere 

i s more r eact i ve inhibi tion that can di ssipate during 

rest ). 

Eys enck and Maxwe ll (1961 ), Eysenck and Willet 

(1962 ) and Willet and Eysenck (1962 ) f ound that r eminis 

c ence was indeed gr eate r for th e high-drive groups . 

But th ere was no difference found betwe en th e high-

and low-drive groups on pr e-res t performance . 

Eysenck's prediction that th e amount of r emin is c ence 

would correlate positively with extraversion assumed th a t 

extraverts accumulate re active inhibition mo re r ap idly , 

producing a greater work decrement prior to rest and 

greater reminiscence. Simp l e correlations of remini scence 

with extraversion seemed to verify this hyp othesis , 

but when Eysenck (l964b) investigat ed t he poss ibili ty 

that t he greater remin isc enc e scores were produc ed by 
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improved post-rest performanc e , rather than by poorer 

pre-rest performance, he found no differ ence between 

ex t r averts and introverts on pre-rest performance. 

Eysenck (1964a) attempted to test the hypothesis , 

b ased on inhibition theory , t hat reminiscence occurs 

a t least in large measure due to poor pr e-res t perfor

mance , which is lowered by th e accumulation of inhibition . 

He matched JOO subj ects for their init ial abi l ity on 

the pur suit rotor and then divided t hem i nto e roups 

on the basis of whether or not their performance durin g 

the l as t 90 s econds of pre-rest practic e showed a decline . 

On the bas i s of i nh i b ition theory i t would be predicted 

that the subject s showing the decline in performan ce 

prior to r es t would show the greates t amount of r em in is 

c ence . No difference was found between the groups . 

Another contradiction of inhibition theory co me s 

from Rachman (1962 ), who tested the hypo t hesis first put 

forward by Pav lov (192'/) that t he i ntroduction of an 

alien stimulus will lead to a very rapid removal of 

inhibition. Rac hman tes t ed the effects of a very loud 

buzzer, introduc ed aft er t he 28th of JO 10-second tria l s 

prior to rest. Th ere was then a 10 minute rest, followed 

by six more trials. As predicted , there was ~ l owering of 

reminiscence scores for subjects exposed to the bu zzer. 
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But t he lowering of reminiscence scores did not come 

about from a sudden rise in pre-rest performance 

foll owing the disinhibiting stimulus, as predicted. 

Rather, the lowered reminiscence resulted from lower 

post-rest performance. Feldman (1964) and Mohan (1968 ) 

have demonstrated the same effect. 

Results such as these led Adams (1964), in a r eview 

of work on motor skills, to conclude that "we undoubtedly 

would be ahead in motor learning to abandon Hull's 

work-inhibition postulates and marshal our findings 

for work and rest (which are considerab le) for a f at i e ue 

theory of our own" (p. 194). 

In an effort to provide a th eory of remin iscence 

in pursuit rotor tasks, and a fr amework for dealing with 

reminiscence in other tasks, Eysenck (1965 ) has pro pos ed 

a three-factor theory of reminiscence, based on r eactive 

and conditioned inhibition along with a third factor -

consolidation. Eysenck suggests that Hullian theory 

deals with decrements in performance, while consolidation 

deals with decrements in learning . These two appro aches 

are seen by Eysenck to be complementary rather than 

antithetical. That is, both are required to expla in 

reminiscence phenonena. A further assumption that 

Eysenck makes is tha t the causes of reminiscence are 
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t ask-specific. Thus some tasks, such as the pursuit 

r otor , are explicable almost completely in t erms of 

consol idation, while other tasks , such as v i g ilance 

and spiral after-effect, are affected by inhibition . 

Th e basic assumptions of t he consolidation th eory are 

t hat some sort of (unspecif i ed ) n eural fixation of 

l earn i ng t akes p l ac e, that this neural f ixation r equires 

t ime to reach its optimum, and that this fixation pr ocess 

i s interfered with by work (continua tion of the t ask ) 

or by irrelevant sensory stimul i ( Eys enck , l 964 a ) . 

The main phenomena of r em i nisc ence in pur s uit roto r 

learn ing are adequate ly explicable in terms of consolida

tion theory. In general, reminiscenc e occur s as a r esult 

of t he consolidation which has taken place dur ing r est . 

During pre-rest practice, a point is r each ed ( asymptote) 

where continued work inter feres with con solidation of 

the l earning a lready accomplished . But consol idat ion 

theory cannot explain some of t he phenomena of reminiscenc e 

such as the permanent work decrement and post-rest 

upswing . Consolidation t heory can explain the findings 

of RRchman (1962 ) that an alien s timulus introduc ed 

late in massed pract j.ce leads to a decrement in the post

rest performancs. Ac cording to consolida tion theory, 

the alien stimulus ( a bu zzer O! ', ir, !V!ohan ' s ( 1968) study , 
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a bright light) interferes with consol i dation , somehow 

disrupting the neural trace. 

There have been few tests of Eysenck's theory . 

Rachman and Grassi (1965), in th e experiment discussed 

above , confirmed a prediction from the t heory that a 

compe ting learning task would interfere with conso lidation 

in pursuit rotor learning , thus lowering reminisc ence . 

Gr i f fith (1968 ) produced the same r esult s . Stelmach 

(1968 ) had subjects read aloud during r es t in an effort 

to i nterfere with remini s cence in free - standing l adde r 

cl imb ing , but found no reduction in r eminiscenc e from 

the interpolated t ask . 

Earlier work t esting aspects of Hullian theory 

b ears on consolidation theory. Duncan (1957) had subjects 

beine tested on the pursuit rotor either continue vi sual 

tracking during rest, continue rotary arm movement at 

the same speed with the subjects blindfolded and th e 

stylus guided by a track, or r est. Rotary a r m movement 

depressed post-rest performance (i.e., reduced reminis 

cence), whil e visual tracking d id not. Humphries and 

Mcintyre (1963 ), in a simi lar experiment, found no 

interference with reminiscence from either visual tracking 

or rotary arm movemen·L . 

Th8re has been little work in recent years on 
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r emin i scence, due probably t o changing areas of i nt ere st 

f or r esearchers. The improvements in ready availability 

of more advanced data analysis t echniques and i mpr ov ed 

knowledge of the physiology of the motor and vi s ua l 

s ystems suggest that research might now be able t o of fer 

i n sigh t s into reminiscence not previously ava ilable . 



METHOD 

Subjects 

Subjects were 150 female undergr aduates a t Texas 

Woman 's University, ages 18 to 26. Preferred hand was 

not taken into account. Subjects were volunteers, 

recruited by personal appea l to classe s in various 

department s . The firs t group of 50 sub jec ts was t es ted 

dur ing the Spring semester, 1979. The remaining 100 

sub jec ts were tested during t he Fall semester, 1979 . 

Apparatus 

Inverted Alphabet Printi~. 

The appar atu s for this test consisted of c ommercial l y 

available graph paper , rul ed in .25 inch square s . One 

inch divisions were heavily ruled. Th e ruled area was 

7 by 10 inches. 

A Lafayette mirror tracing apparatus , mode l 31010, 

was used as the interpolat ed t ask predicted to lower 

r eminiscence for the IAP task. Mimeogr aphed circles 

with an inside diamter of 5·75 inches (14. 6 em) and an 

outside diame t er of 6.25 inches (15. 9 em ) were used as 

targets. Subjects traced around each tar get once 

with a pencil. 

40 
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Eursuit Ro t or 

A Lafayette polar pursuit apparatus was us ed , mode l 

.3001) . Lafayette .01 second stop clocks were used to 

r ecord time on target (TOT). Two Hunter decade interva l 

t imers cycled timing between the two stop clocks every 

10 seconds, so that TOT scores were record ed by the 

exper i menter and each stop clock reset while the oth er 

was recor ding. 

For the reverse-cue pursuit rotor, the interpolated 

task pr edicted to reduce remin is cence for the pursu it 

rotor, a frame of copper tubing was attached over the 

pursuit rotor, which p ermitt ed attachment of a s heet 

of cardboard that blocked the subject s ' v iew of the 

rotor without interfering wi t h movement of the stylus. 

A mirror mounted on the wall behind the pursu i t rotor 

allowed the subjects to see the target indirectly during 

reverse-cue prac t ice. 

Tht:; pursui t rotor target was provided by f l()urescent 

lights insidB the rotor. A turntable mount ed above the 

lights is opaque except for a strip .75 inches (1.9 em) 

wide. A sheet of glass with a paper backing is mounted 

above this. The circular route of the target is then 

determined bJ.r cut ting out the appropr i ate p attern on the 

paper . 'rhe c :i.r cle patt e1'n us ~d 2.n in~ ide d -i ametc r of 
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). 62 inches (14.29 em) and an outside diamter of 6.25 

inches (15.89 em). The target of light was thus approx

imately square. 

The surface of the pursuit rotor was 37.5 inches 

(95 .25 em) above the floor. The IAP and mirr or tracing 

tas ks were done with the subject seat ed at a table 28 . 5 

inches (72.39 em) high. Timing of all IAP trials and 

inter polated tasks and rest period was done with an 

Aris ta stopwatch, with graduations of .1 s econds. 

Procedure 

Each subject was tested on both IAP and pursuit 

rotor, with order of the tasks count erbalanc ed acros s 

a ll groups. Five levels of treatment and two orders 

re sulted in 10 groups of sub jects f or each replicate . 

Subjects were randomly as s igned to groups within eac h 

replic ate. 

All subjects perform ed on the pursuit r otor for 

5 minutes of massed practice, followed by 20 minutes o f 

rest, followed by 2 more minutes of practice . For the 

IAP task, subjects complet ed 10 trials of 30 seconds 

each, followed by a 20 minute rest, followed by 4 

more trials. The interval between tria ls on the lAP 

task was approximate ly 3 seconds . During the rest 
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period f or each task, subjects were exposed to one of 

f ive conditions: 

1. Rest only (no interpolated task). 

2. Immediate reverse-cue (reverse-cue pursuit rotor 

practice for 3 minutes at the beginning of the rest 

period). 

3. Delayed reverse-cue (reverse-cue practice for 3 

minutes, beginning 6 minutes after the start of r est). 

4. Immediate mirror tracing (mirror tracing for 

3 minutes, beginning at the start of th e r est period ). 

5· Delayed mirror tracing (mir ror tracing for 

3 minutes, beginning 6 minute s after the start of rest ). 

The interval between the end of pre-res t pract ice 

and the start of the immediate interpolated tasks was 

approximately 20 seconds. 

For the lAP task, subjects were ins t ructed to 

begin in the lowe r right corner of the paper and prin t 

across to the left, printing each letter upside down 

and backvvards. A demonstration of the first few letters 

was given. At the end of 30 seconds, subjects were 

told "Stop . Ready. Begin." At tha t ti111e they started 

again at the next number ed section on the right. Subjects 

were instructed to continu e on the n ext line i f they 

finished a line (29 l etters per line ) t 2nd to continue 
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t hrough the alphabet again if they reached the end of 

the a lphabet during a trial. Subjects were instructed 

t o beg i n each trial with the next letter of the a l phabet 

f rom where they finished the last trial, r a t her than 

s tarting each trial with the letter A. 

During the rest period, when no t engaged in inter

polated t asks, subjects either read or conversed with 

t he experimenter. Subjects were not allowed to s moke 

dur ing the rest period, and wer e not a llowed to r ead 

textbooks or study during that time. 

The inter val between t h e IAP and pursuit r otor t asks 

was approx i mately 2 minutes , when the IAP was done 

firs t . When the pursuit r otor was done f i rst, the 

i nterva l was abou t 5 minutes , s i nce the I AP i ns t r uc tions 

took longer than instructions for the pursuit ro t or . 

For the mirror tracing, subjects were ins truc ted 

to trace around the c i rcle c l ockwi se , staying within the 

lines. A supply of circle t ar get s was beside th e mir ror 

tracing apparatus, and subjects were told to co mp l et e as 

many as possible, tracing around each t arge t once . 

For the pursuit rotor, sub j ec ts were shown how t o 

perform the task, then asked to do th e t ask fo r a f ew 

seconds, to be certain tha t i nstructions were understood . 

Subj ec t s were to ld to try to keep the tip of the stylus 
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on top of the moving target. The target moved in a 

c ircle at 60 rpm. 

For the reverse-cue practice, the experimenter 

attached a sheet of cardboard to the frame over the 

pursuit rotor, blocking the subjects' direct view of 

the target. Subjects were instructed to track the 

t arget while looking in the mirror mounted behind the 

apparatus. 

Data Analysis 

For purposes of this discuss i on, the term "perfor

manc e measure" will be us ed to refer to the three 

di f ferent sets of scores generated by each subject. 

These are the number of letters printed during each 

JO-second trial of lAP , the number of seconds time 

on target during each 10-second trial on the pursuit 

rotor, and the number of seconds TOT for the pursuit 

rotor averaged across three consecutive trials of 

10 seconds each. The performance measures will be 

referred to as IAP, 10-second pursuit rotor, and JO

second pursuit rotor, respectively. The IAP thus had 

10 trials pre - rest and 4 trials post-rest. Th e 10-second 

p~rsuit rotor had JO trials pre-rest and 12 trials 

post-rest. The JO-second pursuit rotor had 10 tr ials 

pre-rest and 4 t r ials post~rest. The JO-second pursuit 
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rotor measure is expressed in TOT in seconds out of 

10 seconds. That is, the same unit of measurement is 

used for both the 10-second and JO-second pursuit r otor 

measures, except that the JO-second measure represents a 

mean across three 10-second trials. 

The trials of interest for the analyses are the last 

pre-rest trial and the first po s t-rest trial for each 

measure. Since these are the only scores used, "pre-rest 

scores" will refer to the scores on the last trial pre

r est , and "post-rest scores ~ will refer to the scores on 

the first pos t-r est trial. 

For each performance measure, the assumptions of 

normality and homogene ity of varianc e and r egr ession were 

tested, and an analysis of covariance performed as the 

principal analysis. The normality assumption was tested 

on the three main effects, which are defined below. The 

Kolmogorov-Smirnov test for the s imilari ty of distribu

tions was performed by the NPAR program of the SPSS 

computer package (Matzek, 1978), · which generates the 

normal distribution with the mean and standard deviation 

supplied by the user. The means and standard deviations 

for the groups within each main effect were input as 

the parameters of the normal distribution that the 

obtained dis ~ribution was compared to. According to the 
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SPSS manual (Matzek, 1978), this results in a more 

conservative test than if known parameters are used. 

The assumption of homogeneity of varianc es was 

t ested sepera tely for each main effect, using Levene ' s 

t est , wh ich was computed by the BMDP7D progr am (Dixon 

&. Brown , 1979). The assumption of homogeneity of r egr es 

s ion was tested for each performanc e measure us ing the 

BMDPlV program (Dixon & Bro~1, 1978). This progr am 

c omputes the regression s lopes for the dependent var iab l e 

(post-rest scores) agains t the covaria te (pr e-rest scores ). 

These 30 slopes are then compar ed for equality. For each 

of these analyses , t he degr ees of f re edom are p - 1 and 

nt - 2p, wher e p is the numb er of s lopes t o be compared 

and nt is the total number of sub ec ts in a l l gr oups 

(Dayton, 1970). 

The analyses of covariance on the three performance 

measures us ed the post-res t scores as dependent variables, 

with the pre-rest scores as covariat es. The main 

effects for each ANCOVA were Replicat es, Levels of 

Treatment, and Order of Treat ment. 

There were three l evels of the Replicates eff ect, 

representing the replications of the exper iment wit h 

50 subjects in each :ceplicate. The five Lev el s of 

Tr eatment r epr esent the f ive conditions outlined i n 
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the Procedures, above. The Order effect compares 

s1b jects who did the pursuit rotor first to those who 

did the I AP first. Order was counter balanced, since each 

subj ect did both the pursuit rotor and IAP tasks. Each 

ANCOVA was thus a 3 x 5 x 2 analysis with five subjects 

per cell of the design, totalling 150 subj ects. The 

Tukey (a) procedure for multiple comparisons, with the 

ad justed error mean square corrected according to Winer 

(1962 ), was used for post hoc comparisons between means 

f or significant effects in the ANCOVAs with pre-rest 

s cores a s the singl e covariate . 

The first set of analyses for each performance 

measure used the ANCOVA with pos t-rest scores a s the 

dependent variables and pre-rest scores as the covariat es. 

A second set of analyses used the age of the sub jects 

and the pre-rest scores as covariates , with post-rest 

scores as dependent variables . These ana lyses are thus 

the same as the initial ANCOVAs, except for the addition 

of age as a second covariate. A third set of analyses 

used pre- and pos t-rest scores as t wo l evels of a 

Repeated Measures facto r , along with the Replicates, 

Level, and Order factors. 

The occurrence in the repeated measures design of a 

signi f ic an t Repeated Measures ef fect ind i cate s that 
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r eminiscence occurred, ignoring the other main effects. 

Significant interactions of the Repeated Measures factor 

with the other factors indicate the the degree of rem

i niscenc e differed across different levels of the othe r 

f actor in the interaction. A significant Repeated 

Measures by Levels interaction would t hus indicate 

t he reminiscence differed for d i f ferent levels of treat

ment . Significant main effects in the ANCOVAs should 

thus be matched by significant first-order interactions 

b etween the Repeated Measures f ac tor and the other 

ma in effects. 

Fi nally, an ana lysis of variance was per f ormed for 

each performance measure using the pre - rest scores as 

the dependent variables , testing the equali t y of groups 

on the performance measures prior to introduction of the 

treatment. This tested equality of pre-rest performance . 

The BMDP2V program (D ixon & Brown, 1978) was us ed 

for all of the analyses of variance and covariance 

discussed above. 

Correlations were computed between pre- and post-res t 

scores and between pre-rest scores and r emin iscence 

scores (where reminiscence scores are obtained by 

subtracting the pre-rest score from the post-ree t score 

for each subject) for e ach per formanc e measure. Corre-
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l a t ions between reminiscence scores for the three perfor

mance measures were also computed. Correlation coef

f icients for each of these relationships were computed 

f or eac h treatment group sep arately and for the subjects 

as a whole. Pearson product-momen t correlations we r e 

u sed throughout. These were computed using the SPSS 

r egress ion program (Nie, Hull, Jenkins , Steinbrenner, 

& Bent, 1975 ). 

For all analyses except the corre lations , exact 

v a lues of £, as provided by the various computer programs , 

are reported , rather than r eporting which values of t he 

statistic s reached significance at a preset leve l of 

alpha. The level of significance, alpha, was set at 

. 05 prior to testing , but in reporting r esults it is 

felt that exact probabilities glve the reader a more 

adequate understanding of the data t han merely a listing 

of "significant" or "not significant.'' When , in the 

text, an effect is referred to as "significant ~ " t his is 

to be interpreted as meaning that the statist ic is 

significant at any conventional level of alpha, i.e., 

.05 or less. 

The values of £• the probability that the sample 

came from a population (or populations) of s 0me specific 

typ e (usually one in which the population means are 
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equal ). offer a possibly misleading exactness, implyi ng 

t hat the probability is known with a high level of 

prec i sion. The degree of variance of the data from the 

assumed forms (equal variances, normality, and equal 

r egress ions) altars the precision of the reported levels 

of Q by some unknown amount. Nevertheless , if this 

i nexactness is kept in mind, report i ng of "exact" 

pr obabilities should enable the reader to decide whe ther 

the interpr etations placed on the outcomes of the 

analyses are warranted, and to decide for themselves 

what interpretation to place on borderline effects. 

The ready availability of "exact" probabilit ie~, from the 

output of the various computer programs , seems to offer 

an a id to interpretat ion, beyond compar i s on of obtained 

values to table values at the specified leve l of alpha. 

Some considerable caution should be exercised, however, 

and the trap of treating the values cf ~ as precisely 

known values must be avoided. 



RESULTS 

Inverted Alphabet Printing 

For the inverted alphabet printing task, performance 

wa s measured by the number of letters printed during each 

30-second trial. The last pre-rest trial and first post

res t trial provided the scores of interest. Means and 

standard deviations for each of the 30 cells of the 

design are reported in Tables 1 and 3 for pre-rest 

and post--rest scores, respectively. Marginal means and 

standard deviations for these measures are reported in 

Tables 2 and J.1-. Post-rest means, adjusted for equality 

of pre-rest scores , along with reminiscence scores , 

defined as post-rest score minus pre-rest score, are 

reported in Table 5· The adjusted post-rest means are 

the means compared in the analysis of covarianc e using 

pre-rest scores as the single covariate. Marginal means 

for the adjusted post-rest scores and for the remini

scence scores are reported in Table 6. 

The Kolmogorov-Smirnov tests of normality ere 

reported in Table 7. These test the null hypothes is 

that the scores at each level of each main effect do 

not differ from a normal distribution . In each case 

the null hypothesis is retained. 

52 



Table 1 

Pre-rest Means and (St andard Deviations ) 
for Invert ed Alphabe t Print ing 

- ·-· -
Level of Treatment 

Replicate Or der 
RO IRC DRC H.1T DMT 

1 22. 8 25 . 8 28. 2 25.2 19.6 
(6.J8 ) (8.01 ) (5.07 ) (4 . 76 ) (2. 61 ) 

1 
2 25. 2 25 . 4 22 . 2 25 . 2 26 . 4 

(5.45 ) {J . 85) (6 .10 ) ( 1. 92 ) (4 . 16 ) 

1 25.4 2J . 8 2J.4 20. 2 24 . 6 
(4.10 ) (5.93) ( 5. 68 ) ( 5 . 21 ) (8 . 08 ) 

2 
2 21. 6 27 . 2 2J . 2 26.2 20 . 2 

(6. 50) <:3. 96 ) ( 2 . 59 ) ( J . ll ) (5 . 89 ) 

1 25. 6 2J. 8 2J.O 25. 0 20 . 2 
(5. J 2 ) (2.59 ) (4. 47) ( J . 08 ) (2 . J9 ) 

3 
2 26 . 8 22.2 22 . 2 26. 8 21.2 

( J .70 ) ( 3.96 ) (4.20) ( J . 27 ) (5 . 22 ) 

Note : RO = rest on l y; IRC = i mmediate rever se-cue 
pur suit rotor ; DRC = delayed reverse-cue pursuit ro tor ; 
IMT = i mmedi ate mirro r t rac i ng ; DMT = delayed mirro r 
trac ing . 
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Table 2 

Marginal Means and (St andard Deviations ) 
f or Pre-rest Inver t ed Alphabet Pr i nting 

Factor Levels of Fac t ors 

1 2 3 

Replicates 24.6 23.6 23. 7 
(5.19) (5.35) (4 . 19 ) 

RO IRC DRC IMT 

Levels of 24. 6 24.7 23 . 7 24 . 8 
Treatmenta (5.19) ( l.j. . 88 ) (lo~- . 86 ) (4 . 03 ) 

1 2 

Order 2J.8 24.1 
(5.23) (4 .63 ) 

DMT 

22. 0 
( 5. 32 ) 

a.See Note , Tab l e 1, f or definitions of t reatm ent s . 



Table 3 

Post-rest Means and (Standard Deviations) 
for Inverted Alphabet Printing 

Levels of Treatment a 
Replicate Order 

RO IRC DRC IMT DMT 

1 2).6 27.4 28.2 28.4 21.0 
(6.50) (9.42) ().77) (5.27) (J. J9) 

1 
2 27.8 27.6 24.4 24.4 26. 8 

(6.83) (4.50) (6.80) (7.50) ().27) 

1 27.8 27.2 25.6 23.0 25.0 
(4.09) (5.76) (7.23) (5. 24) (7. 48 ) 

2 
2 21~. 0 29.6 27.2 29 .0 22. 6 

(4.53) (4.93) (4. 81 ) (2.12 ) (J.l3) 

1 26.4 28.2 28.0 24.4 25.4 
(J.65) (6.42 ) (J.24 ) (3.78) ( 2 . 70 ) 

3 
2 )0.0 26.0 26.8 27.4 22 .0 

(4.58) (2.92) (J.27) (). 58 ) (6.20 ) 

aSee Note, Table 1, for definitions of treatments. 
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Table 4 

Mar ginal Means and (Standard Deviations) 
for Post-rest Inverted Alphabet Printing 

F'actor Levels of Factors 

1 2 J 

Heplicates 26.0 26.1 26.5 
( 5· 9 5) (5. 23) (4.J7) 

RO IRC DRC IMT 

Levels of 26.6 27.7 26.7 26.0 
Treatment a (5.23) (5.57) (4.85) ().00) 

1 2 

Order 26.0 26.4 
(5.42) (4.97) 

DMT 

2J.8 
(4 .78 ) 

a See Note, Table 1, for definitions of treatments. 



Table 5 

Adj us ted Post-rest Means and (Reminiscence Scores ) 
for Inverted Alphabet Printing 

Level of Trea t me nta 
Replicate Order 

RO IRC DRC I MT DMT 

1 24.5 26 . 0 24 .9 27. 4 24. 4 
(0.8) (1.6) (0.0) (J. 2 ) ( 1. 4 ) 

l 
2 26.8 26.5 25. 8 2J.4 24 . 9 

(2.6) (2.2) (2.2) (-0. 8 ) (0. 4 ) 

1 26.7 27·f 26.0 25. 9 24 . 5 
(2.4) (J.4 (2.2) (2. 8 ) ( o. 4 ) 

2 
2 25.8 27.1 27. 8 27. J 25. 5 

(2.4) (2.4) (4.0) ( 2. 8 ) ( 2. 4 ) 

1 25.1 28. J 28.7 2J . 6 28 . J 
(0.8) (4 .4 ) (5. 0 ) (-0 .6 ) (5. 2 ) 

J 
2 27.8 27.4 28 .1 25. 2 24.1 

(J.2) (J.8) ( 4 . 6 ) (0. 6 ) (0. 8 ) 

asee Note, Table 1, for definitions of treat ments . 
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Table 6 

Mar ginal Means for Adjusted Post-rest Scores 
and (Reminiscence Scores) 

for Inverted Alphabet Printing 

Fac t or Levels of Fac tors 

1 2 J 

Repl icates 25·5 26.4 26.7 
(l .J6) (2.52) (2.78) 

RO IRC DRC IMT 

Leve l of a 26.1 27.1 26.8 25·5 
Treatment (2.03) (2.97) (J.OO) (l.JJ ) 

1 2 

Order 26.1 26.2 
(2. 20) (2.24 ) 

DMT 

25.2 
( l. 77) 

aSee Note, Table 1, for def initions of treatments . 
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Table 7 

'l'es ts of Normality for Inverted Alphabe t Printinga 

Fae t or Levels of n Maximum Kolmogorov-
Factors D Smirnov Z 

Rep l icate 1 50 .1227 . 867 . 439 

2 50 . 0840 ·594 • 872 

3 50 .1309 .926 • 358 

Leve ls ofb RO 30 .1157 • 634 • 816 
Treatment 

IRC 30 .0886 .485 · 973 

DRC 30 .1556 . 852 . 462 

IMT 30 .1464 . 802 · 541 

DMT 30 .1090 • 597 . 868 

Order 1 75 .07 80 • 676 ·7 51 

2 75 • 0979 • 848 . LJ-68 

~eans and standard deviat i ons u s ed for each t est are 
those reported in Tables 2 and 4. 

bSee Note, Table 1, for definit ions of t r eatments . 
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The assumption of homogeneity of variance was 

t ested with Levene's test for each of the main effects. 

Thes e tests are reported in Table 8. None of the tests 

l eads to a rejection of the hypothesis of equal varianc e s . 

The test of the assumption of homogeneity of regression 

s l opes is reported in Table 9. The test fails to reject 

t he hypothesis of equal regression slopes for the 30 

c e lls of the design. The regression slop es tested are 

t he regression of post-rest scores on pre-rest score s . 

The assumptions of the analysis of covariance do 

not appear t o be violated , at l east for the te s ts of 

t he main effects. The assumptions of normality and 

homogeneity of variance were not tested fo r all 30 

cells of the design (representing s ample s from 30 popu

lations). The number of subjects f or each cell of the 

design is equal, however , so that the analys is is 

expected to be robust to violations of the assumptions . 

The analysis of covariance using the scores on the 

first post-rest trial as t he dependent variable and the 

scores on the last pre-rest tr ial as the covariate is 

reported in Table 10. No significant f-ratios occurred . 

The correlation betwe en the covariate and the dependent 



Fac t or 

Repl icate 

Levels of 
Treatment 

Or der 

Source 

Table 8 

Tests of Homogeneity of Variance 
for Inverted Alphabet Printing 

df -num dfdenom F 

2 147 1. 21 

4 145 0.22 

1 148 0.86 

Table 9 

Test of Homogeneity of Regr ession 
for Inverted Alphabet Printing 

ss df MS 

Equality of 
Slopes 371.17 

1176.89 

29 

90 

12. 80 

lJ.08 Error 
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.JOO 

. 925 

· 356 

F 

·508 



Table 10 

Ana lysis of Covariance on Inverted Alphabet Printing 
Pre-rest Scores are Covariat e 

Sourc e ss df MS F l2. 

Replicate (R) 39·95 2 19.97 1. 54 .220 

Leve l of 
Treat ment ( L) ?8.J5 4 19.59 1. 51 .205 

Order (0) 0.)4 1 0.)4 0.04 .8J8 

R X L 61..19 8 ?.65 0.59 .?86 

R X 0 ).09 2 2.55 0.20 . 82J 

L X 0 24.11 4 6.0J 0.46 .762 

R X L X 0 llJ.26 8 14.16 1. 09 • 376 

Error 1548.06 119 1).01 
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variable was .73, which is significant, I?.< .001. Corre

l ations between the covariate and dependent variable f or 

each level of the treatment factor are reported in 

Table 40 . 

A second analysis of covar iance, us ing post-rest 

s cores as the dependent variable, with pre-rest scores 

and age of the subjects as covariates , is reported in 

Table 11. The introduction of age as a second covar iate 

had little effect on the analysis. It should be not ed 

tha t the age of six of the subj ects was unknown. Th e 

total number of subjects was thus 144 for this analysis . 

The correlation between age and the post-rest scores 

was .09, 2 = .268. Age was entered as a second covariate 

in the analysis of each performance measure due to 

significant Replicate effects in the 10-second and 30-

second pursuit rotor measures, as discussed below. 

The analysis of variance using the pre-rest and post 

rest scores as levels of a Trials factor in a r epeated 

measures design is reported in Table 12. The repeated 

measures factor is significant at beyond the .001 level, 

supporting the hypothesis that reminiscence did occur. 

In agreement with the analysis of covariance reported 

in Table 10, there were no significant interactions of 

the repeated measures, or Trials factor with any of the 



Table 11 

Ana l ysis of Covar iance on Inverted Alphabet Printing 
Pre-rest Scores and Age are Covariates 

Source ss df MS F P. 

Rep l icate (R) 27.11 2 13-55 1. 08 ·343 

Level of 
Tr eatment (L) 101.04 4 25.26 2.02 . 097 

Or der ( 0) 0.61 1 0.61 0.05 .826 

R X L 5_5.83 8 6.98 0.56 . 811 

R X 0 8.39 2 /~.19 0.33 .716 

LX 0 35.07 4 8.77 o. 70 • 594 

R X LX 0 110.56 8 13.82 1.10 . 367 

Error 1403.59 112 12._53 
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Tabl e 12 

Analys is of Var ianc e with Repeat ed Measures 
for Inverted Alphabet Pr i n ting 

Source ss df MS F 

Among Sub jects s 

Replicate (R) 9 . 69 2 4. 84 0. 11 . 895 

Leve l of 
Treatment (L) 377. 31 4 94 .32 2. 17 . 076 

Order (0) 10.83 1 10. 83 0.25 . 619 

R XL 155·95 8 19. 49 0.45 . 889 

R X 0 2.18 2 l. 09 0. 03 . 975 

L X 0 114. 68 4 28. 67 0.66 . 621 

R X L X 0 707. 65 8 88 . 46 2. 04 . 048 

Error 5215 . 00 120 4 3. 1-t-6 

With i n Sub jects : 

Trials (T) J69. 63 1 369 . 63 52 . 52 < . 001 

T X R 28.58 2 14 . 29 2. 03 . 136 

T X L 32.89 4 8. 22 1.17 · 328 

T X 0 0.03 1 O. OJ 0. 01 . 948 

!I' X R X L 50. 85 8 6.36 0. 90 . 516 

T X R X 0 2.78 2 l. 39 0. 20 • 821 

T X L X 0 21. 72 4 5. 31 0. 75 • 557 

T X R X L X 0 51. 92 8 6. 49 0. 92 .sol 

Error 844. 60 120 7. 04 -----
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other effects. The Replicates by Levels by Order inter

action reached significance at the • 05 level. The mean 

of t he subjects' pre-rest and post-rest scores provides 

t he measure being used in the among subjects eff ect s . 

and no straight-forward interpretation of the interaction 

s eems possible. 

The analysis of variance on the pre-rest scores 

i nd i cates that performance was approximately equal 

across groups prior to the experimental treatments. 

This suggests that random assignment of subjects to the 

Levels and Order groups was succesful in equat ing 

initial performance, and that subjects in the three 

replications of the experiment did not differ on init ial 

performance on the IAP task. See Table lJ. 

The analyses of the lAP data indicate that r emini 

scence occured for subjects. ignoring grouping . It is 

clear, however, that the experimenta l manipulations 

produced no significant differences in either performance 

or degree of reminiscence, nor were there effects due 

to Replicates or Order of the tasks. Neither the 

mirror-tracing , which was predicted to interfere with 

reminiscence in IAP, nor the reverse-cue pursuit rotor 

practice, reduced the degree of reminisc ence for th e 

IAP task. 



Table 13 

Analysis of Variance on Pre-rest Scores 
for Inverted Alphabet Printing 

Source ss df MS F 

Replicate (R) 31.61 2 15.81 o. 67 

Level of 
Tr eatment (L) 160.37 4 40.09 1. 71 

Or der 4.86 1 4.86 0.21 

R X L 156.99 8 19.62 0.84 

R X 0 0.84 2 0.42 0.02 

LX 0 97.97 4 24.49 1. 04 

R X I, X 0 342.43 8 42.80 1. 82 

Error 2815.60 120 23.46 
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Ten-second Pursuit Rotor 

For the 10-second pursuit rotor measure, performance 

was measured. by the number of seconds time on target 

during each 10-second trial. The last pre-rest trial 

and first post-rest tr ial provided the sc ore s of interest . 

Means and standard deviations of pre-rest and post-rest 

scores for the 30 cells of the design are reported in 

Table s 14 and 16. Mar ginal means and standard deviations 

fo r these measures are reported in Tables 15 and 17 . 

Post-rest means, adjusted for equality of pre-re s t scores , 

are reported in Table 18, along with reminiscence s core s , 

which reflect the differenc e between pre- r est and post 

rest performance. The adjusted post-rest mean s are the 

means compared in the analysis of covar iance using pre

rest scores as the single covariate. Marginal msans 

for adjusted post-rest scores and remini s c ence s cores are 

reported in Table 19. 

The Kolrnogorov-Srnirnov tests of the normality of 

scores at each level of the main effects are reported 

in Table 20. The null hypotheses that the scores ar e 

from populations that do not differ from a norma l 

distribution are all retained. 

The assumption of homogeneity of variance was tested 

for each of the maL'rl effects , using Levene 's t est . These 



Table 14 

Pre-rest Means and (Standard Deviat i ons ) 
for 10-second Pursuit Rotor Measure 

Level of Treatmenta 
Replicate Order 

RO IRC DRC IMT DMT 

1 3·03 3.24 4.57 3·75 3· 13 
(1.1)) (2.33) (0.43) (1.73) (2.12 ) 

1 
2 3·30 ).88 2. 80 4.14 4 . 20 

(1.21) ( 1. 74) ( 1. 70) (0 .80 ) (1.17 ) 

1 2.26 3.10 2.06 2. 77 2. 51 
(1.62) (1.85) ( 1. 58 ) ( 1. 46 ) ( 1. 97 ) 

2 
2 2.56 2.38 3- 15 2. 17 2.06 

( 1. 00) (o. 74 ) ( 1. 55 ) (0. 52 ) ( l. 53 ) 

1 2.28 1.10 1. 82 2. 25 1. 72 
(1.84) (0. 98 ) ( 1. 07) (0.92 ) ( 1. 31) 

3 
2 2.34 2.63 2. 61 1.94 l. 09 

( 1. 37) (0.61 ) ( 1. 48 ) ( l. 08 ) (0.76) 

a See Note, Table 1, for definitions of t reatments, 



Table 15 

Marginal Means and (Standard Deviations) 
fo r Pre-rest 10-second Pursuit Rotor Scores 

Factor Levels of Factors 

1 2 3 

Repl icates J,6o 2.50 1.98 
(1.50) ( 1. 37) ( 1. 20) 

RO IRC DRC IMT 

Levels ofa 2.67 2.72 2. 84 2. 84 
Treatment ( 1. 33) ( 1. 68 ) ( 1. 55) ( l. 35) 

1 2 

Or de r 2 o64 2.75 
(L65) ( 1. 38 ) 

DMT 

2. 45 
( l. 74 ) 

aSee Note, Table 1, for def initions of treatments . 
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Table 16 

Post-rest Means and (Standard Deviations) 
for 10-second Pursuit Rotor Measure 

Level of Treatmenta 
Replicate Order 

RO IRC DRC IMT DMT 

1 5·13 5·35 5-4·9 5.16 4.00 
(1.57) (1.95) (0.81) ( 1. J2) (2.13) 

1 
2 4.56 5·77 4.16 4.91 5.44 

(0.77) (1.53) ( l. 52) ( 1. Jl) ( 1. 01) 

1 3.68 J.86 3.62 2.79 2 . 58 
(1.62) (1.63) ( 1. 40) ( 1. 00) ( l. 29 ) 

2 
2 2.61 2.16 3.24 3.04 2.01 

(1.59) ( l. 49 ) ( 1. 29) ( 0.91) (1. 40 ) 

1 J.44 2.44 2.JJ 1. 89 2. 60 
(2.53) ( l. 26) (0.60) (0.90 ) (0. 97) 

3 
2 2.10 2.40 3·23 2.24 l. 73 

( 1. ll .. ) ( l. 00) ( 1. 55) ( 1. 33 ) ( l. 14) 

aSee Note, Table 1, for definitions of treatments. 
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Table 17 

Marginal Means and (Standard Dev iat i ons) 
for Post-rest 10-second Pursu it Rot or Scores 

Factor Levels of Factors 

1 2 3 

Replicates 4.99 2.96 2.44 
(1.43) ( 1. 33) ( 1. 31) 

RO IRC DRC I MT 

Levels of 3·59 ). 66 ). 68 3.)4 
Treatment8 ( 1. 82) (2.02 ) ( 1. 51) (1. 65 ) 

1 2 

Order 3.62 J. Jl 
( 1. 78) ( 1. 74 ) 

DMT 

3. 06 
( 1. 81 ) 

A se e Note , Tab le 1, for definitions of treatment s . 
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Table 18 

Adjusted Post-rest Means and (Reminiscence Scores) 
for 10-second Pursuit Rotor Measure 

Level of Treatment a 
Replicate Order 

RO IRC DRC I MT DMT 

1 4.93 5·03 4.40 4.55 J .7 5 
(2.10) (2.11) (0.92) ( 1. 41) (0. 87) 

1 
2 4.20 5-08 4.10 4.07 4 . 56 

(1.26) (1. 87) ( 1. 36) (0.77) ( 1. 24) 

1 3-93 3.62 3·99 2-75 2 . 68 
(1.42) (0.?6) ( 1. 56) (O. OJ ) (0.06) 

2 
2 2.68 2.)4 2.97 J.34 2- 39 

(0.05) (-0. 22 ) (0.08 ) (0. 86 ) (- 0. 04) 

1 3.68 J.36 2. 8J 2.15 3-17 
(1. 16 ) ( 1. 33) (0. 51 ) (-0. 36 ) (0. 88 ) 

3 
2 2.30 2.44 3.28 2. 68 2. 66 

(-0.24) (-0. 23 ) (0. 62 ) (0. 30 ) (0. 64) 

aSee Note, Table 1, for definitions of treatments. 
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Table 19 

Marginal Me ans for Adjusted Post-rest Scores 
and (Reminiscence Scores) 

for 10-second Pursuit Rotor Scores 

Facto r Levels of Factors 

1 2 3 

Replicates 4.47 J.07 2.86 
(l.J9) (0.46) (0.46 ) 

RO IRC DRC I MT 

Levels of J.62 J.65 J. 6o J.26 
Treat ment a (0.96) (0.94) {O o84 ) (0. 50 ) 

1 2 

Or der 3.65 J.27 
(0.98) (0. 56 ) 

DMT 

) . 20 
(0 . 61 ) 

aS ee Note. Table 1, for definitions of treatments . 
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Table 20 

'I'es ts of Normality for 10-second Pursuit Rotor Score s a 

Fac t or Levels of n Maximum Kolmogorov- P. 
Factors D Smirnov Z 

Replicates 1 .50 .0831 • .587 . 881 

2 .50 .0969 .685 ·7 36 

3 50 • 0778 ·550 .923 

Levels ofb RO 30 .08JO .455 .986 
Treatment 

IRC 30 • 0992 .543 . 929 

DRC 30 .0715 . 392 ·998 

IMT 30 .0862 .472 ·979 

DMT JO • 0733 . 402 . 997 

Order 1 75 .0679 ·588 . 880 

2 75 .0513 .445 . 989 

~eans and standard deviat i ons used for each te s t are 
those reported in Table 17. 

bSee Note, Table 1, for definition s of t r eatments . 
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t e s ts are reported in Table 21. The hypothesi s of 

equa l population variances was supported in each case . 

The test of the assumption of homo geneity of re gre ssion 

s l ope s is reported in Table 22. The test fa il s t o 

re ject the hypothesis of equal population regression 

s lopes. 

The analysi s of varianc e using th e score s on the 

first post-rest trial as the dependent variab l e and 

t he scores on the last pre-rest tria l as th e covariate i s 

reported in Tabl e 2J. The Replicate ef fec t i s highly 

s i gnificant, and the Crder effec t is also significant . 

The significant Replicate effec t indicates t he pe rfor-

mance across the three repl ica tions changed , i gnoring 

the experimental manipulations and ord er of the t asks . 

Pairwise comparisons of marg inal means for the 

Replicate effect indicate that t he first r eplic a tion 

differed s i gnificantly from the second and third , but 

that the second and third repl ications did not d iffer 

significantly. A differenc e between means of 0 . _54 was 

required for significance at tf!e • 05 l evel. For the 

fir s t and third replications , the differenc e be t een 

meffilS was 1. 61 . For the first and second , the d ifferenc e 

was Ll.J-0. For the second and third replications , t he 

differenc e be twe en me 0 21 .ans was . - • 



Factor 

Replicate 

Table 21 

Tests of Homogene ity of Variance 
for 10-second Pursuit Rotor Scores 

dfnum dfdenom F 

2 147 O.J7 

Levels of 
Tr ea tment 4 145 0.68 

Order 1 148 0.02 

Table 22 

Test of Homogeneity of Regr ession 
for 10-second Pursuit Rotor Scores 

Source 

Equality of 
Slopes 

Error 

ss 

24.85 

127.56 

df 

29 

90 

77 

MS 

0. 86 

1.42 

• 689 

• 604 

• 87 6 

F 

0.60 .9J7 



Table 23 

Analysis of Covariance on 10-second Pursuit Rotor Scores 
Pre-rest Scores are Covariate 

Sourc e ss df MS F £ 

Replicate (R) 59.88 2 29.9"-l- 2J.38 <.001 

Level of 
Tr eat ment {L) 5·65 4 1.41 1..10 • 359 

Or der (0) 5·45 1 5·45 4.26 • 041 

R XL 7·37 8 0.92 0.72 . 674 

R X 0 1. 72 2 0.86 0.67 .512 

L X 0 8.74 4 2.19 1. 71 .153 

R X L X 0 8.23 8 1.03 0.80 .601 

Error 152.40 119 1. 28 
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Examination of the marginal means for the Ord er 

ef f c t indicates that post-rest performance, adjusted 

f or equality of pre-rest scores, was higher for the 

sub j ects who performed the pursuit rotor first, f ollowed 

by t he IAP task. This indicates that remin iscence was 

r educ ed for subjects whose post-rest practice on the 

pur suit rotor came at the end of an ·hour-long exper imental 

s ess ion . 

In order to clarify the significant Rep lic ate effect , 

t he on ly available organismic variable, age , was examined . 

An analysis of variance was perf ormed on the s ubjects ' 

ages , comparing the mean ages for the three r eplicat ions . 

For the first replication, the mean age was 20.9J; for 

the second, 19.80; and for the third, 19.16. The 

standard deviations were 2. 06, 1. 89, and 1. 61 for the 

first, second, and third replications, respective l y . 

The analysis of variance showed a significant difference 

in ages, f{2,141) = 10.87, 2 ( . 001. Data on ages was 

available for 144 subjects. 

A second analysis of covariance was performed , using 

pre-rest scores and age as covariates. This analysis is 

reported in Table 24. The introduction of age as a 

second covariate had little effect on the analysis. and 

did not reduce the Replicate effect. The correlat i on 



Table 24 

Analysis of Covariance on 10-second Pursuit Rotor Scores 
Pre-rest Scores and Age are Covar iate s 

Sourc e ss df MS F 1?. 

Repl icate {R) 55.20 2 27.60 21.19 <.001 

Leve l of 
Tr eatment (L) 5·92 4 1.48 1.14 · 344 

Or der (0) 3·55 l 3·55 2 .7 3 . 101 

R X 1 5·05 8 o.63 0.49 . 865 

R X 0 2.J2 2 1.16 0. 89 . 413 

L X 0 10.45 4 2.61 2.01 . 099 

R X L X 0 9.29 8 1.16 0. 89 · 526 

Error 145.87 112 l.JO 
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between age and post-rest performance was significant, 

r = .217, E = .009. Age also correlated with pre-rest 

perf ormance, r = .279, E = .001. Thus, the corre

l a t ion between pre-rest performance and post-rest 

performance (K = .67, E < .001) accounted for most of 

t he var iability in scores, and age, as a second covari ate, 

d i d little to reduce that variability further. It seems 

l ike ly, therefore, that the significant difference in 

ages across replications was unrelated to the Replicate 

effect in the analysis of covariance. 

The analysis of variance using the pre-rest and post

rest scores as levels of a Trials factor i n a repeated 

measures design is reported in Table 25. The signi fjcant 

Trials factor indicates that post-rest scores wer e 

higher than pre-rest scores; that is, that remin iscence 

occurred. Significant Trials by Replicate and Trials 

by Order effects are in agreement with the analysi s of 

covariance using pre-rest scores as the covaria te. Th e 

significant Replicate effect appears to indicate that 

the level of performance changed across r eplicat ions , 

as well as reminiscence. This interpre t ation is sup

ported by the ana lysis of variance on pre-rest scores. 

The analysis of variance on pre-rest s cores shows 

that the difference between replications existed prior 



Table 25 

Analysis of Variance with Repeated Measures 
for 10-second Pursuit Rotor Scores 

- ·--
Sotl.rce ss df MS F 

Among Subjects: 

Replicate (R) 2)7.04 2 118.52 J 8. 1J <. 001 

Level of 
Trea tment (L) 9.01 4 2.25 0.72 . 577 

Or der (0) 0.(8 1 0.78 0. 25 • 617 

R X L 9.02 8 1.13 0.)6 . 9)8 

R X 0 ).00 2 1. 50 0.48 . 618 

L X 0 1. 70 4 o.4J 0. 14 . 968 

R X L X 0 37.27 8 4. 66 1. 50 . 165 

Err or 37J.04 120 J.11 

Within Subjects: 

Trials (T) 44.52 1 44.52 55 .14 <. 001 

T x R 14.50 2 7.25 8. 98 <. 001 

T X L 2.50 4 0.6) 0. 78 • 54J 

T X 0 ).45 1 J.45 4. 27 . 041 

T X R X L 5.02 8 0.6) 0.78 . 623 

T X R X 0 0.64 2 0. )2 0. 40 • 672 
m 
J. X L X 0 5.88 4 1. 47 1. 82 . 129 

T X R X LX 0 5· 27 8 0.66 0.82 • 590 

Error 96.90 120 0. 81 
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t o the application of the treatment manipulations. On 

t he other hand, the Order effect observed in the other 

analyses does not appear, indicating that the effect of 

t he different orders of the tasks was to alter remini

s cence , rather than to simply alter the overall level 

of performance. 

The analyses of the 10-second pursuit rotor data 

i ndicate that reminiscence did occur for subjects, 

i gnoring grouping. The experiment a l manipulation designed 

t o alter reminiscence did not do so. Reminiscence was 

r educed f or subjects who did the IAP task fir s t . Both 

the level of performance and the degree of reminiscence 

changed across repl i cations, becoming lower fo r each 

repetition of the design. See Table 26 . 

Thirty-second Pursuit Rotor 

For the JO-second ~ursuit rotor measure, perfor 

mance was measured by the mean number of seconds time 

on target during three consecutive 10-second trials. 

The mean of the last three trials pre-rest and of the 

first three trials post-rest provided the scores of 

interest. !',leans and standard dev iations of pre -rest 

and post-rest scores for the 30 cells of t he design are 

reported in Tables 27 and 29. Marginal means and 

standard deviations f or thesG scores are reported in 



Table 26 

Analysis of Variance on Pre-rest Scores 
for 10-second Pursuit Rotor 

Source ss df MS F 

Repl icate (R) 68.89 2 )4.44 17.43 

Level of 
Treatment (L) ).14 4 0.78 0.40 

Order ( 0) 0.47 1 0.47 0.24 

R X L 6.56 8 0.82 0.41 

R X 0 0.8) 2 0.42 0.21 

L X 0 1. 86 4 0.46 0.2) 

R XL X 0 2).69 8 2. 96 1. 50 

Error 2)7.15 120 1.98 
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E 

. 001 

• 811 

• 626 

. 910 

. 811 

. 918 

. 165 



8~ 

Table s 28 and 30. Post-rest means, adjusted for equality 

of pre-rest scores, are reported in Table 31, along with 

mea~ of reminiscence scores, reflecting the difference 

between pre-rest and post-rest performance. The adjust ed 

post-res t means are the means compared in the analysis of 

vari ance using pre-rest scores as the single covariate. 

Mar g i nal means for adjusted post-rest scores and remin i 

sc enc e scores are reported in Table 32 . 

The Kolmogorov-Smirnov tests of normality are reported 

in Table 33 for each level of each of the main effects. 

Th e hypotheses that the scores are samples from normally 

distributed populations are all retained . 

The as sumption of homogeneity of' variance was tes ted 

fo r each of the main effects, using Levene's test. These 

tests are reported in Table 34. The hypothesis of equal 

population variances was retained in each cas e. The test 

of the assumption of homogeneity of regression slopes 

is reported in Table 35· The test fails to rej ect the 

hYPothesis of equal population regression slopes, 12. > . 05 . 

The analysis of covariance using the post-rest 

scores as the dependent variable and the pre-rest scores 

as the covariate is reported in 'l'able 36. As with the 

similar analys is of the 10-second pursuit rotor scores, 

the Replicate and Order ef fects are s ignif :i_cant. The 



Table 27 

Pre-rest Means and (Standard Deviations) 
for JO-second Pursuit Rotor Measure 

Level of Treatmenta 
Replicate Order 

RO IRC DRC IMT DMT 

1 J.09 J.29 4.26 4.04 3·23 
( 1. 39) (2.15) (0.68) ( 1. 22) (1.7 6 ) 

1 
2 Jo52 J.78 2.85 4.32 4.14 

(0.16) (2.17) (l.J5) (0.59 ) (0. 87) 

1 2.02 J.Ol 2.1J 2.50 2.)8 
(0.93) (2.00) ( 1. 04) (0.77) ( 1. 67) 

2 
2 2.JJ 2.40 2.96 2.13 1. 86 

(1.06) (0.27) ( 1. 42) (0.52) (1.7 3 ) 

1 2.78 1. 08 1.56 2.07 l. 8J 
(2.08) (0.82) (0.66) (0. 81) ( 1. 22) 

J 
2.J6 2 1. 85 2.58 2.24 1.45 

( 1. 07) (0.77) ( 1.12) ( 1. 27) ( 1. 01) 

aSee Note. Table 1, for definitions of treatments. 
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Table 28 

Marginal Means and (Standard Deviations) 
f or Pre-rest 30-second Pursuit Rotor Scores 

Fac tor Levels of Factors 

1 2 3 

Replicates 3·65 2.37 1.98 
( 1. 35) (L 19) ( 1.16) 

RO IRC DRC IMT 

Levels ofa 2.60 2.66 2.72 2.88 
Treatment ( 1. 29) (1.67) ( 1. 30) ( 1. 25) 

1 2 

Order 2.62 . 2. 72 
(1.51) ( 1. 33) 

DMT 

2.48 
( 1. 60 ) 

aSee Note, Table 1, for definit i ons of treatments . 
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Table 29 

Post-rest Means and (Standard Deviat i ons) 
for JO-second Pursuit Rotor Measure 

Level of Treatmenta 
Repl icate Order 

RO IRC DRC IMT DMT 

1 5·74 5.66 6.47 5.68 4.J2 
( 1. 22) (1. 81) (0.59) ( 1. 39) ( 1. 67) 

1 
2 5·43 5.82 4.51 5·47 5·07 

(0.97) (l.4J) ( 1. 88) ( 1.11) ( 1.12) 

1 3·7.5 4.72 J.48 3.42 J . 54 
(1.18) (2.22) (0.91) (0.75) ( 1. 4J) 

2 
2 J.Ol J.l1 4.00 J.54 2. J2 

(1._54) ( 1. 24) (0.95) (0.45) (l. 6J) 
1 J.71 2.42 2.88 2.69 2. 70 

(2.63) ( 1. 50) (0.48) ( 1. 00) ( 1. 11) 
3 2 2.14 2.66 J.78 2.92 2.21 

( 1. 23) ( 1. 30) (1. 65 ) ( 1. JJ ) ( 1. 27) 

aSee Note, Table 1, for definitions of treatment . 
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Table 30 

Marginal Means and (Standard Deviations) 
fo r Post- rest 30-second Pursuit Rotor Scores 

Fac t or Levels of Factors 

1 2 3 

Repl icates ).42 3·49 2.81 
( 1. 38) ( 1. J4) ( 1. 41) 

RO IRC DRC IMT 

Leve ls of J.96 4.07 4.19 J. 95 
Treatmenta (1.92) (2.04) ( 1. 59) ( 1. 54 ) 

1 2 

Order 4.08 3·74 
(1.80) ( 1. 70) 

DMT 

J.J6 
( 1. 66 ) 

a See Note, Table 1, for definitions of treat ments. 
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Table 31 

Adjus ted Post-rest Means and (Reminiscence Scores) 
for 30-second Pursuit Rotor Measure 

Level of 'freatmenta 
Replicate Order 

RO IRC DRC IMT DMT 

1 _5.50 5·15 5.18 4.57 J. 87 
(2.65) (2.J6) {2.21) ( 1. 64) ( 1. 09 ) 

1 
2 4.7J 4.92 4.J6 4.13 J . 88 

{ 1. 90) {2.03) ( 1. 66) ( 1.15) (0. 93 ) 

1 4.28 4.44 J.92 J.56 J.78 
(1.73) (1.71) {1.35 ) (0.92 ) { l. 16) 

2 
2 J.JO 3·33 3·77 3·98 2. 98 

(0.69) (0.71) (1.05) ( 1. 41) (0 .46 ) 

1 J.61 J.71 J. 78 J.l8 J . J8 
(0.92) (l.J4) ( 1. 32) (0.62) (0. 87 ) 

J 
2 2.80 2.91 J.85 ) . 2? J. 20 

( o. 29) (O.JO) ( 1. 19) (0. 68 ) (0. 77) 

asee Note, Table 1, for definitions of treatments. 
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Table 32 

Marginal Means for Adjusted Post-rest Scores 
and (Reminiscence Scores) 

for 30-second Pursuit Rotor Scores 

Fac tor -Levels of Factors 

1 2 3 

Replicates 4.51 3·73 3-37 
( 1. 76) ( 1.12) (0.83) 

RO IRC DRC IMT 

Levels of 4.02 4.07 4.14 J. 78 
Traatmenta (L 37) ( 1. 41) ( 1.1~ 6 ) ( 1. 07) 

1 2 

Order 4.12 J.69 
(1.46) ( 1. 02) 

DMT 

J.51 
(0. 88 ) 

a See Note. Table 1, for definitions of treatments. 
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Table 33 

Tests of Normality for 30-second Pursuit Rotor Scores a 

Fac t or Levels of n Maximum Kolmogorov- Q 
Factors D Smirnov Z 

Repl icates 1 50 .0838 ·593 . 874 

2 50 .1017 .719 . 680 

J 50 • 0709 ·502 . 963 

Levels of 
Treatment b 

RO 30 .0748 .410 · 996 

IRC 30 .1051 • 576 • 895 

DRC 30 .1006 • 551 . 922 

IMT 30 .1102 .604 • 859 

DMT 30 .0885 .485 . 973 

Or der 1 75 • 0958 .830 .496 

2 75 .0588 • 509 · 9 58 

~1eans and standard deviations us ed for each tes t are 
those reported in Table 30. 

bsee Note, Table 1, for definitions of tr~atments. 
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Factor 

Rep licate 

Table 34 

Tests of Homogeneity of Variance 
for 30-second Pursuit Rotor Scores 

df -num dfdenom F 

2 147 0.14 

Leve ls of 
Treatment 

Order 

Source 

4 145 1. 31 

1 148 0.59 

Table 35 

Test of Homogeneity of Re gression 
for JO-second Pursuit Rotor Scores 

ss df MS 

Equality of 
Slopes 23.29 29 0.80 

Error 78.16 90 0.87 
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.270 

.444 

F 

0.92 ·581 



Table 36 

Analysis of Covariance on 30-second Pursuit Rotor Scores 
Pre-rest Scores are Covariate 

Source ss df MS F E 

Repl icate (R) 29.61 2 14.81 17.37 <. 001 

Level of 
Treatment (L) 8.04 4 2.01 2.36 .057 

Order (0) 6.79 1 6.79 7. 93 .006 

R x L 6.)6 8 0.79 Oo93 .493 

R X 0 0.24 2 0.12 0.15 . 865 

LX 0 3·52 4 0.88 l.OJ • 394 

R X L X 0 J.66 8 0.46 0. 54 • 827 

Error lGl. 45 119 0.85 
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Level of Treatment effect approaches significance at 

t he . 05 level. 

Pairwise comparisons of marg inal means for the 

Replicate effect indicate that the first replic at ion 

diffe red significantly from both the second and third, 

but t hat the second and third did not differ signifi

c antly. A difference between means of .54 was requ ired 

f or significance at the .05 level. For the first and 

s econd replications, the difference between means was 

0. 79 . 'l'he difference was 1.15 between the means of 

t he first and third replications. For the second and 

third replications, the difference was O. J6 . 

Examination of the marg inal means for t he Order 

effect indicates that adjusted post-rest sc ore s were 

h i gher for the subjects who performed the pursu i t rotor 

first. Reminiscence was reduced for subjects who had 

performed the lAP task before beg inning the pursuit 

rotor. 

As noted above, the mean age of subjects differed 

significantly across replications of the design. A 

second analysis of covariance was therefore performed, 

using post-rest scores as the dep endent variable, with 

pre-rest scores and age as covariat es. This ana lysis 

is reported in Table J?. The intr0duction of ag e as a 



Table 37 

~~alysis of Covariance on 30-second Pursuit Rotor Sc ores 
Pre-rest Scores and Age are Covariate s 

Sou.r ce ss df MS F £ 

Rep l icate ( R) 29.72 2 14. 86 18.09 <. 001 

Level of 
Treatment (L) ?.80 4 1.95 2.37 .056 

Order (0) 4.74 1 4.74 5.77 .018 

R X L 5·32 8 0.66 0.81 · 596 

R X 0 0.24 2 0.12 0.14 .866 

L X 0 4.98 4 1.24 1. 52 . 202 

R X L X 0 4.12 8 0.52 o.6J ·7 53 

Error 91.99 112 0. 82 
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second covariate had little effect on the analysis, 

and did not materially reduce the Replicate effect. 

The c orrelation between age and post-rest performance was 

s ignificant, ~ = .244, E = .OOJ. Age also correl a ted 

highly with pre-rest performance, r = .281, E = .001. 

The correlation between pre-rest and post-rest perfor

mance(~= .73, E. <.001) accounted for most of the 

variability in scores. Age, as a second covariat e~ did 

little to reduce that variability further. The signif i

cant difference in age across replications appears t o 

be unrelated to the Replicate effect in the analysis 

of covariance. 

The analysis of varianc e us ing pre-rest and pos t

rest scores as levels of a Trials factor in a repeated 

measures design is reported in Table 38. The significant 

Trials factor indicates that post-rest scores wer e 

higher thru1 pre-rest s cores. The occurrenc e of r emin i 

scence is thus confirmed. Significru1t Trials by Repli

cate and Trials by Order effects agree with the analysis 

of covariance using pre-rest scores as the covariate . 

The significant Replicate effect appears to inc1 icate 

that the level of performance changed acros s r eplications , 

along with changes in reminiscence . 

The analysis of variance on pre - r est s cores , which 



Table 38 

Analysis of Variance with Repeated IY1easures 
for 30-second Pursuit Rotor Scores 

Sour ce 

Among Subjects: 

Repl icate (R) 

Level of 
Treatment ( L) 

Order {O) 

R x L 

R X 0 

L X 0 

R X L X 0 

Error 

Within Subjectss 

Trials (T) 

T X R 

T x L 

T X 0 

T x R X L 

T X R X 0 

T X L X 0 

T X R X L X 0 

Err· or 

ss 

247.91 

11.08 

1.14 

8.46 

1. 82 

2.56 

41.61 

368.00 

115.00 

11.45 

3.80 

3·71 

4.07 

0.06 

1.85 

1.42 

54.13 
--·-·:. · ·~-._.. .... ... .. __ 

df 

2 

4 

1 

8 

2 

4 

8 

120 

1 

2 

4 

1 

8 

2 

4 

8 

120 

98 

MS F 

123.96 40.42 <.001 

2.77 0.90 .465 

1.14 0.37 .543 

1.06 0.34 .947 

0.91 0.30 .74J 

0 • 64 0. 21 • 9 3 3 

5·20 1.70 .106 

3·07 

115.00 254.94 <.001 

5·72 12.70 <.001 

0.95 

3·71 

0.51 

0.03 

0.46 

0.18 

Oe45 

2.10 • 084 

8. 22 • 00 5 

1.13 ·350 

0.07 ·932 

1.03 ·397 

0.39 .922 

·---- ----
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is reported in Table 39, supports the idea that the 

level of performance changed across replications, along 

wi th a change in degree of reminiscence. The difference 

in level of performance existed prior to the occurrence 

of reminiscence, and prior to the application of the 

treatment manipulations. The lack of an Order effect 

i ndicates that the effect of the different orders of 

the tasks was to alter reminiscence, rather than level 

of performance by itself. 

As for the 10-second pursuit rotor scores, the 

analyses of the JO-second scores indicate that remini

scence did occur, ignoring grouping. The experimental 

manipulations designed to reduce remini s cence did not 

do so. Reminiscence was reduced for subjects who did 

the IAP task first. Both the level of performance and 

the degree of reminiscence changed across replications, 

becoming lower with each repitition of the design. 

Correlation Analyses 

Correlations between a number of variables are 

reported in Table 40. For each_ of the three performance 

measures, the correlations of pre-rest scores with 

post-rest scores are reported, as are the correlations 

between pre-:r-est scor3s and reminiscence !::Cores. In 

addi tirm, correlations be twe~n r·en;inisc enc e s cores for the 



Table 39 

Analysis of Variance on Pre-rest Scores 
for 30-second Pursuit Rotor 

Source ss df MS F 

Replicate {R) 76.50 2 38.25 23.76 

Level of 
Tr eatment (L) 2.68 4 0.67 0.42 

Order 0$37 1 0.37 0.2J 

R X L 7.44 8 0.9J 0.58 

R X 0 0.62 2 O.Jl 0.19 

L X 0 0.9J 4 0.2J 0.15 

R X LX 0 19.54 8 2.44 1. 52 

Error l9J.2l 120 1.61 

100 

E 

.001 

.797 

.633 

.795 

. 825 

.965 

.158 
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three performance measures are reported. All correlations 

ar e r eported for the total of 150 subjects, and for the 

five levels of treatment seperately, with n = 30 for 

each of these correlations. 

Pre-rest and post-rest scores are highly correlated. 

As noted above, the strength of these correlations 

supports the use of the analysis of covariance to adjust 

post-rest scores for pre-rest level of performance. The 

correlations between pre-rest scores and reminiscence are 

un i formly low and negative, reaching significance for 

sub jects as a whole for the 10-second pursuit rotor and 

inverted alphabet printing measures. These two correla

tions indicate that reminiscence was lower f or subj ects 

w:i. t h higher performance levels. 

Not surprisingly, the two pursuit rotor measures 

of reminiscence were highly correlated. Neither of these 

measures, however, correlated with reminiscence for the 

lAP task, except for the subjects in the delayed reverse

cue condition, for whom high amounts of reminiscence on 

the pursuit rotor were associated with low amounts of 

reminiscence on the IAP task. 



DISCUSSION 

The chief object of the research reported here has 

been to test Eysenck's (1965) three-factor theory of 

remini scence, using a design similar to that of Rachman 

and Grassi (1965), but extending it to inc lude IAP. The 

present results fail to support th e theory. The trea tment 

effects predicted by the theory, and demonstr a ted by 

Rachman and Grassi (1965) and Griffith (19 68) did not occ ur, 

no r was there a trend in the predicted direction. 

Given the clear-cut and highly significant re su lts 

reported by oth•.:rs, it is difficult to know how to in te r

pre t the failure of the present rese arch to achieve 

similar results. Several differences between the expe~i

ment renorted here and the experiments conducted by others 

exist. These are differenc es in the length of rest, the 

sex of the subjects, and possibly in mo tivation. 

R::1chman and Grassi ( 1965) used a 4 hour and 10 

minute r est period. The first 10 minutes were spent in 

the lab, during which time the treatment (reverse-cue 

pursuit rotor) was applied. Subjects returned 4 hours 

later for the po st-rest practice. Griffith us ed a rest 

period of 13 minutes. The length of r est used here ( 20 

103 
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minu tes) seems unlikely, therefore, to be re sponsible 

fo r the failure to find the interference effect. 

The subjects used by Rachman and Gr a s s i were soldiers . 

Th e voluntary or involuntary status of the s ubj ect s is 

n ot reported. Griffith used perhaps the oppo si t e extreme , 

pa i d volunteers who were undergraduate stud ents. Assum

i ng that the status of the subjects (whether volunt ar y 

of not and whether paid or not) affects their motiva tion, 

t he interference effect would seem to have b een de mon

s tn'lted over a wide range of motivational Jevels. 

The present use of unpaid volunte er undergr adu a t e 

students seems unable to account for the f a ilur e t o fin d 

t he predicted interference effect. 

Rachman and Grassi used all male subj ects, while 

Griffith used equal numbers of each sex. Griffith did 

not, however, compare males and females in her analyse s, 

nor are group means reported seperately for males and 

females. Thus, there remains the poss i bility th at 

the interference effect occurred only for th e male sub

jects, but was strong enough to remain significant even 

when the scores for both sexes were co mbined. This sex

related difference could ac count for the non-- appearanc e of 

the interference effect in the current study, which u sed 
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females only. 

Obviously, a direct comparison of males and females 

is i n order to determine whether the interference effec t 

is sex-specific. Eysenck's (1965) theory doe s not predict 

s uch a sex effect, which, if it occurs, seems to offer 

ev idence against the consolidation theory of pursuit 

ro to r reminiscence, since the course of consolidation of 

l earning seems unlikely to differ for males and fem a le s . 

A study testing for a · sex-specific effect in interferenc e 

wi th pursuit rotor reminiscence is currently under way 

(S t. James, Note 2), and preliminary results indi c ate 

t hat the interference ef fect may, in fact, be sex 

s pecific. As yet, however, the amount of data does 

not permit statistic al comparison. 

The appearance of a highly significant Rep lic a t es 

effect is of concern. The level of performance decreased 

from the first set of subjects to the last. Assuming that 

the effect is not simply due to sampling error ( and the 

level of significance strong ly suggests that it is not), 

there must be some systematic difference across replica

tions in the procedures, subjects, or equipment. 

The age difference across replications suggests 

the possibility that the slightly older subjec ts in the 

first rcplj_cation performed differently becaus e of c..ge -
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re lated differences in attitude or some other variable. 

Older students might, for example, be more at ease in 

the laboratory as a result of greater prior exposure 

t o s imilar situations. Since age, when entered into 

the analysis as a covariate, does not reduce the Replic a te 

effect, it seems likely that the age difference is merely 

co incidental. No other organismic variables were 

c ollected on the subjects, so further investigation of 

possible subject differences is not possible. 

The instructions given to the subjects were the 

same in each replication, and other procedure s were kep t 

a s uniform as possible. Although it is not possibl e t o 

rule out some systematic differences in the treatment of 

the subjects by the experiment er, I am unaware of any 

such differences. 

The possibility of instrumentation changes also 

presents itself. The same equipment was used throughout, 

but there is a possibility of changes in the s peed or 

sensitivity of the pursuit rotor. Dial settings remained 

constant, but calibration may have ch&~g ed. Since the 

pursuit rotor activates the clocks when the photo

sensitive tip of the stylus produces switch closure, 

a change in the sensitivity of the equipment would have 

the effect of altering t ar get size. 
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The lack of a Replicate effect for the lAP task 

adds support to the suggestion of instrument error, as 

do es the lack of any significant interaction between the 

Replicates effect and either Order or Levels for the two 

pursuit rotor measures. If this is the case, the error 

c an probably be assumed to be constant across groups, and 

to have no very damaging effect on the test of the research 

hypotheses. Since the means for the five levels of 

treatment are not ordered as predicted by Eysenck's 

three-factor theory, it seems unlikely that any inaccuracy 

c aused by instrument error that affects all groups 

equally could be responsible for the failure to find 

a treatment effect, or even a trend toward an effect. 

The significant Order effect f or both pursuit rotor 

measures shows that reminiscence was lowered for those 

subjects who performed the lAP first. For these subjects, 

the post-rest practice on the pursuit roto r came at the 

end of an hour-long experimental session. The lack 

of such an effect on the IAP task, when it was preceeded 

by the pursuit rotor, suggests that a lowering of 

motivation and interest in the experiment may have 

differl?.ntially affected pursuit rotor performar1ce, but 

not lAP performan.ce. 

Examination of the cell means for the pursuit rotor 
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measures shows that reminiscence was greatest in general 

fo r the JO-second scores. This effect is expected, 

r.1ue to post-rest upswing (PRU). Rachman and Grassi (1965), 

in their Figure 2, graph the mean TOT scores for the 

experimental groups across all trials. The immediate 

r everse-cue group showed a slight decrease in performance 

after rest (negative reminiscence), based on the 10-sec ond 

s cores. From this figure it appears that this group 

may well have shown reminiscence if the JO-second scores 

had been used. Reminiscence scores and data ana lyses 

based on the 10-second scores suffer from two poss ib le 

confounding effects. The TOT scores for 10-second trials 

fluctuate more from trial to trial, indicating that t hey 

have greater variability. The other difficulty is 

that the 10-second scores overlook the possibility that 

the experimental treatment affected the PRU, or warm-up 

decrement, rather than affecting reminisc ence. In this 

case, reminiscence is delayed briefly, but do es occur. 

The negative reminiscence reported by Rachman and Gras si 

for the immediate reverse-cue group appears from their 

figure to possibly reflect an increase in PRU, rather 

than a decrease in reminiscence. 

The highly significant correlations betwe en pre-rest 

and post-rest scores for each per fo r mance measure indi cate 
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that post-rest performance level is highly dependent 

upon pre-rest performance leveL Despite this, however, 

the amount of reminiscence was generally negatively 

corre llated with pre-rest scores, and the degree of 

t he relationship was small. Reminiscence thus bore only 

a sl ight relationship with level of performance. The 

correlations between the reminiscence measures were 

non-significant, except for the relation between the two 

pursuit rotor measures, which, as expected, were quite 

h igh. Nei~her of the pursuit rotor measures was shown 

t o correlate with reminiscence in the lAP task. This 

is in agreement with the findings of Huang and Payne 

(1975) of low correlations between reminiscence scores 

on different motor tasks. 

In addition to the fairly restricted conclusions 

offered above, it is possible to make some more general 

statements about the state of knowledge concerning rerein1 -

scence, the factors that suggest themselves as possibl y 

being involved in reminiscence, and the requirements 

for any general theory of reminiscence. The remainder of 

this section will be devoted to dealh1g with these 

issues. 

Adams (1963) has discussed flaws in the logic of 

the Hullian reactive inhibition theory, ana he and 
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Eys enck (1965) have shown that various empirical predic

t i ons that seem to follow clearly from that theory are 

not borne out in experimental results. Eysenck's tests, 

:fe.iling to support reactive inhibition theory, were 

c ontemporaneous with Adam's (1963) objection to the 

"London group's" continuing use of reactive inhibit ion 

as an explanatory principle. Despite this, and the 

availability of alternative models for reminiscence, 

such as consolidation and . arousal, the reactive inhib i tion 

theory remains the principal approach to reminisc ence 

(Evans, 1976; Huang & Payne, 1977; McBride & Payne, 1979 ). 

Eysenck's suggestion of a consolida tion theory of 

pursuit rotor reminiscence is the most fully enuncia ted 

attempt to account for the phenomenon in non- Hullian 

terms. Arousal, or activation, has been suggested by 

several authors (Eason & White, 1960; Kling & Schlosber g , 

1961) to be a variable closely involved with reminis c enc e , 

though none of these authors has develoned this id ea 

into a more specific theoretical form. 

Assuming that the results .of the exper iment reported 

here bear up to repitition, th~y s ee~ to make cons olida -

tion theory less attractive as an alternat ;v t t• 
· ~ e o reac ~ve 

inhibition. Even without this ~xperi~ent • h l . t t 
- ..... ~ " l , ~. e ~ era ur e 

report i ng tests of the consolidat i on t heory is qu i t e 
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l im i ted, and the theory can hardly be said to have muc h 

evidential backing. 

The evidence supporting the consolidation theory is 

spars e, as noted, and not without some problems . The 

pursuit rotor experiment by Rachman and Grassi (1965) 

is strongly supportive, as is the pursuit rotor portion 

of Griffith's work. Griffj.th, however, fail ed to find 

the interference effect in verbal learn ing and Stelmach 

(1968 ) could not produce it in the Bachman ladder task , 

though this may have been a le ss than adequa t e te s t of 

the theory, as noted previously. The present attempt to 

produce the phenomenon in the IAP t ask was un succes f ul, 

though the effect was expected to be weake r for this t ask 

than for the pursuit rotor. 

Huang and Payne (1975) have suggested, on the basis 

of low correlations betwe en reminiscence for various 

tasks (a finding supported by the present r esearch), 

that it might be necessary to explain reminiscenc e in 

different tasks in terms of different c ausal. factor s . 

Thus, reminiscence for different tas ~ s would be treated 

as different phenomena. f.noth er approach sugge sts itself 

as possibly fruitful. That approach is to assume th a t 

reminiscence j_s the resu lt of a numbe r of factors, and 

that the lack of corr elation betwe en reminiscence for 
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d ifferent tasks is a result of different degrees of 

involvement of the factors in different tasks. Rather 

than assuming that reminiscence for different tasks 

represents different fundamental processes, it is 

suggested here that perhaps reminiscence is the result 

of a number of processes which are more or less active 

i n each task. 

A number of factors suggest themselves as possible 

candidates for inclusion. These are arousal, attention , 

motivation, peripheral muscle fatigue, consolidation, 

and more rapid forgetting of incorrect responses. Oth er 

factors may certainly be involved, and th e factors 

suggested here may not all be required for a s atisfactory 

explanation of reminiscence for var i ous tasks. 

An example of how these variables might interact 

can be given by comparing rote memory, pursuit rotor, 

and tapping for speed. For rote memory, consolidation 

might be a major factor, attention certainly is, fatigue 

is at most a minor factor (since there is little involve

ment of the peripheral musculature), and forgetting 

of competing responses would not be greatly involved, 

since the subject likely has no false recall of items 

that must be "unlearn ed" for succ~sful rf - pe orma.nce. 

For the pursuit rotor, fatigue i s more involved , 
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consolidation may still be involved, forgetting of 

incorrect or competing responses is likely to be involved, 

but attention may be only a minor factor, since this is 

a task on which there would be a shift to automatic 

performance without verbal direction as performance 

improves (Adams, 1973). For the tapping task, peripheral 

fatigue seems to be a potent force in lowering performance 

across massed practice, with recovery from fatigue 

acting to improve post-rest performance. Subjects report 

that they pay little attention while tappine (St. James, 

Note 1), in line with Adams' (1973) theory, which is 

treated in more detail below. Extinction or forgetting 

of incorrect responses should have little effect, since 

virtually no incorrect responses occur for this t ask . 

Consolidation should be a minimal factor, since little 

learning takes place. 

Following this scheme, it should be poss ible to 

list, for each task, the factors expected to be included 

in determining reminiscence for ·that task, and the 

factors thought not to be included. Inclusion or 

exclusion in the examples just given is on the bas is 

of either a common-sense approach (such as expecting 

peripheral muscle fatigue to play a role in :s:eminiscence 

for tapping, but not for rote memory), or is based on 
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t heoretical considerations. An example of the latter 

i s determining whether shifts in attention are involved 

i n reminiscence on the basis of whether verbal-cognitive 

direction of the activity is required for skilled perfor

mance. This is based on Adams• (1971) closed-loop 

theory of motor learning, in which he pos t ulates that 

most motor learning moves from verbal-cognitive control, 

in the early stages of acquisition, to automat ic, non

verbal control when s killed performance i s obtained. In 

Adams' terms, the subject goes from the Verbal-Motor 

Stage to the Motor Stage. 

For tapping, control quic kly reaches the Motor Stage. 

Subjects usually report that they pay little attent i on 

while tapping, but rather let their t houghts wander 

(St. James, Note 1). Shifts in attention across time 

thus seem unlikely to be major caus es of the decline in 

performance during pre-rest practice, or its recovery 

after rest (reminiscence). For rote memory, on the other 

hand, conscious attent i on i s necessary in order to perform 

at all. It does not seem unreas onable to suppo3e that 

the lower performance curves ·in rot e memor i zation for 

massed prac tice as ccmpared t o distributed pract i ce are a 

r.esult of shifts in at t ention that r educe performa~ce 

level. Rest pm:· i ods durin.g d ... s t ributed pr act i ce, or 



115 

a s ingle rest during massed practice (the reminiscence 

paradigm), lead to a recovery of the capacity for 

conscious attention, and improved performance. 

Eysenck (1965) divides various tasks on which remini

s cence occurs into "performance" tasks such as tapping , 

in which llttle learning takes place, and "learning" 

t asks such as the pursuit rotor, in which it does. It 

seems to me that the main contribution of Eysenck's 

theory may be in shifting from theories explaining 

reminiscence as recovery from a decrement to theories 

c onsidering reminiscence in terms of improvement in 

performance (rather than recovery from decrement). Even 

if reactive inhibition and consolidation fail as expla~a

tory principles, it may be useful to preserve this dis

tinction between what might be termed performance decre

ment theories and performance increment theories. 

The various factors suggested above as possibly 

involved in reminiscence can generally be classified in 

one of those theoretical categories, based on whether 

their effect on performance is to improve it or lower it. 

Examples of performance decrement theories are reactive 

inhibition, peripheral muscle fatigue, attention, and 

motivation. The expected action of each of these (an 

increase in reactive inhibition or fatigue or a decrease 
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in attention or motivation) is to lower pre-rest perfor

mance. Recovery from this decrement could contribute 

to reminiscence in various tasks. 

Examples of performance increment theories are 

consolidation, more rapid forgetting of incorrect 

responses, and increased arousal as a result of practice 

or as a result of anticipation of a return to practice 

(Kling & Schlosberg, 1961). All of these factors are 

expected to lead to an improvement in performance, either 

during practice or during rest. 

The model outlined above does no more than suggest 

a possible approach that f alls between the extremes of 

a single factor being invoked as the cause of reminiscence 

for all tasks and remi nisc ence being viewed as a different 

phenomenon for each task. Some other approach may be 

needed, or a modification of an existing approach. Some 

consideration will now be given to outlining the necessary 

conditions for a succesful theory of reminiscence. 

One point that seems often to be ignored in the 

literature is the need to account for the performance 

curve for various tasks, and not just for the reminiscence 

scores. The shape of the performance curve under 

different degrees of distribution of practice, including 

massed practice before and after a sing le rest, must be 
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examined by any comprehensive theory, since the phenomena 

of massed versus distributed practice seem inseperable 

from reminiscence. The improvement in performance 

fo llowing rest (reminiscence) should be viewed as one 

of the details of the performance curve that must be 

accounted for. 

Sex differences in reminiscence, and in performance 

(Huang & Payne, 1975), must also be accounted for by 

a theory of reminiscence. For motor tasks in which 

peripheral muscle fatigue occurs, males may show higher 

perforruru1ce levels as a result of generally greater 

strength. The greater degree of reminiscence for f emales 

could then reflect the degree of fatigue from which 

recovery is possible. If differences in performance and 

reminiscence exist between males and females on a task, 

then the factors suggested as accounting for either 

performance level or reminiscence must be sho~n to also 

be related to sex differences, at least indirectly. 

Another necessary part of any succesful theory must 

be the prediction of tasks for which reminj.scence occurs, 

as well as the tasks for which it do es not. No general 

examination of the latter issue seems to have been 

offered, and it could help clarify some points. There 

must be some basis for deciding that a factor is at work 
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i n a task other than simply whether or not reminiscence 

occurs. To argue that reminiscence is a result of 

accumulation and dissipation of reactive inhibition says 

nothing unless there is evidence for reactive inhibition 

other than that performance decrements occur under massed 

practice. If a priori grounds could be given for whether 

reactive inhibition accumulates in a task, and the task 

could be shown to produce reminiscence or not, in accor

dance with the supposed occurrence of reactive inhibition, 

this would provide more meaningful support for r eac t i ve 

inhibition as an explanatory principle. This same 

argument applies to any other proposed explanatory factor. 

Tied up with this argument is the problem of speci

fying the necessary conditions for reminiscence and 

specifying the variables or conditions that block remini

scence. Rachman and Grassi 's (1965) attempt to alter the 

course of consolidation and thus al ter reminiscence , 

Rachman's (1962) attempt to alter the course of reactive 

inhibition by introducing an alien stimulus, and 

Catalano's (1967) attempt to alter muscle tension (and 

thus arousal) during rest, thereby enhancing reminiscence, 

are the few studies that I am aware of where an attempt 

was made to alter the level of a possible explanatory 

factor in an effort to r educe or enhance reminiscence. 



119 

The problems of specifying the tasks for which 

r eminiscence should and should not occur. and of speci

f ying the necessary conditions for reminiscence appear to 

be bound up with the same issue--that of specifying more 

than one operation for measuring the explanatory factor. 

Bridgman (1959) has argued that the whole problem of 

verification involves basically the ability to reach 

the same terminus by two different methods. This implies 

that the value of an explanatory principle lies in l arge 

measure in our ability to specify more than one operation 

by which it can be measured. As long as reactive inhib i 

tion can only be measured by the degree of difference 

between massed and distributed practice, the concept 

cannot be verified. A seperate operation that yields an 

equal measure of reactive inhibition is necessary for 

verification. The same holds true of any factor intro

duced to explain reminiscence. 

In this context. it might be argued that one moves 

from a model of reminiscence to a theory precisely when 

one has specified some independ~nt measurement of the 

explanatory principles. As an example, if peripheral 

muscle fatigue were suggested as the cause of reminiscence 

in tapping. then the performance decrement as sociated 

with mas~ed practice~ ru1d the recovery from this decrement 
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associated with rest would o~fer one measure of fatigue. 

That is, the performance curve would yield one such 

measure. If a measure of muscle tension, such as the 

electromyogram, which is presumed to also measure muscle 

f atigue, were found to correlate highly with the perfor

mance measure, this would offer some verification of 

fatigue as an explanatory concept. 

Since I have suggested that a set of factors might 

be required to account for reminiscence, and have also 

proposed that any theory must account for the performance 

curve as a whole, rather than just for the reminiscence 

score, it follows that the single factor example just 

given is likely unrealistically simplified. But idea lly 

the performance curve should be shown to be reproducib le 

by some summation of the curves of independent measures 

of the explanatory factors. This amounts to predicting 

the level of performance at each trial of the task by 

some combination (such as multiple regression) of the 

independent variables (independent measures of the 

explanatory factors). 

It is obviotls that no entirely satisfC~.ctory means 

yet exists for specifying methods of measuring the 

variables suggested ~s contributing to remlniscence. 

Msasures such as the electromyogram and electrodermal 
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ac tivity appear to be themselves determined by a complex 

interaction of variables. Eason and White (1961) have 

suggested that both fatigue and motivation have the 

effect of increasing the amplitude of the electromyo

graphic signal. Electrodermal activity, such as skin 

conductance level, appears to be influenced by arousal 

and by shifts in attention. 

It is, of course, entirely possible that various 

of the explanatory constructs do not exist independently 

of one another (such as perhaps arousal and attention), 

and that attempts to provide wholly independent measures 

of them fail to recognize that the constructs have no 

separate «reality." In this case, measures such as 

electrodermal activity may, temporarily at least, 

provide a reasonable way of approaching the problem. 

For the present, reminiscence is probably best 

considered ru1 unsolved problem, despite the efforts 

made in the last 50 years or so to produce an explanation. 



APPENDIX 

SOME STATISTICAL CONSIDERATIONS 

IN REMINISCENCE STUDIES 

Reminiscence studies offer a straightforward case 

of measuring change. The amount of change across a 

rest period is the variable of interest, and the researcher 

is usually concerned with whether groups exposed to 

different conditions differ in the amount of chang e 

following rest. Various approaches can be taken to 

the analysis of this type of data, and this Appendix will 

review these approaches, and the strength s and l imitations 

of each. Consideration is then g iven to the techniques 

that have been most frequently used. In general, the 

analyses of reminiscence studies have used techniques 

known to be less precise than other available techniques. 

No wholly satisfactory solution seems available. 

Three methods of analyzing pre-test-post-test 

settings have been most often used' the analysis of 

gain scores, the randomized blocks design, and the 

analysis of covariance using pre-test scores as the 

covariate, with post-test scores as the dependent var i able. 

Two other methods will be discussed as well. These are 

the analysis of covariance using gain scores as the 

122 
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dependent variable, with pre-test scores as the covariate, 

and the use of repeated measures on the pre-rest and 

post-rest scores. 

The analysis of gain scores (post-rest minus pre-rest) 

offers the most straight-forward analysis of change. 

A distinct advantage of this method for the analysis of 

reminiscence studies is that the means being compared 

are in the measure of interest--gain in performance. 

Feldt (1958) has examined the precision of the gain score, 

blocking, and covariance methods, and found the use of 

gain scores wanting. For settings in which the analysis 

of covariance assumptions are met, the analysis of variance 

on gain scores has the lowest precision (that is, it 

has the largest error variance). In general, the reason 

for this is that the error of measurement for gain scores 

is higher than for either the pre-rest or post-rest 

scores. The increased error variance makes this test 

relatively insensitive to differences among group means. 

The randomized blocks design involves the assign

ment of subgects to levels of a blocking factor (pre-rest 

performance), in an analysis of variance on the post-rest 

measures. Feldt (1958) states that blocking is the most 

precise design of the correlation between pre-test and 

pos~-test (or, in terms of reminiscence studies, pre-rest 
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and post-rest) is .4 or less. This design has the very 

l arge advantage of not having the restrictive assumptions 

of the analysis of covariance, concerning the equality 

of regression slopes. A distinct disadvantage to this 

analysis is the need to assign subjects to treatment 

groups based on their pre-rest scores. This is no 

problem if the experimental manipulation is applied 

some time after these scores are acquired. But in 

reminiscence studies such as that reported here, this 

would be an overly restrictive requirement, since the 

treatment is applied in most cases quite soon after 

the pre-rest practice. 

Another problem with the use of the rendomized 

blocks design is that the blocking factor, if it exists 

at the optimum number of levels, reduces the number 

of subjects per cell of the design to perhaps an intoler~ j 

able degree. This problem can only be overcome with 

the use of larger numbers of subjects. 

The analysis of covarainoe, using the pre-rest scores 

as the covariate, and the post-rest scores as the depen

dent variable, is recommended by Feldt (1958) when a 

correlation of .6 or greater exists between the scores. 

Keppel,(l973) notes that this level of correl l tion 
is rare in the social sciences. For the remin i scence 
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s~udy reported here, however, this level of correlation 

i s easily met (see Table 40). The assumptions of the 

analysis of covariance were also met by this data. 

This analysis adjusts the post-rest scores for equality 

of pre-rest scores, then compares the adjusted post-rest 

scores for equality of means. The analysis of variance 

on gain scores does much the same thing, but the use of 

a covariance approach helps avoid the increase in error 

variance resulting from subtracting post-rest scores 

from pre-rest scores. 

A disadvantage to the analysis of covarianc e with 

pre-rest scores as the covariate and post-rest scores 

as the dependent variable is that the means compared 

are means of performance scores, not gain scores. Since 

the variable of direct interest in reminiscence studies 

is improvement in performance, the adjusted means for 

this analysis do not permit an entirely satisfactory 

grasp of what is going on with the data. Adjusted post

rest means have little intuitive appeal as measures of 

reminiscence. A possible way out of this dilemma is 

discussed by Hendrix, Carter, and Hintze (1979). This 

involves using the gain sccres as the dependent variable, 

with pre-test scores as the covariate. In effect, t his 

adjusts the scores twice--once by subtracting pre-rest 
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performance from post-rest scores, and then by equaiting 

t he groups on pre-rest scores by regression. The 

i nteresting aspect of this procedure is that it results 

i n precisely the same E-ratios and probabilities as the 

analysis of covariance using the post-rest scores as 

the dependent variable. A numerical example showing the 

equivalence of the two methods is gj,.ven in Li (1957), 

but I have discovered no discussion of the procedure 

offering an explanat~on of the equivalence or presenting 

information about the assumptions or dangers of such 

an approach. As noted by Hendrix, eta., this procedure 

has the advantage of comparing adjusted mean gain scores-

the actual measure of interest for reminiscence studies. 

A final method to be discussed is the use of 

repeated measures, with pre-rest and post-rest scores 

forming the two levels of the repeated measures, or 

Trials, factor. The within subjects effects of this 

analysis test the significance of the Trials factor 

and the interactions of this factor with the other 

factors in the design. A sign i f icant Trials factor is 

equivalent to a sigr,.ificant t est of the grand mean in 

the analysis of variance on gain scores, and tests 

whether s cores did " in f act, change from pre-rest to 

post-r~st . This amount s to a test of whether remini-
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scence occurred. 

The values of F and the associated probabilities 

from this analysis are the same as those from the 

analysis of variance on gain scores, where the tests 

of the main effects in the analysis of gains are the 

same as the tests of the interaction between the Trials 

factor and the other main effects in the repeated 

measures design. This analysis has been used by Pubols 

(1960), and is illustrated for this study in Tables 

12, 25, and J8 for the three performance measures. 

The among subjects effects in this analysis do not seem 

to permit easy interpretation, since the collapsing 

of scores across the repeated measures factor (Trials) 

makes the marginal means being compared for equality 

a combination of pre-rest and post-rest scores. Thus, 

they are influenced by both pre-rest level of performance 

and amount of reminiscence. 

Purely practical objections make the use of the 

randomized blocks design difficult in reminiscence 

studies such as that reported here. The other four 

analyses appear to offer essentially the same results. 

Until some clearly superior method of analyzing data 

in reminiscence settings is offered, the method of 

choice seems to me to be to beat the data with as many 
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statistical sticks as one can. If the methods yield 

similar results, as they did in the current case, and 

reach significance on the same effects, then one can 

have some confidence that at least one of the methods 

is right. Clearly, the problem of assessing gains in 

performance is not yet satisfactorily solved. 

A brief catalogue of studies using the different 

methods of analysis might be of some value, if only 

to show that most researcher have used the analysis of 

variance on gain scores rather than the more precise 

analysis of covariance. Out of 18 studies reviewed, 

all of which are concerned with whether the amount of 

reminlscence is the same in groups given different 

conditions, 11 used the analysis of variance on gain 

scores or the t-test on gain scores for comparing 

two treatment groups. These are Broadhurst and Eysenck 

(1973), Grassi (1973), Humphries and Mcintyre (1963), 

Kimble and Horenstein ( 1948), Mchan { 1968), Mohan and 

Mohan (197J), Payne and Huang (1977), Rachman (1962), 

Rachman and Grassi (1965), Stelmach (1968), and Willet 

and Eysen.ck (1962). It is interesting to note that 

Grass1. (1973) used multiple !-tests as a post hoc proce

dure for pairwise comparisons. 

The repeat~d r:1easures analysis discussed abcve was 
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used by Pubols (1960) and by Williams and Herbert (1976). 

The analysis of covariance using post-rest scores as 

the dependent variable, with pre-rest scores as the 

covariate, was used by Eysenck and Maxwell (1961) and 

by Adams (1955). 

Other techniques that have been used are the 

one-sample t-test on gain scores, used to determine 

whether reminiscence occurred (Catalano, 1978; Kimble, 

1949), and the use of an analysis of variance on gain 

scores, with blocking on pre-rest level of ability 

(Eysenck & Gray, 1971). No attempt will be made here 

to discuss techniques that have been used to investigate 

the effects of various treatments on the performance 

curve itself. The studies mentioned above have all 

dealt with reminiscence only. 

The heavy reliance on the analysis of variance on 

gain scores, in the literature on reminiscence, is 

understandable for older studies, when the analysis of 

covariance would have r~quired hand calculation. The 

availability, to most researchers, of computer programs 

for computing the analysis of covarariance makes the 

loss of precision in that analysis less acceptable than 

it may once have been. 
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