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The Spacing Effect: Consolidation or Differential Encoding?t 
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Theoretical explanations of the spacing effect fall into two classes: those that attribute the 
advantage of two spaced presentations over two massed presentations to better consolida- 
tion of the first presentation, and those that attribute the advantage to better encoding of the 
second presentation. This paper reports an experimental test of the two classes of theory. 
Rather than manipulate spacing, the experiment varied the information processing difficulty 
of the activity interpolated between two presentations of an item. Consolidation-type 
theories imply decreasing consolidation with increasing difficulty of the interpolated 
activity. In fact, recall performance following two presentations separated by a difficult 
task was found to be slightly but consistently better than performance following two pre- 
sentations separated by an easy task. The outcome thus favors encoding-type theories. 

There is evidence from a variety of para- 
digms that the spacing of repetitions of an 
item has large and relatively clear effects on 
both latency and frequency measures of per- 
formance (for a review, see Bjork, 1970). Of 
these effects, the largest and most general is 
that recall tends to improve with the spacing 
of repetitions of an item. 

A profusion of different models has been 
proposed to explain the improvement in recall 
performance that results from increased 
spacing of presentations. These explanations 
fall into two classes. One class of explanations 
attributes the spacing effect to an assumed 
consolidation process of some kind that 
occurs during the interval between presenta- 
tions. The longer the interval between pre- 
sentations, the greater the consolidation of the 
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long-term memory storage of the item during 
the interval. The second class of explanations 
attributes the spacing effect to an assumed 
variation in the encoding of a presentation 
as a function of the time since the preceding 
presentation. The longer the interval between 
two presentations, the greater the likelihood 
that the encoding of the second presentation 
will be a new encoding, that is, will differ 
from the encoding of the first presentation. 

Both the consolidation and the differential 
encoding explanations are represented by a 
number of specific models. The rehearsal- 
buffer theory proposed by Atkinson and 
Shiffrin (1968), the trace-consolidation theory 
proposed by Landauer (1969), and the multi- 
trace strength theory proposed by Wickelgren 
(1970) are all examples of the consolidation 
class. The stimulus fluctuation versions of 
stimulus sampling theory (Estes, 1955; Izawa, 
1967), the multistate Markov models of Bjork 
(1966), Greeno (1967), Rumelhart (1967) and 
others, and the encoding variability ideas of 
Martin (1968) and Melton (1969) are all ex- 
amples of the differential encoding class. 

Certainly the two types of explanation of 
the spacing effect seem very different: they 
postulate different processes and they assume 
a different locus of the spacing effect. The 
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consolidation idea asserts that the first of two 
spaced presentations is more effective than the 
first of two massed presentations, and the 
encoding variability idea asserts that the 
second of two spaced presentations is more 
effective than the second of two massed pre- 
sentations. In spite of how different the ideas 
might seem, however, it is very difficult if not 
impossible to decide between them on the 
basis of spacing experiments. Rumelhart 
(1967) has shown, for example, that there are 
specific versions of the rehearsal-buffer, 
stimulus fluctuation, and multistate Markov 
theories that are formally equivalent in their 
predictions of performance in continuous 
paired-associate spacing experiments. 

This paper reports a new attack on the 
problem. Rather than investigate the effects 
of the temporal spacing of two presentations, 
the present experiment manipulates the diffi- 
culty level of the information processing 
required of the subject during the interval that 
separates the presentations of the material 
to be remembered. Consider the two condi- 
tions diagrammed below. 

PI • • • easy . . . P2 • • • m e d i u m . . .  Test 
P I . . .  d i f f icul t . . .  Pz • • • m e d i u m . . .  Test 

In both conditions the time from the first 
(P~) to the second (P2) presentation, the 
length of the Pz-Test retention interval, and 
the difficulty level of the information proces- 
sing during the retention interval are the same. 
Only the processing difficulty during the spac- 
ing interval is varied. 

Consolidation theory predicts better per- 
formance on the test in the top condition 
than on the test in the bottom condition. The 
easy intervening task should permit more 
consolidation than should the difficult inter- 
vening task. For example, in the Atkinson and 
Shiffrin (1968) model, the average time the 
to-be-remembered item remains in the re- 
hearsal buffer during the easy intervening task 
should exceed the average time an item is 
resident in the buffer during the difficult task. 
Hence, the amount of information trans- 

ferred to long-term storage during the easy 
task should exceed that transferred during the 
difficult task. One might, of course, postulate 
an unusual consolidation process of some 
kind that depends only on time and is inde- 
pendent of the activity level during the 
consolidation period. Such a process would 
predict equal performance in the two condi- 
tions. 

The predictions of the differential encoding 
theory are less definite. Performance could be 
better in the difficult-processing condition in 
spite of the rehearsal or fatigue-reduction 
advantages of the easy-processing condition. 
If  increasing the activity level produces an 
increase in the effectiveness of the second 
presentation in a fashion analogous to that 
assumed to occur when the interval is 
lengthened, performance on the test could be 
better in the difficult processing condition. 
For example, from the standpoint of stimulus 
fluctuation theory, the difficult task might 
produce a higher rate of fluctuation and, 
hence, more new elements might be available 
for sampling at the time of the second pre- 
sentation. In the multistate Markov models, 
an item should be less likely in the difficult- 
processing condition to remain in the short- 
term state from P1 to P2. Under the assump- 
tion that the probability of transition to the 
long-term state is higher from the forgotten 
state than from the short-term memory state 
(an assumption for which there is considerable 
support), the probability of transition to the 
long-term state at P2 should be higher in the 
difficult-processing condition than in the easy- 
processing condition. 

METHOD 

The exper iment  employed a variat ion of  the Brown- 
Peterson paradigm.  Subjects were asked to r emember  
t r igrams consist ing of  three c o m m o n  four-letter nouns .  
After  a first presenta t ion of  a tr igram, Ss shadowed 
digits until  they were either cued to recall the t r igram 
or were given a second presenta t ion  of  the tr igram, in 
which case, they again  shadowed digits until  they were 
cued to recall. 

Subjects. The  Ss were 30 undergradua te  women  at 
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the University of Michigan. They were paid for their 
participation. 

Materials and apparatus. An experimental session 
consisted of 60 trials. The same 60 trigrams were pre- 
sented to each S, although the assignment of the tri- 
grams to the various trial types varied for each S. The 
trigrams were constructed from common four-letter 
nouns under the following constraints: (a) no two 
words in a trigram began with the same letter, (b) no 
two words in a trigram rhymed, (c) no word was used 
in more than one trigram, and (d) there were no obvious 
associations between the words constituting any one 
trigram. 

The apparatus was a high speed (change time less 
than .05 sec) memory drum. The word trigrams, the 
digits to be shadowed, and the cues to recall, rest, or 
get ready for the next trial all appeared in the same 
window. 

Design. Trigrams were given one or two presenta- 
tions on a trial. On the single-presentation trials, the 
retention interval was either short or long and the 
shadowing task during the interval was either easy or 
difficult. Thus, there were four single-presentation 
conditions. On the double-presentation trials, the 
interval between the presentations was either short or 
long, the shadowing task during the spacing interval 
was either easy or difficult, and the final retention inter- 
val was short or long and was filled with a shadowing 
task of medium difficulty. Thus, there were eight 
double-presentation conditions. 

Every block of 12 trials during an experimental 
session contained all 12 conditions in random order. 
Every S, therefore, received five trials on each condi- 
tion during the 60 trials in a session. Across Ss, the 
assignment of particular trigrams to the 12 conditions 
was counterbalanced to insure that the same trigrams 
were tested in every condition. 

Procedure. Every trial began as follows: the word 
READY was shown for 2 sec, the drum advanced to a 
blank space for 1 sec, and a trigram was shown for 
2.5 sec. Following the presentation of the trigram, a 
series of three-digit (easy task) or five-digit (difficult 
task) numbers were shown at a 1.5-sec rate. The three- 
digit numbers could be shadowed quite comfortably 
at a 1.5-sec rate. It was very difficult to shadow the five- 
digit numbers;  Ss were often unable to shadow the 
fifth digit in a number before the drum advanced to the 
next five-digit number. The first shadowing interval 
was 3 or 12 numbers long (4.5 or 18 sec long in elapsed 
time). After the first shadowing interval, Ss were either 
cued to recall the t r igram--the word RECALL was 
shown for 5 sec--or  they were given another 2.5-sec 
presentation of the trigram. In the latter case, there 
was a second shadowing interval of 8 or 20 four-digit 
numbersbefore the S was cued to recall. Following the 
RECALL instruction in both single- and double- 
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presentation trials, a REST instruction was shown for 
10 sec before the next trial started. 

Before the experimental session began, each S was 
read a set of instructions and was shown four practice 
trials. Subjects recalled vocally and their recall was 
recorded by the experimenter. 

RESULTS 

T h e  recal l  o f  a t r i g r a m  was  s c o r e d  b o t h  in  

t e r m s  o f  w h e t h e r  t he  e n t i r e  t r i g r a m  was  re-  

ca l l ed  c o r r e c t l y  o r  no t ,  a n d  in  t e r m s  o f  w h e t h e r  

e a c h  i n d i v i d u a l  w o r d  in  t he  t r i g r a m  was  re-  

ca l l ed  c o r r e c t l y  o r  no t .  T h e  o r d e r  in  w h i c h  t he  

w o r d s  in a t r i g r a m  were  r eca l l ed  was  e i t h e r  

c o u n t e d  in  t he  s c o r i n g  ( s t r i c t  s co r ing )  o r  dis-  

r e g a r d e d  ( l en i en t  scor ing) .  T h e  reca l l  pe r -  

c e n t a g e s  r e p o r t e d  in T a b l e  1 a re  b a s e d  o n  t he  

l e n i e n t  sco r ing .  T h e  d i f fe rence  b e t w e e n  t h e  

s t r ic t  a n d  l e n i e n t  s c o r i n g  a v e r a g e d  o n l y  a b o u t  

2 % a n d  was  ve ry  c o n s i s t e n t  a c r o s s  c o n d i t i o n s .  

TABLE 1 

PERCENTAGES OF iNDIVIDUAL WORDS RECALLED 

INCORRECTLY ON SINGLE-PRESENTATION TRIALS a 

Retention interval 
Shadowing 

difficulty Pl - T = 3 PI - T = 12 

Easy 24 (46) 34 (55) 
Difficult 38 (6l) 49 (68) 

" The percentages of trigrams recalled imperfectly 
are shown in parentheses. 

Performance on single-presentation trials. I n  

T a b l e  1 a re  s h o w n  the  e r r o r  p e r c e n t a g e s  ob -  

s e r v e d  in  t h e  s i n g l e - p r e s e n t a t i o n  c o n d i t i o n s .  
T h e  s i n g l e - p r e s e n t a t i o n  c o n d i t i o n s  we re  in-  

c l u d e d  in  t h e  d e s i g n  fo r  t w o  r e a s o n s :  t h e y  p r o -  

v ide  a c h e c k  as  to  w h e t h e r  t h e  di f f icul t  t a s k  

was  in  fac t ,  as i n t e n d e d ,  m o r e  d i s r u p t i v e  o f  

r e t e n t i o n ,  a n d  t hey  give a g e n e r a l  p i c t u r e  o f  

t h e  s t r e n g t h  o f  t he  m e m o r y  t r a c e  a t  t he  t i m e  

o f  t h e  s e c o n d  p r e s e n t a t i o n  in  t he  v a r i o u s  

d o u b l e - p r e s e n t a t i o n  c o n d i t i o n s .  T a b l e  1 leaves  

n o  d o u b t  t h a t  t he  diffficult t a s k  was  m o r e  
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disruptive of  retention than was the easy task. 
In fact, performance following a short interval 
of difficult shadowing was slightly worse than 
performance following a long interval of  easy 
shadowing. There appeared to be no inter- 
action between difficulty level and interval 
length: an increase in shadowing difficulty 
produced a 14-15~  error increase in the re- 
call of  individual words, and an increase in 
the interval length produced a 9-10 % increase 
in errors. The pattern of effects on the recall 
of entire trigrams is very similar. 

Performance on double-presentation trials. 
The error percentages observed in the double- 
presentation conditions are shown in Table 2. 
The comparisons of primary interest in Table 2 

TABLE 2 

PERCENTAGES OF INDIVIDUAL WORDS RECALLED 

INCORRECTLY ON DOUBLE-PRESENTATION TRIALS a 

Retention interval 
Pl - P2 

Interval P 2 - T = 8  P2 T=20 

Short 
Easy 13 (27) 21 (39) 
Difficult 11 (25) 21 (37) 

Long 
Easy 8 (18) 18 (30) 
Difficult 6 (16) 11 (23) 

" The percentages of trigrams recalled imperfectly 
are shown in parentheses. 

are between double-presentation conditions 
that differed only in the difficulty level of the 
shadowing task during the spacing interval. 
Although the error percentages were quite 
close in absolute terms, performance in the 
difficult-processing conditions appeared 
slightly but consistently better than perform- 
ance in the easy-processing conditions. This 
result is particularly striking in view of the 
differences in retention levels between the easy 
and difficult conditions at the time of the 
second presentation, as revealed by the single- 

presentation conditions. The average error 
percentage in the recall of words at the time 
of the second presentation was 4 4 ~  in the 
difficult conditions and 29 ~ in the easy condi- 
tions (from Table 1). When there was a second 
presentation, however, the average error 
percentages in word recall were 12 and 1 5 ~  
for the difficult and easy conditions, respec- 
tively. From the standpoint of common- 
sense notions of the memory process, Table 2 
makes little sense, given the results in Table 
1. 

The beneficial effects of spacing presenta- 
tions are quite apparent in Table 2. Averaged 
over difficulty level during the spacing interval 
and length of the retention interval, there 
were 6 0 ~  more errors (16.5 vs. 10.3) in word 
recall when the P1-P2 interval was short than 
there were when the P r P 2  interval was long. 

DISCUSSION 

The results of the present experiment sug- 
gest a kind of tradeoff between the length of a 
distractor task interpolated between two pre- 
sentations of an item and the difficulty level 
of the distractor task. A short interval filled 
with a relatively difficult task simulates the 
effects of  a long interval filled with a relatively 
easy task, both in terms of performance 
measured at the end of the interval and, more 
importantly, in terms of the effects of  a repeti- 
tion at the end of the interval on subsequent 
performance. 

The general theoretical implications of  a 
tradeoff between interpolated task difficulty 
and task duration seem quite clear: both 
manipulations influence the effectiveness of a 
repetition following the interpolated task 
because they influence the S's encoding of the 
repetition. Consolidation may be an important 
process in human short-term verbal memory,  
but no unelaborated current model of the 
consolidation type is consistent with the results 
of  the present experiment. A long interval of  
easy shadowing should lead to more consoli- 
dation than a shorter interval of  more difficult 
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shadowing, both because it is longer and 
because the activity level is lower. It is true that 
performance in the easy-task conditions in 
Table 2 is only slightly worse than perform- 
ance in the difficult-task conditions, but it is 
certainly not better. 

It is one thing to feel quite sure that the 
spacing effect is primarily a matter of differen- 
tial encoding rather than trace consolidation, 
but it is another thing to choose among alter- 
native theories of the differential encoding 
type. Spacing-difficulty experiments more 
detailed than the present experiment might 
provide the basis for choosing among alter- 
native specific models. 

As a concluding comment, it seems worth 
pointing out that one general conceptualiza- 
tion of the learning-memory process, explicit 
in many theories a few years ago and often 
still implicit in our thinking now, is remarkably 
wrong. The general tenets of this conceptuali- 
zation are (a) memory traces can be thought 
to vary in strength along some continuum, 
(b) the strength of a memory trace determines 
the probability of recall in a direct way, 
(c) during interference the strength of a trace 
decreases in an orderly fashion, and (d) a 
repetition increments the strength of a memory 
trace according to some inverse function of 
the current strength of the trace such that the 
stronger of two traces before repetition is still 
stronger after repetition. 

Such a view of memory predicts that the 
ordering of the recall probabilities in the 
single-presentation conditions should deter- 
mine the ordering of the recall probabilities 
in the double-presentation conditions. That 
is, the stronger the memory trace at P2, the 
stronger it will be after P2 and, hence, the 
higher the final probability of recall. This pre- 
diction is not only unsupported in the present 
experiment, it is almost perfectly wrong. The 
short-easy and long-difficult conditions pro- 
vide a dramatic example. Error frequency 
after a short period of easy shadowing is only 
one-half of what it is after a long period of 
difficult shadowing (Table 1). When a second 

21" 

presentation is given, however, error fre- 
quency after a long final retention interval is 
twice as high in the short-easy condition as in 
the long-difficult condition (Table 2). Overall, 
performance in the single-presentation condi- 
tions correlates -.85 with performance aver- 
aged over the two final retention intervals in 
the corresponding double-presentation condi- 
tions. 

It is important to continually remind our- 
selves that recall probability at any point in 
time is an imperfect indicator of both the 
"strength" of the representation of an item 
in memory and the expected changes in recall 
probability following a repetition. An ade- 
quate theory of memory may depend on a 
multifaceted representation of the memory 
trace quite unlike anything assumed by 
current theories. 
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