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It  was maintained that the Brown-Peterson short-term memory (STMi task bears 
important similarities to procedures used in the study of division of attention, since 
during STM retention intervals there is competition between the tendencies to re- 
hearse the memory item and to execute the filler activity. It  follows that when both 
retention and filler-task performance are scored, either or both should be sensitive to 
variables known to affect the division of attention, such as task-complexity and prac- 
tice. In two experiments recall for 5-word stimuli was tested after 24-see intervals 
filled with a self-paced keypressing task as the interpolated activity. Evidence for 
the presence of rehearsal was the finding that keypressing scores were lower on 
memory trials than on control trials where no words were recalled. Furthermore, 
retention scores were found to be a complex joint function of the S-R compatibility, 
coherence (repetitiveness), and prior practice on the keypressing activity. The con- 
clusions were that rehearsal is objectively demonstrable in STM, that its extent may 
be controlled by variation of the filler task, and that the relationships revealed by 
such variation are consistent with the experimental literature on divided attention. 

A distinguishing feature of the short-term 
memory (STM) procedures introduced by 
Brown (1958) and by Peterson and Peter- 
son (1959) is the interpolation of a filler 
task between presentation and recall. It is 
often stated that the function of this inter- 
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polated activity is to prevent rehearsal, yet 
a systematic dependence of STM scores on 
filler-task difficulty has not yet been estab- 
lished for the Brown-Peterson technique. 
Presumably the complexity of the filler task 
would correlate negatively with rehearsal 
and hence with recall. This kind of reason- 
ing serves to place STM experiments in the 
context of research on the division of atten- 
tion, where S must perform two tasks at 
once with excellence on one purchased usu- 
ally at the expense of the other. The gen- 
eral purpose of the present research was 
the exploitation of this analogy between 
the Brown-Peterson method and divided- 
attention studies, with two analytic strate- 
gies: (a) control of retention performance 
by manipulations of filler-task diflaculty, 
and (b) examination of the effects of mem- 
ory load upon performance of the inter- 
polated activity. The former approach is 

753 



754 CROWDER 

similar to that of Posner and Rossman 
(1965) while the latter is particularly con- 
sistent with experiments on the division of 
attention (Bahrick, Noble, and Fitts, 1954). 
An important aspect of research of this 
kind is that it requires accurate perform- 
ance measures on the filler task. 

Posner and Rossman (1965) varied the 
difficulty of numerical transforms their Ss 
carried out while remembering digit pairs, 
and they found an orderly dependence of 
recall upon the complexity of the trans- 
forms. Their  conclusion was that simple 
filler operations leave more information- 
processing capacity free for rehearsal than 
difficult operations. Since, however, both 
their memory task and interpolated activity 
involved digits, it could be argued that the 
amount of specific retroactive interference 
(RI)  increased with the complexity of 
their filler task. In the present study, the 
danger of such confounding was minimized 
by the use of a perceptual-motor filler task. 

The experiment of Bahrick et al., (1954) 
is typical of research on division of atten- 
tion in human performance. Their  Ss per- 
formed a serial keypressing task in conjunc- 
tion with continuous mental arithmetic. As 
expected, keypressing scores were shown 
to suffer when arithmetic was carried out 
at the same time. A more interesting find- 
ing was that pretraining on a redundant  
version of the perceptual-motor task led to 
improved arithmetic scores while pretrain- 
ing on a nonredundant  version did not. The 
authors concluded that "automatization" of 
one task can release spare mental capacity 
for investment in a second task only if the 
first task is repetitively structured. 

In the research to be reported below, S 
worked on a serial keypressing task while 
remembering (for  later recall) strings of 
words. All independent  variation was in- 
tended to affect the difficulty of the key- 
pressing task directly and thus indirectly 
control the level of recall. In Exp. I 

the independent variables were stimulus- 
response compatibility (difficulty of light- 
key pairings), coherence (sequential re- 
dundancy of keypressing stimuli), and 
pretraining (amount  of practice on key- 
pressing before it was used as the STM 
filler task). Experiment II was an effort to 
verify a tentative finding of Exp. I. 

EXPERIMENT I 

Method 

Experimental Design. Two levels of S-R com- 
patability, ~two levels of coherence, and three 
levels of pretraining were combined in a 2 X 
X 3 factorial, between-Ss design. Three Ss served 
in each of the 12 treatment combinations, yield- 
ing a total N of 86. 

Subiects. The Ss were male University of Mich- 
igan undergraduates who had volunteered, at the 
time of registration, to serve in psychological ex- 
periments for pay. 

Memory Materials. Three standard blocks of 
10 memory items were developed in pilot investi- 
gations. Individual Ss in Exp. I saw only two 
of these blocks, but across the experiment as a 
whole all were used equally and were balanced 
across experimental conditions. Each stimulus was 
photographed on a 2 X 2 in.-slide and contained 
five four-letter English nouns which occurred 
with frequency greater than 13/million in the 
Thorndike-Lorge (1944) count. Formal and mean- 
ingful similarity among words within a stimulus 
were minimized. 

Apparatus. The soundproof cubicle in which 
the experiment was conducted had been ar- 
ranged so that S saw only (a) a translucent 
screen upon which the memory stimuli were back- 
projected, (b) a display of 10 jewel lights, and 
(c) a keyboard with 10 piano-type keys. The 
spatial locations of the 10 elements in the key- 
board and light display were identical and sug- 
gested (by two semicircles) the positions of 
fingertips in two relaxed hands. A Kodak Carou- 
sel projector was modified to change slides on 
reception of an electric pulse; its operation, the 
timing of warning and recall lights, and the tim- 
ing of key-pressing periods were all governed by 
a series of four variable-interval timers. The E, 
however, had control ever the critical interval 
during which S perceived the stimulus words 
and immediately after which the first keypressing 
stimulus was initiated. The keypressing unit was 
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automatically self-paced by a pair of stepping 
switches such that ff and only if S pressed the 
correct key in response to a stimulus light would 
that light go out and another appear (with a 
machine cycle time of .125 see). Keypressing 
scores could thus be expressed as the number 
of lights extinguished in a fixed interval of time. 

Independent Variables. The high- and low- 
compatibility conditions may be described by con- 
sidering the lights and keys both numbered 1-10 
from left to right. With high compatibility key 
1 extinguished light 1, 2 extinguished 2, etc. With 
low compatibility, keys and lights were paired, 
respectively, as follows: 1-8, 2-6, 3-2, 4-1, 5-10, 
6-8, 7-9, 8-5, 9-4, and 10-7. Coherence was 
varied by presenting repetitive light sequences to 
some Ss and non-repetitive sequences to others. 
High-coherence groups saw the following cycle 
of 11 stimuli throughout the entire experiment 
(lights numbered as above, from left to right): 
8, 5, 3, 9, 7, 1, 6, 10, 2, 7, and 4. On any 
given trial this cycle began with the position 
following the last correct response on the previous 
trial. Low-coherence groups received unpredicta- 
ble sequences, although the apparatus did not 
permit programming of technically-random series. 
Three different amounts of keypress practice were 
allowed before collection of the critical data on 
the combined STM-keypressing task; Group 10 
had ten 24-sec trials and Groups 60 and 110 had 
60 and 110 such trials, respectively. 

Dependent Variables. The important index of 
interpolated-task performance was not the abso- 
lute level of keypressing speed, but rather the 
decrement in keypressing occasioned by the simul- 
taneous storage of words. Thus,. blocks of trials 
on the combined task were always surrounded 
by blocks of undivided keypressing so as to per- 
mit calculation of decrements unconfounded by 
practice effects. The index of recall was based on 
Kendall's P (Kendall, 1955), a nonparametric 
measure of rank correlation. P is calculated by 
counting the number or proportion of ordered pairs 
of elements in the stimulus which are preserved 
in the response, thus providing a joint summary 
of recall for the order and identity of stimulus 
elements. 

Procedure. Each S participated in three tasks 
during the experiment, (a) STM with backward- 
counting as filler (pretest used later to match Ss 
and as a baseline for evaluating recall with key- 
pressing as filler), (b) STM with keypressing 
filler, and (c) keypressing alone. In task (c) 
each trial was initiated by a brief flash from a 
warning light, then, after 2 sec the illumination 

of one of the 10 stimulus lights. For the next 
24 see S extinguished the lights as rapidly as 
possible under self-pacing; he had available at 
all times a large diagram illustrating the light- 
key relationships under his compatibility condi- 
tion. After the 24-sec keypressing period, a con- 
tinuous light lit the screen for 8 see and then 
went off for 12 see more. During the latter inter- 
val, E gave feedback (wtmber of lights extin- 
guished) on keypressing performance. The warn- 
ing light then began another trial. When key- 
pressing was used as an interpolated activity 
(task b) the same sequence of events obtained, 
with two exceptions. Two see after the warning 
flash the memory stimulus was exposed on the 
screen. The S was instructed to read off the 
words aloud, whereupon the slide was removed 
and key-pressing initiated. The 8-see period im- 
mediately after key-pressing was used by S to 
recall the stimulus words. The retention interval 
was thus always 24 see. Work on all tasks was 
divided into blocks of 10 trials, with about 60- 
see rest periods between blocks. No more than 
five such blocks were given in a single session; 
therefore, after the pretest, Group 1D served one 
day, Group 60 served two days, and Group 110 
served three days. 

Results 

In  o r d e r  to show tha t  the  i n d e p e n d e n t  
va r i ab les  we re  effect ive in  p r o d u c i n g  dif-  
fe rences  in b e t w e e n - g r o u p  p e r f o r m a n c e  on 
keypress ing  alone,  keypress ing  scores we re  

a n a l y z e d  f rom the  las t  b l o c k  of  p r e t r a i n i n g  
trials.  D i s p l a y e d  in Fig .  1 a re  the  m e a n  

n u m b e r  of cor rec t  presses  du r ing  the  94- 
sec per iods ,  as a func t ion  of  p r e t r a i n i n g  

w i t h  c ompa t ib i l i t y  a n d  cohe rence  as pa -  
ramete rs .  E a c h  p o i n t  is b a s e d  on  the  m e a n  
for  th ree  Ss over  10 trials.  A 2 X � . X 3  
fac to r ia l  analysis  of va r i ance  s h o w e d  al l  
m a i n  effects a n d  in te rac t ions  to b e  stat is t i -  
ca l ly  s ignif icant  a t  b e y o n d  the  .01 level  of  
confidence,  excep t  for  the  C o m p a t i b i l i t y  X 
P re t r a in ing  in te rac t ion  ( .05 l eve l ) .  T h e  one 
a spec t  of  these  da t a  w h i c h  mer i t s  c o m m e n t  
is t ha t  u n d e r  low compa t ib i l i ty ,  the  effects 

of cohe rence  w e r e  no t  a p p a r e n t  unt i l  a f te r  
110 tr ials  of p re t ra in ing .  

Keypressing during the Combined Task. 
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FIG. 1. Relationship between keypress pretraining and mean keypressing score prior to combined- 
task performance. The parameter is treatment-combination of compatibility and coherence. Each 
point is based on performance over 10 trials for independent groups of 3 Ss (Exp. I). 

Table 1 summarizes the effect of a memory 
load upon keypressing speed. Mean per- 
cent keypress decrement was computed 
for each S by subtracting scores during the 
combined task from scores on keypressing 
alone and expressing the absolute differ- 
ence as a percentage of the latter. For 34 
of the 36 Ss, there was a positive difference 
which indicates that a memory load re- 
duced keypressing rates. The analysis of 
variance showed only the main effect of 
compatibility to be statistically significant, 
F (1, 24) - -  9.34, p < .01; the memory task 
disrupted keypressing more under low than 
high compatibility. 

Recall during the Combined Task. No S 
failed to achieve higher recall with the 
perceptual-motor filler task than with the 
counting filler task used in the pretest. 
Therefore, difference scores were used to 
evaluate recall during the combined task; 
this procedure offered much the same con- 
trois on inter-S variation as covariance anal- 
ysis. Figure 2 shows the mean corrected 
recall scores as functions of the various 
treatment combinations. Factorial analysis 
of variance revealed Compatibility to be 
the only significant main effect, F (1, 
24 ) - -  6.87, p < .025, with better recall un- 
der high than under low compatibility. The 
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TABLE 1 
~][EYPRESSlNG ON FINAL DAY 
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Compatibility 
Trials of 

keypress pretraining 

Low coherence High coherence 

Keypress Keypress Percent Keypress Keypress Percent 
alone + STM decrement alone + STM decrement 

Low 

High 

10 11.8 10.5 7.2 12.8 11.3 11.5 
60 17.9 15.1 13.7 19.6 18.5 9.8 

110 20.6 18.8 8.9 31.6 28.8 10.2 

10 31.8 30.5 4.8 88.2 85.8 6.8 
60 85.1 84.2 2.7 62.1 61.0 1.7 

110 36.0 34.7 3.5 85.4 78.7 14.0 

only o ther  stat ist ically significant effect  was  
the t h r ee -way  (Compa t ib i l i t y  X Coherence  
X Pre t ra in ing)  interact ion,  F (2, 24)----- 
3.60, p < .05. Inspec t ion  of Fig. 2 permi t s  
the fol lowing descr ip t ion of  this in terac-  
tion: Wi th  low coherence,  h igh-compat ib i l -  
i ty Ss gave  consis tent ly  h igh  recall ,  whe reas  

low-compat ib i l i ty  Ss were  init ially low in 
recal l  bu t  i m p r o v e d  m a r k e d l y  a t  the  high-  
est  level  of  pretra ining.  W i t h  h igh  coher-  
ence, there  were  dec rements  in recal l  a t  
the  in te rmedia te  and  a d v a n c e d  levels of  
keypress  p re t ra in ing  for h igh  and  low com- 
patibi l i ty,  respect ively.  In  the  case of the  
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FIG. 9.. Relationship between mean corrected recall ,scores and trials of key-press pretraining. The 
parameter is treatment-combination of compatibility and coherence. Each point is based on perform- 
ance over 10 trials for independent groups of 3 Ss (Exp. I).  
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high-compatibillty, high-coherence condi- 
tions, there was a recovery in recall at the 
advanced level of pretraining. 

EXPERIMENT II 

Although the effect of stimulus-response 
compatibility upon the experimental tasks 
was unequivocal, in Exp. I, the relation- 
ships involving coherence and pretraining 
suggested by Fig. 2 were statistically re- 
liable only through their participation in 
the three-way interaction. The second 
study was designed to verify the apparent 
nonmonotonic effect upon recall, in Exp. I, 
of pretraining on a redundant keypressing 
task. The tentative interpretation placed 
on recall performance for high-coherence 
groups in the first study was that with high 
compatibility recall was related by a U- 
shaped function to pretraining and would 
have been also, for low-compatibility Ss, 
except that insufficient trials were given to 
reveal the right arm of the U. In light of 
the data of Fig. 1, it is entirely reasonable 
that the hypothesized U-shaped function 
should appear later for low- than for high- 
compatibility groups, since those data show 
that the effects of coherence were not felt 
until after 60 trials by low-compatibility Ss. 
In other words, the imposition of a difficult 
light-key pairing had, it was assumed, de- 
layed the formation of serial associations 
for  groups with a redundant task; conse- 
quently, the functional relationship be- 
tween redundancy and recall was also de- 
layed. To be tested in the present study 
was the implication that if high-coherence, 
low-compatibility groups were run with a 
wider range of pretraining levels, retention 
performance would display the full U- 
shaped function. 

Experimental Design. All Ss received the same 
low-compatibility, high-coherence task used in 
Exp. I. Three groups of eight Ss each received 
10, 110, or 210 trials of keypress pretraining be- 
fore being tested on the combined task. 

Procedure. The three groups were matched on 
the basis of a pretest employing 39 Ss. The final 
day, for all groups, consisted of 10 trials of key- 
pressing alone, 10 trials on the combined task, 
and then a final block of five keypressing-alone 
trials. The extra pretraining given ~Gronps 110 
and 210 was accomplished over two or four ad- 
ditional days, respectively. In all other respects 
the details of Exp. II were identical with those 
of Exp. I. 

Results 

The 10 keypressing trials surrounding the 
block of combined-task trials were exam- 
ined to verify choice of appropriate prac- 
tice levels. The mean scores over 24-sec 
intervals for the three groups were 9.5, 
24.5, and 49.2, with virtually no overlap of 
distributions about these values. Uncor- 
rected P scores showed the mean levels of 
recall to be 6.4, 5.8, and 7.5 for Groups 10, 
110, and 210, respectively. A one-way, 
repeated-measures analysis of variance 
showed these differences to fall just short 
of statistical significance, F(2, 14) --  3.65, 
with a value of 3.74 required at the .05 
level. However, since exactly the obtained 
form of nonmonotonic relation had been 
predicted, the results of Exp. II were not 
considered unsupportative of the hypothe- 
sized U-shaped function. 

Another finding of Exp. II deserves men- 
tion, although it pertains more to the re- 
search problem as a whole than t o t  h e  
specific purpose of the study. For each of 
39 Ss pretested on the combined STM- 
keypressing task, the regression coeffcient 
was computed for predicting memory 
scores from key-pressing scores on individ- 
ual trials. Two Ss had coefficients of zero 
by dint of perfect recall on each trial, 16 
had positive coeffcients, and 21 had nega- 
tive coeffcients; this division between nega- 
tive and positive regression was well within 
chance expectations. Thus, knowledge of 
keypressing performance on a given trial 
was of no predictive value with respect to 
retention on that trial. 



INTERPOLATED TASK IN ST1VL 759 

DISCUSSION 

STM and the Division of Attention 

The present research confirmed the 
similarity between the Brown-Peterson 
STM technique and the traditional meth- 
ods of studying division of attention. The 
most fundamental generalization these lat- 
ter methods have yielded is that a given 
task suffers a decrement when it must be 
executed at the same time as another, un- 
related, task (Bahrick et al., 1954; Binet, 
1890; Brown, 1962; McQueen, 1917; 
Shouten, Kalsbeek, and Leopold, 1962). 
In Exps. I and II, 53 out of the 60 Ss 
made fewer co~ect keypressing responses 
during STM trials than during trials on 
keypressing alone. This result may be ac- 
cepted as direct evidence for covert (and 
in the present case illegal by the terms of 
the instructions) rehearsal during filled 
retention intervals. There was, however, 
no consistent negative correlation between 
STM and keypressing on combined-task 
trials. This dependence of one task on the 
presence or absence of another, but inde- 
pendence of their relative levels of per- 
formance was unexpected for it had been 
hoped to demonstrate a reciprocity be- 
tween rehearsal and the filler task on in- 
dividual trials. It is of substantial interest 
that McQueen (1917) reported the same 
situation in an early experiment on di- 
vided attention. In the case of the present 
studies, E noticed a tendency on the part 
of some Ss to fuse the keypressing and 
memory tasks by whispering words in 
time with keypresses. It was not possible 
to determine how widespread this strategy 
was, but future research may show it to be 
most prevalent among Ss who show posi- 
tive regression between the two tasks. 

A second major empirical generalization 
about divided attention is that perform- 
ance decrements increase with the com- 
plexity of the simultaneous tasks (Brown 

and Poukon, 1964; Hylan, 1903; Jastrow, 
1891-92; Shouten, Kalsbeek, and Leopold, 
1962). This generalization was supported 
in Exp. I by the significantly greater key- 
press decrements under low than under 
high compatibility. Finally, certain experi- 
ments have been concerned with reduc- 
tions in intertask disruption through prac- 
tice or pretraining on one of the tasks 
(Bahrick et al., 1954; BahHck and Shel- 
ley, 1958; Brown and Poulton, 1962). 
There was no evidence that pretraining 
affected key-press decrements in the pres- 
ent experiments, although portions of the 
retention data showed effects of keypress 
pretraining. 

Retention as a Function of the Filler Task 

The perceptual-motor activity used in 
the present research turned out to be a 
generally poor method of controlling re- 
hearsal when compared with those verbal 
tasks typically used in STM studies 
(counting backwards, digit reading, color 
naming). Though the memory stimuli 
were more difficult and the retention in- 
terval longer in the present study than 
those used by Peterson and Peterson 
(1959), the Petersons showed substantially 
greater forgetting in their study. Even the 
highly-compatible digit-naming task used 
by Hellyer (1962) was apparently more 
effective in discouraging rehearsal than the 
keypressing activity used here. It may be 
that retroactive interference from any 
verbal filler task plays a more important 
role in short-term forgetting than has pre- 
viously been supposed. 

Permissive as the interpolated activity 
was, the objective of controlling recall 
through filler-task difficulty was nonethe- 
less realized unequivocally in Exp. I where 
recall was significantly better under high 
than under low compatibility keypressing. 
This finding directly confirms those of 
Posner and Rossman (1965) and Pillsbury 
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and Sylvester (1940). Moreover, since a 
nonverbal filler task was used, (a) there 
was little chance for variation in RI from 
the interpolated activity, and (b) the re- 
sult implies a single information-process- 
ing channel serving both verbal and non- 
verbal operations. 

The effects of coherence and pretraining 
upon recall w e r e  internally consistent but 
of only marginal significance statistically; 
therefore only tentative interpretations 
may be entertained. There seemed to be 
two important departures from the results 
of Bahrick et al., (1954). In the first place 
Ss with low-compatibility, non-repetitive 
tasks showed improved recall at 110 trials 
of pretraining as compared with Ss given 
less pretraining. Although Bahrick et al., 
(1954) found no such indirect practice ef- 
fects with nonredundant tasks, their key- 
pressing task was, for all Ss, maximally 
compatible and therefore probably placed 
minimal demands on the central capacity. 

Secondly, Exps. I and II suggested that 
intermediate amounts of pretraining on 
repetitive tasks lead to decreased recall, 
or, at a more fundamental level, to de- 
creased ability to rehearse. (Joint consid- 
eration of the two studies reported permits 
relating the term "intermediate" legiti- 
mately to stage of mastery rather than to 
a specific number of pretraining trials.) 
In a theoretical analysis of perceptual- 
motor skill learning, Fitts (1964) has char- 
acterized the intermediate stage of skill 
acquisition as one where the basic asso- 
ciations to the task are being formed, in 
the presence of mediation, anticipation, 
trial-and-error, verbalization, and rehearsal. 
Surely such behavior would be of dis- 
astrous consequences to any simultaneous 
task, especially ff the latter were verbal. 
It is therefore suggested that in the present 
data, the observed decrements in recall for 
Ss with repetitive keypressing tasks may 
be associated with this critical phase of 

skill learning. It is from the final phase of 
Fitts' analysis that the principle of au- 
tomatization derives its validity. At this 
stage, all necessary associations are formed 
and gradual improvements in performance 
are due to the streamlining of mediational 
processes and, eventually, to the dropping- 
out of such mediators (as must occur, for 
example, in tying shoelaces over a period 
of years). The ultimate improvement in 
recall for Ss with the largest amounts of 
pretraining, in the present data, may indi- 
cate entry into this final phase of learning 
on the keypressing task. The failure of 
Bahriek et al., (1954) to find a nonmono- 
tonic relation between arithmetic perform- 
anee and keypress pretraining may tenta- 
tively be ascribed to their choice of only 
two practice levels at which to introduce 
the arithmetic task in conjunction with 
keypressing. It is interesting to speculate 
that if these authors had happened to 
choose early (and then intermediate) lev- 
els of pretraining, they would have found 
secondary-task performance to decrease 
with primary-task practice, and the notion 
of automatization might summarily have 
been rejected. Indeed, such a possibility 
may account for the failure of some in- 
vestigators (Bahrick and Shelley, 1958) 
to find clear-cut practice effeets at all in 
divided-attention situations. 
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