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Abstract 

The Role of Concentration in Recall 

Laurel Allender 

Although concentration seems intuitively important for 

recall, it is a curious fact that the scientific study of 

this relation has been just about totally neglected. 

Reported here are four experiments designed as a beginning 

towards remedying this neglect. Experiment 1 showed that 

solving arithmetic problems intermittently during the recall 

interval lowered recall performance, but only to the extent 

that would be obtained if the time spent solving problems 

were simply not available for recall. The results of 

Experiment 2 indicated that two sets of items can be 

recalled only about half as efficiently as one. Experiments 

3 and 4 showed that a card sorting task known to impair 

recall when performed during study also impairs recall when 

performed during recall, though not to as great an extent. 

In addition, Experiment 3 showed recall of words studied 

under two different orienting tasks to be comparably 

impaired by the card sorting task. 
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Consider what often happens when you are trying hard to 

recall a phone number, the lyrics to a show tune, or the pub¬ 

lication year of a particular journal article. When pressed 

for the information, you might say, "Wait a minute; let me 

think," literally asking for a quiet moment in which to con¬ 

centrate. Or consider what happens when you are interrupted 

while trying to recall—the phone rings, your neighbor be¬ 

gins practicing the clarinet, or even your own thoughts 

intrude: At that moment your concentration is broken. You 

may even have to recall what it was you were trying to 

recall. 

It certainly seems from these examples that concentra¬ 

tion may be important for recall, but before pursuing the 

matter, it is perhaps worth saying a little more about what 

is meant here by concentration. The term is very close in 

meaning to attention. One problem with the term attention, 

however, is that it has been used so widely and so intensive¬ 

ly, that on the one hand it has taken on a variety of mean¬ 

ings and on the other it has become something of a technical 

term. The aspect of attention of concern here is that of 

thinking hard about something to the exclusion of other 

things—in a word, concentration. Since it has not been 

used much in the psychological literature, concentration has 

the advantage over attention of being free from the diverse 

connotations and nuances that attention has come to acquire. 

Moreover, it seems particularly apt in discussing recall. 
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Attention usually implies an object of attention and it is 

hard to see what that object might be when the task is to 

bring to mind that which is currently absent from mind. Con¬ 

centration, by contrast, can be applied to such a task quite 

naturally. 

The intuitive notion that concentration is generally im¬ 

portant for memory is a compelling one, but what is the sci¬ 

entific evidence? Oddly enough, this has been fairly well 

explored with respect to the study phase of memory, but ig¬ 

nored with respect to the recall phase. Consider, for in¬ 

stance, the extensive literature on the effect of time avail¬ 

able for concentrating during study: There is a good deal 

of research underlying the total-^time hypothesis (Cooper & 

Pantle, 1967), as well as such exceptions as the spacing 

effect (Glenberg, 1979; Hintzman, 1974; Melton, 1970). The 

role of recall time on recall performance, by contrast, has 

not been systematically explored, and to date about the only 

thing that can be said in this connection is that recall in¬ 

creases monotonically with the amount of time allowed. Sim¬ 

ilarly, the way in which an item is studied during list pres¬ 

entation has been intensively investigated, and a great deal 

is known about the relative effects of such orienting tasks 

as searching for an "e" in a word and rating the pleasant¬ 

ness of a word (Craik & Tulving, 1975; Hyde & Jenkins, 

1969), whereas the possibility of differentially effective 

modes of concentration in recall has not been examined. 
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The purpose of the present research is to address some 

basic questions regarding this matter: What is the effect 

on recall of interrupting concentration? How successfully 

can more than one thing be recalled at a time? Would a task 

that disrupts concentration during the presentation phase of 

memory have the same effect at the recall phase? 

Such questions are addressed only tangentially, if at 

all, by extant research. For example, research studying 

attention in dual task situations (Griffith & Johnston, 

1977; Johnston, Griffith, & Wagstaff, 1972; Johnston, 

Wagstaff, & Griffith, 1972; Martin, 1970; Trumbo & Milone, 

1971) has not involved recall as a primary task, and has not 

involved recall from long-term memory at all. Physiological 

evidence regarding the importance of concentration is like¬ 

wise only peripherally related: Beatty and Kahneman (1966) 

found that pupil diameter increases during the actual recall 

of a familiar phone number and they argue that such an in¬ 

crease indicates increased mental activity, but they do not 

really come to grips with the role of concentration in the 

probability of an item being recalled. Perhaps the work 

closest in spirit to the present research is that by a 19th 

century French scientist, M. Paulhan (1887, as cited by 

James, 1890) where he reports the difficulty of "performing 

calculations on paper whilst reciting poetry" (p.408). 

The four experiments reported here were designed, in 

some ways, to pick up where M. Paulhan left off. In each 
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study, the demand on a person's concentration is varied by 

means of concurrent activity and the resulting recall levels 

are compared. 

Experiment 1 

Experiment 1 involved imposing an arithmetic task inter¬ 

mittently during the recall period. Assuming recall 

requires concentration, how much will recall be hurt by the 

interruption? If concentration is disrupted only while the 

arithmetic problem is being solved, then recall will be re¬ 

duced only by the amount which would have been recalled 

during that time; in essence, doing arithmetic would be like 

"time out" from recall. Or if concentration is disrupted 

more than that, as if you lost your place in a book and have 

to rifle through the pages to find it again before continu¬ 

ing, then recall would be impaired to an even greater 

degree. 

Alternatively, if recall were largely unconscious and 

required little concentration, then it might continue during 

the solving of the arithmetic problem with the result that 

as many words would be recalled under interrupted recall as 

under uninterrupted recall. There is a bit of early evi¬ 

dence which supports such a notions Jersild (1927; repli¬ 

cated by Spector & Biedermen, 1976) found that when subjects 

switch between two very different tasks, generating semantic 
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opposites to words and subtracting 3 from two-digit numbers, 

performance of each is faster than when they do either task 

alone. 

In the present experiment, subjects recalled words 

under different levels of interruptions totally free recall, 

paced free recall in which they shifted lines at regular in¬ 

tervals, and 10- and 20-second interruption conditions in 

which they were required to complete arithmetic problems at 

10- and 20-second intervals before writing down any addi¬ 

tional words. To obtain some idea of the average time re¬ 

quired to work the type of arithmetic problems used here, 

subjects were given a timed arithmetic test. 

Method 

Materials. Twenty words from each of 12 conceptual 

categories were selected from the University of Toronto Cate¬ 

gorized Word Pool (Murdock, 1976), and were tape recorded 

for presentation in pure category blocks. Twelve words from 

each of three additional categories were used to create 

three buffer blocks, of which two categories were presented 

at the beginning of the list and one at the end. Cate¬ 

gories and words within categories were both selected 

r andomly. 

Recall booklets comprised 16 pages, of which the first 

three were intended for practice and required recall of the 

buffer categories. Of the remainder, one was for the timed 
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arithmetic test, and 12 for the critical categories. The 

critical categories were recalled under four levels of inter¬ 

ruption, and correspondingly the 12 pages were of four 

types: (a) two pages with no lines for the totally free 

recall condition, (b) two lined pages for the paced free 

recall condition, (c) four pages with arithmetic problems on 

alternate lines for the 20-second interruption condition, 

and (d) four pages with an arithmetic problem on every line 

for the 10-second interruption condition. 

All arithmetic problems used in the experiment required 

the addition of two two-digit numbers (e.g., 24 + 67) which 

were obtained from a table of random numbers, edited to 

avoid numbers with zeros. Of the 210 such problems con¬ 

structed, 120 were for the 10- and 20-second interruption 

conditions, and 90 were for the timed arithmetic test. Two 

more problem lists were composed for the 10- and 20-second 

interruption practice pages. 

Design. It should be noted that in the 20-second 

interruption condition, subjects still moved to a new line 

every 10 seconds but were interrupted with an arithmetic 

problem on only every other line, that is, every 20 seconds. 

Also, both the totally free recall condition and the paced 

free recall condition were intended as control conditions. 

The paced free recall condition was the logical control for 

the two experimental conditions since it was exactly like 
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them, (i.e., subjects moved to a new line at each signal) ex¬ 

cept that it involved no arithmetic problems; this condition 

allowed a cumulative record of recall. The totally free 

recall condition was a "control for the control condition," 

included to see whether recall was impaired by the require¬ 

ment merely to shift lines every 10 seconds. 

The categories were tested in the same order for all 

subjects, but by counterbalancing the order of page types, 

six forms of the recall booklet were created, and these were 

given to six equal-sized groups of subjects so that each 

category was tested under the control conditions for one 

third of the subjects (under the totally free recall condi¬ 

tion for one sixth and under the paced free recall condition 

for one sixth), under the 20-second interruption condition 

for another third, and under the 10-second interruption cond¬ 

ition for the remaining third. Each subject recalled two 

categories under the totally free recall condition, two 

under the paced free recall condition, four under the 20- 

second interruption condition, and four under the 10-second 

interruption condition. 

Possible differences in difficulty of the arithmetic 

problems were controlled by the following procedures Twelve 

sets of 10 problems each were compiled and divided into four 

groups of three sets each. Each set appeared in two forms 

of the booklet on a 20-second interruption page and in the 
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other four forms of the booklet on a 10-second interruption 

page. 

One page of each booklet was not for recall, but rather 

for the timed arithmetic test. Three columns of 30 arith¬ 

metic problems each appeared on this page. To control for 

possible differences in problem difficulty, three versions 

of the arithmetic test were created, each column of problems 

appearing once in each position. The arithmetic test was 

placed in the booklet after either 3, 6, or 9 of the 12 cate¬ 

gory-recall pages, with placement being counterbalanced 

across the six forms of the booklet such that each version 

of the test was placed equally often in each form of the 

booklet and equally often after 3, 6, or 9 category-recall 

pages. 

Subjects and procedure. The subjects were 18 Rice 

University undergraduate psychology students. They were 

tested in two- to five-person groups and received course 

credit for participating. 

The subjects were told that they would hear a long list 

of words, blocked by category, and that they should try to 

remember as many of the words as possible. The list items 

were presented via a tape recorder at the rate of one item 

every three seconds, with each category being headed by the 

category name. The recall test booklets were then distrib¬ 

uted and the recall procedure explained. The experimenter 

announced the name of the category to be recalled, one cate- 
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gory per page. A beeper sounded every 10 seconds, and for 

the lined pages subjects moved to the next line at every 

beep, and when an arithmetic problem appeared at the begin¬ 

ning of a line, subjects were to solve it before writing 

down any recalled words. For pages without lines, subjects 

were to ignore the beeps and simply write down words as they 

recalled them. 

Two minutes were allowed for the recall of each cate¬ 

gory. Subjects practiced on the recall task by recalling 

the three buffer categories. After the practice, the experi¬ 

menter checked to see whether any lines had been skipped and 

if so, repeated the instructions. All subjects in a given 

session took the timed arithmetic test at the same point in 

the recall period, with instructions given at that time 

stressing both speed and accuracy. Two minutes were allowed 

for the subjects to work as many of the arithmetic problems 

as possible. 

Results and Discussion 

The recall data are summarized in Figure 1. Cumulative 

recall curves are shown for the 10-second interruption, 20- 

second interruption, and paced free recall conditions; a sin¬ 

gle point is shown for the totally free recall condition, 

since only total recall is available for that condition. 

Considering first just the levels of recall after the full 

two minutes, a pattern is evident: The greater the interrup- 
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tion, the lower the level of recall. An analysis of vari¬ 

ance showed the effect of interruption to be reliable, F 

(3,51) = 4.49, £< .01. This result is consistent with the 

idea that an additional task disrupts concentration and con¬ 

trary to Jersild's (1927) finding of performance of two dif¬ 

ferent tasks being mutually facilitated. 

From the number of arithmetic problems completed on the 

two minute arithmetic test, an estimate of the average 

amount of time needed to work a single problem was computed 

for each subject, and then an overall mean computed across 

subjects. The analysis for the 10-second interruption con¬ 

dition proceeded as follows: The overall mean time per prob¬ 

lem (3.46 seconds) was multiplied by the number of problems 

given during the recall interval (12) and the result sub¬ 

tracted from the total length of the recall interval (120 

seconds) to obtain an estimate of the amount of time not 

spent working arithmetic problems: 120 - (3.36 x 12) = 78.48 

seconds. Figure 1 shows that the cumulative amount recalled 

at 78.48 seconds on the free recall curve (0.34) is approxi¬ 

mately the level of the endpoint of the 10-second interrup¬ 

tion curve (0.35). Application of the same procedure for 

the 20-second interruption condition case gives a similar 

result: The cumulative amount recalled at 99.24 seconds 

(0.37) is about the level of the endpoint of the 20-second 

interruption curve (0.38). Statistical tests verified that 

these differences were not reliable: t(17) = 0.58 and t 
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(17) = 0.36 for the 10-second interruption and the 20-second 

interruption conditions, respectively. Thus, recall in the 

10- and 20-second interruption conditions appears to be as 

if the time to complete the arithmetic problems were simply 

time not available for recall—no more, no less. 

One further comment should be made regarding the re¬ 

sults of this experiment: There is an apparent difference 

between the proportions recalled in the two control condi¬ 

tions (see Figure 1). A followup study was conducted with 

just these two conditions to test whether merely moving from 

line to line reduced recall relative to not moving. A null 

result was obtained. The mean proportion of words recalled 

in the totally free recall condition was 0.39 and in the 

paced free recall condition, 0.38, t:(13) =.22. In other 

words, it seems that concentration was not significantly dis 

rupted by simply shifting lines on the page. 

What do the results of this experiment tell us about 

concentration and recall? First, the greater the interrup¬ 

tion to concentration, the less recalled—a result consis¬ 

tent with intuition. Second, it appears as if intermittent 

arithmetic problems completely preclude concentration on 

recall only for the time it takes to solve them. 
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Experiment 2 

Experiment 2 differed from the previous experiment in 

that the interrupting task was not one of working arithmetic 

problems, but one of recalling other items. More specif¬ 

ically, subjects were required to recall either one or two 

categories at a time. Thus subjects would sometimes be 

given such instructions as "recall fruits", and sometimes 

such instructions as "recall musical instruments and occupa¬ 

tions" . It was arbitrarily decided to allow twice as much 

time in the two-category recall condition as in the one- 

category recall condition. 

Method 

Materials and design. Twenty words from each of six¬ 

teen conceptual categories were selected from the University 

of Toronto Categorized Word Pool (Murdock, 1976), the selec¬ 

tion of both words and categories being random. In 

addition, four words from each of three other categories 

were chosen for use as primacy and recency buffers—two 

words from each category formed the primacy buffer and two 

the recency buffer. Sandwiched between these buffer words, 

in random order, were the 320 critical words. The entire 

list of 332 words was recorded and typed in a single order 

for presentation to all subjects. 

Booklets for written recall comprised twelve pages. 
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Eight pages were for recall of individual categories, and 

four for recall of pairs of categories. Thus, for each sub¬ 

ject, half of the initial categories were tested in the one- 

category recall condition and half in the two-category 

recall condition. Categories were cued for recall in the 

same order for all subjects, but a given category was 

recalled singly by half the subjects and paired with another 

category by the other half. For all subjects every third 

test page required recall from two categories and the remain¬ 

der from one; for half of the subjects the first two-cate- 

gory page was the first page in the booklet (except for the 

practice pages) and for the other half of the subjects, it 

was the third. A one-category and a two-category practice 

recall page were placed at the beginning of each booklet for 

recall of the three buffer categories, thus ensuring that 

the recall instructions were understood. 

To encourage the rapid recall of as many words as possi 

ble in both the single and double recall conditions, a point 

system was devised whereby the earlier recall occurred, the 

more it was worth. The idea here was to get subjects to 

adopt a strategy that would maximize recall at any given 

instant during the recall interval. , 

Subjects and procedure. Twenty Rice University under¬ 

graduates were tested individually or in groups of up to 

four. They received $3.00 for participating. 

It was explained to the subjects that the study con- 
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cerned memory and that they would be presented with a long 

list of words which they would later be asked to recall. 

The list was presented both auditorally and visually: Sub¬ 

jects listened to the list words presented from a tape 

recorder, and at the same time, read the words in a booklet. 

List presentation proceeded at a rate of one word every 

three seconds. 

For the test which followed, subjects were told that 

the experimenter would instruct them to recall sometimes one 

category and sometimes two categories. The point system 

was explained and subjects were encouraged to maximize their 

points throughout the recall period. They were paced 

through the recall periods, 90 seconds in the one-category 

condition and 180 seconds in the two-category condition, by 

means of a beeper. The beeper sounded every 10 seconds, 

whereupon subjects dropped down one line on the recall page, 

thereby leaving a record of the temporal course of recall. 

After completing the practice test in which the three buffer 

categories were cued for recall, subjects were reminded of 

the instructions, and the recall test for the critical cate¬ 

gories was given. 

Results and Discussion 

As is clear from Figure 2, the results are fairly 

straightforward. The figure shows the cumulative mean pro¬ 

portions of words recalled per category in the one-category 
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and in the two-category conditions. It should be stressed 

that the two-category curve does not represent the combined 

recall of pairs of categories, but rather, mean recall for 

individual categories. 

The overall mean proportions of words recalled under 

the two conditions are not very different: 0.38 in the one- 

category condition after 90 seconds, and 0.35 in the two- 

category condition after 180 seconds. The difference be¬ 

tween these levels is small and is not statistically relia¬ 

ble, t(19) = 1.79, p > .05. However, compared at the 

same point in time, 90 seconds, the cumulative mean propor¬ 

tion of words recalled in the two-category condition (0.29) 

is clearly lower than that in the one-category condition 

(0.38); this difference is reliable, t(19) = 7.83, p < 

.001. 
One issue relevant to the interpretation of these 

results concerns the actual division of time between recall 

of the two categories in the two-category condition. The 

time allottment of 180 seconds has been discussed as if sub¬ 

jects truly spent 90 seconds concentrating on each category. 

Of course, this is probably not the case given between- 

category differences in ease of recall. Consequently, there 

was a potential for a recall advantage in the two-category 

condition, and yet, despite this, recall was no better in 

the two-category condition than in the one-category condi¬ 

tion. In fact it was not quite as good. 
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To summarize the findings of Experiment 2, two categories 

were not recalled as efficiently as one. Quite the 

contrary, there was no advantage whatsoever of being asked 

to recall list items from two conceptual categories at a 

time over one at a time. Indeed, the results support the 

idea that concentration on recall of one category precludes 

concentration on recall of another in a "time out" fashion. 

Experiment 3 

Studies of short-term memory have found that contin¬ 

uously sorting playing cards into suits during list presenta¬ 

tion depresses recall (Murdock, 1965; Bartz & Salehi, 1970). 

One purpose of Experiment 3 was to determine whether card 

sorting would have a similar effect at the time of recall. 

Also of interest was whether card sorting would affect 

recall differently from the intermittently-performed arith¬ 

metic task. 

A second purpose of Experiment 3 was to explore the 

effects of disrupting concentration on recall of words that 

are not equally easy to recall. Perhaps disruption of con¬ 

centration affects easy- and hard-to-remember words differ¬ 

ently. If easy-to-remember words require less concentration 

to be recalled than do hard-to-remember words, then sorting 

cards into suits might impair recall of easy words to a 

lesser extent than recall of hard words. Conversely, if 
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recall of hard words is already so low that it cannot be 

lowered much further, then recall of easy words might be 

more affected by sorting cards into suits. In this experi¬ 

ment, easy- and hard-to-remember words were operationalized 

in terms of the way in which the subjects were required to 

study them during list presentation. Subjects were required 

either to make a pleasantness rating of a word, or to search 

for the letter "e" in a word. Such tasks have previously 

been shown to give rise to different levels of recall (Hyde 

& Jenkins, 1969). 

As in the first two experiments, the course of recall 

was tracked over time. Of specific interest was how the 

effects of ease of recall and level of card sorting were dis¬ 

tributed over time. In other words, would the effects of 

these two variables be uniform across the recall interval, 

or would they vary? 

The experiment included four conditions, all of which 

occurred within each subject-list. There were two orienting 

tasks within the study phase of each list, rating words for 

pleasantness and searching for the letter "e"; and there 

were two levels of card sorting alternating within each 

recall interval, sorting cards into suits and simply placing 

the cards into a single pile. 

Method 

Materials. Three hundred and twenty words, randomly 
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selected from the Toronto Word Pool, were grouped into 16 

20-word lists. The lists were prepared for visual presenta¬ 

tion in booklet-form, with one list typed on each page. The 

words of each list were arranged in a column, and to the 

left of each was typed either a "P" or an "E" to indicate 

which orienting task was required, "P" representing the 

pleasantness-rating task and "E" representing the searching- 

for-an-"e" task. To the right of each word appeared a line 

on which the pleasantness rating (1 through 5) or the result 

of the "e" search ("Y" for yes, "N" for no) was to be 

written. These list pages alternated with blank pages which 

were used for the digit-copying distractor task interpolated 

between the study and the test of each list. The 160 two- 

digit numbers for the distractor task were chosen from a 

table of random numbers. 

Tape recordings were made for the purpose of pacing sub 

jects through the study lists, distractor task, and recall 

intervals. The study of successive list items was paced by 

beeps from a timer; the pacing during recall was by vocal 

commands, one per card. Two different commands, "one" and 

"four," indicated whether cards were to be put all in one 

pile or were to be sorted into four piles according to suit. 

They were given in alternating blocks of 10 "one" commands 

and 10 "four" commands throughout each recall interval. 

Standard decks of playing cards were used to construct 

two decks of 60 cards each for the card sorting task. The 
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cards within one of these 60-card decks were arranged in 

alternating sets of ten, one set face-down for the 1-pile 

sorting condition and the next face-up for the 4-pile sort¬ 

ing condition. The direction the cards faced corresponded 

to the commands on the tape-recorder, face-down with "one" 

and face-up with "four." In this way, subjects had two cues 

for the card sorting task, the commands on the tape and the 

arrangement of the deck of cards. 

Design. The lists and list items were presented in 

the same order to all subjects. For any given subject, half 

the words of each list were studied under the "P" condition 

and half under the "E" condition, with "P" and "E" instruc¬ 

tions alternating down the list; also, half the lists began 

with "P" and half with "E," the starting letter on a page 

alternating throughout the booklet. There were two forms of 

the booklet, one in which the odd-numbered pages began with 

a "P" word and one in which the even-numbered pages began 

with a "P" word. Since half of the subjects were given one 

form of the booklet and half the other, each word was desig¬ 

nated an easy-to-remember word and a hard-to-remember word 

equally often. For half of the subjects, recall intervals 

for odd-numbered lists began with 1-pile card sorting and 

recall for even-numbered lists with 4-pile card sorting; 

this pattern was reversed for the other half of the 

subjects. 

Subjects and procedure. Twenty Rice University under- 
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graduate psychology students were tested individually. 

Course credit was awarded for participation. 

The experiment was described to the subjects as a study 

of memory in which a series of lists of words would be pre¬ 

sented in booklets, with a recall test being given after 

each list. The two orienting tasks were explained, and to 

emphasize the importance of making meaningful ratings, sub¬ 

jects were told that some words are rated similarly by all 

people whereas others are rated quite variably, and that one 

purpose of this experiment was to examine the "behavior" of 

these two different kinds of words. The importance of keep¬ 

ing pace with the beeps was also stressed. 

The distractor task was described next, followed by an 

explanation of the recall and card sorting procedures. An 

ace of each suit was placed before the subjects to mark the 

piles for sorting into suits. Again, the importance of keep¬ 

ing pace with the commands was stressed, and subjects were 

given some practice at the card sorting task. 

Each trial began with a "Please start" signal and ended 

with a "Please stop" signal, with the pacing signals, the 

numbers for the distractor task, and the sorting commands in 

between. For each list, the subjects studied each word for 

three seconds for a total study time of one minute; copied 

10 two-digit numbers for 15 seconds; and then simultaneously 

recalled and sorted cards according to the vocal commands 

given every 1.5 seconds, for a total recall time of 90 sec- 
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onds. The subjects' oral responses were tape-recorded. 

This procedure was repeated for each of the 16 lists with 

brief pauses between lists. 

Results and Discussion 

The mean proportion of words recalled for each of the 

four main conditions is shown in Table 1. More words were 

recalled when sorting cards into one pile than when sorting 

into 4 piles. More words rated for pleasantness were 

recalled than words searched for an "e"; hence, the presump¬ 

tion that the orienting tasks would lead to comparatively 

easy- and hard-to-remember words is borne out by the data. 

Inferential analyses confirmed these two main effects. 

Thus, both level of card sorting, F(l,19) = 33.14, £ < 

.001, and type of orienting task, F(l,19) = 55.51, £ <. 

.001 were significant. The interaction between the two vari¬ 

ables did not approach significance, F(1,19) = 0.59, indi¬ 

cating a lack of a differential effect of the levels of the 

card sorting task on recall of easy- and hard-to-remember 

words. 

With respect to the cumulative recall curves, the fact 

must be kept in mind that 1-pile and 4-pile sorting was a 

within-list manipulation. When the first 15-second block 

was 1-pile sorting, the next was 4-pile sorting. Figure 3 

shows the 1-pile intervals combined and the 4-pile intervals 

combined over lists. Thus, for example, the second point on 
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Table 1 

 Orienting Task  

Pleasantness Seach for an "E" 

Card Sorting 

1-Pile 0.18 0.11 

4-Piles 0.13 0.07 

Mean proportion recalled by type of orienting task and level 

of card sorting. 
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the top line was actually preceded by the recall amount 

indicated by the first point on the second line from the 

top. What we may be seeing here is a sort of rebounding 

effect. Recall during the 4-pile sorting interval increased 

only slightly, yet during the next 1-pile sorting interval, 

recall increased more sharply. This point will be returned 

to later. 

As stated earlier, it was also of interest to see how 

the recall of easy- and hard-to-remember words compared over 

time, and how the effects of 1-pile and 4-pile card sorting 

compared over time. It appears (see Figure 3) that al¬ 

though sorting cards into suits disrupts recall and lowers 

performance throughout the recall period relative to putting 

cards in a single pile, its greatest effect is after the 

first 15 seconds or so. Type of orienting task, on the 

other hand, has its greatest effect during that first 15 sec¬ 

onds. Beyond this time, the proportion of pleasantness 

words recalled does not increase any more rapidly than that 

of the "e" words. 

To test for the effects of type of orienting task and 

level of card sorting across time, linear trend coefficients 

were applied to the scores of individual subjects in each of 

the four conditions and the resulting data subjected to a 2 

x 2 analysis of variance. The linear components of trend 

for the two orienting tasks were reliably different, F 

(1,19) = 34.45, p <.001, as were the linear components of 
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trend for the two levels of card sorting, F(l,19) = 7.35, 

£ <.02. Since there was no interaction of type of orient¬ 

ing task and level of card sorting at any point in time, 

there was no interaction of differences in the linear compo¬ 

nents of trend for the two variables, F(l,19) < 0.01. 

Recapping the results of Experiment 3, we see that sort¬ 

ing cards into suits lowered recall relative to putting 

cards into a single pile. Thus, a task known to hurt recall 

when performed at study was also shown to hurt recall when 

performed during recall. Also, the predicted effect of type 

of orienting task was found; Words rated for pleasantness 

were recalled more frequently than were words searched for 

an "e," which in turn justifies the use of the terms "easy-" 

and "hard-to-remember." However, these two factors, card 

sorting and orienting task, did not interact, which fails to 

support the idea that card sorting may interfere with concen¬ 

tration on recall of easy- and hard-to-remember words differ¬ 

entially. The differences in the linear components of trend 

were significant for both factors. The effect of orienting 

task was substantially established during the first 15 sec¬ 

onds, whereas the effect of level of card sorting continued 

to increase throughout the recall interval. 

Experiment 4 

The purpose of the final experiment was to replicate 
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the previous results of a decrement in recall due to card 

sorting with the changes that card sorting was manipulated 

between lists, and that the control was no sorting at all 

rather than putting cards into a single pile. In addition, 

this experiment was designed to compare the effect of per¬ 

forming the card sorting task during recall with that of per¬ 

forming it during study. 

There is some evidence that, in conventional terminol¬ 

ogy, recall takes more processing capacity as measured by 

increased errors on a simultaneous task like tracking or de¬ 

tecting a flash of light, than does encoding (Griffith & 

Johnston, 1977; Johnston, Griffith, & Wagstaff, 1972; 

Johnston, Wagstaff & Griffith, 1972; Martin, 1970; Trumbo & 

Milone, 1971). But all of this research involved recall 

from primary or working memory, with recall periods of just 

a few seconds. It is unclear whether such findings would 

generalize to the recall of items from secondary memory, in 

that the role of concentration in reporting what is current¬ 

ly in mind may well be different from that of recall proper, 

or the bringing of things into mind. 

The four conditions of Experiment 4 will be identified 

as follows: no sorting at all (NN); sorting just during 

recall (NS); sorting just during study (SN); and sorting 

during both study and recall (SS). 
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Method 

Materials. Twenty words were selected from each of 

20 categories listed in the Toronto Categorized Word Pool 

(Murdock, 1976); selection of both categories and words with¬ 

in categories was random. The words were tape recorded, 

blocked by category. A recording of beeps from a timer was 

made for the purpose of pacing the card sorting task during 

recall. Random sets of 20 and 40 cards from standard decks 

were used for the card sorting task during study and during 

recall, respectively. 

Design. The sorting-during-study variable was 

crossed with the sorting-during-recall variable, thus creat¬ 

ing a two-by-two design. For each subject, five categories 

occurred in each of the four resulting conditions so that 

the essential design of the experiment was completely within 

subjects. The assignment of category blocks to conditions 

was random for any given subject and was counterbalanced 

across subjects such that each category block was studied 

and recalled equally often under each of the four 

conditions. Presentation and recall of categories were in 

separately random orders. 

At the beginning of the experiment, each subject was 

timed while sorting a deck of 40 cards into suits as quickly 

as possible. To check for practice effects, this procedure 

was repeated immediately for one third of the subjects, be¬ 

tween study and recall for one third, and after recall for 
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the remaining third. The point at which the second timed 

sorting was interpolated was distributed evenly across the 

assignments of category blocks to the four conditions, NN, 

NS, SN, and SS. 

Subjects and procedure. Twenty-four Rice University 

undergraduate psychology students participated in hour long 

individual sessions for course credit. They were told that 

the purpose of the experiment was to study memory and that 

sometimes during list presentation and sometimes during 

recall they would be sorting a deck of cards into suits— 

clubs, diamonds, hearts, and spades. Whether they were sort¬ 

ing cards or not, however, they were to remember as many 

words as possible. Next, all subjects were given the timed 

card sorting test in which they sorted cards into suits as 

fast as possible. This test was administered a second 

time—either immediately after the first test, between the 

study and test phases, or after the recall phase. 

The study list was presented by tape recorder, one word 

occurring every two seconds, and each block was headed by 

the category name. For some categories, subjects sorted 

cards into suits, one card for each word in the presentation 

list. There were two-second pauses between successive cate¬ 

gory blocks to allow time, when relevant, for the subject to 

receive the card deck from the experimenter. 

The recall task followed list presentation directly. 

Subjects recalled from one category at a time and for some 
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categories sorted cards into suits at the same time. The 

card sorting was paced by beeps occurring at a two-second 

rate, and subjects were to ignore the beeps when they were 

not sorting cards. There were two second pauses between the 

end of the recall period for one category and the instruc¬ 

tion of which category to recall next; where appropriate, 

subjects received a card deck from the experimenter during 

the pause. Recall was oral, and the subjects' responses 

were tape-recorded. 

Results and Discussion 

Figure 4 shows the cumulative mean proportions of words 

recalled for the four conditions. It is clear that card 

sorting, whether during study or during recall, lowered 

recall performance. An analysis of variance of the overall 

recall data shows the main effects to be reliable—for sort¬ 

ing during study, F(l,23) * 22.49, £ <.001, and for sort¬ 

ing during recall, F(l,23) * 29.43, £<.001. Further, 

it seems that recall is depressed more by sorting cards just 

during study (SN) than it is by sorting cards just during 

recall (NS), t(23) = 2.21, £<.05. This is the reverse 

of the result reported by Johnston and others (e.g., 

Johnston, Griffith & Wagstaff, 1972), suggesting that concen¬ 

tration may not play the same role in recall from secondary 

memory as from primary memory. 

Although not as effective as sorting during the study 
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phase of the experiment, sorting just during the recall 

phase (NS) did have a reliable effect relative to no sorting 

at all (NN) , t(23) = 4.19, £<.001, so that the princi¬ 

pal finding of Experiment 3 was replicated. Another result 

of interest is the lack of a significant interaction between 

the sorting at study and sorting at recall variables, F 

(1,23) = 1.14, £>.10. This result suggests that the 

effects of interrupting concentration during study and inter¬ 

rupting it during recall are independent. 

The average time to sort the deck of 40 cards at prac¬ 

tice was 45.77 seconds. There was a slight improvement over 

the three test times, 45.84, 44.58 and 42.13 seconds. Apply¬ 

ing the procedure used in Experiment 1 for checking a "time 

out" explanation, the sorting during recall conditions could 

be thought of as having only 35.82 out of the 80 second 

"recall interval" actually available for recall. Analyzing 

total recall in the combined NS and SS conditions (0.32) com¬ 

pared with that at 35.82 seconds in the combined SN and NN 

conditions (0.30), a reliable difference was found, t(23) 

= 2.19, £<.05: There was an advantage of the conditions 

in which card sorting was actually performed over those in 

which the time for card sorting was subtracted from the 

total recall time. It seems, therefore, that a "time out" 

explanation is inadequate to account for the effect of sort¬ 

ing. 
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General Discussion 

The principal finding of Experiment 1, that recall was 

lowered in the arithmetic interruption conditions, indicates 

that concentration is relevant to recalling. When concentra¬ 

tion is interrupted, recall appears to be impaired. Al¬ 

though estimated by an approximate measure (the average time 

required to add a series of two two-digit numbers), the im¬ 

pairment of concentration appears to be like time out from 

recall. And consistent with this conclusion, Experiment 2 

shows that recall of sets of items while trying equally hard 

to recall another, equivalent set, is just about half as 

efficient as recalling the one set alone. Thus, whether 

one's concentration on recall is disrupted by an arithmetic 

task as in Experiment 1 or another recall task as in Experi¬ 

ment 2, the effect is one of lowered recall, and moreover, 

apparently the result of a simple "time out." 

Experiments 3 and 4 extend these results by showing 

that a task known to hurt recall when performed during study 

can also hurt recall when performed during recall, though to 

a lesser extent. This is an intriguing result in view of 

the contrary finding (e.g., Johnston, Griffith & Wagstaff, 

1972) for recall from primary memory. Presumably, the role 

of concentration in recall from secondary memory is not the 

same as in recall from primary memory. 

The significant differences in the linear components of 
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trend for the two levels of the card sorting variable and 

for the two orienting tasks are no less intriguing. The 

largest effect of level of card sorting appears only after 

the first 15 seconds, whereas the largest effect of type of 

orienting task appears in the first 15 seconds. Does that 

mean that concentration increases or decreases during the 

recall period? Are the more easily recalled words recalled 

first? Do words receiving more concentration at study, 

require less concentration to be recalled? The abundance of 

such questions suggests a need for further research along 

the present lines. 

Also of note in Experiment 3 is the apparent rebounding 

effect exhibited when coming from a 4-pile card sorting 

interval into a 1-pile card sorting interval. Is a person 

able to "hold off" recalling until an easier time, thereby 

recalling even more during a 1-pile sorting interval than 

would be expected if the latter had been preceded by another 

1-pile sorting interval instead? One way of addressing this 

question would be by means of an experiment in which 1-pile 

and 4-pile sorting is manipulated between as well as within 

lists. 

Taken together, what do the present four experiments 

tell us about the role of concentration in recall? No star¬ 

tling insights were provided; rather, the results have an 

intuitive appeal. Beyond being helpful for planning future 

research, perhaps the principal contribution of this work is 
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that it does provide evidence that concentration does have 

some role in recall, a possibility not previously explored 

under laboratory conditions. 
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