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ABSTRACT 

In the area of short-term memory research, some 

investigators have found that by increasing the presenta

tion rate of sequentially presented digits, retention is 

decreased, while others have found that increasing the 

presentation rate increases retention. In order to resolve 

this disagreement, and to more fully understand some of the 

other factors which influence short-term retention, an 

experiment was conducted to examine the effect of digit 

duration, interdigit interval, and series length. 

Ten paid subjects were used in a within subjects 

analysis of variance design which examined the effect of 

digit durations and interdigit intervals of lOO, 200, 500, 

and 1,000 msec. Using the visual modality, the digits were 

sequentially presented in series lengths of 4, 6, 8, 10, 

12, and Ik digits in an ascending (4 to 14) and descending 

(14 to 4) order. 

As the length of the digit duration increased, the 

percentage of the digits recalled increased. Likewise, as 

the interdigit interval increased, the percentage of digits 

recalled increased. By increasing the series length, the 

number of digits retained increased to an asymptotic level 

which was controlled by the presentation rate. 

vii 
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The most important conclusion derived from this 

data was that the subjects were able to perceive and encode 

new stimulus information while simultaneously carrying out 

the retention process of organization and rehearsal of old 

information previously presented. The second implication 

of the study was that the short-term memory system has a 

limited capacity determined by the rate of stimulus 

presentation. This rate capacity is exceeded whenever the 

stimuli are received at a rate higher than about two per 

second. 



INTRODUCTION 

Posner (19&3) has reviewed the factors which affect 

immediate memory capacity in sequential tasks. One of the 

factors which is of interest is the effect of changes in 

the rate of stimulus presentation. The nature of the 

results obtained by changing the rate of presentation have 

led to two different conclusions. Bergstrom (1907)? 

Pollack (l953)i and Pollack, Johnson, and Knaff (1959) find 

that by decreasing the rate of presentation of a series of 

stimuli, recall performance improves. On the other hand, 

Conrad and Hille (195®)} and Fraser (1958), obtained 

results that showed that recall performance improves when 

the rate of stimulus presentation increases. Posner (1963) 

indicates that by decreasing the rate of presentation, the 

subjects have more time to perceive, organize, and rehearse 

the material, thus leading in most cases to improved 

recall. However when the time to organize and rehearse is 

strictly controlled (Conrad and Hille, 1958; Fraser, 1958)? 

increasing the rate of presentation decreases the time in 

store and results in increased recall. 

Posner (1964) clarifies this explanation by 

suggesting that the difference is due to restraints on the 

order of recall. He states that those studies which find 

increased recall with decreasing rate of presentation did 



not control the order in which the subjects recalled the 

stimuli, while studies finding, the opposite results 

controlled the order of recall, or produced a set in the 

subjects to recall the stimuli in the order of their 

presentation. Posner (1964) tested his hypothesis by 

auditorily presenting strings of eight digits to twenty 

subjects at two presentation rates: 30 digits per minute, 

anjd .96 digits per minute. He used two conditions of 

recall; one required the subject to repeat the digits back 

in the same order as presented, while the second required 

the subject to repeat the last four digits and then the 

first four. Posner equated this second condition to the 

free recall situation because recalling the last four 

digits first was not necessarily an optimal strategy, and 

in the free recall situation, even less successful 

strategies might be used. Posner's results led him to the 

conclusion that if the order in which the subjects recorded 

their responses was controlled, the faster rates of 

presentation led to better recall, while if the order was 

not controlled, little or no difference in performance, or 

differences in the opposite direction would be found 

between fast and slow presentation rates. This is an 

interesting conclusion in view of the fact that in both 

conditions, the order in which the subjects recalled the 

digits was controlled. 



A study by Mackworth (1962) examined the effect of 

presentation rate on immediate memory while actually 

allowing the subjects to recall the stimuli in any order. 

She visually presented series of eight and nine digits at 

six presentation rates of 2.00, 1.50, 1.00, 0.75, 0.50, and 

0.25 seconds per digit. The eight digit messages appeared 

in successive positions across a screen in two lines with 

four digits in each line. The nine digit series were 

sequentially presented in three lines with three digits in 

each line. Mackworth, using a free recall technique, found 

that the retention of digits was significantly better with 

the slower rates of presentation than with the faster 

rates, and the percentage of correct series was reduced 

when tthe series length was increased. 

Mayzner and Schoenberg (1965a) presented a series 

of l8 digits on a memory drum at presentation rates of 4, 

2, 1, and .5 seconds per digit. By repeating those series 

which were presented at the faster rates, they were able to 

hold the total display time per series constant. Even with 

this type of presentation, recall performance improved at 

the slower rates of presentation. The authors suggest that 

this finding indicates that neither repetition of the 

series nor total display time are as critical for short-

term retention as is the rate of presentation. 

Mayzner and Schoenberg (1965b) partially replicated 

their previous study using 10, l4, and 18 digit series 



lengths. Once again the series presented at the faster 

rates were repeated (multi-cycle) to produce the constant 

display time per series. In addition, a condition was 

included in which none of the series were repeated (single-

cycle). The multi-cycle condition failed to produce any 

systematic decrements in short-term retention as previously 

reported; however, the single-cycle-condition did produce 

systematic decrements in short-term retention as the 

presentation rate was increased. There was a significant 

decrement in the percentage of digits recalled for all 

different presentation rates under both single- and multi

cycle conditions as the series length increased. The 

results of Mayzner and Schoenberg's (1965b) multi-cycle 

condition confirmed the results obtained by Murdock (19&5) 

under similar conditions using paired associates. 

Besides varying the duration of the stimuli, 

presentation rate may be varied by manipulating the inter-

stimulus interval. Using both methods, Corballis (1966) 

studied the short-term memory span for series of nine 

digits presented visually. Film 1 presented the series at 

three rates, 1.00, 1.25? and 1.50 seconds per digit. At 

each presentation speed there were two stimulus duration 

conditions: each digit was either "on" for 0.25 seconds 

and "off" for the. remainder of the interdigit interval 

(short stimulus duration), or "on" for all but 0.25 seconds 

of the interdigit interval (long stimulus duration). While 



Film 2 is not of interest, in Film 3? the presentation 

speeds were 0.75 and 1.75 digits per second instead of 1.00 

and 1.50 digits per second. The results are interesting in 

the fact that for all the long durations and the short 

durations on Film 3? retention increased with decreases in 

presentation rate, while for Film 1, with the short dura

tions, this effect is somewhat reversed. For short dura

tions in Film 1, retention increased as presentation rate 
« 

decreased from 1.00 to 1.25 digits per second, but as the 

presentation rate continued to decrease from 1.25 to 1.50 

digits per second, retention then decreased. Corballis 

attempted to explain this interaction between stimulus 

duration and presentation speed on the basis of contextual 

differences between the two films. He stated that it was 

possible these contexts affected the subject's recall 

strategies when the stimulus durations were short. 

The classical digit span, whether measured in bits 

(Grossman, 1961; Averbach and Sperling, 1961; Cardozo and 

Leopold, 1963)? chunks (Miller, 1956), or digits (Oberly, 

1928; Pollack, Johnson, and Knaff, 1959; Mackworth, 1962), 

appears to be somewhere in the vicinity of seven. It may 

be somewhat lower when a load (increased series length, 

increased rate of presentation, interpolated tasks, or 

stimulus complexity) is placed on the memory system, or it 

may be considerably higher when memory is facilitated (as 

in grouping of stimuli) (Pollack, 1953; Crannell and 



Parrish, 1957; Brown, 1958; Conrad, 1959; Pollack, Johnson, 

and Knaff, 1959; Michon, 1964; Monty, Taub, and Laughery, 

1965). -

Many investigators report the effect of series 

length on digit span in terms of the percentage of digits 

retained (Mackworth, 1962; Mayzner and Schoenberg, 1965a, 

1965b; Williams and Fish, 1965)* This method may le^ad to 

misinterpretation when, as series length is increased, 

percentage of stimuli recalled decreases, and the conclu

sion drawn implies that the digit span is reduced. This 

misinterpretation arises when, as in one study (Williams 

and Fish, 1965) retention was 100 percent at item length 5» 

and 80.3 percent at length 8. The conclusion, ". . . short-

term retention decreases as the item length increases . . ., 

does not reveal that the digit span actually increased from 

5 digits to 6.424 digits. Even those studies reporting 

retention in terms of errors per trial are not immune to 

this misinterpretation (Monty, Taub, and Laughery, 1965)* 

Four errors at a trial length of l6 still show a longer 

memory span than only one error at trial length 8. This 

discussion is not to say that data in terms of percentage 

recalled or number of errors per trial is not useful; it is 

merely intended '^o point out that caution must be used in 

the interpretation of memory span, and when the percentage 

of stimuli recalled decreases, it should be labeled as such 

and not as a decrease in the memory span. 



Statement of Problem 

The literature dealing with the effect of rate of 

presentation and number of presentations in a series is by-

no means consistent. It is' believed that further research, 

covering a number of variables at several different levels, 

is needed in the area of short-term retention of sequen

tially presented digits. By examining the effect of series 

length, stimulus duration, interdigit interval, and order 

of series length presentation (ascending or descending), 

more information may be obtained as to how these variables 

operate and interact with each other in the short-term 

retention situation. 



METHOD 

Subjects 

The subjects (Ss) were ten male underjgradua'te 

juniors and seniors enrolled during a summer session at the 

University of Arizona. Each S_ was paid $10 for participa

tion in the experiment which required approximately eleven 

hours of work. In addition, in order to maintain motiva

tion, the Ss^ competed among themselves for four monetary 

prizes of 2, 4, 6, and 10 dollars. These prizes were 

awarded on the basis of the fewest number of errors 

committed throughout the experiment. 

Apparatus 

The apparatus consisted of three major systems: 

Timing and Programming, Logic, and Presentation. The 

integration of these systems allowed a pre-programmed digit 

series to be presented to the S for a specified digit 

duration (D) and inter-digit interval (X). 
/ 

The Timing and Programming system was comprised of 

two Hunter Decade Interval Timers (Model 111B) wired to act 

as a repetitive switching device which allowed a precisely 

timed pulse to be fed to the programmer, a California 

Technical Industries 8-channel paper tape reader (Model 

220). The pulse rate was set by decade rotary switches on 

8 



one interval timer, and the tape reader stepped once for 

each pulse received. A binary code could be read at any 

step of the tape reader by brushes which closed a circuit 

through holes punched in the paper program tape. The 

duration between pulses to the tape reader set the duration 

of the stimuli, and the number of blank steps between 

stimulus codes specified the interval between stimuli. 

Each program tape would contain a single combination of 

stimulus duration and between stimulus interval for all the 

series lengths. In addition to binary codes for the 

various stimuli in each series, an additional code was 

included which automatically stopped the stimulus presenta

tion at the end of each series of digits. This code also 

produced a two second delay between the activation of a 

start switch and the onset of the first digit in the 

succeeding series presentation. 

The logic system received the coded and precisely 

timed output signals from the Timing and Programming 

system. These binary codes were translated into ten 

decimal outputs through a binary to decimal conversion 

system comprised of eight Potter and Brumfield 3PDT d.c. 

relays (Type KAl^DY), mountied in a standard 19 in- relay 

rack. The ten outputs were used to operate the display 

apparatus in the Presentation system while simultaneously 

lighting monitor lamps on the experimentor1s control panel. 
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The Presentation system was an Industrial Elec

tronics Engineers, In-Line Readout (Model 120), mounted on 

the back of an aluminum display panel, 10-1/2 in. wide by 

17 in. high. The projection screen was exposed through a 

centered 3/^ in. hole punched into the panel 5 in* from the 

top. The screen, which acted as the fixation point for the 

presentations, subtended between 57' and 1° 29' of visual 

angle depending on S's head movements. The presentation of 

1/2 in. digits (visual angle subtended: 38' to 59') on the 

screen was accomplished through the activation of any one 

of ten lamps projecting through a display film containing 

the digits which were then focused onto the screen. The 

display film contained the ten stimuli (digits 1 through 9 

and 0). The projection lamps were activated and thus the 

digit stimuli were presented in order as punched in the 

program tape, and at the duration and interval as prescribed 

by the Timing and Programming system. The programmed digit 

order was taken from a table of random numbers with the 

restriction that no digit would appear twice in a row, and 

that there would be no ascending or descending sequences of 

three or more digits. 

A floor mounted switch in the subject's chamber was 

normally used to initiate the tape reading sequence; 

however, switches on the experimentor's panel were also 

available to start or stop the sequence of stimulus 

presentation. Initiation of a stimulus series presentation 
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was accomplished through interruption of the stop code 

programmed onto the end of the immediately preceding series 

in the program tape. 

The output of a Gamma Log-Linear Photometer (Model 

700) wais fed into an oscilloscope in order to calibrate the 

temporal qualities of the stimulus series. A measurement 

of the light intensity of the digits was made when the 
•I-

digits were just clearly visible. When the normal operating 

voltage was applied to the projection lamps, the Hunter 

Timer was then adjusted to obtain the stimulus durations 

and intervals of 100, 200, 500, and 1,000 msec, to within 

a 3 percent tolerance at 100 msec., down to better" than 

plus or minus O.k percent at 1,000 msec. 

The S_, isolated from IS, sat in a small, air condi

tioned, sound proof room. A one-way, triple plate window 

in one side of the room allowed E to continually observe 

S, and an intercommunication system in S's display panel 

allowed IS to monitor S_ while allowing "push-to-talk" 

capability for E. 

For each duration and interval condition, S_ was 

given a prepared data sheet. These preprinted data sheets 

contained six groups of blocked spaces in which each group 

corresponded to a particular length. Within each of these 

groups, the correct, number of spaces was repeated four 

times, once for each of the presentations of the series 

length. The preprinted data sheet was designed with these 
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blocks of spaces so that the S_ would always know the number 

of digits in the series that he was about to see, and when 

Recording, into what position the digits belonged. In this 

way, both the correct digit and digit order.were recorded 

along with any omissions. In addition, the top of the data 

sheet contained a sentence that informed the S which 

duration and interval was to be presented. For each unique 

combination of interval and duration, there was a separate 

data sheet for the ascending and descending orders of 

presentation. The ascending data sheets started with the 

shortest series length at the top and concluded with the 

longest series at the bottom, while the data sheets for the 

descending order of presentation was the reverse. 

Procedure 

Each of the ten subjects was visually presented 

with series of digits in a2x4x4x6 factorial design 

which examined the effect of interdigit intervals (I) and 

stimulus durations (D) each having lengths of 100, 200, 

500, and 1,000 msec. There were six series lengths 

presented in both an ascending (k to ik) and descending 

to k) order (0). The order of the presentation of 

conditions was randomized for each S_ in .D x I_ x 0 blocks. 

Each block contained four different presentations of each 

of the six series lengths. Each S_ was tested in every 

condition. 
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At the outset of the experiment, the S_ was read a 

standard set of instructions. A short practice session was 

then conducted to familiarize the with the mechanics of 

the experiment and the method of presentation. Two data 

sheets were used to give the S practice with all series 

lengths, intervals, durations, and orders of presentation. 

The instructions were as follows: 

I will flash a series of numbers on the screen 
in front of you. After the series has ended,.you 
are to write the numbers that you saw in the 
boxes. As you can see from the data sheet, the 
series are of different lengths, ranging from 
four to fourteen digits, with four series at 
each series length. If you cannot remember a 
particular digit (or number), leave that space 
blank. For example, in the series of digits 
14 6 2 5 9) if you were not able to remember 
one of the digits in the series, it might be 
recorded in the following manner: 1 k 6 __ 5 9« 
The order in which you fill in the blanks is 
unimportant; however it is important to remember 
that you must accurately reproduce the series in 
the correct sequence. If you are not positive of 
a number, but have some idea, go ahead and guess. 
You may use any method you wish to remember the 
series. The series of digits will be presented 
at different rates from very fast to very slow. 
While you are working on any one data sheet, the 
rate will stay the same. 

Before we begin the experiment, you will 
receive a practice session which will be composed 
of the different series lengths presented at the 
different rates. The first series will be of 
length 4, the second series will be of length 6, 
and so on to length l4. In other words, you will 
receive four series of each length, completing 
each, before proceeding on to the next length. 
After you are comfortably seated and have the data 
sheet in front of you, and are ready to begin the 
first series, press the floor switch only once and 
release it. After a two second delay, the series 
will begin. When the series ends, write down the 
series of digits as accurately as'possible so that 
the digits are aligned in the correct sequence. 
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When you are ready for the next series, again press 
the floor switch and a new sequence will begin. 
After you complete the practice session, we will 
begin the experiment following the same procedure. 
Are there any questions? 

When questions were asked, they were answered by para

phrasing the original instructions. 

After the received the pre-experimental training, 

they initiated their first, series by pressing the floor 

switch. A momentary push started the sequence of fore-

period (to allow 15 to set his attention) and then series 

presentation. At the end of this cycle the system stopped, 

and the S_ immediately recorded the digits he could recall. 

When the S was again ready for another series, he depressed 

the floor switch, and the cycle was repeated. After each 

data sheet was completed, the S_ received a short rest 

period while E changed the program tape for the next data 

sheet. Since some data sheets took less time than others, 

the Ss worked for one hour per day rather than for a 

specified number of data sheets per day; however, no data 

sheet was split between days. 



RESULTS 

The dependent variable was the percentage of digits 

correctly recalled in the proper position for each .series. 

This percentage was obtained by dividing the number of 

digits presented into the number of digits correctly 

recalled. 

Table 1, which summarizes.the 2x^x4x6 within 

subjects analysis of variance, shows the main effects of 

series length, interdigit interval, and digit duration to 

be significant (P .0005)- The main effect of ascending 

or descending order was not significant. 

The effect of series length is shown in Figure 1, 

which indicates that as the number of digits presented in 

a series increased, the mean percent recalled decreased. 

Digit recall was almost perfect at the k digit series 

length, and then fell almost linearly to 59«3 percent 

correct when there were 1^ digits in the series. It must 

be remembered, however, that while the percent recalled may 

decrease, there does not have to be a parallel decrease in 

the memory span. Figure 2 shows the effect of series 

length in terms of the average number of digits recalled 

for each series length. In addition, the upper (produced 

by the slow presentation rates) and the lower (produced by 

the fast presentation rates) limits of the span are 

15 
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Table 1 

Summary for Within Subjects Analysis of Variance 

Source s s df MS f P 

Order (0) 0.0461 1 0.0461 2.5470 NS 
OS 0.1630 9 O.OI81 
Length (L) 4l.54l5 5 8.3083 85.2133 .0005 
LS 4.3894 45 0.0975 
Duration (D) 3-4422 3 1.1474 47.4132 .0005 
DS 0.6534 27 0.0242 
Interval (I) 3.8842 3 1.2947 69.6075 .0005 
IS 0.5011 27 0.0186 
Subjects ( s )  7.5025 9 0.8336 
OL 0.0671 5 0.0134 1.5227 NS 
OLS 0.3964 ^5 O.OO88 
OD 0.0253 3 0.0084 O.3836 NS 
ODS 0.5904 27 0.0219 
LD O.9103 15 0.0607 9.1970 .0005 
LDS 0.8956 135 0.0066 
01 0.04l4 3 O.OI38 0.4207 NS 
OIS 0.8860 27 0.0328 
LI 1.3266 15 0.0884 12.1096 .0005 
LIS 0.9849 135 0.0073 
DI 4.2948 9 0.4772 18.8617 .0005 
DIS 2.0530 81 0.0253 
OLD 0.1003 15 O.OO67 0.9306 NS 
OLDS 0.9729 135 0.0072 
OLI 0.0292 15 0.0019 0.3H5 NS 
OLIS 0.8248 135 0.0061 
ODI 0.1937 9 0.0215 1.0189 NS 
ODIS 1.7104 81 0.0211 
LDI 1.6927 45 0.0376 5-0133 .0005 
LDIS 3.0337 405 0.0075 
OLDI 0.1845 45 0.0041 O.7069 NS 
OLDIS 2.3490 405 O.OO58 

Total 85.6864 1919 



Figure 1. The main effect of series length 
in terms of the percentage of digits recalled. 
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SERIES LENGTH 



Figure 2. The effect of series length in 
terms of the average number of digits recalled for 
each series length. The upper and lower limits of 
the digit span are included. 
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included. It can be seen that the digit span averaged over 

all conditions increases as the series length increases, 

with an asymptote probably someiyhere about 8.00 to 8.50 

digits. This digit span was reduced at the fastest 

presentations to about 4.5 digits, and at the slow rates 

was increased to over 9 digits without reaching an 

asymptote. 

Figure 3 depicts the effects of interdigit interval 

and digit duration, which appear to be quite similar. As 

the digit duration and the interdigit interval increased 

from 100 to 1,000 milliseconds, the percentage of digits 

correctly recalled increased. There was a marked flatten

ing of this function after 500 msec., particularly for the 

effect of digit duration. 

The interactions between series length and digit 

duration, and between series length and interdigit interval 

are shown in Figures 4 and 5 respectively. Since the 

interval and duration functions shown in Figure 3 are 

almost identical, it is not surprising that both of these 

variables interacted with series length in a similar 

manner. While the percentage of digits correctly recalled 

decreased with increases in series length, the percentage 

of digits recalled increased with increases in either 

duration or interval. The improvement in recall with 

increases in time also showed a decrease after 500 



Figure 3» The main effects of interdigit 
interval and digit duration in terms of the per
centage of digits recalled. 
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Figure k. The interaction between digit 
duration and series length in terms of percentage 
of digits recalled. 
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Figure 5» The interaction between interdigit 
interval and series length in terms of percentage of 
digits recalled. 
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milliseconds. These interactions were significant 

(P ̂  .0005) as shown in Table 1. 

Figure 6 shows the effect of interdigit interval 

plotted against digit duration. Retention increased with 

interdigit interval and stimulus duration up to 500 msec., 

but remained relatively constant for those presentations 

longer than 500 msec. Table 1 shows that this interaction 

of digit duration by interdigit interval was significant 

(P < .0005). 

Table 1 also shows that the only significant three 

way interaction was the series length by digit duration by 

interdigit interval (P < .0005)* This interaction indi

cated that increasing series length caused a decrease in 

the percent of the digits retained, increases in digit 

duration yielded increased retention for each level of 

interdigit interval. Simultaneously, retention improved 

as the interval became longer. The data showed once again 

that the increase in retention leveled off after the 

duration or interval reached 500 milliseconds or longer. 

The data concerning digit duration and interdigit 

interval, shown in Figure 3? indicated that these two 

variables have almost identical effects upon retention. 

Furthermore, these functions suggest that retention is 

dependent upon the total amount of time taken by both the 

duration and the interval, and not to any particular ratio 

of duration to interval. For example, a total time of 600 



Figure 6. The interaction between digit 
duration and interdigit interval in terms of per
centage of digits recalled. 
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msec., might be made up of duration and interval components 

of 100 and 500 msec, respectively , or of 500 and 100 msec, 

respectively. Retention performance should be approxi

mately the same whether the interval or the duration is the 

predominant component. This is shown graphically in 

Figure 7, which plots the percentage of digits correctly 

recalled as a function of the larger or predominant 

component of the total time. 

As is shown in Figures 3? 5> and 6, there was a 

flattening of the retention curves when the total time 

between digits equalled approximately 500 msec. In order 

to further examine this apparent asymptote of retention, 

the time between the onset of successive digits was exam

ined for all the data. Figure 8 shows both time between 

successive digits and presentation rate in digits per 

second, plotted against the percentage of digits correctly 

recalled. The graph clearly shows that recall performance 

increased until the time between the onset of the 

successive digits reached 600 msec, (rate of 1.67 digits 

per second). Beyond this point, performance is essentially 

asymptotic. 



Figure 7* Percentage of digits recalled as 
a function of the predominant, equal total time 
combinations of interdigit interval and digit dura
tion. 
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Figure 8, The time in seconds between 
successive digit onsets, and presentation rate in 
digits per second as a function of the percentage 
of digits recalled. 
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DISCUSSION 

The present study confirms the results of previous 

investigations which have found that increases in presenta

tion rate of sequentially presented stimuli yield decreas

ing recall performance (Bergstrom, 1907.; Pollack, 1953; 

Pollack, Johnson, and Knaff, 19595 Mackworth, 1962; 

Corballis, 1966). More specifically, recall performance 

showed a decrement whenever either the digit duration or 

the interdigit interval was shortened. As was shown in 

Figure 3» the effect of these variables was almost 

identical; in fact, as long as the total time of interval 

plus duration was held constant, performance was essen

tially constant (Figure 7)» This finding would lead to the 

conclusion that it is the presentation rate which deter

mines recall performance, and not any individual effect of 

interdigit interval or duration. 

The most important implication of the results of 

the present study is that while new information was being 

introduced into the subject's perceptual system, old 

information was simultaneously being processed, categorized, 

and stored. An increase in retention performance, when the 

stimulus duration is constant and the presentation rate is 

decreased through longer interstimulus intervals, is often 

attributed to the fact that more time is available to the 

28 
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subject for organization and rehearsal of the material to 

be remembered (e.g., Posner, 1963). The present data 

indicate that retention increased as a function of in

creased interdigit intervals when the digit duration 

remained constant. Retention likewise increased when the 

interdigit interval was held constant and the presentation 

rate was decreased through increasing the stimulus durations. 

In the second situation, where the interdigit interval 

remained constant, unlike the constant stimulus duration 

situation, no additional free time was made available 

through longer intervals for the organization and rehearsal 

process. Since there was no increase in the amount of free 

time, and retention still increased, it must be assumed 

that whatever the process was that caused the increase in 

retention, it must have been operating while the new 

stimulus information was being received by the subject. 

The second implication, of the present results is 

that the short-term memory system is a limited capacity 

system which can remember only so many "things" introduced 

per unit time. When the system is filled over its capacity 

through high presentation rates, fewer "things" can be 

retrieved from the memory than were put into it. When the 

per unit time capacity is exceeded through high presenta

tion rates, recall performance reaches an asymptote with 

those digits exceeding the per unit capacity being lost. 

This effect can be seen in Figure 2 where the highest rate 
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of presentation (which was, incidentally, 5 digits per 

second) limits the capacity to approximately 4.5 digits, 

regardless how many digits were presented. 

It is interesting that this per unit time capacity 

appears to be in the vicinity of 500 msec, per digit, the 

data showing it to be above 400 msec. and below 600 msec. 

(Figures 3j 6, and 8). This range includes the same limits 

as found by others who have investigated internal proc

essing capacity of continuous stimulus presentation, found 

the optimum to be about two stimuli per second. This two 

per second limit was also found by Vince (19^8) to be 

required to separate events in time .for the production of 

rapid discrete reactions, by Noble, Fitts, and Warren 

(1955) in a pursuit tracking task, by Klemmer (1956) in 

simple eye-hand coordinations, and by Bartlett and Bartlett 

(1959) in a task of motor synchronization with an antici

pated sensory event. The results of the present experiment 

show that as long as the presentation rate was no faster 

than I.67 digits per second, recall performance was 

essentially asymptotic (Figure 8) and was probably limited 

by some total lo-ad capacity of the memory storage. 

Although the upper limit of the total load capacity was 

not asymptotically reached, Figure 2 shows that the curve 

for the mean number of digits recalled was beginning to 

level off between 8 and 8.5 digits. 
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The finding that recall improved with decreasing 

presentation rate is certainly not consistent with Posner's 

(1964) conclusion that if the order of recall is not 

controlled, there would be little or no difference, or 

differences in the opposite direction as those presently 

obtained. The subjects clearly had complete freedom to 

recall the digits in any sequence they wished, as long as 

the final digit order was the same as that which was 

presented. It appears that some other variable is respon

sible for the results obtained by Conrad and Hille (1958) 

and Fraser (1958)? than that suggested by Posner (1964). 

The results showed that the order of presentation 

of series length was not significant. This result was 

anticipated by Oberly (1928) who auditorily presented 

series of digits in both a random and a successive order 

without finding a difference in performance between the two 

methods. In this study it .is supposed that the lack of 

difference between the ascending and the descending order 

of presentation was due to the fact that the subjects 

always knew the series length and order of digit presenta

tion on every trial, thus reducing or eliminating the 

uncertainty associated with the order variable. 

Those studies which report that the percentage of 

digits recalled decreases with increases in series length 

were confirmed (Mackworth, 1962; Mayzner and Schoenberg, 

1965a, 1965b; Williams and Fish, 1965)* It must be 



remembered from the previous discussion that the above 

result means that the percentage recalled decreased, and 

not the number of digits actually recalled (Figures 1 and 

2). When the mean number of digits recalled was calculated 

from the percentage recalled at the various series lengths, 

it was found that the mean number of digits recalled in 

this and the previously mentioned studies (Mackworth, 1962; 

Mayzner and Schoenberg, 1965a, 19&5b; Williams and Fish, 

1965) was close to the time honored magic number seven, 

plus or minus two (Miller, 1956). 

In conclusion, lengthening the stimulus duration, 

interdigit interval, or any combination of the tyro which 

reduces the presentation rate, will increase short-term 

retention of sequentially presented digits in the visual 

modality. When the series length increased the percentage 

of digits recalled decreased, while the number of digits 

retained increased to an asymptotic level. The results 

were interpreted as being indicative of a limited capacity 

memory system which can receive and process information 

simultaneously. 
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