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Remember each of these objects:
laptop, keyboard,
monitor, camera

Which of the following items was
on the list?
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Figure Encoding, Storage, and Retrieval5.1
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longer-held memories, respectively. An early model of memory known as the modal 
model of memory (Atkinson & Shiffrin, 1968) describes these types of memories along 
with hypothetical structures that hold memories for different lengths of time. Figure 5.2 
illustrates the modal model of memory with information coming in through our senses 
into sensory memory, being passed on to short-term memory when attention is given to 
the information, and finally being stored in long-term memory if the information  
is processed in connection with other knowledge already stored there. Each of these 
three types of memories is described, along with the methods researchers have used to 
study them.
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Sensory Memory

Sensory memory is the briefest form of memory. It includes memories of raw, unpro-
cessed sensory information. If you focus your eyes on a bright scene (e.g., looking out 
the window) and then close your eyes, you will 
see a brief afterimage of the scene that fades very 
quickly. This is a sensory memory. It is a visual 
representation of the scene that exists in its sen-
sory form and is lost from memory within a sec-
ond or two. Sensory memories can be stored for 
very brief periods of time for each of our senses, 
but these memories have been very difficult for 
researchers to measure because of their brief 
duration. These memories are short enough that 
subjects in research studies typically do not have 
time to report their retrieval from sensory 
memory before the memory has disappeared. 
How then do we know about the capacity and 
duration of these memories?

One of the first studies of visual sensory memory (also known as iconic memory) 
to help answer this question was conducted by George Sperling (1960). To allow sub-
jects in his study to report enough of the memory to measure sensory memory capac-
ity and duration, he asked them to report on a portion of what was presented to them. 
This method is known as the partial-report method because subjects are only asked 
for a partial report of what was presented. Figure 5.3 illustrates how the method was 
used in Sperling’s study. In this study, subjects were presented with arrays of letters for 
a very brief time (only 50 ms in one experiment) and then asked to report just one row 
of letters according to a tone (low for first row, medium for middle row, and high for 
top row). Based on how many letters subjects could report for that one row, he esti-
mated how many they would have been able to report from the whole array if there 
had been enough time to do so before they faded from sensory memory. Thus, if  
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Figure Atkinson and Shiffrin’s (1968) Modal Model of Memory5.2

5.1.	 Describe the three primary processes of memory.

5.2.	 List the three hypothetical storage structures of memory 
from the shortest to the longest storage.

5.3.	 Consider different ways in which you encode information 
you learn in class (e.g., visually, aurally). How effective do 
you think each of these encoding processes is for storing 
information in long-term memory?

Stop and Think

Sensory memory: the very 
short-term memory storage 

of unprocessed sensory 

Partial-report method: a research 
procedure where subjects are 
asked to report only a portion 
of the information presented
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subjects could report an average of three of the four letters in the row, then 75 percent 
(3/4) of the letters were available to them at the time they were asked to report them. 
With no delay between the end of the display and the instruction tone, subjects could 
remember and report an average of about 75 percent of the letters in the row they were 
asked to report. When asked to report all the letters (not just one row), subjects could 
only accurately report about four letters on average regardless of how many letters 
they were shown (e.g., if shown twelve letters, this is only about 33 percent of the let-
ters in the whole array). With the partial-report method, Sperling showed that the 
capacity of the visual sensory memory is fairly large and much larger than had been 
measured previously. In subsequent experiments, Sperling systematically delayed the 
presentation of the tone to measure the duration of sensory memories. In these exper-
iments, he learned that visual sensory memories are held for about one second. After 
this length of time, memory performance from a partial report declines to the level 

Display presented for 50 ms

Tone pitch indicates row to report

Medium tone
�

When one tries to report all the letters, the memory fades too quickly to
report more than about 4.5 letters (about 38%)

In the partial report method, one only reports a portion of the display and
this provides an estimate of the portion of the display that is available in that
length of time. Subjects can report about 75% of the letters with this
method.

X R B F

P C D S

M W Q Z

X R B F

P C D S

M W Q Z

“X, R, B, F, uh…”

“P, C, D, S”

Figure Partial-Report Method of Visual Memory Studies5.3

SOURCE: Based on Sperling’s (1960) study design. Photo from Digital Vision/Digital Vision/Thinkstock

Partial Report Experiment
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such as the connection between the items RAKE, LEAVES, and AUTUMN) features are 
also stored in STM (Brooks, 1968; Wickens, 1970). Feature coding in STM is discussed 
further in the section on working memory later in this chapter.

Proactive interference has also been shown to cause forgetting from STM (see bot-
tom of Figure 5.5). This type of interference occurs when the old information already 
stored in STM keeps new information from being stored. Keppel and Underwood (1962) 
showed that in the Peterson and Peterson (1959) study, regardless of delay to recall, letter 
strings studied first had an advantage over letter strings studied later. This result suggests 
that proactive interference occurred such that early items in the list kept new informa-
tion from being fully stored in STM, giving the early list items an advantage.

Today, researchers still debate the cause of forgetting from STM: decay or interfer-
ence. Nairne and Neath (2013) suggest evidence for both processes to some extent with 
decay responsible for a small amount of forgetting and interference responsible for 

Proactive interference: when 
old information interferes with the 
storage or retrieval of new information

Figure STM Studies5.4

SOURCE: From Peterson & Peterson (1959), Experiment 1. Photo from Jupiterimages/Photos.com/
Thinkstock
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most of the forgetting that occurs. They also suggest that interference comes in the 
form of temporal confusion: In order to recall items from a list just presented, you have 
to remember that it was on the most recent list and not on a list further in the past. 
Some studies (e.g., Neath & Knoedler, 1994; Turvey, Brick, & Osborn, 1970) have 
shown that changing the delay during the task can either decrease or increase recall, 
depending on whether the change in delay makes the items less or more temporally 
distinctive (Nairne & Neath, 2013). Thus, the cause of forgetting from STM is a topic 
still under investigation.

Long-Term Memory (LTM)

What did you have for breakfast yesterday? If you can recall this information, it is 
likely stored in your long-term memory (LTM). Unlike sensory and short-term 
memory, LTM appears to be an unlimited store of information. Studies (e.g., Bahrick, 
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Figure Decay Versus Interference5.5

Long-term memory: long-
term (i.e., lifetime) storage of 

memory after some elaborative 
processing has occurred
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The researchers then look for interference in the tasks, depending on the type of tasks 
the subjects are asked to perform (e.g., two visuospatial tasks, versus one visuospatial 
and one verbal task). In other words, if lower task performance (i.e., more interference) 
is seen when both tasks involve the same type of information (two visual tasks) than 
when the two tasks involve different types of information (one visual task and one audi-
tory task), then these results provide evidence that the working-memory system includes 
different subsystems for visual and auditory information.

As an example of this type of study, we examine the methods used by Quinn and 
McConnell (1996) in their study. They asked subjects to remember a list of words either 
by verbally rehearsing the words (in their heads) or by forming a visual image of the 
words. While subjects were learning the words, they were also presented with a chang-
ing visual display (seemingly random visual block patterns) or no visual display. When 
the visual display was present, subjects who were told to visually imagine the words 
remembered fewer of the words than subjects who were told to verbally rehearse them. 
When no visual display was present, there was no effect on learning instruction. Figure 
5.7 illustrates these results for the learning task and visual display conditions. These 
results showed that when irrelevant visual information is displayed during a visual 
learning task, subjects cannot perform the task as well as when they are doing a verbal 
learning task or when no irrelevant visual information is displayed. These results and 
others like them (e.g., Baddeley, 1998) show that when two tasks both rely on brief 
visual storage of information, they interfere with one another, supporting the notion of 
a separate storage subsystem in working memory for visuospatial information that has 
a limited capacity.

Visuospatial
Sketchpad

Episodic
Buffer

Central
Executive

Phonological
Loop

Long-Term Memory: Episodic Memories,
Visual Semantics, and Language

Figure Baddeley’s (2000) Working-Memory Model5.6

The model involves units for processing visuospatial information (visuospatial 
sketchpad) and auditory information (phonological loop). The central executive 
coordinates these units and controls the focus of attention. The episodic buffer holds 
episodic memories for a brief time to allow them to transfer between the working- and 
long-term memory systems.

Brain Concentration Game
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Other studies supporting the visuospatial sketchpad have shown that visuospatial 
figures can be manipulated mentally. For example, Shepard and Metzler (1971) asked 
subjects to judge whether two three-dimensional objects were the same or different 
(see Figure 5.8). The objects were rotated in space to different degrees. The researchers 
showed that the degree of rotation affected the time it took subjects to make the judg-
ments (i.e., reaction time), such that each increment in degree of rotation increased 
the reaction time by the same amount. In other words, subjects were creating an image 
of the objects in the sketchpad subsystem of working memory and rotating those 
objects within the sketchpad to determine what they would look like when rotated to 
the same orientation as the comparison object. The more they had to rotate them 
mentally, the longer it took them to make their judgment. This is exactly the sort of 
task the visuospatial sketchpad is proposed to be useful for, and these results suggest 
that this subsystem of working memory is able to hold and manipulate this type of 
information.

Phonological Loop
The phonological loop is proposed to operate much like the visuospatial sketchpad 
but as a storage subsystem for verbal information. Verbal information is stored in a 
loop in this subsystem and then is replaced by new verbal information as it comes in. 
An articulatory control process in this subsystem allows rehearsal of the information to 
hold the information in the loop for a longer period of time. As described earlier for 
short-term memory, verbal codes seem to be the dominant method of storing informa-
tion for a short period of time; thus, the phonological loop has been the most heavily 
studied portion of the working-memory model. We have already described some evi-
dence for the phonological loop in discussing short-term memory earlier in this chap-
ter: More errors occur when recalling items that sound alike (e.g., C and T) than when 
recalling items that do not sound alike (e.g., C and X). This result occurs even when the 
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Phonological loop: the part of the 
working-memory system that holds 
auditory codes of information

Mental Rotation Experiment
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items are presented visually because it is assumed 
that visual information involving language is 
automatically translated into verbal codes in 
working memory and stored in the phonological 
loop. Similar verbal codes (i.e., items that sound 
alike) can then become mixed up when recalling 
information stored in the phonological loop. This 
is known as the phonological similarity effect 
(Baddeley, 1998).

In addition to the phonological similarity 
effect, studies have shown that having subjects 
repeat a word or phrase out loud while they learn 
a list reduces recall for those items. This is an 
effect known as articulatory suppression: articula-
tory rehearsal of items is suppressed by the articu-
lation of the irrelevant, repeated word. With both 
the repeated word and the items to be remem-
bered stored in the phonological loop, it becomes 
overloaded and recall for the studied items is 
reduced. The list information cannot be rehearsed 
in the loop while it is also producing a verbal 
response. Studies by Peterson and Johnson (1971) 
and Baddeley, Lewis, and Vallar (1984) have 
shown these results for lists of letters and words, 
respectively.

The word length effect also supports the dom-
inance of verbal coding in working memory and 
the existence of the phonological loop. The word 
length effect is seen when longer words (e.g., 
words with more syllables) show lower recall rates 
than shorter words. 

Try this for yourself: Read over the following 
list of words. Then cover them up and try to recall 
them.

help, train, dream, gift, fight, blow, drive, 
brain, kite

How many could you remember? Probably 
about four to six of them, right? Now try a list with 
the same number of words.

helicopter, university, happily, hippopotamus, 
flowering, computer, fortify, opportunity, grocery

If you remembered fewer of the words in the 
second list, then you have illustrated the word 
length effect.

Baddeley, Thompson, and Buchanan (1975) 
showed this effect in their study comparing short-
term recall for words with one syllable compared with words with five syllables. When 
the list contained five words, the lists with one-syllable words showed recall rates of 
almost 80 percent; however, the lists with five-syllable words showed recall rates of only 
about 30 percent. Figure 5.9 illustrates these results. Baddeley and his colleagues inter-
preted the results of their experiments as an indication that the time it takes to read a 
word verbally (i.e., the length of its verbal code) affects its recall. In other words, the 

A
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C

Figure Objects Used in the Shepard and  
	 Metzler (1971) Mental Rotation Study

5.8

Word Length Effect Activity

SOURCE: Figure 1, Shepard, R. N., & Metzler, J. (1971). Mental rotation of  
three-dimensional objects. Science, 171, 701–703.
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word length effect is due to the longer words being forgotten more quickly because more 
time is passing when they are rehearsed in the phonological loop than for shorter words. 
Fewer of the longer words can be rehearsed before they are lost from short-term mem-
ory. This effect has been generalized to show that the length of time it takes to speak is 
related to recall span such that adults have a faster speech rate and higher recall span 
than children (Hulme, Thompson, Muir, & Lawrence, 1984). Further, recall span is 
higher for speakers of languages with faster speech rates (e.g., Chinese) than for speakers 
of language with slower speech rates (e.g., Arabic or Welsh) (Ellis & Hennelly, 1980; 
Naveh-Benjamin & Ayres, 1986).

Episodic Buffer
The episodic buffer is a subsystem of working memory proposed by Baddeley (2000) 
to handle the brief storage of episodic memories when the loop and/or sketchpad are 
otherwise engaged. For example, when performing articulatory suppression, one’s loop 
is completely engaged with the verbal repetition task and is unable to verbally store a list 
of items one wishes to remember. Yet recall of a list is not drastically impaired by artic-
ulatory suppression (Baddeley et al., 1984). Thus, the list items are being stored in 
another subsystem of working memory. Researchers have ruled out the sketchpad as a 
storage place for the list items during this task (Nairne & Neath, 2013); thus, a different 
storage subsystem is needed. Baddeley suggested that the episodic buffer serves in this 
role by briefly storing episodic memories with visual and verbal codes integrated from 
the other two storage subsystems. In other words, it can bind information with different 
codes (verbal, visual, semantic) to hold the combined information temporarily. It also 
serves as a link between working memory and long-term memory, allowing informa-
tion stored in long-term memory to be used in the storage and retrieval of information 
in short-term memory.

Because it is the newest subsystem in the working-memory model, the episodic buf-
fer and its functions have been tested by fewer studies than the other subsystems. The 
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Episodic buffer: the part of the 
working-memory system that 
holds episodic memories as an 
overflow for the phonological loop 
and visuospatial sketchpad



113CHAPTER 5  •  Memory Structures and Processes

studies that have examined the episodic buffer have primarily focused on its binding 
function. Baddeley’s work (e.g., Baddeley, Hitch, & Allen, 2009) has shown that short-
term memory for sentences is better than short-term memory for lists of words, indicat-
ing a role for binding of words using language knowledge and semantic information that 
increases the overall recall of words in sentences. Further, this effect did not depend on 
the amount of attention (based on verbal or visual interference) available for the tasks 
(see Figure 5.10 for their results). Thus, binding of features seems to occur automatically 
without requiring resources from the central executive and does not rely on the visuo-
spatial sketchpad or phonological loop. Although Baddeley and his colleagues have 
begun testing the functions of the episodic buffer in recent studies (see Baddeley, 2012), 
it is clear that further work is needed to more fully describe the role of this subsystem in 
working memory.

Central Executive
If there is a manager of the working-memory system, it is the central executive. The 
central executive is the subsystem of working memory that controls the flow of infor-
mation between the three storage subsystems described earlier, the flow of information 
between the episodic buffer and long-term memory, and which part of the system is the 
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Central executive: the part of the 
working-memory system that controls 

the flow of information within the 
system and into long-term memory

Mean number of words recalled from lists and sentences is shown for three concurrent 
task conditions: no task (no additional task was completed during word presentation), 
VS task (a visuospatial task was completed during word presentation), and verbal 
task (a verbal task was completed during word presentation). The sentence recall 
advantage is present regardless of concurrent task condition.
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This is known as a two-alternative forced-choice test. Subjects may also be asked about 
how the items “feel” to them when judging the items. For example, they may be asked to 
rate their confidence in their judgment (e.g., on a 1 to 5 scale). Or for items they judge to 
be old, they may be asked about whether they “remember” the item (i.e., they can 
remember details about the item such as position in the list or perceptual details) or if 
they just “know” the item was on the list (i.e., they cannot retrieve the details of its pre-
sentation, but they are sure the item was on the list).

Comparing Recall and Recognition Tasks

The likelihood of intentionally retrieving an episodic memory sometimes depends on 
the type of retrieval task that is given: recall or recognition. In fact, researchers have 
found that in some cases, retrieval in different conditions is heavily influenced by the 
retrieval task used. For example, Eagle and Leiter (1964) showed that recall and recogni-
tion are affected in different ways by subjects’ knowledge of the upcoming memory test 
when items are studied. In their study, different groups of subjects were given different 
instructions when they studied the list. Half of the subjects were told they would need to 
remember the words for a memory test. In other words, they performed an intentional 
learning task. The other half of the subjects were given a task to perform on the list items 
(e.g., classify them by parts of speech) and was not informed about the later memory 
test. They performed an incidental learning task. The results in this experiment showed 
that recall was higher for the intentional study condition than for the incidental study 
condition. However, recognition was better for items studied in the incidental study con-
dition than the intentional study condition (i.e., they found an interaction between study 
condition and type of test). These results showed that knowing about the upcoming 
memory test helped when that test was a recall test but hurt when the test was a recogni-
tion test (see Figure 5.11). A similar effect was shown when common (e.g., boat) and 
uncommon (e.g., feat) words were studied. Common words were more likely to be 
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hours after Session 1. Thus, half the subjects slept before 
completing Session 2 and half did not sleep before com-
pleting Session 2. To examine the effect of time of day, a 
short-delay condition was also run at both 9:00 a.m. and 
9:00 p.m., where Session 2 took place only a few minutes 
after Session 1 ended.

Results of the study: The results of the study indicated 
that sleep only aided performance in the Q key press 
task when table or horse appeared in the categorization 
task. No difference was seen between subjects who slept 

and had not slept in the other two tasks for the long-
delay conditions. In addition, the short-delay conditions 
showed similar performance regardless of time of day of 
the sessions. The results for the categorization task are 
displayed in Figure 5.12.

Conclusions of the study: The researchers concluded 
that sleep aids in performance of certain types of tasks 
intended for the future. These results are similar to those 
found in previous studies for memory of a list of items.

Short Delay

0.6

0.5

0.4

0.3

0.2

0.1

0
Long Delay

Delay Type

M
ea

n 
A

cc
ur

ac
y 

on
 K

ey
 P

re
ss

 T
as

k

AM Start PM Start

Figure Key Press Performance in the Categorization Task for Scullin and  
	 McDaniel’s (2010) Study

5.12

(Continued)

CHAPTER REVIEW

  Summary

•• Is memory a process, a structure, or a system?

Memory has been thought of as both a process and 
a structure. Researchers have viewed memory in 
terms of processes (encoding, storage, and retrieval), 

structural storage units (sensory, short-term, and 
long-term memory), and systems (working- 
memory system with multiple subsystems).
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walking path through your town. As you 
approach an intersection of the path and a busy 
street, you see another biker approaching from 
the opposite direction. There is also a person in 
front of you walking a dog that is on a leash but is 
rambunctious and veering across the path in an 
unpredictable manner. You also hear a nearby 
siren from the street you are approaching, but 
you do not see an emergency vehicle in the por-
tion of the street you can see. To successfully 
navigate this scene, you need to be able to briefly 
store each piece of relevant information by focus-
ing your attention on different parts of the scene 
and then processing the information such that 
you can anticipate where objects will be as you 
proceed on your bike. In this scenario, your 
working memory is controlling the input of 
visual and auditory information, coordinating 
that information to help you decide which way to 
steer your bike and where you should focus your 

attention at any given moment to achieve this task without crashing or being hit by cars 
passing in the street. If you think back to the way short-term memory was described 
earlier, with information coming in from sensory memory when it is the focus of atten-
tion and then either transferring on to long-term memory or being replaced by 
new information, this description does not seem complex enough to handle the bike-
riding scenario. A more complex description of memory is needed to account for such 
behaviors.

Baddeley’s Model

Baddeley (Baddeley, 1992, 2000; Baddeley & Hitch, 1974) proposed the most prominent 
model of working memory. One thing that sets this model of working memory apart 
from the short-term memory store we described earlier in the chapter is that it contains 
multiple storage subsystems for different types of information. It also proposes the exis-
tence of a central executive subsystem that controls the flow of information between the 
other storage subsystems and long-term memory and decides where one’s attention will 
be at any given moment. The primary storage subsystems in working memory are the 
visuospatial sketchpad and the phonological loop that hold visual and auditory informa-
tion, respectively. In a newer version of the model, Baddeley (2000) added a fourth com-
ponent that he called the episodic buffer, which acts as a temporary episodic storage 
subsystem and as a connection between working and long-term memory. Figure 5.6 
illustrates his model of working memory.

Visuospatial Sketchpad
The visuospatial sketchpad is responsible for the storage of visual information in work-
ing memory. It acts as a type of dry-erase board for visual and spatial information that 
can be written on, stored for a brief time, erased, and rewritten on. However, as we will 
see in the description of studies that support the existence of the sketchpad, the informa-
tion stored there can be moved around in the sketchpad and analyzed like a three-
dimensional model. Much of the evidence for a separate subsystem for visuospatial 
information comes from studies where subjects are asked to perform two tasks at once. 
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Photo 5.2  The working-memory system controls our memories over the short 
term and our current focus of attention to allow us to perform complex tasks.

Visuospatial sketchpad: the 
part of the working-memory 
system that holds visual and 
spatial codes of information
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