
136

AYA images/Shutterstock

CHAPTER OUTLINE
Defining Memory

The Three Steps of Memory

Types of Memory

What Affects Memory?

Memory Problems

Receipts is an interesting word. For 
many years, receipts just referred to proof of purchase, 
like the slip of paper a grocery store cashier hands you 
after you pay. More recently, the meaning of receipts has 
expanded to include proof that something happened, 
usually in a form you can show on your smartphone. 
When someone says “show me the receipts,” you might 
pull up a  screenshot, text, photo, video, voicemail, social 
media post, or some other piece of evidence to support 
your claim.

Receipts can show proof or catch someone lying. 
But sometimes, receipts can catch people  remembering 
something inaccurately. Maybe it has happened to you: 
you remember something vividly and confidently, but 
when you see the receipts, it turns out your memory was 
somehow wrong. It has certainly happened to me. Once,  
I saw a commercial for a nearby pizza place and 
 mentioned to my wife, “We should try that place — I heard 
it’s really good.” A bit puzzled, she responded, “We went 
there last year on my birthday — don’t you  remember?” 
“No, that was a different place,” I said,  certain that she was 

confused and my recollection was right. We went back 
and forth for a few minutes, and every time she offered a 
detail — what we ate, where we sat — none of it matched 
what I remembered. Then she pulled out her phone and 
showed me the receipts: photos of the two of us in that 
very restaurant, taken on the date of her  birthday, eating 
what she said we ate, and sitting where she said we sat. 
She even started to search for the group text she sent that 
night to our friends to recommend the place, but I told 
her that wasn’t  necessary — there were already enough 
receipts to prove my memory was mistaken.

“Receipts” moments like that raise important 
 questions about how memory works. Most obviously, 
how can some of our memories be so inaccurate? But 
more fundamentally, how do we form memories in the 
first place? How do we store and retrieve them? Why do 
some memories endure, while others fade away or get 
distorted? What enhances memory, and what  distorts 
or impairs it? How do cultural and diversity factors 
impact memory? In this chapter, we explore all of these 
 questions and more. 

Memory5
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Defining Memory
Memory is the process of taking in information, saving it over time, and calling it to mind 
later. Memory is so essential that it would be difficult to imagine human life  without it. 
Let’s envision how the first 2 minutes of your day might go without a well-functioning 
memory. You wake up in your bed, but you have no recollection of where you are. The 
room seems completely unfamiliar. Disoriented, you wander to the next room, stand in 
front of the sink, and see a face in the mirror — but you don’t recognize it. Looking down, 
you see a small plastic stick with bristles on the end of it next to a tube that says Crest, 
but you can’t remember what those items are or how to use them. You hear something 
vibrate and ring on your bedside table. Bewildered, you track down the sound. It is some 
kind of glass-screened small rectangle connected by a cord to the power outlet on the 
wall, and it’s lighting up. You wonder, “What is this rectangle, and what should I do with 
it?” Back in the bathroom, you catch another glimpse of yourself in the mirror, but again, 
that face is completely unfamiliar, as if you hadn’t just stared at it a minute ago.

Memory and Identity
Memory is indispensable, not just to our functioning but to our identities. Your 
 memories define you as a unique person. No one else has accumulated exactly the 
same knowledge, experienced exactly the same events, or achieved exactly the same 
abilities and skills as you. As a result, there’s an overlap between your memory and 
your personality. What you remember shapes who you are today, including the way 
you think, feel, and behave.

To illustrate this connection between what you remember and who you are, con-
sider the words of Nelson Dellis. He has one of the most impressive memories ever 
documented, having won numerous national memory contests and memorized many 
long lists of names and numbers along the way. However, even Dellis knows that mem-
ory is about much more than filing away facts:

What’s scary to me . . . about potentially losing memories is not forgetting all 
the stuff I learned . . . it’s more those small moments with people we love and 
care about that make us who we are, and if you lose those memories . . . then 
who are you, and how can you enjoy life? (Dellis, 2012)

This link between memory and identity became clear to me as my family watched 
Alzheimer’s disease increasingly overtake my grandma in the last years of her life. 
Toward the end, she even struggled to recognize her own children and recall her own 
name. It was painful and saddening to watch. As we discussed her condition and tried 
to comfort each other, some of my relatives lamented, “Her memory is really slipping 
now.” Others used slightly different wording: “Grandma is really slipping now.” We all 
meant the same thing, of course, but it’s interesting that we were saying her memory and 
Grandma interchangeably. Without realizing it, we highlighted the fact that her lifetime 
of memories — who her family and friends were, what ingredients went into her chicken 
soup, the words to her favorite songs — is what made Grandma who she was.

The Extremes of Memory Achievement
When psychologists study memory, sometimes they focus on memory impairment 
like my grandma’s. Such impairments can come not only from Alzheimer’s but from 
other brain diseases, disorders, or injuries. Sometimes, researchers focus on the other 
extreme — memory excellence — including those rare people who have the ability 
to remember nearly everything (Hooper, 2018; Lockhart, 2000). In rare cases, they 
are born with this ability. For example, Kim Peek (the real person on whom Dustin 
 Hoffman’s character in Rain Man, which won the Oscar for Best Picture in 1989, was 

YOU WILL LEARN:

5.1  how psychologists define 
memory.

5.2  about the role that memory can 
play in personal identity.

5.3  about the extremes in memory 
achievement.

memory
The process of taking in information, saving it 
over time, and calling it to mind later.
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based) had a memory for facts that was nearly perfect and boundless. He could answer 
the most obscure trivia questions regarding history, music, sports, movies, religion, 
and many other subjects. He memorized, word for word, over 9000 books — more than 
some Kindles can hold! He knew the exact location of every zip code and every area 
code in the United States, and he knew the local TV stations in every one of them. He 
memorized calendars going back decades: if you told him your date of birth, he could 
instantly tell you the day of the week on which it fell. He memorized the exact wording 
of many of Shakespeare’s plays (and would often stand up and correct the actors when 
they missed a word!) (Treffert & Christensen, 2009; Weber, 2009).

If you’re not born with a mind like Kim Peek’s, you can train your mind to excel 
in memory. The book Moonwalking with Einstein (Foer, 2011) describes the USA Mem-
ory Championship, an annual event in New York City where mental athletes from 
around the world gather to see who can most quickly and successfully memorize all 
kinds of information. They memorize astonishingly long lists of random numbers or 
words, 50-line poems they have never seen or heard before, and extensive sequences 
of  photos of strangers’ faces and names. Particularly impressive is Ben Pridmore, a 
 competitor who can memorize a list of over 1500 random numbers in order, recite 
the first 50,000 digits of pi, and learn the order of a newly shuffled deck of cards in 
just over half a minute. Pridmore was not born with these abilities but learned them 
through training in memory enhancement techniques that any of us could use. The 
journalist who wrote Moonwalking with Einstein, Joshua Foer, had no special mem-
ory abilities himself when he began writing the book. However, while writing it, he 
became so intrigued and inspired by these mental athletes that he learned their tech-
niques, entered the competition the next year — and won.

Much of the research that psychologists conduct on memory falls between the two 
extremes of memory impairment and memory excellence, where most of us spend our 
day-to-day lives (Bower, 2000; Kahana, 2000). Memory researchers strive to under-
stand how memories form, how we access memories, how different kinds of memory 
work, and ways to help or hurt our ability to remember. Much of what we now know 
centers on the fundamental fact that memory generally involves a three-step process 
of getting information into our minds (encoding), holding onto it (storage), and taking 
it back out later (retrieval) — a process that we will now examine in detail.

When journalist Joshua Foer wrote a book 
about the USA Memory Championship, he 
learned the memory enhancement techniques 
that the competitors use. The next year, 
Foer entered the contest himself — and won. 
(Check the Show Me More 5.1 feature at the 
end of the chapter for a video in which Foer 
describes his experiences.)
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CHECK YOUR LEARNING:

5.1 How do psychologists define memory?

5.2 What role does memory play in personal identity?

5.3 Is an extremely strong memory something you can 
train yourself to have, or does it depend entirely on inborn 
ability?

To check your understanding of these questions, click show the answers or refer to the answers in the Chapter Summary.

The Three Steps of Memory
Much of what we now understand about memory centers on the information 
 processing model: a model of memory that involves the three steps of encoding, 
 storage, and retrieval (Figure 5.1). We will examine these three steps in detail, but 
essentially, they involve getting information into our minds (encoding), holding onto that 
information (storage), and taking that information back out later (retrieval)  (Baddeley, 
2002; Brown & Craik, 2000; Cowan, 1988). This way of understanding human mem-
ory is similar to the way we understand computer memory. First, information enters 
your computer — for example, a document you open as an e-mail attachment. Then the 
 computer saves that information within its gigs of available memory. And of course, 
that  information then remains available for you to pull up later when you need it.

YOU WILL LEARN:

5.4  what the three steps of memory 
are according to the information 
processing model.

5.5  what encoding is and how it 
involves sensory memory.

5.6  what echoic memory and iconic 
memory are.
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 THe THRee STePS OF MeMORY 139

It can be tempting to take this metaphor between human memory and computer 
memory too far, but that would be a mistake because they are not exactly the same 
(Draaisma, 2000; Randall, 2007). The three steps (encoding, storage, and retrieval) are 
definitely involved in our memory process, but the human mind is far more complex 
than any computer. So it is best to understand this computer metaphor as an oversim-
plified version of what goes on in your own memory — a good place to start but not a 
comprehensive explanation. That’s why psychologists call it the information process-
ing model, rather than the information processing fact. It’s an approximation of how 
our memory works, but not a perfect description.

Encoding
Encoding is entering information into memory. Without encoding, the next steps of 
memory can’t happen — that is, there’s nothing to store and nothing to retrieve later 
(Brown & Craik, 2000; Shields et al., 2017). What you encode, of course, depends 
on what your senses detect. For that reason, encoding is closely related to sensory 
memory: the earliest part of the memory process, in which the senses take in and 
very briefly hold information. To explain, let’s return to the computer metaphor for a 
moment. The exterior of your computer has numerous ports through which the com-
puter can “sense,” or take in, information from other devices. They allow your computer 
to “see” an image from a scanner plugged into a USB port or “hear” a voice through a 
microphone plugged into the minijack port.

Your head also has ports that take in information from around you — your eyes, 
ears, nose, and mouth. These sense organs are constantly monitoring all of the 
sights, sounds, smells, and tastes that surround you. The vast majority of this incom-
ing data gets discarded. For example, in a crowded movie theater, your ears pick 
up lots of little sounds — the air conditioner blowing, chairs creaking, popcorn bags 
crinkling, people coughing — but because you’re focused on the sounds of the movie, 
those sounds get filtered out before you encode them into memory. More specifically, 
these sounds last only as long as sensory memory can hold them — about 3 or 4 sec-
onds for sounds, about half a second for sights — and then disappear (Turkington 
& Harris, 2001). The sounds of the movie, however, progress past sensory memory 
and get fully encoded, entering and sticking in your mind in such a way that you can 
remember them throughout the movie and perhaps for days, months, or years after 
the movie ends.

Echoic Memory. That brief sensory memory for the ambient sounds of the movie 
theater is an example of echoic memory: auditory sensory memory, or all the infor-
mation your ears took in during the past few seconds. Echoic memory is what allows 
you to cover for yourself when you momentarily space out, or get distracted, while lis-
tening to someone speak. I’ve taken advantage of it many times, including a few when 
I was practicing therapy.

For example, one client of mine was tearfully telling me about the moment she 
caught her boyfriend cheating on her with his ex-girlfriend. “So I walk into the restau-
rant, and he’s actually holding hands with her across the table! I couldn’t believe it!  
I didn’t know what to do at first, but then I decided to . . .” Suddenly I heard a dog bark. 
A dog? In my therapy office? What was going on? It took me a few seconds, but finally 
I figured out that the sound of the barking dog was coming from my client’s purse, 
where she kept her phone. (Later, she explained to me that she loved dogs so much 

YOU WILL LEARN: (Continued)

5.7  how encoding depends on 
level of processing and how level of 
processing can be enhanced.

5.8  how encoding involves the 
physiological changes of long-term 
potentiation.

5.9  what storage is and where it 
occurs.

5.10  what retrieval is and how 
it happens through recall or 
recognition.

5.11  how retrieval can be affected 
by retrieval cues.

5.12  how encoding specificity and 
priming can enhance retrieval.

information processing model
A model of memory that involves the three 
steps of encoding, storage, and retrieval.

encoding
The entering of information into memory.

sensory memory
The earliest part of the memory process, in 
which the senses take in and very briefly hold 
information.

echoic memory
The auditory sensory memory, or all the 
information the ears took in during the 
previous few seconds.

FIGURE 5.1 The Three Steps of Memory. The three big steps in the memory process 
are encoding (taking information in), storage (holding information), and retrieval (pulling 
information out).

Encoding Storage Retrieval
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140 CHAPTER 5 MEMoRy

that she made barking her ringtone.) During those few seconds, she was still telling 
her story, but I was certainly not paying attention. Somehow, within an instant, the 
last few seconds of her story echoed in my mind. Without missing a beat, I said, “So 
you decided to march right over there and throw water in his face. How did he react?” 
Thank you, echoic memory.      

   Iconic Memory.      Your eyes’ version of this very temporary holding area for incom-
ing information is   iconic memory  : visual sensory memory, or all the information your 
eyes took in during the last fraction of a second ( Coltheart, 1980 ;  Hollingworth, 2009 ; 
 Jiang et al., 2009 ;  Long, 1980 ).  

 In a classic study, George Sperling ( 1960 ; see also  Irwin & Thomas, 2008 ) 
 demonstrated that the amount of information we hold in iconic memory is much 
greater than researchers had previously believed (  Figure 5.2   ). He flashed a 3-by-4 
matrix (a tic-tac-toe board with an extra column, basically) with a different letter 
in each of the 12 boxes in front of participants for a very brief period — just one- 
twentieth of a second. He then asked them to list all the letters they remembered. 
In this free- recall situation, participants typically remembered only about half of 
the letters.  However, Sperling had a hunch that many more than half of the letters 
were present in iconic memory. He guessed that the memory of certain letters faded 
away during those  seconds in which participants were listing the ones that they first 
recalled.  Sperling tested this hunch by sounding a tone immediately after the flash, 
which  indicated a specific row that participants should recall (different tones for 
top, middle, and  bottom). Their recall went up to 76% of the target row,  supporting 
 Sperling’s  hypothesis. A  follow-up study ( Averbach & Sperling, 1961 ) with larger 
grids found similar results with the use of a visual cue (a bar next to a particular row) 
rather than a tone.     

   Level of Processing.      The likelihood that information progresses past sensory 
memory and becomes encoded, stored long-term, and retrieved depends upon its   level 
of processing  : how deeply information is processed. Also known as  depth of process-
ing , the idea here is that we tend to forget information quickly when we think about it 
in shallow ways, but we tend to remember information well when we think about it in 
deep ways ( Baddeley & Hitch, 2017 ;  Craik, 2002 ,  2007 ;  Craik & Lockhart, 1972 ;  Craik & 
Tulving, 1975 ). In this context,  shallow  means superficial, and  deep  means meaningful. 
So the more meaning we attach to information — the more we relate it to other infor-
mation or connect it to emotion, for example — the more it becomes embedded in our 
memory.  

 For example, imagine shopping for wedding invitations. As you look through the 
dozens of samples, you pay attention to many features of the words — the font, the size, 
the color of the ink — but you don’t pay attention to their meaning. In other words, 
even if every one of these invitation samples contains the same information — the 
same names, the same wedding date, the same wedding location — odds are you’ll 

FIGURE   5.2       Sperling’s Iconic Memory Task.  When asked to recall all of these letters 
after seeing them for a fraction of a second, most participants could recall no more than half. 
But when participants were asked to remember a particular row, their recall rates improved 
significantly, illustrating the capacity of iconic memory.     Research from  Sperling (1960) .  

L G Q W

D T N R

P M Z K

   iconic memory  
 The visual sensory memory, or all the 
information the eyes took in during the 
previous fraction of a second.  

   level of processing  
 How deeply information is processed.  
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 THe THRee STePS OF MeMORY 141

quickly forget it because you were focusing on shallow characteristics of the words 
rather than deep ones. 

 By contrast, imagine your memory for an actual wedding invitation you receive from 
a friend, which causes you to think about what that wedding means to you. It may mean 
that you will travel a long distance, buy a wedding gift, or see old friends at the wedding. All 
of these meaningful thoughts enhance your memory for the information on the invitation. 
Table 5.1    further explains the differences between shallow and deep processing.    

 Research using brain scanning technology has found that different levels of 
 processing take place in different areas of the brain ( Rose et al., 2015 ). Researchers 
presented words to participants, half of whom were asked whether the word contained 
the letter  A  (shallow processing), and half of whom were asked whether the word 
was a living or nonliving thing (deep processing). As expected, the deep processors 
remembered more of the words, but this study also discovered something new: the 
deep processors utilized their left prefrontal cortex much more extensively than the 
shallow processors ( Kapur et al., 1994 ). The finding that shallow processing and deep 
processing rely on different parts of the brain suggests that they are distinct functions.  

   Effortful Processing.      To some extent, we can deliberately control the level of pro-
cessing that we apply to incoming information, which is known as  effortful processing
( Hasher & Zacks, 1979 ,  1984 ). One effective type of effortful processing is    chunking  : 
grouping pieces of information together in a meaningful way to enhance memory 
( Thalmann et al., 2018 ). For example, you might find it impossible to remember a 
string of letters this long: NBCHBOTBSBETTNTCBS. However, if you chunk it into 
three-letter codes — which are meaningful because they are TV networks — the task 
becomes much easier: NBC, HBO, TBS, BET, TNT, CBS. See   Table 5.2    for an example 
about chunking and grocery shopping.    

 We often chunk deliberately to boost our memories, but chunking happens auto-
matically and outside of our awareness too ( Gobet et al., 2001 ). This happens often in our 
memory for faces, in which we chunk numerous facial features into a package rather than 
viewing eyes, nose, mouth, hair, skin color, and so on as isolated features to be remembered 
separately ( Thornton & Conway, 2013 ). Chunking may also happen automatically when 
experts in particular activities view and remember complex patterns. For example, chess 
champions chunk. They see the board not as a collection of isolated pieces (the way an 
inexperienced player might), but as a meaningful pattern — a whole rather than a collec-
tion of parts ( Chase & Simon, 1973 ;  Gobet & Simon, 1998 ;  Sala & Gobet, 2017 ). Chunking 
also happens when experienced football, basketball, soccer, and field hockey players per-
ceive and remember plays in their respective sports ( Allard & Burnett, 1985 ;  Garland & 
Barry, 1990 ,  1991 ;  Weber & Brewer, 2003 ;  Williams et al., 1993 ).       

 Another type of effortful processing is   rehearsal  : deliberately repeating informa-
tion to enhance memory. Rehearsal commonly takes the form of saying verbal mate-
rial over and over, either aloud or silently, to yourself. For example, imagine that while 
you are grocery shopping you are talking on the phone with your roommate and they 
ask you to pick up peanut butter, bananas, and bread. After you hang up, you might 
recite that short list to yourself again and    again — “Peanut butter, bananas, and bread. 
 Peanut butter, bananas, and bread. Peanut butter, bananas, and bread” — until you 
have those items in your cart. But rehearsal can involve nonverbal sounds as well as 
words, as when a guitarist mentally replays a riff again and again. Rehearsal can be 

TABLE      5.1:    Shallow Processing Versus Deep Processing of Written Text   
 Shallow processing happens when you consider questions about 
superficial characteristics of the material, like these: 

  Deep processing  happens when you consider questions about the 
significance of the material, like these: 

 • What type and size is the font?  • What does it mean? 

 • What color are the letters?  • What are its most important points? 

 • Are the letters in upper case or lower case?  • How does it relate to information I already know? 

 • How many words does it contain?  • How does it affect my life? 

   chunking  
 grouping pieces of information together in a 
meaningful way to enhance memory.  

     Chunking involves grouping pieces of 
information together in a meaningful way. 
Chunking strengthens memory, and it also 
enables experts in chess (and other fields) to 
grasp complex patterns among a variety of 
parts.   
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   rehearsal  
 Deliberately repeating information to enhance 
memory.  
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142 CHAPTER 5 MEMoRy

visual too, such as when a wide receiver repeatedly envisions a pass route or a cheer-
leader repeatedly envisions a routine in an attempt to memorize it (Awh et al., 1998, 
1999; Godijn & Theeuwes, 2012).

Psychologists who study memory make a distinction between two kinds of 
rehearsal, maintenance rehearsal and elaborative rehearsal (Craik & Watkins 1973). 
In maintenance rehearsal, information is repeated in exactly the same form it was 
originally encoded. By contrast, elaborative rehearsal involves adding meaning or 
associations to information, which enhances memory. Maintenance rehearsal (as 
exemplified by the grocery store example) can help a little, but elaborative rehearsal 
can help a lot more (Gardiner et al., 1994; Greene, 1987; Naveh-Benjamin & Jonides, 
1984). The reason centers on level of processing: maintenance rehearsal is shallow, but 
elaborative rehearsal is deep (Craik & Tulving, 1975).

As an example of elaborative rehearsal, consider two high school students, Molly 
and Ellie, learning about the 2008 presidential election in their history class. Molly 
approaches it as nothing more than a list of unrelated bits of information to be com-
mitted to memory: Barack Obama was the Democratic nominee and John McCain was 
the Republican nominee. Obama’s running mate was Joe Biden. McCain’s running 
mate was Sarah Palin. The election took place on November 4. And so on. Ellie, on 
the other hand, uses a different strategy. She seeks out the context for these facts and 
the meaning they held for voters at the time: attitudes toward the outgoing president, 
George W. Bush; controversies over health care, the Iraq war, and the economic reces-
sion; the historical significance of a Black candidate; and so on. Even if Molly spends 
an equivalent amount of time doing rote memorization, her maintenance rehearsal 
will never be as deep or as effective as Ellie’s elaborative rehearsal.

Long-Term Potentiation. When encoding takes place, the memory-based 
 physiological changes of the brain have begun. One physiological change is  long-term 
potentiation: the increased connectivity between simultaneously stimulated  neurons 
that forms the biological basis of memory. Long-term potentiation is what  memory looks 
like up close, at the neuron level, in the brain (Bliss & Collingridge, 1993; Malenka &  
Nicoll, 1999; Nicoll, 2017). Think of long-term potentiation like a path through the 
woods becoming more well-worn because of repeated use, making it easier and 
quicker to travel. That’s similar to what long-term potentiation does to the axons that 
connect neurons to each other.

maintenance rehearsal
Information repeated in exactly the same 
form as it was originally encoded.

TABLE 5.2:  Chunking at the Supermarket
WHAT yoU NEED To REMEMBER  
IF yoU DoN’T CHUNK

WHAT yoU NEED To REMEMBER  
IF yoU CHUNK

Lettuce Salad ingredients

Dressing

Croutons

Carrots

Tomatoes

Pizza crust Pizza ingredients

Tomato sauce

Shredded cheese

Oregano

Pepperoni

Mushrooms

Detergent Laundry items

Fabric softener

Dryer sheets

Bleach

elaborative rehearsal
Adding meaning or associations to 
information to enhance memory.

long-term potentiation
The increased connectivity between 
simultaneously stimulated neurons that forms 
the biological basis of memory.
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Interestingly, physical exercise helps long-term potentiation (Miller et al., 2018; 
Tsai et al., 2018). In one study, some rats were given the chance to run on exercise 
wheels, while others were not. Not only did the running rats memorize a maze more 
quickly than the others, but their brains also showed much more evidence of long-
term potentiation — in particular the hippocampus, where much of memory is cen-
tered (van Praag et al., 1999). A later study found the same effect to be especially 
strong for rats whose mothers were given alcohol during pregnancy, a finding with 
hopeful implications for children whose mothers drank during their pregnancies and 
who now suffer with fetal alcohol syndrome (covered in Chapter 9). These children 
often struggle with cognitive impairments such as limited memory capacity (Christie 
et al., 2005).

More recently, researchers have discovered the process of long-term depression. 
(Although the word depression suggests a sadness that may last many months, that’s 
not what it means in this discussion of the biological basis of memory.) Long-term 
depression is the opposite of long-term potentiation, which means it is a decrease in 
the connectivity between neurons in the brain that correlates with memory fading 
(Bear & Abraham, 1996; Linden, 1994; Linden & Connor, 1995; Malenka & Bear, 2004; 
Pinar et al., 2017). Long-term depression may be an important part of the process of 
forgetting (see the From Research to Real Life box), which is actually quite functional 
when applied to unimportant information (Malleret et al., 2010; Nicholls et al., 2008).

Wait — forgetting is functional? Isn’t it bad to forget 
stuff?

Actually, forgetting stuff that is no longer important is beneficial. It makes more 
room for the important stuff, which enhances memory overall (Bjork, 2011, 2014; Bluck 
et al., 2010; Hupbach et al., 2018; Smith, 2011).

exercise enhances long-term potentiation, the 
improvement in the connectivity of neurons 
in the brain that forms the biological basis of 
memory.
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FROM RESEARCH TO REAL LIFE

Is Forgetting Good?
We hate to forget. As one 

author describes it, “To most 
people, forgetting is a terrible thing. To 
 students taking exams, forgetting can mean 
poor grades. . . . To the elderly, forgetting  
can mean imminent cognitive decline. The 
downside of forgetting is quite clear to 
everyone” (Smith, 2011, p. 153).

But if forgetting has a downside, does 
that mean it has an upside too? One memory 
scholar, Bjork, strongly argues that it does 
(Bjork, 1972, 1978, 1989, 2014; Bjork et al., 
1998). His argument is supported by this fact 
about human memory: our storage capacity 
(especially in long-term memory) is essentially 
limitless, but our retrieval capacity is severely 
limited. Our ability to retain information  
outpaces our ability to recall it. This may be a 
good thing, though: “We do not want every-
thing in our memories to be accessible. . . .  
We need to remember our current phone 
number, not our prior phone number; we 
need to remember where we parked the car 
today, not yesterday or a week ago” (Bjork, 
2011, p. 2).

He goes on to argue that forgetting 
actually helps remembering. Specifically, 
when you forget old stuff that is no longer 
important in your day-to-day life, it lets you 
remember new stuff that is important (Bjork, 
2011). He emphasizes that with the help of 
retrieval cues, what is forgotten one day can 
be remembered the next. For example, if you 
forget how to shift gears on your old bike 
because you haven’t ridden it in years, you 
will probably remember when you find your-
self sitting on the bike with your hands on 
the handlebars. Bjork is certainly not the only 
memory expert to make the case that for-
getting can be beneficial (Small, 2021). Other 
memory researchers go so far as to use the 
term active forgetting (as opposed to the 
more passive way many people may assume 
forgetting happens). They explain that what’s 
“active” about active forgetting is the role 
played by the prefrontal cortex, which seem-
ingly decides to strategically override and 
inhibit the hippocampus at times. In other 
words, the part of the brain that is most 
directly involved in planning and purposeful 

actions (the prefrontal cortex) sometimes 
takes over the part of the brain most directly 
involved in memory (the  hippocampus). 
The prefrontal cortex can even cast little 
“amnesic shadows” to help us forget certain 
memories in ways that help us quickly access 
the most essential memories (Anderson & 
Hulbert, 2021).

It’s certainly helpful that when I enter the 
first letter of a search term into google, the 
autofill function on my computer “remem-
bers” a few of my most recent search terms 
and fills them in. But it would be distinctly 
unhelpful if autofill remembered all of the 
search terms I’d ever used. They would 
instantly fill the screen with so many options 
that I’d be overwhelmed. In other words, I’m 
glad autofill “forgets” some of the search 
terms that I used infrequently and long ago. 
This keeps things simple and keeps the focus 
on the most likely terms. When our brain for-
gets, it serves the same function. Suppress-
ing information we don’t need makes room 
to take in or highlight new information we do 
need. •
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Storage
Storage is retaining information in memory. It’s the second of the three fundamental 
memory steps, or what happens to information between its intake (encoding) and its 
output (retrieval). It’s a lot like saving files on a hard drive, a flash drive, or a cloud 
storage service like Google Drive, iCloud, or Dropbox — a process by which you hold 
onto information you’ve taken in until you need to open it later.

Traditionally, psychologists have divided the storage of memory into two basic 
types based on how long it lasts. The first type of storage is short-term memory: a 
limited amount of new information being held briefly until it is either discarded or 
kept long-term. The second type of storage is long-term memory: a seemingly limit-
less amount of information being held for extensive periods of time.

Short-Term Memory. Information in short-term memory is like a customer who 
has just entered a crowded restaurant. Imagine that customer is you. You’ve entered 
the restaurant, but you’re not necessarily staying. What happens next could go either 
of two ways. After a short wait, you might sit, eat, and stay for a long time. Or after that 
short wait, you might turn around and leave. Either way, your “short-term” wait won’t 
last long.

Information in short-term memory doesn’t last long either (Baddeley, 2000). In 
a matter of seconds, short-term memory goes one of two ways (much like that cus-
tomer in the crowded restaurant): it either fades or, if it is processed sufficiently, it 
enters long-term memory (Atkinson & Shiffrin, 1968; Baddeley et al., 2009; Brown, 
1958; Peterson, 1966). A classic study established this finding by giving participants 
a random three-letter code to remember (for example, PQC) and then immediately 
requiring them to perform an unrelated distracter task. In this case, the distracter task 
was counting backward by either threes or fours from a three-digit number (e.g., 309) 
spoken by the experimenter, until the participants were told to recall the three-letter 
code. If the experimenters kept the participants counting for 15 seconds, almost none 
of them remembered the code (Figure 5.3). Even if the delay was only 3 seconds, 
recall was only about 50% (Peterson & Peterson, 1959).

Even without a distracter task, information fades from memory quickly. A classic 
study by Ebbinghaus (1885) found that people who learned three-letter codes forgot 
over half of the items within an hour and about three-quarters of the items within a 
day. For the next month, the rate of recall continued to drop. See Figure 5.4 for more 
on this “forgetting curve.”

In addition to this limited duration, short-term memory features a limited  capacity. In 
a review of some early memory studies, Miller (1956) consistently found that the maxi mum 

for short-term memory is seven items, plus or minus two. In other words, 
Miller concluded that most of us can hold about seven items at a time in 
short-term memory, with a range of five to nine. Miller referred to this find-
ing of seven plus or minus two as the “magic number” of memory capacity. 
Some more recent  researchers question just how magical this number is, 
however. Specifically, many more recent studies have found that our limit 
is actually lower than Miller estimated (Adam et al., 2017;  Baddeley, 1994, 
2000; Gobet & Clarkson, 2004; Green, 2017; Schweickert & Boruff, 1986; 
Shiffrin & Nosofsky, 1994). So, if there’s a magic number of short-term 
 memory capacity, research evidence now points to three or four much more 
strongly than seven (Cowan, 2001, 2005, 2010; see also Adams et al., 2018).

An important determination in this debate over the magic 
number of items in memory capacity is how we define item — and 
relatedly, how the information to be remembered is chunked (Mathy &  
Feldman, 2012). As we discussed earlier, chunking allows us to 

take multiple bits of information and group them into a single item. By chunk-
ing, you can multiply the amount of information you remember. Phone  numbers are 
a great example — if you consider each digit to be an item, as in 3-1-4-5-5-5-9-7-4-2,  
that’s 10 items to remember. If you chunk them together as 314-555-9742, that’s only 
three items. And if you can consider the whole series of digits to be a single  meaningful 

100

80

60

40

20

0
0 3 6 9 12 15 18

Retention interval (s)

Percentage
correctly 
recalled

FIGURE 5.3 The Short Life of Short-
Term Memory. This graph shows how quickly 
short-term memory fades. Participants 
trying to remember a three-letter code while 
counting backward from a random number 
started to falter significantly after just 3 
seconds and had almost no success after just 
15 seconds (Peterson & Peterson, 1959).

FIGURE 5.4 How Quickly We Forget.  
A classic memory study found that people 
who memorized a set of three-letter codes 
forgot half within an hour, three-quarters 
within a day, and more over the next month 
(Ebbinghaus, 1885).
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storage
Retaining information in memory.

long-term memory
A seemingly limitless amount of information 
being held for extensive periods of time.

short-term memory
A limited amount of new information being 
held briefly until it is either discarded or 
encoded into long-term memory.
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piece of information, then that’s just one item. That’s why companies who want you 
to remember their phone number get a phone number that translates nicely to words 
(ideally, to a single word). Consider 1-800-FLOWERS. It’s a lot easier to remember than 
1-800-356-9377, because the word flowers is a single meaningful chunk, while that ran-
dom series of seven numbers is, well, a random series of seven numbers (Table 5.3).

But I don’t have to memorize phone numbers. My phone 
does that for me.

Yes, it does, and that’s a big change in the way many of us use our memories. 
We have phones — not to mention computers, tablets, external drives, and other ways 
to store information digitally — doing memory tasks that the human brain used to do. 
This experience may have become totally familiar, but it’s unprecedented in the larger 
time frame of human history. Check the It’s Like . . . box for a discussion of the impact 
of this change.

TABLE 5.3:  Why Companies Chunk Phone Numbers
What’s easier for you to remember?

1-800 FLOWeRS or 1-800-356-9377

1-800 CONTACTS or 1-800-266-8228

1-800 WALgReeNS or 1-800-925-4733

1-800 RITe AID or 1-800-748-3243

1-800 gO UHAUL or 1-800-468-4285

1-800 gOTJUNK or 1-800-468-5865

1-800 PeTMeDS or 1-800-738-6337

IT’S LIKE...

your Smartphone Is Like a Flash Drive for your Brain
Years ago, if you had asked 
me for my best friend’s phone 

number, I’d point to my head and say “I’ve 
got it up here.”

Now, I point to my phone and say, “I’ve 
got it in here.”

That’s true for lots of people who grew 
up without smartphones, and for lots of 
information besides phone numbers too. 
Our smartphones (not to mention our 
computers, tablets, and other devices)  
are like flash drives for our brains —  
external storage devices that now hold 
information that we once carried within 
ourselves.

Numerous authors have debated the pros 
and cons of this “outsourcing” of human 
memory (e.g., Carr, 2008). One author 
laments the fact that “a third of people 
under 30 can’t remember their own phone 
number. Their smartphones are smart, so 
they don’t need to be. Today’s young peo-
ple are forgoing memory before they even 
have a chance to lose it” (Brooks, 2007). 

Another writer admits the shortcomings of 
his own memory for big events in the lives 
of his close friends. Here he explains why he 
never deletes the text messages he receives 
from friends announcing the birth of their 
children:

I know why I’ve kept them [on my phone]: 
without referring to them, I have no idea of the 
names or the birthdays of most of my close 
friends’ firstborn children. I’ve replied to these 
texts, sometimes sent a card or gift as well, and 
then put the entire event out of mind. (Chatfield, 
2012; italics added)

Flash drives and other external memory 
devices, including cloud-based storage, can 
improve the memory capacity of our com-
puters tremendously. They allow us to store 
more information than our computers’ 
built-in hard drives ever could. But when 
we use those devices, we run the risk of 
them malfunctioning or information getting 
lost. And they can actually become incon-
venient if we rely on them for frequently 

needed information. Perhaps the same can 
be said for our smartphones: they greatly 
increase our brains’ memory capacity, but 
overreliance on them can be an inconve-
nience if it becomes necessary too often.  
It also puts us in jeopardy of major  problems 
if they get lost or damaged (or the battery 
dies). •

Increasingly, our smartphones hold information 
that we once carried within our brains.
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Working Memory. More recent research into short-term memory has offered a 
different way of understanding it. Specifically, new research suggests that in many 
cases short-term memory is not merely a holding cell where information passively 
waits to be either processed or forgotten. Instead, short-term memory often bustles 
with activity. That is, the information short-term memory contains is often manipu-
lated, operated upon, and otherwise used during its short stay (Alloway & Alloway, 
2013; Baddeley, 2000, 2003, 2007; Baddeley & Hitch, 1974; Christophel et al., 2017; 
Cowan, 2008; Gathercole, 2007; Oberauer et al., 2018). This now widely accepted idea is 
known as working memory: a type of memory in which processing, or work, is done 
on briefly held information.

Your working memory is operating almost all of your waking hours. For example, 
consider watching a TV show. As you take in all the images and words, they don’t just 
sit there — you do something with them. You figure out what they mean; connect that 
meaning to other events that have already happened in the show; speculate about 
upcoming plot twists they might predict; evaluate the quality of the acting and writing; 
and much more. In other words, even if the words of a particular scene will occupy 
your memory for only a very short time, you work on them while they’re there.

Working memory is crucial to learning and academic performance (Alloway & 
Gathercole, 2005; Alloway et al., 2005; Dehn, 2008; Gathercole et al., 2004; Morgan  
et al., 2018; Peng et al., 2018; Simone et al., 2018; Swanson & Berninger, 1996). First, 
consider the ability to follow a teacher’s directions. One researcher found that most 
kids’ working memories enable them to follow verbal instructions with about five 
 specific pieces of information, but some kids with learning differences can only  handle 
three pieces of information (Henry, 2001). Next, consider some of the many activities 
that those instructions might contain: hearing a spelling word aloud,  thinking about 
its correct spelling, and writing those letters in order; or, hearing a phrase in one 
 language, thinking about its proper translation, and saying it in another language; or, 
reading a long paragraph, comprehending it, and answering a question about it. All of 
these tasks and many more during a school day require the student not just to take 
new information into short-term memory but to do something with it while it is there 
(Gathercole & Alloway, 2008; Levin et al., 2010).

Researchers have linked working memory to a variety of complex tasks, includ-
ing verbal comprehension, reasoning, decision making, and problem solving (Engle, 
2002; Hambrick et al., 2005). As a specific example, researchers have found that 
working memory capacity predicts sight-reading ability among both novice and 
expert pianists (Hambrick & Meinz, 2011; Meinz & Hambrick, 2010). The task of play-
ing written music is complex. The pianist must read the notes on the page; translate 
them into specific movements of fingers, hands, arms, and feet; and then execute 
those movements in the right order, time, and volume. So it makes sense that people 
who have greater ability to cognitively work on the musical notes they read would 
sight-read more successfully.

As the research on piano playing suggests, working memory is also closely 
related to multitasking. Consider watching that TV show again: Could you fol-
low it while also texting? Or while talking on the phone? Or while studying? 
Researchers have found that multitasking ability, as measured by speed and 
accuracy of responses, depends heavily on working memory capacity (Bühner 
et al., 2006; Covre et al., 2018; Hambrick et al., 2010; Pollard & Courage, 2017; 
Redick et al., 2016). One study focused on multitasking among applicants for air 
traffic controller training courses and found that working memory, even more 
than overall intelligence, predicts how successfully they could multitask (Colom 
et al., 2010). Another study of emergency room doctors found that multitasking 
generally increased prescribing errors, but the extent of the errors depended on 
the working memory capacity of the doctor (Westbrook et al., 2018).

Long-Term Memory. Beyond short-term memory and working memory lies 
long-term memory (Bahrick, 2000). There isn’t much research on the capacity 
of long-term memory, largely because most experts assume that it is limitless.  

working memory
A type of memory in which processing, or 
work, is done on briefly held information.

The ability to read music and play it on the piano 
depends on working memory, which is the processing, 
or work, done on information you take in.
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It may well be. This is one aspect of the memory-as-computer metaphor that does 
not fit. Every type of computer memory storage device, from old floppy disks to new 
high-capacity external hard drives or cloud storage services, has a finite limit that 
cannot be exceeded. Human long-term memory simply does not appear to have such a 
limit ( Dudai, 1997 ;  Voss, 2009 ). 

 The typical path to long-term memory involves a passage through short-term 
memory assisted by processing of some kind. If information doesn’t get focused on, 
thought about, or used in some way, then it usually fails to enter long-term mem-
ory. But sometimes information takes a shortcut to long-term memory ( Delorme 
et al., 2018 ;  Hasher & Zacks, 1979 ,  1984 ). Psychologists call this shortcut   automatic 
 processing (or automatic encoding):   the entrance of some information into long-
term memory without any conscious processing. Comparing automatic processing to 
the effortful processing that we discussed earlier is like comparing a feeding tube to 
eating. The contents of a feeding tube bypass the processing that typically takes place 
in the mouth (chewing and swallowing). Likewise, automatically processed informa-
tion bypasses the processing that typically takes place in short-term memory. For 
example, researchers have found that we automatically process the frequency with 
which events occur ( Zacks et al., 1982 ;  Zacks & Hasher, 2002 ). In other words, you 
don’t deliberately count how often you do particular things — eat pumpkin pie, ride 
a roller coaster, hold a newborn baby, replace your phone, or any other activity — but 
unconsciously, you’re keeping track, at least well enough to provide an approximation.  

   Retrieval  
 Retrieval    is pulling information out of memory. It is the third and final step among the 
three basic steps of memory ( Brown & Craik, 2000 ;  Gardiner, 2007 ;  Spear, 2007 ). When 
you consider the vastness of your long-term memory, your ability to retrieve memo-
ries quickly and accurately is truly astonishing. Imagine you come across an old photo 
of yourself from your 6 th  birthday party. So much related information, tucked away for so 
many years,  suddenly comes back: the excitement you felt as the first friends and family 
arrived, the joy you felt as you ripped wrapping paper off your presents, the taste of the 
 chocolate-with-chocolate-icing birthday cake, the bright balloons that covered the ceiling, 
and so much more. These details pour forth in a split second, and without much effort.   

 Psychologists make an important distinction between two kinds of retrieval,  recall
and  recognition  ( Foster, 2009 ;  Lockhart, 2000 ;  Mandler, 1980 ;  Tulving, 1976 ).   Recall   is 
a type of retrieval in which you access stored information without any comparison 
to external information.   Recognition   is a type of retrieval in which you determine 
whether stored information matches external information. 

    When I answer different kinds of exam questions, 
do I use those different kinds of retrieval?      

 Yes! In fact, the best way to understand the difference between recall and 
 recognition is to think about your experiences with short-answer essay exams versus 
multiple-choice exams. Let’s consider a specific exam question from a U.S. history test: 
who was president during the Civil War? If this was a short-answer question — if it 
was followed by just a blank, with no options to choose from — you would have to rely 
on recall. You’d be entirely on your own, scanning your memory for the answer, with-
out the luxury of a list of possibilities to remind you of the right answer. That list of 
possibilities is exactly what a multiple-choice version of that question would provide. 
So with a multiple-choice question, you could rely on recognition rather than recall. In 
other words, if the same question was followed by choices — (a) George  Washington, 
(b) Thomas Jefferson, (c) Abraham Lincoln, and (d) Theodore Roosevelt — you 
wouldn’t have to generate the right answer entirely on your own but could merely spot 
the choice that matches what’s stored in your memory (which, of course, is Lincoln).     

  My TAKE VIDEO 5.1 

   Recall Versus 
Recognition     

▲

      “If you were taking a 
test . . . ”    

Visit Achieve to watch this My Take 
Video and then answer questions. 

   automatic processing (automatic encoding)  
 The entrance of some information into 
long-term memory without any conscious 
processing.  

   retrieval  
 Pulling information out of memory.  

   recall  
 A type of retrieval in which stored information 
is accessed without any comparison to 
external information.  

   recognition  
 A type of retrieval in which stored information 
is compared to external information to 
determine if it matches.  
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Exam questions are certainly not the only real-life situations that illustrate the 
difference between recall and recognition. Once I attended a wedding and saw a famil-
iar face among the wedding party standing alongside the couple. “I know that guy,”  
I said to myself, but I just could not come up with his name. Then it occurred to me 
that the entire wedding party was listed in the program I was handed when I walked 
in. I scanned the list, and there were the names of all six people in the wedding party: 
no, no, no, no, no, yes! Tommy Green! Even though I couldn’t recall it, when his name 
was right there in front of my eyes, I recognized Tommy’s name instantly.

Another time, a friend of mine called with this question: “You know that restaurant 
you found when you stopped in Effingham, Illinois, on your way to Chicago? The one 
that you said was so fantastic? We’re on the road right now, and we’re just a few min-
utes away from Effingham — what’s the name of that place?” To my surprise, I drew 
a blank. “Um, uh, let me call you right back,” I said. I immediately Yelped “Effingham 
restaurants” and scrolled through the links that popped up: not Ruby Tuesday, not El 
Rancherito, not TGI Fridays — yes, Firefly Grill! My recall may have failed me, but my 
recognition came through just in time to call my friend back before he passed the exit.

Retrieval Cues. Whether it takes the form of recall or recognition, retrieval depends 
upon a number of factors. One such factor is retrieval cues: reminders that facilitate 
retrieval of information from memory. Retrieval cues are things — often sights, sounds, 
or smells — that prompt you to remember. They make stored information pop into your 
mind when it otherwise might not (Bower, 2000; Thomson & Tulving, 1970; Tulving & 
Osler, 1968; Wiemers et al., 2014).

Let’s consider that example about Firefly Grill, my favorite restaurant in 
 Effingham, Illinois. Many months passed before I had another chance to drive through 
Effingham and stop there again. By that time, I remembered liking the restaurant a lot, 
but I couldn’t remember exactly what I had ordered there. As I entered the parking 
lot, things started looking familiar. Retrieval cues were all over, and they were jogging 
my memory: the restaurant’s logo on the front door, the big open kitchen, the high 
ceiling, the distinctive tables and chairs, the oversized photos on the walls, the unique 
uniforms of the servers. Suddenly, effortlessly, my first meal appeared in my mind with 
as much detail as if I had pulled up a digital photo: a grilled chicken sandwich on 
a pretzel bun, and thin-cut French fries with homemade ketchup. When the restau-
rant was many miles away, I couldn’t retrieve what I had ordered the first time I went 
there — out of sight, out of mind. However, when I saw all the sights I had associated 
with it, they served as powerful retrieval cues.

Sometimes, as I did in Firefly Grill, you encounter retrieval cues by chance. But 
you can bring up retrieval cues on purpose as well. For example, picture yourself at 
a party where you see a woman across the room. You know you’ve met her before, 
but you can’t remember her name or how you crossed paths with her. Asking your-
self general questions like “Who is she?” or “Where do I know her from?” may not 
be enough to spark your memory. But more specific questions might. In other words, 
thinking of specific places or situations may provide the retrieval cues you need. 
“Was she in my chemistry class? Does she live near me? Did I meet her at that con-
cert in the park? Did I play sports with her? Yes, that’s it — she was on the team that 
beat us in softball last week. She made that great catch when I smashed a long fly 
ball into left-center field, and then I caught her line drive when I was playing third 
base the next inning. After the game, we briefly joked about how we robbed each 
other. Her name is Tamisha.” If you hadn’t brought softball to mind as a retrieval 
cue, Tamisha and everything you know about her might have remained buried in the 
storage of your mind.

Encoding Specificity. Related to retrieval cues is the idea of encoding  specificity: 
the effect of contextual information present when memory was encoded, such as 
physical surroundings, on retrieval. Encoding specificity (also known as context- 
dependent memory) means that where you are when you are trying to  remember 
 something can make a difference. Specifically, if you’re in the same location or 

CHAPTER APP 5.1

 50 US States

50 US States is a simple app in which 
users name an American state after 
seeing it highlighted on an unlabeled 
map. What makes it interesting in 
terms of memory is that it has two 
modes of game play. In “Quiz” mode, 
the user has to come up with the 
name of the state, so it depends 
on recall. In “4 States” mode, the 
user has to choose the correct state 
from four options, so it depends on 
recognition.

How does it APPly to your daily life?
Which mode of game play — the one 
based on recall or the one based on 
recognition — would you find more 
difficult? Are there other examples 
in your life when the type of retrieval 
(recall versus recognition) influences 
how difficult a task is?

How does it APPly to your 
understanding of psychology?
How could this app help you 
appreciate the difference between 
the two types of retrieval: recall 
and recognition? How might that 
appreciation influence the way 
you study or otherwise learn new 
material?

To learn more about this app or to 
download it to your phone, you can 
search for “50 US States” on google, 
in the iPhone App store, or in the 
google Play store; there are several 
apps with similar names, so it might 
be helpful to include the name of the 
app developer, Andrey Solovyev, in 
your search.

retrieval cues
Reminders that facilitate retrieval of 
information from memory.

encoding specificity
The effect that contextual information that 
was present when memory was encoded, 
such as physical surroundings, has on 
retrieval.
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 situation where you learned the information, you have a better chance of recalling it 
(Brown & Craik, 2000; Fisher & Craik, 1977; Koriat, 2000; Smith et al., 2018; Tulving 
& Thomson, 1973). For example, picture a new employee, Kirsten, who shows up for 
her first day at work and meets her coworker, Drew, at the elevator to their office. 
Kirsten is more likely to remember Drew’s name the next day if she bumps into him 
at the elevator again rather than in the conference room, in the parking lot, or in a 
grocery store.

Studies have found that encoding specificity works in all kinds of situations. In 
one early study, half of the participants memorized a list of words underwater, while 
the other half learned the same list on dry land. When they were quizzed, each group 
remembered more when they were in the same place where they learned it (Godden &  
Baddeley, 1975). Other studies have found similar results based on the odor in the 
room (flowers, peppermint, or fresh pine), the type of music being played (jazz or clas-
sical), whether the participant was riding an exercise bike, whether the participant 
was smoking, and even whether the participant was chewing a particular kind of gum 
(Baker et al., 2004; Balch & Lewis, 1996; Balch et al., 1992; Herz, 1997; Larsson et al., 
2017; Mead & Ball, 2007; Miles & Hardman, 1998; Peters & McGee, 1982). For your own 
benefit as a college student who will take many tests, the take-home message is clear: 
study in an environment as similar as possible to the environment where you will take 
the test (Smith & Vela, 2001).

Just as being in the same location can help retrieval, so can being in the same 
state of mind, which psychologists call state-dependent learning. Studies have found 
that when you put yourself in the same mood or psychological state you were in when 
you learned new information, you are more likely to remember it (Bower, 1981; Eich, 
1995a, b, 2007; Ucros, 1989). For example, one study put participants in either a good 
mood or bad mood by having them make statements about themselves that were either 
flattering or insulting. While in those moods, they memorized lists of words. Two days 
later, they were asked to recall their lists. Their recall performance depended on their 
mood when they were tested. Those in the same mood at both points in time, regard-
less of whether that mood was good or bad, remembered significantly more than those 
in one mood when they learned and in a different mood when they recalled (Beck & 
McBee, 1995).

Priming. A final type of influence on retrieval is priming: when recent experiences 
cause an increased likelihood of recalling certain memories. For example, spending 
time on any beach is likely to increase your recollection of all of your memories related 
to beaches. Priming can even influence the way that individual words enter our mind 
(Lukatela & Turvey, 1994a, b). For example, if you ask people to spell the word flour/
flower, you’re more likely to get the first spelling from a baker, and you’re more likely 
to get the second spelling from a florist. Their different day-to-day experiences — most 
important, the words and concepts that occupy their minds on a regular basis —  
predispose them toward different recollections of the spelling of that homonym.

When researchers study priming, they often show participants a list of words and 
then distract them for a few minutes. After the distraction, the researchers provide 
word stems — that is, the first few letters of a word — and then ask the participants to 
complete the word. So if the word stem is tel-, participants might come up with the 
word tell, television, or telephone, among others. However, if the original list included the 
word telescope, participants are especially likely to choose that word. What is  especially 
interesting about priming is that they would also be likely to come up with telescope 
if the original word list contained words semantically related to telescopes (but not 
the word telescope itself), like star, moon, planet, and constellation (Turkington &  
Harris, 2001).

In a twist on this methodology, one group of researchers showed participants 
photos of celebrities whose names happened to sound exactly like ordinary words. 
For example, they used a photo of Brad Pitt, whose last name is a homophone for 
pit  (Figure 5.5). The likelihood that participants correctly identified the celebrity 
depended upon whether they had been primed with a fill-in-the-blank task in which 

priming
When recent experiences cause an increased 
likelihood of recalling certain memories.

encoding specificity (or context-dependent 
memory) means that you are more likely to 
remember something if you’re in the same 
context as when you learned it. For example, 
if you meet someone at the elevator, you’re 
more likely to remember that person’s name 
at the same elevator than in a different 
location.
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LIFE HACK 5.1
Take advantage of context- 

dependent memory and state- 
dependent learning. If you’re 

 struggling to remember something, 
try to put yourself back in the same 

situation or the same mood you were 
in when you first learned it.

(eich, 2007; Fisher & Craik, 1977; Koriat, 2000; 
Tulving & Thomson, 1973)
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the homophone was the right answer. In other words, participants were more likely 
to correctly say “That’s Brad Pitt” if they had previously been asked what the name of 
the hard inner part of a cherry or plum is rather than a different unrelated question 
( Burke et al., 2004 ).    

 Here’s a personal example of priming. I once spent several hours shoveling foot-
high snow from my driveway in single-digit temperatures. The whole time, all I could 
think about was how far below freezing it was and my increasing chances of frost-
bite. As I finally finished shoveling, I felt my phone vibrate. By the time I managed to 
pull off a snow-caked glove and reach my frozen fingers into my pocket, I had missed 
the call and had a very short new voicemail. It was from my next-door neighbor, and 
when I listened she said just one word: “Chilly?” Was she joking? Or mocking me from 
her toasty living room? She knew it was way past chilly — it was absolutely frigid. 
I disgustedly shoved the phone back in my pocket and trudged toward my door when 
I heard her knock on her kitchen window. I looked up and saw her holding a steaming 
bowl with a spoon in it, and she mouthed the word to me again: “Chili?” Oh,  chili , not 
chilly . She wasn’t mocking me — she was offering me lunch. I had been so focused on 
the cold that I was primed to bring to mind  chilly  when I heard that word. On any other 
day, without such priming, I would have been more likely to consider what she actually 
meant. 

     FIGURE   5.5       Brad Pitt and Cherry Pits.  Researchers found that the likelihood of correctly 
recognizing Brad Pitt increased if participants had been asked a question about pits (as in 
cherries) as opposed to a question about something unrelated to his name (like a cane). The 
sound of the word  pit  primed participants to remember similar-sounding words ( Burke et al., 
2004 ).   

   CHECK YOUR LEARNING:  

    5.4  What are the three steps of memory according to 
the information processing model?  

   5.5   What is encoding, and how does it involve sensory 
memory?  

   5.6   What is the difference between echoic memory and 
iconic memory?  

   5.7   How does encoding depend on the level of 
processing?  

   5.8   What is long-term potentiation, and how does 
it relate to encoding?  

   5.9   What is storage, and where in the brain does 
it occur?  

   5.10   What is retrieval, and what are the two ways 
it happens?  

   5.11   What are retrieval cues, and how do they affect 
retrieval?  

   5.12   What are encoding specificity and priming, and how 
does each enhance retrieval?   

  To check your understanding of these questions, click show the answers or refer to the answers in the Chapter Summary.      
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The hard center 
of a cherry is a 
___________.

Priming question

Who is this?

A wood or metal rod that 
people use to support 

themselves while walking is a 
___________.

Non-priming question
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Types of Memory
Psychologists have identified many types of memory. One legendary memory 
researcher made a note of every type of memory he ever saw defined in any article 
or book. His final list included 256 types of memory, including such peculiar labels 
as particular political memory, chemical memory, and even the oxymoronic forgotten 
memory (Tulving, 2007). Since there’s no way we can explore all of the types of mem-
ory, let’s zoom in on the types that are most widely studied by memory experts.

One way of categorizing memory focuses on conscious awareness of  memories. 
In other words, there are memories that we know we know (and can describe well), 
and there are other memories that we don’t know we know (and can’t describe well). 
In this section, we consider the two labels that capture these different kinds of  
memory — explicit memory and implicit memory — as well as some related concepts.

Explicit Memory
Explicit memory is memory of which you are consciously aware. It is also called 
declarative memory, which refers to the fact that it is memory that you can declare (or, 
more simply, tell) to another person (Baddeley et al., 2009; Lockhart, 2000; Squire & 
Zola, 1996). (By the way, when you hear the word explicit, you may initially think that it 
means graphic in an adults-only way, as in some movies, music, and video games with 
“explicit content.” That’s not the meaning of the word here.) Explicit memory is mem-
ory that you know you know. It consists of all the factual knowledge you have accumu-
lated, as well as all of the personal experiences you have tucked away.

Semantic Memory. There are two subtypes of explicit memory: semantic memory 
and episodic memory (Ryan et al., 2008; Tulving, 1983). Semantic memory is a type of 
explicit memory consisting of facts, figures, word meanings, and other general infor-
mation. Semantic memory is what helps Jeopardy! contestants answer all those ques-
tions on all those subjects. It’s the depository of available information and trivia that 
you have in mental storage: stuff you learned in school, like the seven continents; stuff 
you learned from friends and family, like what kind of car your cousin bought last 
year; stuff you learned through media, like who won the NBA or WNBA games last 
night; and much, much more.

Episodic Memory. By contrast, episodic memory is a type of explicit memory con-
sisting of personal firsthand experiences. Episodic memory is your internal autobi-
ography, a record of the episodes of your life (Gershman & Daw, 2017; Mace, 2010; 
Neisser & Libby, 2000; Tulving, 1972, 1983, 1998; Wheeler, 2000). It’s your recollection 
of what happened to you rather than what facts you happened to pick up along the 
way. Your episodic memory contains your replay of minor events in your life, like last 
night’s dinner and last week’s visit to the dentist. It also contains major events in your 
life, like your high school graduation and your last conversation with a dying relative. 
The small stuff often fades rather quickly from episodic memory, being replaced by 
more recent events, but the big stuff tends to endure (Conway, 2008).

Research suggests that different regions of the brain may be responsible for 
semantic memory and episodic memory (Brown et al., 2018; Moscovitch et al., 2016; 
Takashima et al., 2017). One study describes three children who experienced brain 
injuries with hippocampus damage. All three had severely limited episodic memory. 
They couldn’t remember what took place in their own lives, but they still succeeded 
in mainstream schools and reached an average or slightly below-average level of 
achievement in areas like language competence, literacy, and factual knowledge. Their 
experiences indicate that the hippocampus is much more involved in episodic memory 
than semantic memory (Vargha-Khadem et al., 1997). Other studies have suggested 
that semantic memory relies more heavily on the prefrontal cortex, which makes 

YOU WILL LEARN:

5.13  what explicit memory is.

5.14  about two types of explicit 
memory: semantic memory and 
episodic memory.

5.15  what implicit memory is.

5.16  about a type of implicit 
memory known as procedural 
memory.

explicit memory
Memory of which one is consciously aware.

Semantic memory is a kind of explicit 
memory that consists of facts, figures, and 
other general information — the kind of 
knowledge that makes Jeopardy! contestants 
successful.
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semantic memory
A type of explicit memory consisting of facts, 
figures, word meanings, and other general 
information.

episodic memory
A type of explicit memory consisting of 
personal firsthand experiences.
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sense, since that part of the brain is also heavily involved with the kind of deliberate 
thought often used to form semantic memories (but not as often used to form episodic 
memories) (Gabrieli et al., 1998; Martin & Chao, 2001).

Implicit Memory
Implicit memory is memory of which you are not consciously aware. It is also called non-
declarative memory, because you cannot easily declare (or tell) it to another person. Implicit 
memory is memory that you don’t know you know. You can’t explicitly state it, but you can 
imply its presence by your actions, which is why it is called implicit (Baddeley et al., 2009; 
Lockhart, 2000; Squire & Zola, 1996). For example, if you are an experienced driver, you 
might not be able to describe the exact steps involved in starting a car (e.g., turning the key 
in the ignition, stepping on the brake, putting it in gear, stepping on the gas, steering). How-
ever, the fact that the engine cranks and your car moves down the road within seconds of 
you sitting in the driver’s seat implies that you clearly remember how to start a car.

Procedural Memory. Much of implicit memory is procedural memory: a type 
of implicit memory consisting of how to perform tasks that you do automatically. 
The key word in that definition is how. Procedural memory is your recollection of 
how to do things (Schacter et al., 2000). For example, you rely on your procedural 
memory to know how to ride a bike, how to brush your teeth, how to buckle a belt, 
how to use utensils, how to turn up the volume on your phone, and lots of other 
behaviors that you can do on autopilot. Procedural memory is remembering an 
action rather than an object.

It is important to remember that actions don’t enter procedural memory the first 
time we do them. It takes many, many repetitions for them to become so ingrained that 
we no longer need to make a deliberate effort to complete them (Gupta & Cohen, 2002; 
Ofen-Noy et al., 2003). For example, new ballroom dancers trying to learn the cha-cha 
will definitely have to hear (from instructors, partners, or themselves) the “one, two, 
cha cha cha” count and work purposefully to make their feet take the correct steps on 
every beat. But after a little experience, the need to hear the count fades. After a lot of 
experience, they do the cha-cha without thinking, as if what was once entirely foreign 
has become entirely intuitive.

Sometimes we don’t realize that our procedural memories are so deeply ingrained 
until we need to teach another person how to do the same procedure. (If a 4-year-old 
asked you how to tie shoes, could you explain every little step?) I was once filling my 
car with gas when a mother and her 15-year-old son, with a brand-new driver’s permit, 
pulled up to the opposite side of the pump. Mom handed her son a credit card and said, 
“Go ahead — fill it up.” The son looked completely bewildered, and in response the mom 
looked equally bewildered about the fact that her son was so bewildered. The son said, 
“How?” The mom said, “What do you mean, ’how’? You just fill it up. It’s so easy.” Even-
tually, the mom realized that she had filled the tank so many times that she could do it 
without thinking. It was embedded in her procedural memory. But she was going to have 
to take her inexperienced son step by step through this process: open the little fuel door 
on the side of the car, unscrew the gas cap, press the necessary buttons on the display, 
select a particular grade of gas, lift the nozzle, insert it in the tank, squeeze the handle 
to start the flow, and so on. By the time she was finished, the mom realized that you 
don’t just “fill it up.” You learn a series of steps that is initially complex but eventually 
becomes a procedure committed to memory.

Research indicates that implicit memory and explicit memory are very distinct 
processes in the brain (Loonis et al., 2017). In fact, they utilize different brain regions 
(Figure 5.6). Explicit memory relies primarily on the frontal lobes and hippocam-
pus. Specifically, verbal information (like passwords for your social media accounts) 
is stored in the left side of the frontal lobes and hippocampus, but visual information 
(like what your backpack looks like) is stored on the right side of these brain struc-
tures. Implicit memory, on the other hand, relies primarily on the cerebellum and (at 
least for implicit memories involving motion) basal ganglia (Eichenbaum, 2010; Squire, 
2004).

implicit memory
Memory of which one is not consciously 
aware.

Procedural memory is implicit memory for 
tasks you do automatically. Those tasks, 
like brushing your teeth, often enter your 
procedural memory through repetition.
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procedural memory
A type of implicit memory consisting of how 
to perform tasks that are done automatically.

Implicit Memory

Basal ganglia

Cerebellum

Frontal lobes

Hippocampus

Explicit Memory

FIGURE 5.6 Localizing Implicit Memory 
and Explicit Memory. Implicit memory relies 
on the cerebellum and basal ganglia, but 
explicit memory relies on the frontal lobes 
and hippocampus.
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CHECK YOUR LEARNING:

5.13  What is explicit memory?

5.14  What are the two basic types of explicit memory, 
and how do they differ?

5.15  What is implicit memory?

5.16  What is procedural memory?

To check your understanding of these questions, click show the answers or refer to the answers in the Chapter Summary.

What Affects Memory?
Sometimes your memory is amazing, pulling up a fact or trivial experience you buried 
deep many years ago and haven’t thought about since. (“Wow, I can’t believe I remem-
ber my kindergarten teacher’s name.”) Other times, your memory lets you down, leaving 
you fumbling for important facts (“What’s the passcode for my phone?”) or information 
you’ve used recently and regularly (“What’s my neighbor’s name again?”). Psychologists 
can’t entirely explain why memory can be so fickle, but they have identified certain factors 
that often affect it.

Time and Memory
Time is generally the enemy of memory. Psychologists call the process by which time 
erodes memory decay: the dwindling or loss of information from memory due to the 
passing of time. Decay happens most often when information is not used. For instance, 
if it is not used, information that enters sensory memory will decay before it enters 
short-term memory. Similarly, unused information that enters short-term memory will 
decay before it enters long-term memory.

Once information is in long-term memory, its recall still depends on use. If you call it 
up once in a while (rather than leaving it untouched for long periods), the information is 
more likely to be there when you need it later (Barrouillet et al., 2009; Brown et al., 2007; 
Carrier & Pashler, 1992). For example, consider a family reunion at which you bump into 
a cousin whom you haven’t seen in 5 years. If you haven’t heard or thought their name 
in all that time, there’s a decent chance their name has decayed from your long-term 
memory and you’ll need to peek at their nametag. However, if you occasionally talk about 
them with other family members or you’ve seen their Instagram posts once in a while, 
those experiences have refreshed your memory enough to lessen the chances of decay.

Context and Memory: “other” Information
Your ability to remember a particular piece of information depends on its context — that is, 
what other information surrounds it (Dewar et al., 2010; Roediger et al., 2010; Wixted, 2010). 
In general, other information interferes with the memory of the target information, much 
as a pocketful of coins makes it difficult to find the one dime you need.

One particular form of this interference is retroactive interference:  problems 
remembering older information caused by newer information.  Retroactive 
 interference is what happens when you watch two movies in a row and have 
 difficulty recalling the details of the first one. The second movie sort of bumps  
the first one (or at least parts of it) out of your mind. The opposite form of  interference 
is  proactive  interference: problems remembering newer information caused by older 
 information. Proactive interference is what happens when you watch two  movies 
in a row and have difficulty recalling the second one. In this case, it’s as if the first 
movie refuses to make room for the second one, so parts of the second one don’t get 
processed into memory (Bäuml, 1996; Fatania & Mercer, 2017; Keppel &  Underwood, 
1962; Underwood, 1957).

Retroactive interference is usually considered problematic, but recent research 
suggests that it could be helpful when people are tormented by painful or upsetting 
memories. One group of researchers was studying the negative memories of children 

YOU WILL LEARN:

5.17  how memory can be affected 
by decay over time.

5.18  how memory can be affected 
by context, or “other” information 
around it.

5.19  what retroactive interference 
and proactive interference are.

5.20 what the primacy effect and 
recency effect are.

5.21  how feelings can influence 
memory, such as the flashbulb 
memory of an especially emotional 
event.

5.22  how to improve memory, 
including mnemonics, study 
frequency, and sleep habits.

decay
The dwindling or loss of information from 
memory due to the passing of time.

retroactive interference
Problems remembering older information 
caused by newer information.

proactive interference
Problems remembering newer information 
caused by older information.
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who had lived through Hurricane Katrina in 2005, but Hurricane Gustav hit the same 
area in 2008 as they conducted the study. The researchers found that the experience 
of Hurricane Gustav reduced children’s memories of Hurricane Katrina, even if their 
experience with Hurricane Gustav was not as severe (Weems et al., 2014).

Different researchers tried to replicate the 2008 study in a more controlled way. 
Researchers exposed participants to highly negative pictures (to mimic the hurri-
cane), then exposed them to a second set of negative pictures, and, finally, asked par-
ticipants to recall the first set of images. Memories of the first image set were reduced 
by seeing the second image set, even when the second image set was less negative 
than the first. The researchers speculated that people who want to forget a highly neg-
ative event might go through a new, less severe, negative event to create retroactive 
interference that at least partially displaces the unwelcome memories of the original 
event  (Hensley et al., 2018). Of course, additional research will be necessary to deter-
mine how effective such a technique might be.

Position Effects. Related to both proactive and retroactive interference is the 
serial position effect: the tendency to remember the first and last items in a series 
better than the items in the middle. There are terms for the specific effects at either 
end of the series. The primacy effect is the tendency to remember the first items in 
a series particularly well. The recency effect is the tendency to remember the last 
items in a series particularly well. For the first items in the list, there’s no chance 
of proactive interference, because nothing came before. For the last items, there’s 
no chance of retroactive interference, because nothing came after — unless there’s 
a delay before recall, when retroactive interference can take place so the recency 
effect is not so strong (Postman & Phillips, 1965). However, the items in the middle 
are susceptible to both proactive and retroactive interference, so they tend to be for-
gotten more often (Feigenbaum & Simon, 1962; Greene, 1986; Murdock, 1962; Raffel, 
1936; Tzeng, 1973).

The serial position effect, primacy effect, and recency effect were described 
early in the history of psychology by Hermann Ebbinghaus (1885). For over a cen-
tury, his findings about these effects have been replicated again and again (Bower, 
2000; Craik & Watkins, 1973; Crowder & Greene, 2000). In a free recall situation 
immediately after hearing a list of about a dozen items (“Name all the words you can 
remember . . .”), participants typically begin with the last items, correctly naming the 
last three items about 80–90% of the time. Next, participants name the first couple of 
items on the list, correctly naming them about 60–70% of the time. Then, if they can, 
participants name items from the middle of the list, but only about 30–40% of them 
(Figure 5.7).

Researchers often study the serial position effect by presenting a list of spo-
ken or written words and then asking participants to recall all they can (Crowder 
& Greene, 2000). But serial position makes a difference in all kinds of situations in 
which there is a series of stimuli. For example, if you meet 10 people at a party, you 
are more likely to remember the names of the first few people and the last few peo-
ple than the people in the middle. If you go to a concert and hear 20 songs, you are 
most likely to remember what the band opened with or what it played as an encore 
than what it played halfway through.

More recent research has explored these kinds of real-world applications of the 
serial position effect, primacy effect, and recency effect. As an example of the primacy 
effect, one study found that wine tasters who tried five wines tended to prefer the 
first wine they tasted, no matter which one that was — perhaps because their memory 
for the first one was stronger than for the others (Mantonakis et al., 2009). A meta- 
analysis of 11 studies on food preferences found the same result. The first food tasted 
is disproportionately chosen as the favorite, even when the order was  randomly 
 determined (Dean, 1980). By contrast, the recency effect was demonstrated in a 
study of figure skating results. Skaters who went last received the best ratings from 
the judges, even when their order was randomized according to their previous scores 
(Bruine de Bruin, 2005, 2006).

serial position effect
The tendency to remember the first and last 
items in a series better than the items in the 
middle.

FIGURE 5.7 Serial Position Effect. When 
you recall a series right after it ends, you 
are much more likely to remember the first 
and last items than the items in the middle 
(Postman & Phillips, 1965).

primacy effect
The tendency to remember the first items in a 
series particularly well.

recency effect
The tendency to remember the last items in a 
series particularly well.
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  WATCHING PSYCHOLOGY 

   The Serial Position Effect on  American Idol ?  
 In many competitions, contestants take turns 
showcasing their talents: beauty contests, gymnastics, 

political debates, speed dating, and job interviews, among many 
others. Does it matter whether you go first, last, or somewhere in the 
middle? 

 A team of researchers explored this question in the results of 
the  Idol  singing series ( Page & Page, 2010 ). They examined not just Idol  singing series ( Page & Page, 2010 ). They examined not just Idol
American Idol  but also  American Idol  but also  American Idol Australian Idol  but also  Australian Idol  but also  , Canadian Idol, Indian Idol,
X-Factor  (england), and similar shows from Brazil, the Netherlands, X-Factor  (england), and similar shows from Brazil, the Netherlands, X-Factor
and germany. Their dataset included over 1500 singing performances 
from 165 episodes. 

 Their basic finding? The later, the better. That is,  Idol  contestants Idol  contestants Idol
who performed later in the show were most likely to survive to the 
next week.  Idol  contestants who performed earlier (with the excep-Idol  contestants who performed earlier (with the excep-Idol
tion of the very first contestant) were most likely to be voted off (as 
illustrated in   Figure 5.8   ). Specifically, the researchers calculated 
that a contestant is 5 percentage points more likely to advance into 
the following week’s competition for each position they are closer to 
the end of the show. The authors found that there is a small primacy 
effect, based on the fact that singers who go first are evaluated more 
positively than those who go second or third, but there is a huge 
recency effect.    

 Of course, if you think critically about these results, you can 
see numerous reasons other than serial position effects to explain 
them. The authors themselves point out many of them: The show’s 
producers may save the best for last rather than presenting the 
singers in random order. Also, more viewers may watch the 
latter part of the show than the earlier part of the show. Further, 
later singers have the advantage of hearing earlier singers, as 

well as the judge’s feedback, so they can make adjustments 
accordingly. 

 even with these alternative explanations, these researchers 
argue that the order of appearance may make a difference for each 
 contestant. Other studies have offered similar results and conclusions 
( Li & epley, 2009 ). •

   Relearning.      Sometimes your memory depends not so much on the presence 
of “other” information, but on the fact that you have already remembered and 
forgotten that particular information. Psychologists call this process  relearning : 
the process of committing information to memory for a second time after it has 
been forgotten. A few paragraphs ago, we imagined a family reunion in which you 
forgot your cousin’s name. If he reintroduces himself (“Johnny, of course! How 
have you been?”), a week later you are more likely to remember Johnny’s name 
than you are to remember the name of Johnny’s new baby whom you met for the 
first time at the reunion. At the reunion, you are learning Johnny’s baby’s name 
but  re learning Johnny’s name, so Johnny’s is more likely to stick ( MacLeod, 1988 ; 
  Nelson, 1985 ).  

   Flashbulb Memory.      Other times, your memory depends upon the emotional 
 context of the information you learn. Specifically, information and events that arouse 
powerful feelings are especially likely to be recalled, often as if they happened 
 yesterday ( Fivush et al., 2009 ;  Schmidt, 2007 ;  Schooler & Eich, 2000 ). A memory of this 
type is a   flashbulb memory  : a distinctively clear and vivid memory of an  emotionally 
charged and novel event ( Brown & Kulik, 1977 ;  Curci & Luminet, 2009 ;  Luminet & 
Curci, 2009 ). 

  Flashbulb memories are often shared by those who experienced or witnessed 
them. For U.S. residents in recent years, that list might include the terrorist attacks 
of 9/11; the school shootings at Sandy Hook Elementary in Connecticut or Marjory 

   flashbulb memory  
 A distinctively clear and vivid memory of an 
emotionally charged and novel event.  

     FIGURE   5.8       American Idol and the Serial Position Effect.  On 
American Idol , singers who perform later in the show have better odds of 
receiving enough votes to survive to the next week. This finding may reflect 
the recency effect (among other factors).   Data from  Page and Page (2010) .  

Odds 
of 
being 
voted 
safe

Order of appearance

Highest

Lowest

1 2 3 4 5 6 7 8 9 10 11 12 13

06_pomerantz3e_33944_ch05_136_171.indd   155 05/07/22   1:33 PM

Copyright ©2023 Worth Publishers. Distributed by Worth Publishers. Not for redistribution. 



156 CHAPTER 5 MEMoRy

Stoneman Douglas High School in Florida; Hurricane Katrina in New Orleans; the 
mass shooting at an outdoor concert in Las Vegas; the killing of George Floyd; the 
insurrection at the U.S. Capitol on January 6, 2021; even a championship victory by a 
favorite sports team. These major events contain so much emotional power that many 
of us not only remember them with detail and feeling but also can recall exactly where 
we were and what we were doing when they took place.   

Does something have to be a society-wide event to be 
a flashbulb memory?  

 Not at all. Many of your flashbulb memories are personal: things that happened 
not to everyone but just to you. Bad things, like car accidents, robberies, sexual 
assaults, or deaths of loved ones, can produce flashbulb memories. But good things, 
like reunions, graduations, or surprise parties, can also produce flashbulb memories 
if they are sufficiently vivid, important, and emotionally intense ( Davidson, 2008 ; 
 Lanciano et al., 2018 ;  May et al., 2020 ;  Stone & Jay, 2018 ). For example, one study found 
that for women pledging the Greek system at a large state college, the moment they 
received a bid from a sorority was as capable of creating a flashbulb memory as any 
negative event they might have experienced ( Kraha & Boals, 2014 ). 

 Flashbulb memories are more vivid than regular memories, but they are not 
any more accurate ( Talarico & Rubin, 2009 ). One important factor about the reli-
ability of flashbulb memories is how direct the experience is. If you experience 
the event firsthand, you are less likely to forget or distort the memory than if you 
see or hear it on the news ( Er, 2003 ;  Pillemer, 2009 ). In one study, researchers 
asked people to recall the earthquake that rocked the San Francisco area in Octo-
ber 1989, which killed over 60 and injured over 3000. Coincidentally, the World 
Series was taking place in the area at the time, featuring both Bay Area teams, 
the San Francisco Giants and the Oakland A’s. For this reason, the earthquake 
was witnessed live by millions on TV and radio. People from California, who were 
more likely to have felt the earth move under their own feet, recalled their own 
experiences of the earthquake and the news reports about it with a high degree 
of accuracy. People from a distant city such as Atlanta, who could only learn about 
the earthquake secondhand, showed much lower rates of recall about the event 
( Neisser et al., 1996 ). 

   Diversity and Flashbulb Memory.          Culture can also have a strong 
impact on flashbulb memories ( Wang & Aydin, 2018 ). Under-
standably, the importance of an event to members of a particular 

culture makes a difference in whether flashbulb memories form or not. For exam-
ple, more Americans formed flashbulb memories of the 9/11 terrorist attacks than 
did residents of other countries, and Americans’ memories remained more specific 
and accurate years later ( Curci & Luminet, 2006 ;  Luminet et al., 2004 ). Also, in 
2013, Catholic churchgoers in Italy were more likely to form flashbulb memories 
when Pope Benedict XVI resigned than Catholic Italians who didn’t attend church 
or Italians who were not Catholic ( Curci et al., 2015 ). 

 Some researchers have even argued that forming a flashbulb memory for a 
particular event strengthens the ties between people within a particular social 
group. By claiming “I can remember exactly what I was doing when . . .” an event 
occurred, a person identifies as a member of the group especially affected by 
that event ( Bernsten, 2018 ;  Demiray & Freund, 2015 ;  Hirst & Meksin, 2018 ). For 
 example, by forming and sharing a flashbulb memory of Prince’s sudden death 
in 2016, a fan of the singer can feel a closer bond to his larger community of fans 
around the world. 

 Whether flashbulb memories form or not can depend on how individualistic 
or collectivistic the cultural group tends to be — that is, how the event matters 
to  me , as opposed to how the event matters to  us . One study found that for par-
ticipants from a more individualistic country (such as the United States) and a 

   mnemonic  
 A specific technique or strategy deliberately 
used to enhance memory.  

  My TAKE VIDEO 5.2 

   Flashbulb 
Memory     

▲

      “When I was 5 . . . 
the tornado sirens 

went off . . . ”     
Visit Achieve to watch this My Take 
Video and then answer questions.
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more collectivistic country (such as China), the national importance of an event 
had a roughly equal impact on the likelihood of forming a flashbulb memory.  
However, the personal importance of the event had a different impact on the dif-
ferent groups: it mattered significantly less to participants from China than to 
participants from the United States and the United Kingdom (Kulkofsky et al., 
2011).

Efforts to Improve Memory
So far, our discussion of what affects memory has focused on factors over which you 
often have no control, like the passage of time and the context that surrounds the 
information you hope to remember. But memory also depends on some factors you 
can control to a great extent, including deliberate efforts to enhance our memory of 
certain facts or events.

Mnemonics. A mnemonic is a specific technique or strategy deliberately used to 
enhance memory. Mnemonics are the mental devices, or tricks, commonly used by 
memory champions, such as the USA Memory Championship competitors described 
earlier in this chapter (Worthen & Hunt, 2011). You’ve probably used them too. For 
example, in a science class, you may have memorized the colors of the rainbow in 
order as ROY G. BIV (rather than directly remembering the sequence red, orange, 
yellow, green, blue, indigo, violet). If so, you were using an acronym as a mnemonic 
(Stalder, 2005). In a math class, you may have used a different acronym to learn the 
order of operations by memorizing the sentence Please excuse my dear Aunt Sally, the 
first letters of which correspond to parentheses, exponents, multiplication, division, 
addition, and subtraction.

In addition to mnemonics that rely on letters and words, many mnemonics rely 
on rhythm and rhyme, such as making a song out of the 50 states and their capitals. 
Others rely on visual imagery — in particular, associating new information with 
distinct visual stimuli. Ben Pridmore, who won the USA Memory Championship, 
describes a mnemonic based on this kind of visualization called the method of loci 
(Moe & DeBeni, 2004, 2005). (Loci simply means locations or places.) He uses it 
to memorize the order of cards in a deck in a matter of seconds. In his mind, he 
converts each card “into a mental image of an object or person, and [I] visualize 
them at different points [or loci] along a journey — in this case, around the rooms 
of my grandma’s old house” (Pridmore, 2007). Of course, his grandma’s old house 
is something that Ben already knows by heart, so he’s memorizing a series of new 
things by picturing each new thing with an already-memorized thing. For exam-
ple, if Ben’s first card is the king of hearts, he might picture a king with a visibly 
pounding heart opening his grandma’s front door. If his next card is the three of 
diamonds, he might imagine a stack of three oversized glistening diamonds on the 
table in the living room of his grandma’s house visible after walking in the front 
door. If the next card is the seven of clubs, he might picture seven actual clubs on 
the living room couch, and so on.

Similar to the method of loci is the peg word method, in which you pair images of 
the items you need to remember with a series of words (not locations) you already 
have committed to memory. For example, you might begin by memorizing the simple 
five-word sequence run, blue, bee, door, drive, which rhymes with 1, 2, 3, 4, 5 (Elliott &  
Gentile, 1986; Massen & Vaterrodt-Plunnecke, 2006; Wang & Thomas, 2000). Then, 
whenever you need to remember a series of five or fewer things, you can pair 
those things with this five-word sequence you already know. So, imagine that 
while jogging, you think of five people to whom you need to send party invita-
tions. To remember them until you get home, just picture each of them interacting 
with the items on the previously memorized list: Tina running, Greg painted blue, 
Devonte being stung by a bee, Darren slamming a door, and Deya driving. Later, 
when you are back home, you are likely to recall those images of your five friends 
as you recite your memorized list.

one mnemonic that can boost memory for a 
list of items is the method of loci, in which you 
picture the items in particular locations you 
already have memorized. If you had the specific 
locations within this kitchen memorized, you 
could remember the countertop to your left 
first, then the sink, stove, and fridge. then, if you 
needed to call four friends in a particular order, 
you could visualize each friend at a specific spot 
in the kitchen: Jasmine at the countertop, ella 
washing her hands in the sink, caleb turning on 
the stove, and Diego opening the fridge.
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CHAPTER APP 5.2

 elevate

the elevate app offers memory 
activities designed to keep your 
mind sharp and either maintain or 
enhance your memory if played on a 
regular basis. It includes a variety of 
personalized activities designed to 
enhance memory and other cognitive 
functions.

How does it APPly to your daily life?
apps like elevate often claim to 
improve users’ memory capabilities. 
In your opinion, could it improve your 
memory? If so, which activities would 
be most effective, and how much 
time would you have to spend using 
them? as you consider apps like 
elevate, how important is it to you to 
know that well-done scientific studies 
support their claims about memory?

How does it APPly to your 
understanding of psychology?
of all of the various types of memory 
described in this chapter, which do 
you think would be most and least 
improvable by apps like elevate?

to learn more about this app or to 
download it to your phone, you can 
search for “elevate app” on Google, 
in the iPhone app store, or in the 
Google Play store.
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FROM RESEARCH TO REAL LIFE

Improving your Memory
Much of the research on mem-

ory applies directly to your life 
during college and beyond. To maximize 
your ability to remember everything from the 
information that will be on  tomorrow’s exam 
to the names of the people you met at last 
night’s party, follow these evidence-based 
memory tips:

• Make it meaningful. Think about what the 
information means to you — how you feel 
about it, what opinion you have about it. 
For example, if you’re trying to remember 
the names of your friend’s three dogs, 
think about your previous interactions 
with each of them (Princess startled  
you with a loud bark; Bailey grossed you 
out with bad breath; Bandit amazed  
you with Frisbee-catching abilities). Such 
deep processing helps memories sink in 
better than shallow, superficial processing.

• Use mnemonics. Mnemonics — like acro-
nyms, or the method of loci — are great, 
as long as your goal is mere memoriza-
tion, not comprehension. For example, 
HOMeS is a great way to remember 
the names of the great Lakes (Huron, 
Ontario, Michigan, erie, and Superior), 
but it doesn’t help with any meaningful 
information about them, like the size of 

each one or where they are in relation to 
each other.

• organize ideas. Organize ideas into some 
kind of structure or groups, rather than 
just a random assortment. For example, to 
remember everyone on your softball team, 
categorize them by position: infielders, 
outfielders, pitchers, and catchers.

• Visualize information. Visualize infor-
mation rather than just thinking about 
the word or repeating it verbally. This 
can even include drawing objects if you 
have the chance. For example, visual-
izing the things you still need to put in 
your bag for an overnight trip — a change 
of clothes, running shoes, toothbrush, 
phone charger, and jacket — will give you 
a better chance of remembering them 
than simply saying the list over and over 
to yourself.

• Use context cues. go back to the same 
place you learned something to help you 
remember it now. going back to the same 
mood (or at least imagining it) can help too.

• Imagine teaching the information. Imag-
ine yourself teaching the information to 
someone else. By doing that, you’ll think 
about (or process) the information espe-
cially deeply. You can even anticipate 

questions you might get from your stu-
dents and answer those too.

• Don’t multitask. Memory suffers signifi-
cantly when you do more than one thing 
at once. You may see your friends “study-
ing” with their eyes darting between their 
textbook and their phone (and maybe a 
TV too), but don’t follow their lead — turn 
off all unnecessary screens.

• Keep your mind healthy. Keep your 
mind — and your memory capacity —  
healthy by getting enough sleep, eating 
right, and exercising. Some particularly 
memory-enhancing foods include fish 
(especially wild salmon), pomegranates 
and blueberries, green tea and coffee (in 
moderation), tree nuts (especially walnuts 
and almonds), and dark chocolate (with 
at least 70% cacao content). exercise 
helps memory most when it is aerobic 
and happens outside in fresh air.

• Exercise your mind. Whether old-school, 
like crossword puzzles, or new-school, 
like memory-enhancing apps, brain activ-
ities keep your brain in shape and ready 
to form, store, and recall memories.

Sources: Alloway and Alloway (2013),  
Alloway (2011), and Baddeley (2004). •

Spacing Effect. Studying is another memory enhancement effort. In your many 
years of school, you have undoubtedly tried a variety of study strategies. Research-
ers have found that some strategies work better than others. Specifically, they have 
 identified the spacing effect: the tendency to have better long-term memory for 
information when your attempts to study it are spaced apart rather than crammed 
together. The spacing effect (also known as the advantage of distributed practice over 
massed practice) basically boils down to one important point for you as a test taker: 
cramming does not work as well as consistent, repeated studying. Cramming can cer-
tainly be effective to a limited extent. However, information learned through repeated 
exposures on multiple days becomes more deeply embedded in long-term memory, 
making it more likely to be recalled on test day and more likely to be retained long 
after the test (Bahrick, 2000; Geller et al., 2018; Landauer, 2011; Landauer & Bjork, 
1978;  Roediger & Karpicke, 2011).

The inferiority of cramming to spaced studying is a particularly important finding 
when you consider that it isn’t obvious to everyone. When given a choice, many peo-
ple choose cramming, even when they have the time for more spaced study and even 
though cramming produces lesser results (Son, 2004, 2005; Son & Kornell, 2008). In 
one study, the participants’ task was to memorize random patterns on the number pad 
of a computer keyboard. They learned these patterns in one of two ways: cramming 
(many repetitions at once), or spaced practice (repetitions spread out over time). Par-
ticipants who learned via cramming predicted higher levels of performance but deliv-
ered lower levels of performance than those who learned via spaced practice (Simon &  
Bjork, 2001).

spacing effect
The tendency to have better long-term 
memory for information when attempts 
to study it are spaced apart rather than 
crammed together.
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One more note about spaced studying: college students underestimate how often 
their peers use this study strategy. Specifically, one study found that college students 
believed that about 57% of students intentionally space out their study sessions, but 
about 71% actually did. The researchers suggested that if students more accurately 
perceived how common spaced studying is, they might be more likely to do it them-
selves (Anthenian et al., 2018).

Diversity and Memory
Culture and Memory. What you remember depends quite a bit 
on your specific cultural background (Cappeliez & Webster, 2017; Göz 
et al., 2017; Nakayama et al., 2017). A growing body of recent research 

has found interesting differences between the memories of people of  European 
descent (often Americans), who tend to approach life with a more  individualistic, 
self-focused orientation, and people of Asian descent, who tend to approach life 
with a more collectivistic, group-focused orientation (Ross & Wang, 2010; Wang, 2013;  
Wang & Aydin, 2009).

One group of researchers asked participants from China and the United States to 
freely recall any 20 specific memories from their own lives. The memories provided 
by the U.S. participants included twice as many memories in which they were the only 
person mentioned, while the memories provided by the Chinese participants included 
twice as many mentions of social interactions or group activities (Conway et al., 2005; 
Wang & Conway, 2004). In another study, Asian Americans were instructed to describe 
themselves as either Asian or American. Then, they were instructed to remember 
events from their own past. Those who had described themselves as American were 
much more likely to remember events that were self-focused and much less likely to 
remember events that involved social interaction (Wang, 2008). Similar cultural dif-
ferences have been found in very young children. When asked to share their memo-
ries for things that had happened to them, European American preschoolers include 
far more of their own personal feelings, preferences, and opinions, while Asian pre-
schoolers include far more discussion of other people (especially authority figures) 
and social correctness (Wang, 2004; Wang et al., 2000).

Another study with preschoolers produced a similar result. The preschoolers, 
half of whom were American and half of whom were Korean, played a “pizza game” 
together in which they made pretend pizzas using toy food ingredients. A few days 
later, when they were asked to remember the pizza game, the American kids told more 
stories that featured only themselves, and the Korean kids told more stories that fea-
tured other kids in the group (Chae et al., 2006).

In addition to affecting which events you remember, culture can affect how you 
remember events (Wang, 2021; Wang et al., 2017, 2018). Specifically, researchers have 
found that when people of European descent recall an event, they tend to tell the story 
from their own point of view. By contrast, people of Asian descent are more likely to 
tell the story from the point of view of other people (Cohen & Gunz, 2002; Leung & 
Cohen, 2007). For example, if they were remembering the day their city’s team won a 
basketball championship, the person of European background would be more likely 
to describe what it was like for them as an individual: “I saw that shot go in at the last 
second, and I was ecstatic! I jumped and screamed and felt such a rush of happiness.” 
The person of Asian background might incorporate a more collective point of view 
for a memory of the same event: “When we saw that shot go in at the last second, 
everyone in the gym cheered! The fans in the stands celebrated while the players and 
coaches ran to hug each other on the court.”

Language and Memory. Even the language you speak can 
 influence what you remember. In a pair of studies, people who spoke 
both Russian and English were interviewed in one language or  

the other and then asked to share some of their personal memories. It was no surprise 
that those who were interviewed in Russian remembered more events from the time 

LIFE HACK 5.2
Use the spacing effect to your 

advantage. Rather than cramming 
for tests, study the material in  

multiple, spaced-apart sessions. 
(Landauer, 2011; Roediger & Karpicke, 2011)

DIVERSITy 
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in their lives when they primarily spoke Russian, while those who were interviewed 
in English remembered more events from the time in their lives when they primarily 
spoke English. More noteworthy, however, was the difference in content of their mem-
ories: those interviewed in English provided memories that were much more about 
themselves, while those interviewed in Russian provided memories that were much 
more about other people and relationships (Marian & Kaushanskaya, 2004; Marian & 
Neisser, 2000).

Socioeconomic Status and Memory.  Researchers who study 
racial and ethnic differences in memory abilities among older 
Americans have often found that people of color (most often stud-

ied are Black and Latinx Americans) tend to perform slightly worse on some memory 
tasks and experience slightly higher rates of memory problems than White Americans 
(Dixon et al., 2021). One likely reason for that discrepancy is socioeconomic status 
(SES), which tends to differ along racial lines as well. Generally, people with higher 
SES throughout their lives tend to have higher-functioning memories as older adults 
than people with lower SES (Marden et al., 2017). Another likely reason for the dis-
crepancy is discrimination: Black older adults who experience more daily discrimina-
tion tend to experience more memory problems (Johnson et al., 2020; Zahodne et al., 
2019). Other likely reasons include race-related discrepancies in physical health and 
mental health (Zahodne et al., 2017).

Sleep and Memory
Sleep is an important but often overlooked factor that affects memory. One inter-
esting aspect of the relationship between sleep and memory is that memories are 
typically stronger if the time interval between encoding and retrieval includes 
sleep than if it doesn’t (Brown & Lewandowsky, 2010). In other words, “sleeping on 
it” helps memory. Researchers believe that sleep serves two important functions 
related to memory: (1) sleep allows for consolidation of memories, strengthen-
ing memory formation (Feld & Born, 2017; LeDoux, 2007); and (2) sleep prevents 
any kind of interference from taking place (Born et al., 2006; Ellenbogen et al., 
2006; MacLeod & Hulbert, 2011). This effect is strongest if the sleep takes place 
closer to the time of encoding than the point of retrieval. Sleeping right after you 
study helps your mind form strong memories of the material (de Bruin et al., 2017; 
Ekstrand, 1972).

The flip side of sleep helping memory is that a lack of sleep hurts memory (Gais 
et al., 2006; Marshall & Born, 2007; Mu et al., 2005; Ratcliff & Van Dongen, 2018; 
Whitney & Rosen, 2013). You probably know this firsthand. The day after pulling 
an all-nighter studying for a test, your memory sputters. Your absent- mindedness 
extends even to things you typically remember with ease — where you put your 
keys, why you went into the kitchen, what time your friend said they’d pick you up. 
On these drowsy days, these kinds of memories are lost in a fog.  However, on days 
when you are well rested, this stuff is easy to remember. Interestingly, research 
has found that information learned right before a  sleepless night is frequently 
forgotten even if you sleep well the following two nights  (Peigneux et al., 2010). 
So, if you don’t sleep well on Monday night, you’re likely to forget information you 
took in during the day on Monday — and sleeping well on Tuesday and Wednesday 
won’t bring it back.

In kids, the link between sleep and memory has prompted some researchers to 
recommend taking a second look at kids with learning problems before diagnosing 
them with learning-related disorders. Their idea is that a sleep-related problem might 
underlie their struggles at school (Curcio, 2006; Maski et al., 2017; Steenari et al., 2003; 
Taras & Potts-Datema, 2005). This link has also fueled the debate about school start 
times (as discussed in Chapter 4), with some arguing that pushing back the opening 
bell to later in the morning would facilitate numerous benefits, including increased 
memory for what students learn during the school day (Wahlstrom, 2002; Wolfson & 
Carskadon, 2003).

DIVERSITy 
M A T T E R S

LIFE HACK 5.3
get a good night’s sleep before a big 
test, because sleep enhances mem-

ory and sleeplessness impairs it.
(Brown & Lewandowsky, 2010; gais et al., 2006; 

LeDoux, 2007; Whitney & Rosen, 2013)
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CHECK YOUR LEARNING:

5.17 What is decay?

5.18 How is memory affected by context?

5.19 What’s the difference between retroactive 
interference and proactive interference?

5.20 What’s the difference between the primacy effect 
and the recency effect?

5.21 How can emotion influence memory, especially in 
relation to flashbulb memory?

5.22 How can mnemonics, the spacing effect, and sleep 
each improve memory?

To check your understanding of these questions, click show the answers or refer to the answers in the Chapter Summary.

amnesia
The inability to remember some or 
all information, either temporarily or 
permanently.

Memory Problems
In this section, we consider some of the ways that memory can go wrong. Each of us 
knows all too well about such memory problems. They take many forms, from dis-
torted memories to intrusive memories to memory failure. Thankfully, these problems 
typically limit themselves to certain times and places, even among older adults show-
ing the normal age-related reduction in memory capacity (Anderson & Craik, 2000). In 
severe cases, however, these memory problems can be disruptive to people’s lives for 
extended periods of time (Hodges, 2000; Mayes, 2000).

Amnesia
Amnesia is the inability to remember some or all information, either temporarily or 
permanently. Most cases of amnesia have a definitive cause in the form of a brain injury 
or disease, but amnesia occasionally takes place without a physical cause (O’Connor &  
Verfaellie, 2002). In cases without physical cause, known as dissociative amnesia, the 
incidents often occur in the aftermath of psychological trauma, severe abuse, or over-
whelming stress (Brand & Markowitsch, 2010; Brand et al., 2009; Staniloiu et al., 2018). 
Sometimes, amnesia is global, meaning that the person’s entire memory is wiped out. 
Other times, amnesia is situation-specific, meaning that the lost memories are limited 
to a certain part of the person’s life. For example, people suffering from psychogenic 
amnesia may not recall anything related to the trauma or abuse that preceded it, but 
their memories for unrelated material remain intact (Kopelman, 2002a).

People with amnesia often retain their implicit memory despite an obvious loss of 
explicit memory. In an illustration of this point from the early days of psychology, a Swiss 
psychiatrist named Edouard Claparède shook hands with an amnesia patient while hold-
ing a thumbtack that pricked the patient’s hand. Claparède had shaken her hand on previ-
ous days too (with no thumbtack), but day after day the patient had no recollection of who 
Claparède was. However, the day after he used the thumbtack, the patient refused to shake 
Claparède’s hand. She still did not explicitly recognize him and had no conscious recollec-
tion of the thumbtack, but her implicit memory of the pain held her back (Claparède, 1911).

Retrograde Amnesia. Psychologists have identified specific types of amnesia. 
 Retrograde amnesia is the inability to retrieve information that took place before a 
certain point in time. When you hear a survivor of a car accident say, “I can’t remember 
anything from before the accident,” they are describing retrograde amnesia. For example, 
Scott Bolzan hit his head after slipping in the bathroom and lost all memory for what came 
before — his wife, his kids, and his career as an NFL player, pilot, and business owner.

Bolzan wrote a book (titled My Life, Deleted, coauthored by his wife and another 
writer), in which he explains the experience: “I’d lost my life as I’d known it — my 
knowledge, my experiences, and even my identity — when my skull hit that tile floor . . .  
on the way to the hospital, I could almost feel the information draining away, leaving 
me in a foggy, disoriented haze. From that point on, my life was forever changed”   

YOU WILL LEARN:

5.23  how psychologists define 
amnesia.

5.24  what the difference between 
retrograde amnesia and anterograde 
amnesia is.

5.25  about the misinformation 
effect and the types of memory 
mistakes it can produce.

5.26  how certain psychological 
disorders have a negative impact on 
memory.

5.27  how COVID-19 can contribute 
to memory problems.

retrograde amnesia
The inability to retrieve information that took 
place before a certain point in time.
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(Bolzan et al., 2011, p. 4). Speaking of his wife, he added, “She was the woman I’d 
fallen in love with, married, and fathered three children with, and yet I had forgotten 
 everything there was to know about her and our life together. But one question was 
nagging me even more: Who the hell was I?” (p. 9).

Although Bolzan’s retrograde amnesia appears long-lasting, other cases can 
last just minutes, hours, or days (Papagno, 1998). This is commonly seen in athletes 
who “get their bell rung,” incurring mild head injuries and temporarily struggling to 
remember simple facts about themselves. Usually, these athletes soon return to full 
memory function (Kapur et al., 1998; Kopelman, 2002). See the Current Controversy 
box about sports head injuries and memory loss.

Anterograde Amnesia. In contrast to retrograde amnesia, anterograde amnesia 
is the inability to form new memories after a certain point in time. In this case, the 
memory for what took place before the life-changing event remains intact. People with 
retrograde amnesia can remember their childhood, family, job, and so on, but they can’t 
create new memories. They don’t remember what has happened since the onset of the 
amnesia, which means they don’t remember what they just said or did or what others 
just said or did to them. This results in lots of repeating from people with anterograde 
amnesia — the same questions, the same stories, the same actions — because there’s no 
recollection that they’ve already been done (Mayes, 2002). In one well-known case of 
anterograde amnesia, Clive Wearing, a music producer and conductor from England, 
suffered brain damage from a virus. In 1985, Wearing found himself feeling like he was 
waking up over and over, unable to remember that he had already woken up that day. 
His condition required hospitalization and ruined his career, although he has shown 
some memory improvement over the years (Wearing, 2005).

anterograde amnesia
The inability to form new memories after a 
certain point in time.

CURRENT CONTROVERSY

Can Head Injuries in Sports Cause Memory Loss?
Sydney Urzendowski was a ninth-grader in Nebraska 
playing on her high school soccer team. After one 

header, she had intense headaches and nausea that lasted for months. 
She also had significant memory loss: she not only can’t remember 
the play on which the head injury occurred, but she can’t remember 
that entire soccer season. (See the Show Me More link at the end of 
the chapter for a video featuring Sydney.)

Was Sydney’s experience a fluke, or do head injuries from sports 
cause memory loss? This question is at the center of a major debate 
involving amateur and professional athletes and those who treat and 
care about them. In recent years, Major League Baseball has required 
first-base and third-base coaches to wear helmets at all times while 
on the field. The National Football League has introduced new rules 
to outlaw blows to the head and neck, as well as leading with one’s 
own helmet while tackling or carrying the ball. The National Hockey 
League has similarly made new rules to penalize hits to the head. The 
rationale for all of these moves was to reduce the aftereffects of head 
injuries, one of which is memory loss.

Numerous studies support this rationale. For example, multiple 
studies have found a negative correlation between the number of 
headers by professional soccer players and memory ability: the more 
headers, the worse the memory ability (Allen & Karceski, 2017; Levitch 
et al., 2018; Lipton et al., 2013; Matser et al., 2001). Another soccer 
study found that frequent headers (including practices and games) 
better predicted memory problems than unintentional head-to-head 
or head-to-goalpost collisions (Stewart et al., 2018). A study on high 
school and college athletes across many sports (soccer, American 
football, basketball, baseball, and lacrosse) found that the aftereffects 
of a concussion depend strongly on how many concussions the athlete 
had before it: those with multiple prior concussions were over seven 
times more likely to show a significant drop in memory ability than 
those with no prior concussions (Iverson et al., 2004). A meta- analysis 
of over 500 retired athletes found that those with more concussions 

struggled more with multiple types of memory problems even a 
decade after their playing days were over (Zhang et al., 2019).

Other studies reach different conclusions, however. In one, 
researchers found no cumulative effects on memory after two 
 concussions (Iverson et al., 2006). Another study of over 1000 
college athletes found that those who had previous concussions 
 demonstrated no impairment in memory as long as no concussion had 
taken place in the last 6 months (Bruce & echemendia, 2009). A meta- 
analysis showed mixed results: no general memory loss due to 
 multiple mild head injuries, but some possible effects on  particular 
kinds of memory (Belanger et al., 2010). Another meta-analysis 
showed no direct correlation between concussions and memory 
problems in retired NFL players (Fields et al., 2020).

The bottom line is that despite extensive study, it is difficult 
to draw specific conclusions about the way sports head  injuries 
affect memory, whether 
those injuries involve 
concussions or not 
(Martini &  Broglio, 
2018). given the 
inconclusive research, 
and the fact that the 
connection certainly 
exists in at least some 
cases, perhaps the 
most important part 
of Sydney’s story is 
her (eventual) honesty 
about her symptoms 
and the involvement of 
professional health care 
providers in her assess-
ment and treatment. •

According to many studies, memory loss 
can come not only from concussions but 
also from repeated contact to the head 
(including headers in soccer) that doesn’t 
cause concussions.
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Source Amnesia. Sometimes people have no problem remembering informa-
tion, but they can’t recall how or where they learned it (Chen et al., 2018; Mitchell & 
 Johnson, 2000). This is source amnesia: the inability to remember the source of, or how 
you obtained, a particular memory (but not the memory itself). Full-fledged cases of 
source amnesia involve a complete inability to remember the sources of any memories, 
but you may have experienced fleeting moments of source amnesia yourself. There 
might have been times when you were completely confident about a memory, but you 
couldn’t identify how you came to know the information — where you heard it, saw it, 
read it, or otherwise took it in. For example, picture yourself in a car with friends trying 
to find a party to which you are all invited. No one else quite remembers the address, 
but you do: 7476 Gannon Avenue. “How do you know that?” they ask. “I don’t know how 
I know — I just do,” you reply. When you arrive, the party is happening so it’s clear that 
your memory was correct, but you still can’t remember how you knew. Did the host text 
you about the party? Call you? E-mail you? Tell you in person? Post it on social media? 
Or did you hear another friend mention it? Your inability to determine the source of the 
information you remembered is a brief moment of source amnesia.

The existence of source amnesia indicates that when our memory is working cor-
rectly, we engage in source monitoring. We pay attention not only to information but to 
where it comes from (Johnson et al., 1993; Ranganath et al., 2012).

The Misinformation Effect
The misinformation effect is the tendency of false or misleading information pre-
sented after the fact to become mistakenly incorporated into memory. In other words, 
memories often become distorted when new information enters our minds, as if the new 
information somehow seeps into our original version of the memory (Calvillo & Mills, 
2020; Pickrell et al., 2004; Volz et al., 2017). This is not an error of omission, in which 
memories are lost, but an error of commission, in which memories are twisted, revised, 
or supplemented with information that is not true (Roediger & McDermott, 2000).

To illustrate, one summer day, I took my 4-year-old son to Target. He had just 
received a gift card and was eager to spend it. But in the checkout line, with dinosaur 
Legos in his little hands, he looked up at me and burst into tears: “I lost my gift card!” 
The cashier tried to help by saying, “This happened to a little girl yesterday too, but she 
remembered where she was when she took her gift card out of her pocket, and then she 
went back to that part of the store and found it. What part of the store were you in when 
you took your gift card out of your pocket?” He sniffed, thought for a few seconds, and 
said, “The toy part, by the Legos.” Back to the toy section we went, retracing his steps, 
looking on every shelf, but no gift card. After a long search, we headed back to the car 
to see if the gift card might be there. And as he climbed in, my son’s misery turned to 
delight — “Daddy, here’s my gift card! On the back seat!” As he excitedly pulled me back 
into the store with the gift card clutched tightly in his little hand, I noticed that his shorts 
and t-shirt actually had no pockets at all. He couldn’t have taken the gift card out of his 
pocket anywhere in the store. The truth was that he held the card in his hand as he got 
in the car at home and dropped it before we got to the store. Yet the cashier’s question 
(“What part of the store were you in when you took your gift card out of your pocket?”) 
suggested that he took it out of his pocket somewhere in the store, and that suggestion 
was powerful enough to create a misinformed, false memory in my son’s mind.

To some, it may seem surprising or disturbing to acknowledge the misinformation 
effect, the very idea that our memories are so imperfect. But they are. A leading mem-
ory researcher, Daniel Schacter, describes it this way:

[W]e now know that we do not record our experiences the way a camera 
records them. Our memories work differently. We extract key elements from our 
experiences and store them. We then recreate or reconstruct our experiences 
rather than retrieve copies of them. Sometimes, in the process of reconstructing 
we add on feelings, beliefs, or even knowledge we obtained after the experience. 
In other words, we bias our memories of the past by attributing to them emotions 
or knowledge we acquired after the event. (Schacter, 2001, p. 9)

Source amnesia is the inability to remember 
the source of a particular memory. Unless 
source amnesia occurs, as a person forms 
a memory of the words or images they 
see on a smartphone screen, they will also 
form a memory of where they learned that 
information.
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source amnesia
The inability to remember the source of a 
particular memory (but not the memory 
itself) or how it was obtained.

misinformation effect
The tendency of false or misleading 
information presented after the fact to be 
mistakenly incorporated into memory.
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 The misinformation effect can be especially important if the memory was a crucial 
element of a courtroom trial. Specifically, the misinformation effect is particularly rele-
vant — and threatening — to the validity of eyewitness testimony. Elizabeth Loftus, a leading 
researcher on this topic, and a colleague describe the limitations of eyewitness testimony: 

  [An] honest and sincere witness cannot be presumed to be entirely accurate. 
Human information processors are simply overwhelmed by the magnitude 
of incoming information and efforts to process and remember it accurately, 
leaving us vulnerable to error. Some information is necessarily lost, and other 
information may be confused or distorted. ( Davis & Loftus, 2007 , pp. 223–224)  

 The story of the wrongful conviction and imprisonment of Clarence Elkins illus-
trates how unreliable eyewitness testimony can be ( Neuschatz et al., 2007 ). Elkins 
was convicted of killing his mother-in-law and raping and beating his 6-year-old 
niece in 1998. There was no physical evidence to connect Elkins to the crime. His 
conviction was based on the testimony of the niece, who supposedly witnessed Elkins 
murdering his mother-in-law and of course experienced her own traumatic events 
firsthand. After his sentencing, Elkins continued to claim his innocence. As a jail 
inmate, Elkins got a hold of a cigarette butt discarded by a fellow inmate, Earl Mann. 
At the time of the attack, Mann had been living next door to Elkins, and Mann was 
a convicted sex offender. DNA evidence from the cigarette butt matched evidence 
from the crime scene. Mann, not Elkins, was the murderer. Elkins was exonerated, 
but not before he spent 7 years in prison, largely because of eyewitness testimony 
tainted with misinformation. Elkins’s case resembles many others overturned by the 
Innocence Project, an organization that since 1992 has used DNA evidence to free 
hundreds of people who have been wrongly convicted of serious crimes. In many of 
these cases, misinformed eyewitness testimony contributed to the original, mistaken 
conviction ( Medwed, 2007 ).     

  Research suggests that young children (like my son, from the example a few para-
graphs ago) are particularly suggestible to new information as they recall their memo-
ries of events ( Melnyk et al., 2007 ). At the other end of the age spectrum, elderly adults 
are particularly prone to making memory errors when they serve as eyewitnesses 
( LaVoie et al., 2007 ), which can cause concern when they offer their version of events 
during a courtroom trial. People with psychological disorders such as schizophrenia, 
posttraumatic stress disorder, and alcohol abuse are also especially prone to memory 
inaccuracies ( Soraci et al., 2007 ). Also, emotional arousal matters: people in a highly 
emotional state tend to get the central feature of the memory right but often forget or 
distort the peripheral details ( Reisberg & Heuer, 2004 ,  2007 ). For example, a witness 
to an assault may accurately describe the type of weapon used (gun, knife, etc.), but 
inaccurately describe the clothing or eye color of the attacker. 

   The Misinformation Effect and Fake News.      More recently, the increasing 
presence of “fake news” has prompted some researchers to explore how much that 
type of misinformation can contribute to memory mistakes. Some researchers have 
focused on “push polls” as a specific technique for fake news. Push polls are a decep-
tive way of spreading information in the form of a poll or survey. When the push poll is 
spreading misinformation, the person answering the questions may assume the poll is 
a genuine attempt to gather their opinion, but the real purpose of the poll is to suggest 
(or “push”) the falsehoods within the questions themselves. 

 For example, supporters of Candidate A in an upcoming election might conduct a push 
poll in which they ask “If Candidate B was arrested for child abuse, how would that affect 
your likelihood to vote for them?” despite the fact that there’s no reason for this specula-
tion about Candidate B. In one study, researchers conducted push polls on participants who 
were later (in some cases, many days later) asked if they remembered a fake news story 
(which the researchers had since fabricated) that corresponded with the falsehood. Results 
showed that indeed, those who had participated in the push poll were much more likely to 
mistakenly “remember” a fake news story than those who had not (Murphy et al., 2021). 

  My TAKE VIDEO 5.3 

   Memory 
Mistakes     

▲

      “It wasn’t until a lot 
later, where we were 

watching family videos, 
when I looked at it and 

saw . . .” 
Visit Achieve to watch this My Take 
Video and then answer questions.    
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A similar study was conducted in the United Kingdom, at a time when the popula-
tion was bitterly divided on the Brexit issue (whether the UK should leave or remain 
in the European Union). Over 40% of the more than 1000 participants mistakenly 
“remembered” a fake news story about Brexit. Perhaps more importantly, the odds of 
such a false memory were especially high when the fake news story matched with the 
participants’ beliefs (Greene et al., 2021).

Types of Memory Mistakes. Psychologists have identified a number of spe-
cific kinds of memory mistakes based on the misinformation effect. For example, the 
Moses illusion is named after this famous question: how many animals of each kind 
did Moses take on the ark? Most people recall that Moses took two of each animal, 
but that’s wrong — not the number, but the person. In the famous biblical story it was 
Noah, not Moses, who took animals on the ark, but the incorrect information embed-
ded in the question might convince you otherwise (Park & Reder, 2004).

The orientation illusion occurs when you remember the orientation or other 
physical attributes of an item incorrectly (Figure 5.9). For example, when asked 
to remember what common coins look like, people often remember the heads fac-
ing the wrong direction or other features on the wrong part of the coin (Jones &  
Martin, 2004).

The association illusion works this way: you remember things associated with 
what you saw or heard, even though you did not actually see or hear those particu-
lar things. In studies of the association illusion, researchers typically present a list of 
words that all relate to a target word, but the target word itself is intentionally left out. 
For example, the list of words may include cola, drink, pop, bubbles, bottle, can, cup, 
machine, beverage — all words that relate to soda, but soda is not on the list. When the 
participants did a free recall of the list — just remembering any words they could, in 
any order — they recalled the target word 55% of the time. When they did a recognition 
task — saw words one by one, and replied yes or no about whether they were on the 
list — they said yes to the target word 57% of the time (Roediger & Gallo, 2004). These 
are remarkably high recall rates when you consider that the word being remembered 
was not actually on the list. The lesson of the association illusion is this: your memory 
may have a hard time distinguishing between what you actually witnessed and closely 
associated things that you didn’t witness. These and other common memory mistakes 
are summarized in Table 5.4.

Such memory distortion can be small and simple, like falsely remembering a 
word that was not actually presented among a list of related words, but it can also 
be much bigger and more elaborate — a memory mistake called rich false memory   

FIGURE 5.9 orientation Illusion. One 
common memory mistake is the orientation 
illusion, in which people mistakenly remember 
which direction something faces. Consider 
coins, for example: although george 
Washington faces left on the quarter, people 
sometimes mistakenly remember him facing 
right (Rubin & Kontis, 1983).

TABLE 5.4:  Common Memory Mistakes
MEMoRy MISTAKE DESCRIPTIoN EXAMPLE

Moses illusion Allowing mistaken information in the 
question or prompt to influence the 
memory

When asked, “In which part of New York did Drake grow up?” you 
“remember” that Drake grew up in Brooklyn, but he actually grew up in 
Toronto.

Orientation illusion Remembering aspects of spatial orientation, 
such as what direction something faces

When asked what side the face on a penny or nickel looks toward, you 
mistakenly say left for penny and right for nickel.

Associative illusion Remembering things that you never actually 
saw or heard because you saw or heard 
similar things

After hearing a word list containing sandals, sneakers, high heels, clogs, 
cleats, pumps, and boots, you mistakenly “remember” hearing the word 
shoe.

Labeling effects Remembering things differently because of 
the labels others use for them

After watching a video of a car accident, you are likely to report higher 
speeds if asked, “How fast were they going when they smashed into 
each other?” rather than “How fast were they going when they made 
contact with each other?”

Hindsight bias Remembering your predictions incorrectly 
after the outcome is determined

After the basketball season ends, you mistakenly remember correctly 
predicting the team that won the championship, when you really 
predicted another team to win it.

Information from Park and Reder (2004), Jones and Martin (2004), Roediger and gallo (2004), Pohl (2004a, b), and Loftus and Palmer (1974).
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(Loftus, 2005). In the 1990s, research by Elizabeth Loftus and others focused on news 
 stories  featuring court cases in which people claimed to have been abused or other-
wise victimized by family members or friends. In some cases, their stories were lengthy 
and detailed but either highly unlikely or impossible based on the available evidence  
(Loftus & Cahill, 2007).

For example, some people claimed to have been abused for long periods of time 
by large numbers of people who were Satanic cult members and murdered hundreds 
of young children. However, no evidence of these Satanic cults was found, nor was 
there evidence of any murdered children to corroborate their stories. Many of these 
accusers later retracted their stories. In many cases, they were found to have “recov-
ered” these formerly “repressed memories” when in therapy with clinicians who 
convinced the clients that they were true by strongly suggesting that the events took 
place. In other words, these false memories were aided by input from others who 
were attempting to shape the client’s thinking (Bottoms et al., 1996; Goodman et al., 
2007). Stories like these, which expose many “repressed memories” to be exagger-
ated, fabricated, or the results of persuasion by other people, may contribute to the 
fact that memory experts hold skeptical views about the validity of these “repressed 
memories” (Patihis et al., 2021).

In one study related to this false memory phenomenon, Loftus gave participants 
descriptions of events that actually happened to them as children (as  collected from 
participants’ family members), but she mixed in one false story too. The false story 
went something like this: “One time, when you were 5 or 6 years old, you got lost 
in a shopping mall. You got very upset, but an elderly woman stopped to help you, 
and she brought you back to us.” A quarter of the participants mistakenly “remem-
bered” (completely or partially) this story happening to them, even though their 
family members had previously confirmed to Loftus that it never did (Loftus & 
Pickrell, 1995)! Similar studies followed, with similar percentages of people mistak-
enly “remembering” being attacked by animals or being pulled out of the water by 
a lifeguard despite the fact that these events never took place (Heaps & Nash, 2001; 
 Porter et al., 1999).

Other researchers have used edited photos for the same effect. After confirming 
with participants’ family members that they had never been on a hot air balloon as a 
child, the researchers essentially Photoshopped a childhood image of the participant 
onto a hot air balloon background. They then interviewed the participants, on three 
occasions, about the experience. Most participants couldn’t remember the hot air 
balloon ride at first, but about half mistakenly “remembered” it either fully or par-

tially by the third interview. A few participants even included 
details in their false recollections: “basically for $10 or some-
thing you could go up in a hot air balloon and go up about  
20 odd meters” (Wade et al., 2002, p. 600). It is noteworthy that 
the researchers in these studies were actively encouraging 
the participants to remember all they could about the event, 
which illustrates that false memories can be the product of 
people’s suggestible memory suggestibility and the “nudges” 
they receive from other people to recall certain things in a 
certain way.

Research on false and recovered or repressed mem-
ory, like the kind Elizabeth Loftus conducted, has slowed in 
recent years. However, there continues to be at least some 
interest in the related topic of motivated forgetting, or the 
notion that some experiences may be so unpleasant or trau-
matic that people choose, perhaps unconsciously, to forget 
them. One study found that people who cheated at a game 
had “forgotten” the rules they broke — a convenient slip, 
considering that if they remembered the rules, they’d feel 
more guilty (Shu et al., 2011). Some researchers have spec-
ulated that motivated forgetting makes evolutionary sense, 

One study illustrated how false memories can be created by showing 
participants a Photoshopped image of the participant as a child on a hot 
air balloon ride. (The participants did not know that their family members 
had told the researchers no such event ever happened.) About half of 
the participants “remembered” this hot air balloon ride — that never 
happened — after being interviewed about it several times. Some even 
recalled specific details (Wade et al., 2002). Data from Using false photographs 
to create false childhood memories. Wade, garry, Read, and Undsay. Psychonomlc Bulletin & 
Review 2002, Springer.
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particularly if the forgotten event is a major betrayal by a loved one, like a child 
who has been abused by a parent. In such a situation, an accurate memory of the 
abuse could prompt the child to confront or run away from the parent, either of 
which could threaten the child’s well-being or survival. Wiping the abuse from 
memory, although it leaves the child with an unrealistic view of the parent, might 
actually serve the child’s best interests (DePrince et al., 2012).

Memory and Psychological Disorders
Some psychological disorders are largely defined by memory problems. 
 Dissociative amnesia is essentially the clinical name for the amnesia that we have 
already discussed, with an emphasis on the loss of autobiographical informa-
tion. Major neurocognitive disorder and mild neurocognitive disorder, which can 
stem from Alzheimer’s disease, brain injury, excessive substance use, and various 
 medical illnesses, are also characterized by serious memory problems (American 
 Psychological Association, 2013a; Becker & Overman, 2002). These memory-based 
disorders can worsen other psychological problems as well. Imagine how your 
life might be affected if your memory became significantly impaired. You might 
experience bouts of sadness about your memory difficulties or nervousness about 
your ability to function at school, at work, and in relationships. Your self-image 
might worsen as you begin to see yourself as incompetent. Indeed, the frequency 
of  depression and anxiety disorders increases when people experience significant 
memory  disorders (Tate, 2002).

Anxiety, Depression, and Memory. Memory can also play an important role in 
more common psychological problems in which memory problems are not the defin-
ing symptoms (Burt et al., 1995). For example, many studies have linked anxiety to 
memory problems. Specifically, these studies find that working memory capacity is 
often quite low in people high in anxiety. This is true especially when the material 
to be remembered is verbal (as opposed to visual) and they feel pressure to respond 
quickly (Crowe et al., 2007; Hayes et al., 2008; Ikeda et al., 1996; Leigh & Hirsch, 2011; 
Visu-Petra et al., 2011). The attention that the anxiety demands is attention that 
the person can’t devote to working memory, so distraction takes place (Rapee, 1993; 
Visu-Petra et al., 2013). This finding is particularly important for anxious kids, because 
working memory is crucial to learning and school performance (Alloway & Gathercole, 
2005; Alloway et al., 2005; Dehn, 2008; Gathercole et al., 2004; Swanson & Berninger, 
1996).

Interestingly, people with anxiety disorders (generalized anxiety disorder and 
phobias, among others) tend to remember the events of their lives rather accu-
rately. Their memories do not center on anxiety, even though their current feelings 
might (MacLeod & Mathews, 2004). The story is different for people with depres-
sion,  however. Numerous studies indicate that people in depressed moods remember 
depressing things (Dalgleish & Cox, 2002; Hertel, 2004; Urban et al., 2018). For example, 
when presented with a long list of words that includes some that suggest positive feel-
ings (happy, smile, delighted, etc.) and some that suggest negative feelings (miserable, 
cry, gloomy, etc.), people in depressed moods recalled significantly more negative than 
positive words, including some negative words that weren’t even on the list (Bower, 
1981; Howe & Malone, 2011; Watkins et al., 1996). People suffering from depression 
tend to recall their unfortunate experiences and emotions frequently but fail to recall 
the good stuff (Hertel, 2004; Watkins et al., 1992; Wenzlaff et al., 2002). Psychologists 
call this tendency rumination, and it can be a difficult habit to break, keeping some 
people locked into a melancholy mindset for extended periods  (Connolly & Alloy, 2018; 
Nolen-Hoeksema, 2000).

A meta-analysis of this relationship between memory and depression confirms 
that clinically depressed people remember depressing things disproportionately 
(Matt et al., 1992). Some researchers have even suggested that therapy for depression 
should include deliberate attempts to recall more positive memories (Josephson, 1996; 
Rusting & DeHart, 2000; Werner-Seidler et al., 2017).

Memory can play an important role in 
psychological disorders. For instance, people 
who are depressed tend to ruminate about 
their most unfortunate past moments.
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PTSD and Memory. Posttraumatic stress disorder (PTSD) is another  psychological 
disorder in which memory plays a prominent role. Of course, in some cases,  traumatic 
events can disrupt memory (Levin & Hanten, 2002). But more typically, people 
with PTSD remember too much, too often. In other words, they are tormented by 
 involuntary memory: spontaneous retrieval of information in the absence of any 
intention to retrieve it. For example, a person who witnessed a murder might rehear 
the bang of the gun, or a survivor of a serious traffic accident might re-see the 
oncoming car months afterward, even though neither person has any desire to recall 
these events.  Sometimes these involuntary memories are triggered by external cues 
like sights or sounds, or internal cues like thoughts or feelings, but other times they 
just seem to pop into the sufferer’s head (Bernsten, 1996, 2001; Helstrup et al., 2007; 
Kvavilashvili &  Mandler, 2004; Mace, 2004; Williams & Moulds, 2010). In PTSD, these 
memories are often experienced as flashbacks, as they take the person, at least in 
their mind, right back to the traumatic event even though they would strongly prefer 
to avoid it. It’s one thing to experience an assault, robbery, accident, or other trauma in 
the first place, but to relive it again and again through such vivid memory can turn a 
one-time event into an extended nightmare. Sadly, some people suffering from PTSD 
have little control over when the memory interrupts their daily life (Grey & Holmes, 
2008; Holmes et al., 2005; Iyadurai et al., 2019; Krans et al., 2010).

Schizophrenia and Memory. Research has also found significant  memory 
impairment in people with schizophrenia, a debilitating disorder featuring 
 hallucinations, delusions, and other symptoms that indicate a detachment from reality 
 (Aleman et al., 1999; Danion et al., 2004). Specifically, people with schizophrenia show 
 remarkably low levels of episodic memory and long-term memory and somewhat low 
levels of short-term memory. However, procedural memory and implicit memory typ-
ically remain at normal levels (Aleman et al., 1999; Bazin & Perruchet, 1996;  Brebion 
et al., 1997; McKenna et al., 2000). So people with schizophrenia are more likely to 
remember how to do things (like button up a jacket), but less likely to remember 
what they did (like where they left their jacket). These kinds of memory deficits can 
cause significant day-to-day problems for these individuals. In one study, caregivers 
of schizophrenics completed a questionnaire that asked about forgetfulness and daily 
functioning, with questions like “Did they forget where things are normally kept or 
look for things in the wrong places?” These caregivers reported rates much higher 
than those found for people without schizophrenia, and similar to those found in 
 people with brain damage due to strokes (McKenna et al., 2002).

Memory Problems and CoVID-19
Researchers have begun to explore memory problems related to the COVID-19 
 pandemic. Some of those studies focus on memory and social distancing. In one study, 
researchers found a positive correlation between working memory capacity and the 
likelihood of social distancing — that is, people with higher working memory  capacity 
were more likely to socially distance (Xie et al., 2020). In another study, research-
ers found that people who did socially distance — especially those who experienced 
high levels of loneliness as a result — were more likely than others to experience 
 memory-related problems after about a month (Zhang et al., 2020).

Memory problems can also increase after being infected with COVID-19. 
 Specifically, one study found that 8 months after testing positive, 11% of peo-
ple reported that they had experienced memory problems, compared to just 4% of  
people who had never tested positive (Søraas et al., 2021).

A final issue connecting COVID-19 and memory involves contact tracing, which is 
the process of figuring out how a person became infected by asking them to  remember 
any recent interactions with specific people (contacts). The key word there is 
 remember. Problems with remembering such as inaccuracy, incompleteness, distortion, 
and suggestibility can all limit the extent to which contact tracing is successful (Garry  
et al., 2021).

involuntary memory
The spontaneous retrieval of information in 
the absence of any intention to retrieve it.
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CHAPTER SUMMARY

Defining Memory
5.1 Memory is the process of taking in information, saving it over time, 
and retrieving it later.

5.2 Memories define each individual as a unique person.

5.3 Research on memory excellence shows that some people are born 
with the ability to remember nearly everything and that other people 
can train their mind to do amazing memory tasks as well.

The Three Steps of Memory
5.4 The information processing model of memory involves three steps: 
encoding, storage, and retrieval.

5.5 encoding is entering information into memory. It depends on sensory 
memory, in which the senses take in and very briefly hold information.

5.6 echoic memory is auditory sensory memory, and iconic memory is 
visual sensory memory.

5.7 The likelihood that information gets encoded depends upon how 
deep the level of processing is. That depth can be enhanced by effortful 
processing such as chunking and rehearsal.

5.8 When encoding takes place, long-term potentiation occurs, which 
is an increase in connectivity between neurons that form the biological 
basis of memory.

5.9 Storage is retaining information in memory. It occurs in short-term 
(or working) memory and long-term memory.

5.10 Retrieval is pulling information out of memory. It happens in two 
ways: recognition, in which there is comparison to external information, 
and recall, in which there is not.

5.11 Retrieval cues are reminders that facilitate retrieval of information 
from memory.

5.12 Due to encoding specificity, memories are easier to retrieve when 
there is similar contextual information present. Because of priming, recent 
experiences create an increased likelihood of recalling particular memories.

Types of Memory
5.13 explicit memory is memory of which one is consciously aware.

5.14 There are two basic types of explicit memory: semantic memory 
and episodic memory. Semantic memory consists of facts, figures, 
word meanings, and other general information, while episodic memory 
consists of personal firsthand experiences.

5.15 Implicit memory is memory of which one is not consciously aware.

5.16 Procedural memory is a type of implicit memory consisting of 
how to perform tasks that one does automatically.

What Affects Memory?
5.17 Decay is the dwindling or loss of information from memory due to 
the passing of time.

5.18 The ability to remember a particular piece of information depends 
on its context. Surrounding information can interfere with remembering 
the target information.

5.19 Retroactive interference is the difficulty remembering older 
information that is caused by newer information. Proactive interference 
is the difficulty remembering newer information that is caused by older 
information.

5.20 The primacy effect is the tendency to remember the first items 
in a series particularly well, while the recency effect is the tendency to 
remember the last items in a series particularly well.

5.21 A memory that arouses powerful feelings is especially likely to be 
recalled and is known as a flashbulb memory.

5.22 Three ways to improve one’s memory are mnemonics, spacing 
apart study sessions, and getting enough sleep.

Memory Problems
5.23 Psychologists define amnesia as the inability to remember some 
or all information, either temporarily or permanently.

5.24 Retrograde amnesia is the inability to recall information 
acquired before a certain point in time, while anterograde  
amnesia is the inability to form new memories after a certain point 
in time.

5.25 The misinformation effect is the tendency of false or misleading 
information presented after the fact to become mistakenly incorporated 
into memory. The different types of memory mistakes based on the 
misinformation effect include the orientation illusion, the association 
illusion, and rich false memory.

5.26 Anxiety, depression, PTSD, and schizophrenia each impair 
memory in ways that are particular to the specific psychological 
disorder.

5.27 COVID-19 can contribute to memory problems in several ways. 
Infections can increase the likelihood of memory problems; social 
distancing can be less likely in people with limited working memory 
capacity; and imperfect memory for social interactions can hinder 
contact tracing.

CHECK YOUR LEARNING:

5.23 What is amnesia?

5.24 What is the difference between retrograde amnesia 
and anterograde amnesia?

5.25 What is the misinformation effect, and what kinds 
of memory mistakes can it produce?

5.26 How do anxiety, depression, PTSD, and 
schizophrenia each involve memory?

5.27 How can COVID-19 contribute to memory 
problems?

To check your understanding of these questions, click show the answers or refer to the answers in the Chapter Summary.
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SELF-ASSESSMENT

1. According to the information processing model, the three steps of 
memory are .

 a. encoding, processing, and storage
 b. encoding, storage, and retrieval
 c. processing, retrieval, and forgetting
 d. chunking, short-term memory, and recall

2.   is an early part of the memory process in which the 
senses take in and very briefly hold information.

3. Level of processing refers to .

 a. how severe a case of amnesia is
 b. how strongly certain contextual stimuli may prime recall 

of a memory
 c. how many numbers a person can recall in a particular 

order
 d. how deeply and meaningfully information is thought 

about

4.   is the increased connectivity between simultaneously 
stimulated neurons that form the biological basis of memory.

5.  is grouping pieces of information together in a meaningful way 
to enhance memory.

 a. Priming
 b. Recognition

6. A group of students take an exam in the same room where they 
studied for it. The match between where they learned the information 
and where they remember it is called  .

 a. semantic memory
 b. episodic memory

7. Jamia, a server at a restaurant, has a problem remembering older 
information that is caused by receiving newer information. Specifically, 
when a customer asks her for something, it causes her to forget what the 
previous customer asked for. Jamia is experiencing  .

 a. proactive interference
 b. retroactive interference
 c. the spacing effect
 d. the misinformation effect

8. A   is a distinctively clear and vivid memory of an 
emotionally charged and novel event.

9. After Tony injured his head in a car accident, he could remember 
events from before the accident but couldn’t create memories of events 
after the accident. Tony suffered from  , the inability to 
form new memories after a certain point in time.

 a. retrograde amnesia
 b. anterograde amnesia

10.   is the spontaneous retrieval of information without any 
intention to retrieve it.

 a. Involuntary memory
 b. Semantic memory

KEY TERMS

memory, p. 137

information processing model,  

p. 138

encoding, p. 139

sensory memory, p. 139

echoic memory, p. 139

iconic memory, p. 140

level of processing, p. 140

chunking, p. 141

rehearsal, p. 141

maintenance rehearsal, p. 142

elaborative rehearsal, p. 142

long-term potentiation, p. 142

storage, p. 144

short-term memory, p. 144

long-term memory, p. 144

working memory, p. 146

automatic processing, p. 147

retrieval, p. 147

recall, p. 147

recognition, p. 147

retrieval cues, p. 148

encoding specificity, p. 148

priming, p. 149

explicit memory, p. 151

semantic memory, p. 151

episodic memory, p. 151

implicit memory, p. 152

procedural memory,  

p. 152

decay, p. 153

retroactive interference, p. 153

proactive interference, p. 153

serial position effect, p. 154

primacy effect, p. 154

recency effect, p. 154

flashbulb memory, p. 155

mnemonic, p. 157

spacing effect, p. 158

amnesia, p. 161

retrograde amnesia, p. 161

anterograde amnesia, p. 162

source amnesia, p. 163

misinformation effect, p. 163

involuntary memory, p. 168

 c. encoding specificity
 d. implicit memory

 c. Recall
 d. Chunking

 c. source amnesia
 d. encoding specificity

To check your understanding of these questions, click show the 
answers in the e-book or refer to the answers in Appendix B.

Research shows quizzing is a highly effective learning tool. 
Continue quizzing yourself using LearningCurve, the system that 
adapts to your learning.

 c. Proactive interference
 d. Long-term memory
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WHAT’S YOUR TAKE?

I was cleaning out the basement when I came across an old 
photo: my basketball team from kindergarten. I hadn’t seen that 
photo, or thought about that team, in decades. But that photo 
served as a retrieval cue, and memories came flooding back.  
I remembered how itchy the uniforms were. I remembered how 
impossibly high the basket seemed, and how big and heavy the 
ball felt in my little 6-year-old hands. I remembered the sound of 

parents erupting with cheers on the rare occasion one of us made 
a basket during a game. I even remembered the taste of the  
basketball-shaped cake we got at our end-of-the-season party.

How about you? Has a particular retrieval cue  —  a particular 
sight, sound, smell, or taste from your past  —  ever opened a door 
to a world of memories you had otherwise tucked away?

SHoW ME MoRE

5.1 Moonwalking with Einstein
http://tiny.cc/showmemore2e

In this video, author Joshua Foer explains how he wrote a book about memory 
championship competitions and ultimately learned their techniques to become a 
memory champion himself.
Yakobchuk Vasyl/Shutterstock

This video is hosted by a third-
party Web site (source). For 
accessible content requests, 
please reach out to the pub-
lisher of that site.

5.2 Sports Head Injuries and Memory Loss
This video illustrates the potential dangers of sports head injuries by telling the 
story of high school soccer player Sydney Urzendowski.
John Patriquin/Portland Press Herald/getty Images

5.3 An App that Mimics the Hippocampus to  
Help Memory Functions
This video explains the role of the hippocampus in memory and describes 
the development of a new app, HippoCamera, intended to mimic what the 
hippocampus struggles to do in people with memory problems.
Courtesy Second Peninsula

5.4 My Psychology Podcast
This podcast episode features the author of this textbook, psychologist Andy 
Pomerantz, speaking with other instructors of introductory psychology courses 
about the most important and interesting concepts in this chapter.
Macmillan Learning
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