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Glossary

conceptual tests Measures of priming using retrieval cues
that are conceptually related to studied items; these tests
arc considered to be conceptually driven because perfor-
mance on them is affected by manipulating conceptual
(meaning-based) processing.

cued recall A technique in which participants are provided
with retrieval cues and are asked to recall studied items
related to the cues.

explicit memory tests Measures of conscious, intentional
recollection of specific learning events.

free recall A test in which participants recall as many studied
items as they can, in any order they choose.

implicit memory tests Indirect measures of retention.

perceptual tests Measures in which participants are asked to
identify or complete degraded stimuli; these tests are
considered to be perceptually driven because performance
on them is affected by manipulating perceptual processing.

priming Improvement in performance on a test that assesses
retention indirectly: the measure of primary interest in
implicit memory tests.

recognition tests Measures in which test participants are
asked to decide whether they recognize test items from the
study list, amid distracters or lures(a yes/no recognition test),
or are asked to pick out the correct test item from a set
containing distracter items (a forced-choice recognition test).

word fragment completion Test in which participants are
presented with word fragments and are asked to complete
them; priming is measured as the improved ability to
complete fragments with words that had been previously
presented.

Learning and memory can be measured in a variety of
ways. Some of the prominent methods of measuring

retention are based on several popular paradigms used
in cognitive psychology. These are surveved in this article;
coverage is selective and other techniques exist for more
specialized purposes. Different measures of memory,
even for the same experiences, may not always agree in
their assessment, and such dissociations among memory
tests provide important insights into the proper under-
standing of human memory.

Origins of Memory Measurement

Achievements of Hermann Ebbinghaus

The measurement of learning and memory dates back to
the seminal work of Hermann Ebbinghaus, who devel-
oped the first reliable measures of memory and published
his original results in 1885 in his great monograph,
Memory: A Contribution to Experimental Psychology.
Ebbinghaus created lists of nonsense svllables (e.g..
JUK-WAF-KOB, etc.) that varied in terms of their
length. He measured the number of trials (or the amount
of time) it took to learn each series of syllables, to accom-
plish one perfect recitation of the entire list, a measure
he called original learning. After a retention interval
that could last several minutes, hours, days, or even
weeks, Ebbinghaus measured the number of trials
(or the time) it took to relearn the list of syllables. The
difference between measures of original learning (OL)
and later relearning (RL) is known as the savings in re-
learning. For example, if it took 20 trials to learn a series
of syllables perfectly during original learning and,
later, it took 10 trials to relearn the series, the savings
in relearning would be 10 trials. Ebbinghaus expressed
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retention performance as a savings score, defined
as [(OL —RL) + OL] x 100 (or 50% savings, in this
example).

One beauty of the savings method, and one reason
Ebbinghaus prefel redit, was thdt retention could be mea-
sured independently from whether the person being
tested could consciously recall anything from the original
learning experience. Even if a person docs not ha\e any
recollection of the original list, retention of the experience
can be detected by the method of calculating savings in
relearning. Thus, a decade before Freud proposed his
ideas about unconscious memories, which led several
generations of psychologists to wonder how unconscious
memories could be studied empirically, Ebbinghaus had
already supplied one promising solution to the problem:
the method of savings in relearning.

Strength Theory and Measurement

One beguiling idea about human memory is that memo-
ries vary in terms of a unidimensional quantity, often
referred to as “memory strength.” Memories that can
be easily recalled are thought to have greater strength,
whereas those that can be recalled only with difficulty are
thought to be weaker. Although (w1th<)ut further elabo-
1dt1on) strength theory simply redescribes the phenome-
non to be explained. nonetheless, the notion of memory
strength has been reified in several conceptions of mem-
ory and still holds currency in various forms even today.
St ength theory also makes a strong prediction regar dmg
the measurement of memory: if memory strength is the
critical quality determining per formance on any memory
test, then different measures of memory should be cor-
related (even though they may vary in their ability to
detect memories of different strengths) That is, dlthough
some measures may be more sensitive than others, all
memory tests ultlmately assess the same underlying qual-
ity of memorv strength.

Consider the following simple example. A typical lab-
oratory method of assessing retention involves the initial
presentation of a list of words and the measurement of
performance On one or more memory tests given ata later
time. Consider five words (items A, B, C, D, and E) pre-
sented within a longer list of words. After studying the list,
one group of individuals is given a sheet of paper and
simply asked to recall as many of the words as they can
remember, in any order they choose. Assume that B and D
are recalled on this free recall test. A second group of
individuals is given a memory test in which words that
are associated with the studied words are presented as
cues. For example, if “chair” had been a word presented
on the study list, “table” might be given as a cue. The study
participants might now recall more items on this cued
recall test than they could on the free recall test. Finally,
athird group of individuals is given a memory test in which

items that had actually been presented on the study list
(such as chair) are mixed in with other plausible candidate
items that had not been presented (such as stool). In this
recognition memory test, study participants are asked to
identify the items that had been presented on the original
study list.

The ideas behind strength theory are illustrated in
Fig. 1. The different items presented on the study list
(A through E) vary in terms of their strength, with
items B and D being the strongest. According to strength
theory, free recall is an insensitive measure of memory,
because only memories with the greatest level of strength
are recalled. Free recall tests require a great amount of
strength to cross the conversion threshold for recall, in-
dicated by the top dashed line in Fig. 1. Cued recall tests
are more sensitive measures and are able to detect weaker
memories, such as item C in Fig. 1. Finally, recognition
memory tests are the most sensitive measures of memory
str ength they are able to detect all items recalled in free
and cued recall tests and one additional item (E) that was
too weak to be detected by the other methods. In short,
the principal assumptions of strength theory are that
particular memories vary in terms of their strength and
that methods of assessing retention differ only in terms of
their §€llslt1\7lt\’ to memory stlength

This story is tidy but wrong. In fact, different measures
of memory assessed across items, people, or other inde-
pendent v ariables are not always positively correlated, as
predicted by strength theory. In fact, measures of memory
may be (ompleteh uncorrelated or even neédtwel\/
correlated with each other. For example, consider the
effects of word frequency (i.e., the frequency with which
a word occurs in a language) on memory performance
measured on two different memory tests. In free recall
tests, high-frequency words tend to be better recalled
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Figure 1 Strength theory. Different memory traces
(A through E) vary in terms of their strength, and different
measures of memory differ in their sensitivity to memory
strength.



than low-frequency words are. Thus, it is reasonable to
conclude that high-frequency words are stronger com-
pared to low-frequency words. However, in recognition
memory tests, low-frequency words better recognized
than h]crh -frequency words, leading to the odd conduswn
that 10\\ frequency words must have greater memory
strength than high frequency words. Neither conclusion
is correct. Instead, interactions between independent
variables and performance on different memory tests in-
dicate that strength theory is simply the wrong way to
conceptualize human memory. Different measures of
memory do not assess a smgle quality that varies along
a single dimension.

Encoding/Retrieval Interactions
and Their Implications

Processes of learning and memory are typically concep-
tualized as involving three stages: encodmg storage, and
retrieval. Encodmé is the initial registration and acquisi-
tion of information, storage is the maintenance of infor-
mation over time in the nervous system (represented as
a memory trace), and retrieval is the process whereby
stored information is brought back into conscious aware-
ness or otherwise affects ongoing behavior. Strength
theory essentially proposes that encodin g conditions
will produce main effects on performance measured on
different memory tests and will never interact with re-
trieval conditions, because different memory tests simply
vary in terms of their sensitivity to memory strength.

Howev er, the literature on human memory is replete
with examples in which encoding and retriev al conditions
interact. The example mentioned previously, that high-
frequency words are better recalled than low -frequency
words are, whereas low-frequency words are better rec-

ognized than high-frequency words are, is one example of
an encodmg/retne\ al interaction.

Larry Jacoby has designed compelling experiments de-
monstrating that two different measures of memory with
great surface similarity can be uncorrelated or even nega-
tively correlated. Participants in Jacoby’s experiments were
prescnted with lists of words under various study conditions
and were given one of two different memory tests. One
group of 1nd1\1d11als was given a standard yes/no recognition
memory test, in which they were pr. esented with a longlist of
test words and were asked to determine which words had
been previously studied. The other group of individuals was
given a test that involved identifying words presented at very
fast rates (around 30 msec per word). The proportion of
words correctly identified was the dependent measure.
Some of the words flashed during the test had been pre-
sented on the study list but othcr test words had not been
previously studied. In this speeded word identification test,
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the improved ability to name the briefly flashed words that
had been presented during the study phase is known as
priming.

In one of Jacoby’s experiments, the independent var-
iable was the level of processing of words during the study
phase. Students were presented with one of three ques-
tions that oriented them toward either the surface fea-
tures of the target word (e.g., “Is the word in all capitals?”),
the sound of the word (e.g., “Does the word rhyme with
chair?”), or the meaning of the word (e.g., “Is the word
a type of animal?”) before the presentation of each target
word (e.g., BEAR). These three different orienting ques-
tions manipulated the level of processing that individuals
performed on each word. The effects of levels of process-
ing on performance in the two different memory tests are
depicted in Fig. 2. In the recognition memory test, the
typical levels of processing effect was observed: individ-
uals were best at recognizing words they had processed at
a meaningful level and worst at recognizing words they
had processed at only a surface level, whereas processing
the sounds of the words produced intermediate recogni-
tion performance. In contrast, consider performance on
the speeded word identification test, shown in the right
panel of Fig. 2. In this test, priming was measured as the
difference in performance between naming studied and
nonstudied words. Although all of the priming scores were
positive, indicating retention of the studied words, all
three encoding conditions produced equivalent levels
of priming! Levels of processing, which had such
a profound effect on recognition memory, had no effect
on priming. Although both tests were measuring retention
of the same list of items, the two measures were com-
pletely uncorrelated in this experiment.

In another experiment, Jacoby demonstrated that
measures of recognition memory and speeded word
identification could even be negatively correlated. In
this experiment, individuals studied a list of words
under one of three different encoding conditions: they
were either asked to read the target words in a neutral
context (XXXX-cold), to read each word paired with its
opposite (hot-cold), or to generate each target word
given its opposite (hot-PP??). Thus, in all three condi-
tions, participants said out loud the same list of target
words, but the means of having participants produce the
words differed dramahcally. The effects of these
encoding manipulations on performance in the two dif-
ferent memory tests are shown in Fig. 3. Although gen-
erating the target words produced the best performance
on the recognition test and reading the words in a neutral
context produced the worst performance (a finding
known as the “generation effect”), the opposite pattern
of results was obser\'ed in the speeded word identifica-
tion test: reading the words produced better identifica-
tion performance than did generating the words! The
results of Jacoby’s experiment demonstrate that two
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Figure 2 Levels of processing during encoding have a profound effect on recognition
memory performance, but no effect on speeded word identification. The two memory

tests are not correlated. Based on data from Jacoby and Dallas (1981).
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Figure 3 Generating words during encoding produced better recognition, com-
pared to simply reading words (the generation effect). In contrast, reading words
produced better performance on the word identification test, compared to generating
words. The two memory tests are negatively correlated. Based on data from Jacoby

(1983).

measures of memory that appear to be very similar on the
surface may be negatively correlated with each other
under some circumstances.

Interactions between encoding and retrieval condi-
tions demonstrate that measures of retention can reveal
positive, zero, or negative correlations with one another.
These encoding/retrieval interactions have an important

implication for understanding human memory: although
the concept of memory is labeled with a single word,
it is hardly a single entity. Many different types of
memory exist, and there are several different valid
measures of memory. Some of the most prominent
ways to measure memory are considered in the following
discussions.



Explicit Measures of Retention

One important distinction in the field of human memory
is that between explicit and implicit measures of memory.
Briefly, explicit memory tests involve conscious, inten-
tional recollection. If you are asked to describe what
youhad for dinner two mghts ago, vou must mentally travel
back in time and retrieve information about that spec1ﬁc
event. Explicit retrieval involves conscious awareness of
this mental time travel. Endel Tulving has referred to
explicit retrieval as involving the use of episodic memory,
a memory system that enables people to remember their
personally experienced past. There are several differences
between explicit and implicit measures of retention; in the
next section, several different explicit tests commonly
used in research on human memory are described.

Free Recall

In most explicit tests of memory, participants are exposed
to a set of material on which they will be tested at a later
point in time. The material can consist of words, pictures,
sentences, stories, videotapes, and other types of data. In
a free recall test, participants are asked to recall as many of
the studied items as they can, in any order they choose.
Because no overt retrieval cues are provided, they must
rely on their own strategies in order to retrieve the
items. Free recall is perhaps the most effortful explicit
memory test.

Cued Recall

In a cued recall test, participants are provided with retrieval
cues and are asked to recall the studied items related to the
cues. Retrieval cues can have a high or low associative
strength (a measure of their degree of association with
the target words). For example, “table” might be a strong
cue to retrieve the word “chair,” whereas “glue” would be
a weak cue in this case. A retrieval cue can also be
a graphemic cue, in which a portion of the word is provided
attest(e.g.,“ta___or__ le"or“t_b_ ”). Yetanother type of
retrieval cue is a phonemic or rhyming cue: participants may
be told to recall studied words that rhyme with the cue
words. For example, “bear” might be prowded as a cue
to recall “chair.” Although these are the most common
types of retrieval cues, others can also be developed.

Recognition Tests

Recognition memory tests are perhaps the most popular
measures of explicit memory used in cognitive psychology.
There are two basic types of recognition memory tests.
In a free choice or yes/no recognition memory test,
participants are presented with a long list of test words
and are asked to say “yes” if they recognize a word from
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the study list (thus, they are free to say “yes” or “no” to each
item). For example, if participants studied 100 words, they
mightbe presented with 200 words during the test (the 100
studied words mixed in with 100 distracter words) and
asked to make a yes/no response for each item. Two
basic measures of recognition performance are obtained
in this test: the hit rate (the probability of saying “yes” to
words that were actually studled) and the false alarm rate
(the probability of saving “ves” to words that were not
studied). The false alarm rate can be interpreted as a mea-
sure of false recognition and can also be used to correct
performance for guessing (by subtracting the false alarm
rate from the hitrate). Although ayes/no recognition mem-
ory test can be thought of as a 2-point scale for judging
recognition, the scale can also be expanded by asking par-
ticipants to provide confidence ratings. For example, par-
ticipants might be asked to judge each item according to a
6-point scale, ranging from 1 (sure the item was not stud-
ied) to 6 (sure the item was studied). Such fine-grained
scales provide the researcher with more information
regarding participants’ decisions during the recognition
memory test.

The other primary type of recognition memory test is
the forced choice recognition memory test. In a forced
choice test, participants are presented with several alter-
natives on the test (one previously studied item embedded
among several distracter or lure items) and are required to
choose the item that they think was presented in the study
list. For example, participants might be presented with

“chair table dresser lamp” and asked to choose the item
that they studied. If all of the response alternatives are
equally likely to have been studied, the guessing level can
be determined depending on the number of alternatives.
For example, in a two-alternative test, 50% reflects
chance-level performance, whereas in a three-alternative
test, 33% reflects chance-level performance.

Although recognition and recall tests are both explicit
measures of memory, they do not always produce the
same results. As mentioned previously, although people
are better at recalling high-frequency words than
low-frequency words, they are better at recognizing
low-frequency words than hlgh -frequency words. As an-
other example, when adults of different ages are com-
pared in their performance on a free recall test, older
adults typically recall less than younger adults do.
However, on recognition memory tests, older adults
often perform just as well as younger adults do. These
dissociations illustrate that recall and recognition memory
tests measure different aspects of retention and cannot be
considered equivalent.

Paired Associate Learning

Another popular method of studying memory is paired
associate learning. In a paired associate learmng test,
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participants are presented with pairs of items, such as
knight—heaven, elephant—house, flower—camera, and

so on. Later, they are given the left-hand member of

the pair (e.g., knight) and are asked to recall the right-
hand member of the pair (heaven). This type of paired
associate learning test measures the forward association
between the pairs of words that is formed during learning.
Researchers can also investigate backward associations by
providing the right-hand member (heaven) and askmg
participants to recall the left-hand member (knight). In
general, recall of forward associations is better than recall
of backward associations. Because forming associations
among experiences is thought to be a basic mechanism
of learning, paired associate learning has been investi-
gated since the beginning of memory research, notably
by Mary Calkins, in 1894. Note that the paired associate
leammg procedure can be considered a type of cued
recall.

Serial Recall

Although paired associate learning has been used for over
100 years, serial recall is actually the oldest memory para-
dlgm, first used by Francis Nlphel in 1878 and by
Ebbinghaus in 1885. In a serial recall test, participants
are presented with a series of items (such as digits, letters,
words, or pictures) and are asked to recall the items in the
order in which they were presented, working from the
beginning to the end of the series. Recalling a telephone
number is an evervday example of a serial recall task: the
digits in a telephone number must be remembered in
correct sequential order. Thus, memory both for the
items and for the order in which they occurred is critical.
A more difficult variation on this task is backward serial
recall, in which a person is presented with a sequence,
such as 7923948, and is asked to recall the sequence in
backward order (8493297). Backward recall is often used
in memory assessment batteries, because people with
brain damage, for example, show greatly impaired per-
formance on this type of task.

Implicit Measures of Retention

In addition to the explicit measures of memory, thereis an
entire other class of tests, implicit memory tests; these are
superficially similar to explicit tests, but measure reten-
tion indirectly. For example, consider an experiment in
which some participants are presented with a list of pic-
tures (with one being of an elephant) and other partici-
pants are presented with a list of words (the names of the
pictures, so the word “elephant” is presented). Following
this initial presentation phase, participants are told that
they will now perform a different, unrelated task, and
nothing is said about testing their memory for the list

of items. In one such test, participants are presented
with word fragments ("e_e_h n_”) and are asked to com-
plete them (as in the game Wheel of Fortune). Some of
the correct answers, such as “elephant,” were presented
on the study list, whereas others are not. The difference in
the ability to complete studied versus nonstudied frag-
ments is a measure of priming, the measure of primary
interest in studies of implicit memory.

In the rest of this section, two main types of implicit
memory tests, perceptual tests and conceptual tests, are
described.

Perceptual Implicit Memory Tests

Perceptual tests present a puzzle or challenge to the per-
ceptual system. Participants are typically asked to identity
or complete a degraded stimulus, such as 1dent1fwng
a briefly flashed item or completing an object presented
ina hagmented format. These implicit memory tests are
considered to be perceptually driven because perfor-
mance on them is affected greatly by manipulations of
perceptual processing and less (if at aH) by manipulations
of meaning-based processing. Several examples are con-
sidered in the following discussions.

Word Fragment Completion

In a word fragment completion test, individuals are pre-
sented with word fragments and are asked to complete
them, which is difficult if the correct answer has not been
recently primed and much easier if it has been primed. In
atypical word fragment completion experiment, the prob-

ability of completmg a fragment that was not primed is
about 0. 30, and the probability of completing fragments
after studying a list of words is about 0.60 (a 30% priming
effect). However, after studying a series of pictures (such
as a picture of an elephant), negligible priming effects are
observed (0—5%), which indicates that even though the
concept (elephant) may be primed, performance on
a word fragment completion test depends on priming
speciﬁc perceptual representations. In contrast, on ex-
plicit memory tests such as recall or recognition, pictures
are remembered better than words are, a finding known as
the “picture superiority effect.” Changes in presentation
modality (i.e., auditory or visual) also affect priming in
word fragment completion. Visual presentation of words
produces the greatest amount of priming, whereas audi-
tory presentation produces reduced levels of priming. The
effects of presentation modality on word fragment com-
pletion provide additional evidence that it is a perceptually
driven test.

Word Stem Completion

In a word stem completion test, individuals are presented
with the first three letters of a word (“ele ) and are
asked to complete the stem with the first word that comes



to mind. This test differs from word fragment completion
because participants could potentially produce several
different words from the same stem (“element, elegant,
elevate, eleven,” etc.). Priming in a word stem completion
test is measured as the difference between the ability to
conplete primed word stems versus those that were not
primed. Like word fragment completion tests, perfor-
mance on word stem completion tests is also affected
by perceptual manipulations.

Word Identification

Priming can also be measured in a word identification test.
Ina tvplcal word identification test, participants are asked
to identify briefly presented words, and priming is mea-
sured as the difference between identifying previously
studied versus nonstudied words. Priming in word iden-
tification tests can also be measured under auditory pres-
entation conditions, in which participants might be asked
to identify words presented against a background of noise.

Other Perceplual Tests

There are several other implicit memory tests that are
perceptual in nature. For example, participants might
be presented with picture fragments and, following the
same logic presented previously, asked to guess the iden-
tity of the picture. Likewise, there are several auditory
implicit memory tests, in which test words are presented
in noise or with portions of the words deleted. Because
these tests are also affected greatly by manipulations of
perceptual processing during encoding, they are classified
as perceptual implicit memory tests.

Conceptual Implicit Tests

In conceptual imphcit mermory tests, participants are pro-
vided with cues that are conceptually related to primed
items. Whereas perceptual tests are affected by manipu-
lations of perceptual processing, conceptual tests are not
affected by perceptual manipulations but, instead, are
affected by manipulating conceptual (meaning-based)
processing, Three examples are category association,
word association, and general knowledge tests.

Category Association

In category association tests, participants are presented
with lists of items (such as “elephant”) during an initial
phase and are later asked to generate as many instances
from a category (such as “animals”) as they can during
a brief testing per1od (lasting 30—60 seconds) Priming is
measured as the greater probability of producing words
that had been presented earlier than words that were not
presented. In category association and other conceptually
driven tests, priming is increased when the words are
initially encoded in a way that emphasizes their meaning

Learning and Memory 485

rather than other aspects of the words (such as the surface
features or sound of the words).

Word Association

Word association tests are very similar to category asso-
ciation tests. However, the retrieval cue in a word asso-
ciation test is an associate of the target word (such as
“tusk”), rather than the name of a category. Priming
in word association tests is also affected by manipulations
of conceptual processing during encoding.

General Knowledge Tests

As the name implies, general knowledge tests require par-
ticipants to answer general knowledge questions. For ex-
ample, they might be asked, “What animal aided the
general Hannibal in his attack on Rome?” Participants
who had previously been presented with the word “ele-
phant” will be more likely to produce the correct answer to
this question, compared to participants who had not been
primed with the correct answer. Once again, priming on
this test is not affected by manipulating perceptual pro-
cessingof the studied words (e.g., modality of presentation)
but is dffetted by mampulatmg conceptual processing.

Other Measures of Memory

In addition to the measures of learning and memory al-
ready discussed, there are many more ways to test mem-
ory. Several tests have been deslgned to measure working
memory capacity, which is the ability to hold information
in mind and resist interfering information. One popular
measure of working memory capacity is the operation
span task, in which test participants are presented with
a series of math problems followed by target words (for
example, “12 x 8 =96, WINE”). Participants must read
the problem out loud, sav whether it is true or false, and
then read the target word. After a series of 2 to 10 oper-
ations such as these, participants are asked to recall all of
the target words in the order in which they were pre-
sented. The average length of the lists that are recalled
in correct serial order is the participant’s operation span.
Measures of working memory capacity such as the oper-
ation span task are correlated with measures of general
fluid intelligence and also predict performance on a wide
variety of other cognitive tasks.

Other memory tests have been d651gned to measure
autobiographical memory, which is a person’s memory for
their own life history. One popular technique for measur-
ing autobiogr aphl(dl memory is the Galton—Crovitz cue
word method, in which participants are presented with
a word or phrase naming a common object or activity
and are asked to recollect an experience from their
lives related to this cue. For example, a person who is
presented with the cue “nurse” may recall an event
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from when they were 5 years old in which they went to the
hospital and were frightened by a scary nurse. One finding
from research using this techmque is that people in later
life (50 vears and older) most frequently retrieve memo-
ries from the period of their life lasting from late adoles-
cence to young adulthood (roughly ages 16 to 25).
Experiences from these formative years seem especially
likely to come to mind.

There are also several standardized measures of mem-
ory used in educational testing and neuropsychological
testing (for example, to assess whether a person with brain
damage has memory impairments). The Wechsler Mem-
ory Sca]e and the California Verbal Lear ning Test are two
\\qdek used standardized memory tests. Tests such as the
Scholastic Assessment Test (SAT) or even different mea-
sures of intelligence can also be considered as tests that, in
part, measure recall of information learned during
a lifetime (similar to the general knowledge tests).

Concluding Remarks

Although measuring human leaming and memory may
seem to be a straightforward enterprise at first blush,
there is no single correct method of measuring retention.
Instead, several diverse measures are used for different
purposes to assess various aspects of a person’s memory.
Most importantly, different methods of testing memory
for the same experiences can be completely uncorrelated
or even negatively correlated with each other. These find-
ings have important implications for our conceptualiza-
tion of memory. Memory does notrefer to a single, unitary
property of the mind, and dissociations among measures
of retention indicate that several different memory
processes and systems work together to produce the com-
plexity of human memory.
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