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6 Semantic Long-Term Memory

It follows that what we began by calling the ‘image,’ or ‘copy,’ of the. fact in the
mind, is really not there at all in that simple shape, as a separate ‘idea.’ Or at
least, if it be there as a separate idea, no memory will go with it. What memory
goes with is, on the contrary, a very complex representation, that of the f.act to
be recalled plus its associates, the whole forming one ‘object’. .., known in one
integral pulse of consciousness. (James, 1890, pp. 650-651)

Semantic memory is the memory necessary for the use of language. It is a men-
tal thesaurus, organized knowledge a person possesses about words and other
verbal symbols, their meaning and referents, about relations among them, and
about rules, formulas, and algorithms for the manipulation of these symbols,
concepts, and relations. (Tulving, 1972, p. 386)

Human concepts are probably . .. like hooks or nodes in a network from whic
many di/ferent properties hang. The properties hanging from.a node are not
likel& to be all equally accessible; some properties are more important tl.lan
others, and so may be reached more easily or quickly. In such a rgpresentatwn,
going from one concept to another does not involve scanning a list, but rather
activating a path via some property from one to the other. ... Thus, a copcep.t
would be a set of interrelationships among other concepts ... _everythmg is
defined in terms of everything else. . .. In this respect, [semantic memory] is
like a dictionary. (Collins & Quillian, 1972, pp. 313-314)

For me, news of semantic memory arrived in the fall of 1972, in the form of a
book we used in Graduate Seminar. The book was Organization of Memor).l,
edited by Tulving and Donaldson (1972). I had been raised on a diet of condi-
tioning and learning experiments, so in many ways I wasn’t prepa.reid for the new
possibilities represented by semantic memory research. I was critical of several
of the semantic memory chapters in the book (hypercritical, in retrospect), com-
plaining that this idea was vague or speculative, that there were no data to sup-
port that conjecture, and so on. My advisor always responded, “Yeé, but look at
the scope of these ideas. These people are taking a big bite into things psychol-
ogy has been ignoring for a long time.” -

Slowly, it dawned on those of us in the class that this new stuff was 1nterfast-
ing, much more interesting than the ideas we’'d learned were the appropriate
ones to think about. It began to sink in that “Hey, we can study what people
know, and how they know it.” Of course, it took us a while to figure out how to
start researching “what people know.” Furthermore, this new stuff was dema.nd-
ing—all of a sudden, we needed to know linguistics and computer p.rogramm,lyng,
not just psychology. But it was exciting—there was a sense of .“belng there” as
important things were happening, and being a part of those things. Whether or
not cognitive psychology was a “revolution” in Kuhn’s (1962) sense of that word,
the new area of semantic memory certainly felt revolutionary to me. The non-
sense syllable study I had done in college instantly became ancient history. A‘nd
in the space of one year, students in Graduate Seminar switched from studying
verbal learning and retention to studying human knowledge.

Introduction

his chapter continues the description of human long-term memory

that began in the last chapter. The present chapter is concerned with
a rather different kind of long-term memory than that discussed in chap-
ter 5, however. This chapter is about semantic memory, literally “mem-
ory for meaning,” or to put it simply, knowledge. Semantic memory is our
permanent memory store of general world knowledge, variously
described as a thesaurus, a dictionary, or an encyclopedin. Semantic mem-
ory is-where your knowledge of language and other conceptual informa-
tion' I8 etored. B f5 the permanent reposilocy of information vou use io
comprohend and produce language, to reason, to solve problems, and to
mike decizions, Whereas episodic memory is a personal, autobiographical
store, =emantic memory i= a generic storehouse of knowledge, * While vour
episodic memory differs subatantially from mine, our semantic memories
are thought to be largely similar—mayhe not overwhelmingly similar in
exact content, depending on our cultural backgrounds, but certainly sim-
ilar in terms of structure and processes. Thus, to reuse an example from
Befire, vour episodic memaory record of vour mother's maiden name is dif-
ferent from mine, although we all share a highly similar concept in seman-
tic memory, the concept of a maiden name. Likewise, my specific memo-
ries of college are quite different from yours, but we all share a general
kind of knowledge about being a college student.

As Tulving (1972) noted, the first usage of the term semantic memory
appears to have been in M. Ross Quillian’s doctoral dissertation in 1966.
Quillian set himself the task of programming a computer to understand
language, that is, to answer a variety of questions in a reasonably human-
like fashion, and to be able to paraphrase English text. The inspiration
for this work came not from psychology, but instead from computer sci-
ence and artificial intelligence (AI). Machine translation, as it was known,
had been a long-standing goal in computer science, yet progress toward
this goal had been surprisingly slow. The overly confident predictions of
the 50s had failed to take into account a subtle yet important fact—even’
the simplest acts of human comprehension require vosi amount™ of

“Jnowledse, much more than the words to be comprehended would sug-

gest. Thus, for computers to understand, answer questions, or paraphrase,
they needed to have this kind of knowledge base. It wasn’t enough to have
dictionary definitions of words—computers needed to have extensive

!Hintzman’s (1978) term generic memory is a better one than semantic memory for at least two
reasons. First, it implies the notion of “general world knowledge” more accurately, just as “generic
green beans” implies regular, ordinary green beans. Second, the term semantic memory might be
understood incorrectly to refer exclusively to language-based memories, and thereby could exclude
general world knowledge that is not word-based, for example, images (whether visual, kinesthetic, or
otherwise), knowledge of numbers and mathematics, and so on. Nonetheless, the term semantic mem-
ory was used first, it’s the one we have gotten in the habit of using, and it’s probably useless to try
to change now. Besides, much of the semantic memory research has been on truly language-based
semantic factors. Other forms of long-term generic memories are being attributed to yet other divi-
sions (e.g., Anderson’s “‘procedural knowledge,” 1982).

U N}
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Semantic memory contains our long-term memory knowledge
of the world, including our knowledge of words, concepts, and language.

knowledge of the world in order to understand even simple sentences.

This is often referred to astaecit Enowledge, the implied (but not stated) ]
knowledge that is necessary to understand what is stated or mentioned, -

& clearcul 1IUStration of oHE importance of Favit kniowledge, with its
implications both for machine translation and human comprehension,
was contained in the Collins and Quillian (1972) chapter in Organization
of Memory. Although lengthy, it expresses the scope of the issue quite
well, and demonstrates the need for a memory containing semantic
information:

At one time, I was trying to get a computer to be able to read sentences from
pre-school children’s books. My aim was to have the computer relate these sen-
tences correctly to some body of information it had stored, its memory or
“knowledge of the world.” One such book, which described crossing a street,
contained the sentences {sic], “The policeman held up his hand and the cars
stopped.” Now, suppose one ashks what is the minimum amount of information
a mechanism must have stored to relate this sentence to, if it is to comprehend
it in a reasonably human-like way? In particular, consider whether the machine
must have stored the fact that moving cars usually have drivers? One’s first
thought might well be no, since drivers aren’t mentioned or directly involved in
the sentence. But, suppose the sentences preceding this one in the book had
said that there had just been an earthquake, and that two cars, parked on a
hill, had started to roll down it. Then comes the sentence above, “The police-
man held up his hand and the cars stopped.” Virtually every adult reader of
this will wonder: just how did the policeman manage that? In other words, in
understanding the initial sentence, it seems that there indeed was some tacit
use of the knowledge that cars_:qp;gi‘i_ng_l;ily h‘qvve drivers. If there were not, how
can it be that, once a reader is fgf £o_pélievé thdt a moving car lacks a driver,
he will then recognize that s’Or.riqthing'is strange about a policeman being able
to stop it just by holding up his harid? (pp: 327-328). Rt

Semantic Memory

Quillian’s explicit point in this passage was that a computer must have
a great deal of knowledge available in memory about the real world, even
if it is only to comprehend a seemingly simple sentence. The implicit
point in the quotation, and the point in the Collins and Quillian chapter
as well, was that an adequate understanding of how humans comprehend
language must take into account the same vast storehouse of knowledge

-—_that a computer would have to possess. The study of that vast storehouse

This| is a big topic, so it will take us two chapters to cover all of the
fascinating research that’s been done on human semantic memory. In this
chapter we’ll cover the basics, the fundamental structures and processes
investigatdgd in semantic memory research. We'll ask questions like “How
is the meahing of a word represented in memory?” and “How are word
meanings retrieved from memory?” We’ll pick up on some ideas that were
introduced earlier in the book, especially the ideas of priming and auto-
maticity. We’ll also encounter the first wide-scale use of time as a mea-
sure of mental processes, reaction time (RT), to respond to simple sen-
tences such as “A robin has wings.” Finally, we’ll consider two specific
psychological models of semantic memory, theories that were advanced to
explain what it is people know about words and word meanings, concepts,
and their interrelationships. This will set the stage for the following chap-
ter, where episodic and semantic long-term memory are studied together.

is the Z{udy of semantic memory.

T'here, we ...Llrh'e into the question of interactions heiween _EEI.;}!J_H;"QI!H.
and semantic systems—for instance, how does our general world knowl-
edge influence our memaory for specific events? Throughout hoeth chapters,
the theme we will be most concerned with is the representation of knowl-

edge, or as Kintsch (1974) put it in the title of his book, The Represen-
tation of Meaning in Memory.

v Semantic Memory

A study on “leading questions,” also discussed in the next chapter, pro-
vides a convenient entry into the topic of semantic memory. Loftus and
Palmer (1974) showed their subjects several short traffic safety films that
involved car accidents. The subjects were asked to describe each accident
after seeing the film, and then were asked to answer a series of questions.
Unknown to them was that one question in the list, which asked for an
estimate of the car’s speed, was the critical item. As the authors pointed
out, people are notoriously poor at estimating such factors, indicating that
there might be some room for leading questions to have an effect. One
group of subjects was asked “About how fast were the cats going when
they hiteach other?™ The ather four groups were asked virtually the same

aquestion, except that the verb “hit" was replaced with either “smashed,"

“sallided,” “bumped,” or “contacted.” As vou might expect, subjects who
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got the stronger verbs like “smashed” in their questions gave higher esti-
“mates of speed—the question lead them to a biased answer. /

“Hold it Why would we expect this effect? Why are we not surprised.
that people estimated higher speeds for the “smashed” question than the
“bumped” or “hit” questions? Our intuitive answer here is something like
“Well, ‘smashed’ implies a more severe accident than ‘bumped.”” But,
consider this intuitive answer again. How did Loftus and Palmer’s sub-
jects know that “smashed” implies a more severe accident? - It's not
enough merely to say that “smashed” means more severe; that’s as unsat-
isfactory an answer as “I just know it” for the question “Does a robin have
wings?” We’re asking a more basic question than that. We want to know
what is stored in memory that tells you what “smash” and “bump” mean.
How is the difference between those two concepts represented in memory,
and how do you retrieve those concepts when you encounter those words?
What codes the fact that “smashed” implies a severe accident, that robins
have wings, that moving cars have drivers, or that bananas, canaries, and
daisies are all yellow? In short, what is the structure and content of
semantic memory per se, and how do we access the knowledge stored in
it?

As indicated at the beginning of this chapter, one of the earliest sys-
tematic attempts to answer such questions (aside from philosophical and
strictly linguistic analyses) was Quillian’s work in artificial intelligence
(.., 1969). His model of semantic memory, TLC (for Teachabls Lan-
guage Comprehender), was not & gemrine psyehologicat model, But rather
aeomputer program for understanding language.” Very shortly, however,
Quillian began a collaboration with Allan Collins, and the psychological
model they based on TLC became the first serious attempt in cognitive
psychology to explain the structure and processes of semantic memory.

The Collins and Quillian (and Leftus)
Model

The Collins and Quillian model of semantic memory (1972; also 1969,
1970, and Collins & Loftus, 1975% was an extensive theory of semantic
memory, comprehension, and meaning. At the heart of the model were

2Qriginally, there was a distinction between Artificial Intelligence and Computer Simulation; Al
modeled human processes, but was relatively unconcerned that the modeling stick to known facts
about human mental processes, whereas Simulation modeled human processes to discover more
about how humans did various mental operations. Quillian’s reseach fell into the category of Artificial
Intelligence. For a variety of reasons, detailed in chapter 13, the original distinction has been largely
abandoned; putting it simply, the AI approach doesn’t work very well without a thorough knowledge
of human mental processing.

3There were differences, of course, in the specifics of the models in these several papers, but for
present purposes all are treated as roughly the same. Two issues about which the original model was
vague did attract a great deal of experimental attention—the issue of cognitive economy and the
representation of what was later referred to as typicality. Debates over these issues, and whether or
not the original model did or didn’t account for the facts (e.g., Collins & Loftus, 1975; Smith, 1978),
tended to degenerate into hair-splitting, in my opinion, so are not treated in any depth here.

’p--l.- o e ——

two fundamentally important assumptions, mﬂw&ui'
semantic memory, and one abo 45 of retrieving i ation
from struciure, Because these two assumptions have been typical of
alt*semantic nefwork models zince the sarly Colling and (uuillisg, s,
(e.g., Glass & Holyoak, 1975), we'll take our time in explaining them, so
you’ll have a firm grasp of the ideas.

Nodes in'a Network %s you read in the opening quotations, Collins
an®@PQUTTiaN “Hlewsd-the entries in semantic memory (i.e., concepts) as
being nodes in a network. In other words, the st re of semantic mem-
ory was said to be a network, an interrelated set of concepts, or inter-
retated body of knowledge. Each concept in the network is represenited
as a node, a point or location in the semantic system. Furthermore, con-
cc.ept nodes are l.inked together by pathways, labeled, directional asso-
ciations between concepts. This entire collection—nodes connected to
other nodes by pathways—is the network. Notice that every concept is
related to every other concept in such a structure in the sense that some
set of pathways, however indirect and long, can eventually be traced
between any two nodes. (At one point, Collins and Quillian used the anal-
ogy of a large fishnet, where the knots correspond to nodes, and the strings
that go from one knot to the next correspond to pathways.)

. Spreading Activation The major process that operates on this
structure is spreading activation, the mental activity of accessing and
r?trieving information from this network. Concepts are usually in a rela-
tively quiet, unactivated state—they are accessible, but not currently
peing attended. For example, at this very instant in time, as you’re read-
ing this sentence, one of the many concepts in your semantic memory that
is probably not activated is “machine.” When you read that word, how-
ever, its mental represent_ati_,or; receives a boost in activiation—“machine”
is no longer quiet and unactivated, it’s active or primed, “awakened” so
to speak. This activation, for Collins and Quillian, was the process of
retrieval, the process of accessing the meaning of a concept. An important
feature of spreading activation is that once a concept becomes activated,
the concept then begins to spread that activation to all the other concepts
it is linked to. Thus, activation begins at a concept node, and then starts
spreading throughout the network along the connecting pathways. In Col-
lins and Quillian’s particularly apt description, this spread of activation
corresponds to a memory search, in which the “search continually widens
like a harmless spreading plague” (1972, p. 326).

Lf)Ok at panel A in Figure 6-1, a simple diagram of a few concepts and
the interconnecting pathways among them. Even such a simple network
codes or represents a great deal of information. For instance, one fact or
bit of information coded in this network is that ROBIN is a member of
the category BIRD; another is that ROBIN has a RED BREAST; another
is that CANARY is YELLOW, and so forth. Each of these simple con-
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memory. In the terminology of the model, when the two spreads of acli-
pation encounter one apother, an intersection has been found between
the two concepts, ROBIN MBBERTHE.'EJ-M{- an intersection hos been
found then a decision stage must operate to make sure that the retrieved
pathway is valid, i.e., that 1t represents the same relationship as specified
in the sentence. In other words, a gimilar pathway to the one between
ROBIN and BREATHE would be found between ANIMAL and RED
BREAST, but the decision stage would decide that it’s not true that “all
animals have red breasts.” (Incidentally, this should sound somewhat
familiar, a search stage followed by a decision stage; see chapter 2 on A
Process Model, or chapter 4 on Sternberg’s approach if you need a quick

review.)

Related Concepts The second property of this kind of search that
you should have discovered is that other concepts also become activated
or primed during the search. That is, while the intersection .pathway
involved ROBIN isa BIRD isa ANIMAL property BREATHE, many
other concepts were also primed during the search; there should also be a
1 next to RED BREAST and BLUE EGGS from the first cycle, a 1 next
to FLY, FEATHERS, and CANARY after the second cycle, and so forth.
Thus, a spreading activation search not only retrieves the relevant path-
way between two concepts, it also activates related concepts. These
related concepts will not remain activated forever, of course, since acti-
vation is always presumed to decay after some amount of time. Nonethe-
less, for a short period, these related concepts have received a-boost:in
their activation levels, making them temporarily more: accessible. This
priming of related concepts is absolutely key to an undefstanding of
semantic processing—we’ll return to it repeatedly throughout the chap-
ter, and indeed throughout the entire book.

Smith’s Feature Overlap Model

Given the excitment of studying meaning and how it is represented in
memory, it is not surprising that other approaches to semantic memory
soon appeared. We'll focus here on only one of those other approaches,
the Smith Feature Overlap Model, since it offered a rather clear contrast
to the Collins and Quillian model in some basic assumptions, and since it
was the most successful challenger to that model.

n&(alﬁ%ﬁﬂdel {exg,, Smith, dips, & Shoben, 1974)
AE cons simpler the Collins and Quillian network model in

its assumptions about the nt,l:uut_._u_m-nf semantic memory, buf as & conse-

quence was somewhat more o in it assumptio it the process

of retrieval. Tis most basic struct ural element was the feature list. Smith

et al. suggested that, rather than postulating extensive networks of con-
cepts and linking pathways, we might consider semantic memory to be a

e ———

g —
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{::'rl.llEl_‘LiEJIJ of lists, Bach concept in semantic memory wis rE!‘aruﬁrnlEii as
i |l:?'.T. Hr semantic features in the model, simple, ane-elemaent inl:lir'uL'-'
teristics or properiies of the concept, Thus, the concept ROBIN would
be represented as a list of ROBIN’s features, like animate, red breasted
_an'.n‘Itj?.h, winged, feathered, and 8o forth (see Figure 6-2) ,
Smith el.al. suggested that these feature lists were ordered in terms of
o factor they called definingness. That is, Smith et al. said that the fea-
pure-lists stored in memory wers ordered in a kind of priority ranking,

. with-the mast defining features for a concept toward the top of the list,

and the least defining features toward the bottom. This, an absolutely
essential feature, like animate for BIRD, was called a defining feature
and wolld Le stored near the top of the feature list. Conversely rt-u.ture-:
that are not particelarly defining for the concept, say that ElI HUB]E
,r‘:-:.rrlches in trees, would be placed toward the bottom of the list. In fact
Smith et al. proposed that these lower featires were more prrnpriatnlj,:
valled nh#nﬂqristin fantures of the concept, features that are only
comimon or frequent, but not essential to the meaning of the mr::'r:p-'.
Thus, characteristic features do not define what it is to be a ROBIN or
BIRD, they are only commonly observed features of the concepts. Note
.that, according to Smith et al., characteristic features are not particularly
important to the central meaning of the concept, whereas defining fea-
tures are—a robin may or may not eat worms, but to be a robin it abso-
lutely has to be animate.

Feature Comparison 'The maj i i i

! : jor process of information retrieval
hy-pml}emzef! by Smith et al. was a feature comparison process. Say you
were given the sentence “A robin iz a bird,” and had to make a true/false
judgment. According to the model, you would access the two concepls

FIGURE 6-2

ATTRIBUTE SS;EEL{\TURE LIST HIERARCHICAL NETWORK MODEL

Robin Bird ANIMAL
E'\]/?:écal object E‘hysical object Isa
{ ivin )
/F\nlr{\hate ’ Animate Bird —— feathers
eathere: Feath
Red-breasted ered Isa

- Robin —2» red breast

Information in semantic memory is represented differently in feature li i
h!erarchlcal network models. in feature list models, a conycept ist:]egrzzter:tzge;ss ?I?sltnof
simple semantic features; in hierarchical network modeis, concepts are represented as
nodes that connect to other nodes via pathways. The Smith et al. (1974) model is a
feature list model, and the Collins and Quillian (1972) model is a hierarchical network
model. (Figure adapted from Smith, 1978.) °
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ROBIN and BIRD in semantic memory, and then would prncfeed Lo eom-

pare the features on those two limta, Thin featisscomparisem TToCEss

involved- o plnbal compmrisen-of the featurds —some Tm:r.lnml.}' H(ﬂ]!_-t-l ed

subset of features on each of the two lists wouila'pe coxfxpureh- n oS! v
“compute” the similarity between the two conce;?ts. This comparison pro-
cess yielded a feature overlap score, simply an index or meas'ure‘a‘ment f’f
the similarity of the two concepts. Of course, for the concepts in “A robin
is a bird,” the feature lists should overlap a great deal—there are hardl.y
any ROBIN features that aren’t also BIRD features.‘The outcome of this
feature comparison process then would be a very hlgh overlap score, S0
high in fact that you could confidently repond “yes” Flg}:? after.th.ls global
comparison of features. Conversely, with a sentence like “A robin is a bull-
dozer,” there shonld be so Jittle feature overlap that you could respond

s immediately without any further processing. 'Vhese “fast yes" and
“fast no' responses were called Stage [ responses by Sl_'mth et a%.—-—u.:hnn_
overlap seares are oither very hiph or very low, there s no need toeontinde

the search and a response can e made immielidediy. ' .
Consider two other kinds of sentences, where the §tatfd relationship
isn’t quite so obvious. First, consider “A chicken isa bll‘fi. As before, the
process of retrieving information is the feature comparison process, noYv
being performed on the CHICKEN and BIRD features. I\{Iosﬁ people’s
intuition is that chickens are a somewhat less “repres_entatl\.ze example
of the bird category. Compared to your “average” bird, chickens ’seem
rather unusual—they don’t perch or make nests in trees, they don’t eat
warme, they're larger, and so on. Isn’t it clear, then, that the Stage I com-
parison process should find only an i!I1L'.':IllL‘:j!:]’.1: degree of overlap
between CHICKEN and BIRD? Smith et al. claimed that when l:he pver-
lap scores indicated only moderate similarity, a neFamI comparison was
necessary, The second comparison. was - referred Lo 85 n 0IEE Ii
mparison. ’
& Uiiﬂu the fast, global Stage I comparison, the Stage 11 comparison was
a careful and rather glow one, and it used oniy the de’ining featires to
compute its evidence. Thus, for ihe CHICKEN-BIRD sentence, only-the

defining features of the twa concepts would be pompared in Stage 11 .‘jlmte

. i 1TC o - o)

it in in fact true that chickens are ‘birds, presumauly virre wodis 've &
i i . - T L [

match on all the tested features in this stage, yielding a “slow yes

respanse, “slow” because it involved Stage Il comparison, and Hyea"

because all of the defining features from CHICKEN would match those

from BIRD during Stage 11 comparisen. Finally, consider the sentence A

bat iz a hird.” This sentence should nise vield only a moderate nverﬁii'r" ~

scare during Stage Iy thus necessitating o Stage H comparison, Duru;ig
Stage H, however, there will be several important. mismiaichies, .h :.'-'mm]
seem that only the characteristic features of bals make them similarto
hirds Their definiog features (mammal, furry, teeth. ete.) give rather con-

pea = : Fhie Wik
wineing evidence, however, that the sentence s faleeThis would be a

ia

Semantic Memory

S ilowens response el hedfige It réguired Stage 11 processing  and

“no'! hecause of mismatohes on the defining features.

'Jhﬁmpirical Tests of Semantic Memory
Models

Most of the early tests of semantic memory models adopted what was
known as the sentence verification task, in which simple sentences
are presented for the subjects’ yes/no decisions (e.g., “A robin is a bird”
or “A canary is green”). Accuracy scores for subjects’ decisions about these
simple sentences would be rather uninformative, of course—people sel-
dom are in doubt or make mistakes about such simple facts. Thus, reac-
tion time (RT) tests were the usual method of testing semantic memory
models; present simple sentences, both true and false ones, and time the
subjects as they make their yes/no decisions (the speed emphasis is clearly
implied in the Smith et al. “fast” and “slow” responses). As is generally
the case in the information processing framework, the assumption is that
time provides a window into the unseen mental processes, here the pro-
cesses of semantic memory search and decision.

Notice, however, a distinguishing feature of semantic memory tasks, as
opposed to virtually all of the short-term and episodic long-term memory
tasks we’ve discussed. In semantic memory tasks we are testing people on
the knowledge they already possess, their conceptual, general world
knowledge about robins, machines, and so forth. The tasks for both short-
term and episodic long-term memory provide a set of stimuli for the sub-
ject to master, to hold in short-term memory or to commit to long-term
memory. Semantic memory tests, conversely, rely on subjects’ existing
conceptual knowledge—when subjects walk into the lab, they are not
asked to learn a list, but instead are asked to demonstrate what they
already know by saying “yes” or “no” to the stimulus sentences. Clearly,
the tests rely on the assumption that people have the relevant knowledge
in memory, and further, that such semantic knowledge is largely similar
among individuals (or at least is similar among the individuals within a

language culture).

Collins and Quillian’s (

v i})GQ) earliest report tested an obvious predic-
tiorfrom their Todel, that two concepts that are closer together in the
network should require less time for verification than two that are farther
apart. Refer again to Figure 6-1, and to the “hand simulation” you per-
formed. If we assume that your conceptual knowledge about this portion
of semantic memory is accurately represented in the figure, then several

predictions can be made. For example, which sentence should be fuster to
verify, “A'robin is & bird" or A robin is an animal?" Right—"A robin is
a hird,"” because it should take less time for the spread.of activation to

intersect for this sentence than for the “A robin 15 an animal” sentence,
Likewise, if the figure is accurate, it should take less time to verify that
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canaries are vellow than that canaries can fly or that they Efeat.hﬁ, againe
fﬂr;ﬁ;r‘;‘f{ﬁi‘ﬁ; the results of Colling and f.]-.liili:m':- { l'.-hiiiilL |L|Hl off
these predictions. In the figure, Colims ana quilizar ua\';l..' havsyabed S0
indicate a superordinate statement, what we’ve been calling isa sentences,
and a P to indicate property statements. They .tagged ona digit from 0 t;)!
9 to the S or P, to indicate how many levels up in the hierarchy the searc
had to proceed in order to find the stated concept. As you can see, reaction
time increased as the semantic distance betwefan the two concgpts
increased. For the superordinate sentences, searching for an S2 relatl;l)n-
ship (e.g., “A canary is an animal”) require_d ab<_)ut”75 msec longer than
searching for an S1 relationship (“A canaryis a ble ). The same mclreasle
in time was also found for property sentences going up 1 versus 2 levels
(notice that a PO sentence meant “up O levels,” i.e., that the‘ second.term
in the sentence, the predicate, was stored at the same level' m”the hlerlz:r-
chy as the subject of the sentence; e.g., “A canary can Sing ). It takes

- - S

——aammA A

1500[ 7 7 1(P2) :rn:lmar,r has (P) A canam ‘
| skin (78) has gills ¢(709) °
‘ . - 6(723)
1400 ‘ S) A caAmﬂ',‘\
’ ﬂY ‘\l309n is a fish
(PO) A canary can
N sing - | I B - ‘
o 1300 — 318) ‘
“(/)J (S2) A canary i1s an
animal
z \ ‘ | _--"1@0)
2 i E— e ]
- 1200F [(S1) A canary is al_.—~
< l bird L1327 }
Z 1 e |
< P B— — .
=2 1100t I /7 | ¢————a Properties #
| e Om—0 Supersets \ \
(S0) A canary Is a // \ |
canary - IR
1000 £ — |
(340) The number of reaction times for
l each point are In parentheses ‘
l | sentences shown are only illustrative
el
o0 e R 2 FALSE
% — SENTENCES

LEVELS OF TRUE SENTENCES

—

Reaction time to superordinate (S) sentences and propgrty (P) sentences c;:sn:ttw:wn as
function of levels within the hierarchy. An S2 sentence involves a §uper<t>‘r -|a e el
connection 2 levels up the hierarchy; S1 means 1. level up in the hierarcl Cy agleve
sentence had the predicate stored at the same hierarchical level. (From Colii

Quillian, 1969.)

-
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longer to retrieve a relationship between fwo concepis when those con-
~pepts-are stored farthér apart in the semantic structure. Moreover, it

- appeared from these results that the iso pathway was stronger than the

property pathway, since superordinate sentences were faster overall than
property sentences (see Hampton, 1884, for confirmation).”

SWhile this resalt sounde Tike strong evidence for the network model, it
turns out that it was by no means a definitive test—it did not distinguish
Collins and Quillian’s model from the Smith et al. approach, for instance
(although it might be argued that Smith et al. designed their model spe-
cifically to account for this kind of result). Consider the feature overlap
process in the Smith et al. model, and how it would operate on these sen-
tences. It should be clear that, on the average, there should be less feature
overlap between any two concepts when those concepts are farther
removed from one another in the hierarchy depicted in Figure 6-1 (notice,
however, that Smith et al.’s model did not structure concepts into a hier-
archy, and that the rigid hierarchical scheme was later abandoned by Col-
lins and Loftus, 1975). Sentences like “A robin is an animal,” which Col-
lins and Quillian called S2 sentences, would yield lower overlap scores
than sentences like “A robin is a bird” (an S1 sentence) during a feature
comparison process. Thus, on the average, more S2 sentences would need
the extra comparison step of Smith et al.’s Stage II. This would of course
tend to slow the comparison process down.

Let’s discuss three specific issues that were debated in the literature as
evidence for or against these two models: cognitive economy, property
statements, and typicality. You’'ll get a flavor for how cognitive psychology
tests models and theories, and in the process you’ll encounter the evidence
for the strongest generalization about semantic memory, a generalization
known as the semantic distance or semantic relatedness effect. Although
it was not necessarily clear at the time, all three of these issues are differ-
ent expressions of the same underlying generalization—semantic memo-
ry’s structure is based on semantic relatedness among concepts.

Cognitive Economy A clear commitment of Quillian's (1969) TLC
model was that redundant information s not stored in memory; “The
sheer guantity of information involved . .. argues strongly that both the
human subject’s memory and our model thereof contain as little redun-
dancy as possible and that it [should] contain stored facts only when these
cannot otherwise be generated or inferred” (p. 228). This position has
been given the name cognitive economy. To economize in the number
of concepts that must be stored, only nonredundant facts will be stored

in _memory. A rather straightforward example of this principle is the

5Collins and Quillian, of course, tested many more concepts than just canaries and robins,
although the tradition in this area of research is to illustrate the models using these words. In a
depressing example of literal mindedness, a student of mine once answered an essay question on
semantic memory by saying “Collins and Quillian devised a psychological model to explain what peo-
ple know about birds.”



appearance of FLY only with BIRD in Figure 6-1, instead of also with
ROBIN and CANARY. It seems very likely that Quillian adopted this
principle because of his work with computer modeling. That is, storage
space is at a premium in computer models, so the principle of cognitive
economy is a convenient principle to adopt for such work. Furthermore,
the simple inference process of retrieving a property from a superordinate
could be invoked over and over, and would yield the same outcome—
knowledge that a robin does fly, for instance. Although the original state-
ment of the model in a psychological journal (Collins & Quillian, 1969)
indicated that an extreme stance on this principle was not being proposed,
most early investigators realized that some kind of cognitive economy was
intended.

There is clearly a grain or two of truth to the cognitive economy idea.
After all, it strains the imagination to suppose that we would fill our mem-
ories with such facts as “the philosopher Aristotle had two hands,” that
we would waste mental effort and space in such a colossal fashion. On the
other hand, there are several difficulties with the principle of cognitive
economy for more ordinary concepts. One involves the issue of forgetting,
or at least a version of it. To illustrate, say that when you were three, you
saw a bird in the backyard, and your father said to you, “That’s a robin.
See it fly away?” You might store a connecting pathway between ROBIN
and FLY in this situation, and might continue to do so for other birds as
well. until you later found out that almost all birds fly. The principle of
cognitive economy would seem to imply that when you learned the more
general fact, and stored a pathway between BIRD and FLY, the separate
pathways to FLY from ROBIN and other birds would have to be erased.
This is a rather difficult position to swallow, given what we know about
forgetting from long-term memory. To their credit, Collins and Quillian
(1969) tested sentences in their experiment that seemed likely to require
inferences—for instance, ‘A canary has skin.” Nonetheless, the possibility
existed that a different structure, one that was not cognitively economical,
might be correct instead.

The hest known of the studies that challenged the cognitive economy
prinrip!t- was done by Conrad (1972}, In her ztudy, Conrad first collected
hormative data from a sample of college <tudents, asking them to write
Hown properties of a variely of different words (like “robin,” “banjo,”
“onion,” ete.). She tabulated the frequency with which different proper-
ties occurred in these written listings, then used the words in sentences

Hfor her verification task. Basically, Conrad found that there was little evi-
\dence for the economical scheme implied by cognitive economy—prop-
arties at various levels in the hierarchy seemed to be stored repeatedly,
not in the overly tidy, nonredundant fashion implied by Quillian (see also
Asheraft, 1978h). Furthermore, the frequency with which properties were
produced in the normative data was a much more powerful predictor of
RT performance than the hierarchical scheme used by Collins and Quil-
lian. High-frequency properties, like WINGS for the concept ROBIN,

———1
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were verified very quickly, whereas low-frequency properties, like FEET
for ROBIN, required more time in Conrad’s results (see aléo Ashcraft
1976; Glass, Ho!yoak, & O’Dell, 1974). It seemed very possible, in othe;
words, t_hat Collins and Quillian had obtained their result not be’cause the
progertles or superordinates were more distant in a hierarchical structure
but instead, because their “more distant” concepts were actually associ-’
ated more weakly with the concepts. The cognitive economy effect, it
seemed, was due to Collins and Quillian’s failure to control for the eff, t
of frequency or strength of association. *

e 2 fa..-Another feature of Conrad’
took on added significance as more semantic memory ii;er(ilrgzi)tss:vlﬁi
conducted. Despite the early testing of both superordinate and property
statements by Collins and Quillian (1969), most of the subsequent
research focused exclusively on category statement verification, testin,
sentences that asserted “S is a P,” i.e., “S belongs to the super:)rdinati
f:atggory P.” (These important studies are discussed shortly, under “Typ-
lcahty effects.”) When experiments began to probe more th,oroughly iilt)o
!:he richness of. semantic knowledge, property statements became an
important testing ground. Essentially, a property statement is one that
assert.s: that some concept, S, has a certain property or characteristic
P; for msﬁance, “A robin has wings,” “A canary is yellow,” and so forth’
As expenments using property statements began to appear, a difﬁcult‘
arose 1n.the use of the Smith feature comparison model. , Y
Consider “A robin has wings.” The normal Smith et al. comparison
rocess, you'll recall, was to access the feature lists for both concepts, then
0 a global Sta.ge I comparison on these lists; sometimes, of course’ this
_’/tage I comparison was followed by a Stage II evaluation of just the (ieﬁn-
iig features for the two concepts. Whereas this process seemed quite sen-
sible for category statements, it seemed rather implausible when propert
tatements were investigated. That is, the Smith et al. approach suggeste?ll
that for “A robin has wings," you must access the feature lists for both
u.':Tc;JEiEL:FLt your concept of ROBIN and your concept of ‘;T[[\'G E.i['-'
ﬂ'mSé 1:; IL‘:L:‘; ';:L?;]wn conduct the regular feature-overlap process on
| .r"m1 |1n3t[n_l peculiarity involves categories like WINGED THINGS
T'.HE]\If:h ‘v.'lr']'ll"H FEET, and to use a Smith et al. t—mmpiu BRI W'.'L-'.\;
:‘];[Ehlil[ ""; {as in “An ostrich is brown'). It seems a hit :'::rt'c—trh-t-d 1]1"31 1.1:'-*
ctually have concepts or calegories in semantic memory corres ailing
to W I_T\EE[} THINGS or THINGS WITH 1-']-'.1:‘.’['{ enchlt-:-irh ::iﬁli:.l-:“dlf”f
fure J:.ai._ Assuming for s moment that we do have such uunuept; ]Hn:-:tw::'
lu-c_uml !}'J'I'.'.lf: arises. What features might be on your list for 1‘i;e.r:nn L] 1I:
WING E.Li "I‘HINLIH'.‘ Aside from has wings, and [-JIIJ:":'_‘H]L':.' can fly i1'."dé.|.'
ficult to imagine what other features would compose this list, ‘x.'-;a-tlLl- t'nzr.]" er
Ehl_’l'- E"_iH']i feature list was assumed to have both defining :"!I:I.[J L‘l‘ml'fn.'tl;*-
igtic features on it. If we can only think of one or two 1'1.'.'2;511[';'*; fior
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WINGED THINGS, then the further division into characteristic and
defining features seems quite implausible. Yet this was the process
advanced by Smith et al. (1974) to explain property statements. (A related
peculiarity was that WINGS would probably be a feature stored on your
feature list for both ROBIN and BIRD. Why, then, would you need to
access a WINGED THINGS concept when WINGS is already a feature
stored on your ROBIN list?) The Smith et al. model was extended to
three different kinds of property statements; adjective (e.g., brown), rela-
tive adjective (e.g., small), and has properties (e.g., wings). As Ashcraft
(1978a) noted, however, each type required a distinctly different kind of
comparison process to render it workable within the feature comparison
approach. Furthermore, there was little or no evidence that subjects
treated different kinds of properties differently, either in normative or RT
studies (e.x., Ashcraft, 1976, 1978h; (Glass et al., 1974).
As Colling and Toftus (1875) pointed out, the net work- approach.con-
tains both property and superordinate pathways, and thus has no dithi-
culty in explaining how people verifly property siatements—the same
intersection search process applies to both, Furthermore, the troublesome
distinetion between defining and characteristic properties was not in the
Collins and Quillian model, whereas Smith et al. had some difncuiivics i
convincing researchers that sucha distinction even existed, much less that
it was as central to semantic memory processes as they had proposed.
Finally, Collins and Loftus made one additional telling criticism of the
feature comparison model. It seems highly arbitrary that the Smith et al.
model stores any and all features that might be learned about a concept
except for the important superordinate information about that concept,
e.g., thatarobinisa bird: “While most people may not have learned some
superordinate relations (e.g., that a beaver isa mammrp’hl, or a sled is a
vehicle), there are many they have learned (e.g., that a wren is a bird, and
a beaver is an animal). Why would they not use such information if it is
stored? How in fact can they avoid using it? It is an unlikely model which
postulates that people use information that is less relevant to make a deci-
sion, instead of information that is more relevant” (Collins & Loftus, 1975,

pp. 425-426).

Typicality Effects The category statement studies we’ve been dis-
cussing usually used the sentence frame “An S is a P” for the stimulus
sentences. For such frames, the S term, for subject, and the P term, for
predicate, were category members and superordinate category terms,
respectively (e.g., A robin is a bird, and a robin is an animal). As many
researchers found, more distant superordinate terms led to slower
performance.

A variation on this theme quickly came to the forefront in semantic
memory research, in which the S term, rather than the P term, was of
interest. The extensive set of norms by Battig and Montague (1969), orig-
inally collected as a source of stimuli for free recall and clustering studies,

Semantic Memory

showed clearly that there was a stable ranking or ordering of the members
of a category. To use our familiar example, “robin” was the most fre-
quently occurring member of the bird category—it was listed by 377 of
Fhe 442 subjects; “chicken,” on the other hand, was listed by only 40 sub-
_!ects. As you might suspect, such a range of occurrence says something
important about people’s representation of the semantic category BIRD
gand other categories as well; see footnote 5), and, as a consequence
implies something important about their RT performance. ’
The important result in studies that used S terms from the whole range
of frequencies was that frequently-listed category members were verified
more rapidly than others—you can decide “yes” to “Is robin a bird?”
more rapidly than to “Is chicken a bird?” Under the standard assumption
that time differences can reveal mental processes, this result suggested a
||r_-'-.'.'_ dimension to semantic memory. Unlike the l"!El]ﬂ.l.' length pathways
depicted in Figure 6-1, such a result suggested that puthwu.}rs o Iﬂﬁﬁ-l—r-ﬁ-
quent category members were longer, making those members “farther”
away in the semantic network,'Under the Smith et al. scheme, less fre-
r[n-.-J‘I"I! Cilegiry members were said to have lower [eature overlap with
thf?ll‘ superordinate than more frequent members. In fact, it was exactly
thls. kind of result (Rips, Shoben, & Smith, 1973; Rosch, 1973) that led
Smith et al. (1974) to their feature comparison model. So-called “central”
|:|.e-|1|I|u-r:- of the category (Roach, 1973) were verified more guickly than
'_';mnphemi" members, as illustrated in Figure 6-4. This impcnmmt- aeffect
is nowW called the typicaliiy effect—iypical members of a category can
{:e-{udged mire rapidly than atypical members, (We will return to typ-
icality latar, since it is more important than this short difcussion implics.)

Semantic Relatedness Figure 6-5 illustrates a modified network
Fepresentation of part of the bird category, one that incorporates the three
issues we’ye been discussing. Notice first that there is no rigid cognitive
economy in the illustration—properties listed for a concept are linked
directly to that concept, rather than indirectly via pathways through a
superordinate node. Second, notice that these linking pathways are of dif-
ferent lgngths, reflecting the results that sentences with high-frequent
properties are verified faster than those with low-frequent properties (this
result was clearly anticipated by Collins and Quillian; see the introductory
quotation). Finally, notice how typicality effects are represented in the
figure—typical or central members of the category are connected to the
superordinate node by shorter pathways, whereas atypical or peripheral
members are linked by longer pathways. In other words, the network
struc.:ture of a category is illustrated in the figure, with the length of con-
necting pathways coding the degree to which two concepts are related.
Shorter. pathways denote concepts that are closer in semantic space, or to
use a different terminology, denote concepts that are more highly related

to one another. Longer pathways denote lesser degress of semantic
relatedness.
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FIGLRE 6-4
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Unfortunately, it is difficult in a two-dimensional figure to illustrate
some other features of networks. For example, most rest?archers vtloul.d
agree that the strict hierarchical approach is incorrect. ThlS. conclusion is
based on evidence that statements like “A beaver is an animal” temil to
be verified more quickly than “A beaver is a mammal.” Of course, in a
strict hierarchy, the mammal sentence should be faster to verify or judge,
since mammal is a subset of animal. Nonetheless, RTs to sucl.x sentences
show a different effect than strict logic or hierarchies Wf)uld u.nply (‘f'g"
Rips et al,, 1973). In the figure, this relaxation of the sFrlctly hierarchical
scheme would mean that there should be a connecting pathway from
CHICKEN to ANIMAL, for instance, and that this pathway would be
shorter than the CHICKEN isa BIRD pathway. Conceiving qf such net-
works in three-dimensional space makes this easier to imagme,' bu.t, of
course, three-dimensional networks cannot be illustrated easily in a
drawing.

Semantic Memory

FIGURE 6-5
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A portion of the semantic network is illustrated, taking into account three empirical
effects: (1) there is no strict cognitive economy in the hierarchy, so redundant
information is stored at several different concepts; (2) typical members of the category
are stored more closely to the category name or prototype member; and (3) properties

that are more important are stored more closely to the concept than those of lesser
importance.

Regardless of how we diagram the illustrations, the empirical predic-
tion from such a network is that performance, particularly RT perfor-
mance, will vary directly as a function of the length of the connecting
pathway. To state it slightly differently, the higher the semantic related-
ness between concepts, the faster vou are able to retrigve the connection
between them. This i5 10 fact the semantie relatedness effect; con-
cepts that are more highly interreloted can be-judged “true’’ more rop-
1l than those with a lower degree of relatedriess. Theimportant new
ingredient here 1s thit'thissemantic relatediiess principle applies hoth to
category statements (a robin versus a chicken is a bird) and to property
statements (a robin has wings versus has a beak). To make a long story
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short, the prediction turns out to be true for both kinds of statements
(e.g., Ashecraft, 1978a).

The opposite side of the semantic relatedness effect has also been con-
firmed, that higher degrees of relatedness will slow down performance
when the sentence is actually false (Kintach, 1974). In'cther words, the
targe number of connecting pathways (network), or the nontrivial number
of overlapping features (feature comparison) between BAT and BIRD, or
between WHALE and FISH, make those sentences relatively slow to

judge as “false."” In confirmation of this generalization, Smith et al {1974)

reported that subjects answered false-but-related-sentences such as
“Lions have stripes” about 200 msec more slowly than unrelated false
sentences like *Lions have dials.” The only clear exception to-this gener-
alization invalves direct contradictions, which are usually rejected rather
quickly despite strong relatedness between the concepts (e.g., “All dogs
are cats”; see Glass & Holyoak, 1975).%

Results such as these suggested a great regularity in semantic memory
structure—concepts farther removed from one another in the hierarchy
required more time for retrieval, and concepts closer together required
less time, and were more central to the meaning of the concepts or cate-
gories. Also called the semantic distance effect, the semantic related-

RIS v hep e ey iR i .
ness effeét'i§ an important generalization: The closer two concepts are in
semantic memory (distance), or the more related they are, the faster is the
mental search process that retrieves information about the concepts. This
idea is particularly easy to visualize for network models, where more acti-
vation accumulates at the closer concepts because a shorter distance has
to be traveled (or alternately, that activation accumulates more rapidly at
closer concepts due to shorter distances). A grander implication also fol-
lows from this effect as well, that semantic memory—all of our general
world knowledge—is structured according to semantic relatedness. In
short, semantic memory stores concepts in terms of their relatedness to
one another, and this is the basic dimension along which semantic mem-

ory is organized.

v Categorization, Concepts, and
Prototypes
A final series of important studies will nail down this principle of semantic

relatedness and the structure of categories in semantic memory. This dis-
cussion will also set the stage for several important processes to be con-

8Glass and Holyoak (1975) also reported another kind of statement in which a related, but false
pairing was judged quite rapidly, exemplified by “All animals are birds.” They argued that the avail-
ability of a counterexample (e.g., reptiles are animals, but aren’t birds) made such judgments faster.
Since their study examined other kinds of quantifiers as well (e.g., “Some animals are birds”), it may
be that this exception is best understood in terms of reasoning and decision processes, rather than
as a straightforward result pertaining to the structure and ordinary processes of semantic memory.

=
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sidered in lat.en" chapters, among them the comprehension of conversation
and the acquisition of language. As preparation for this section, you might
!ook up the words “bird” or “fower” in your dictionary, and note any
illustration that accompanies the definition.

Concept Formation

) Let’s begin this section with a quick look at traditional laboratory stud-
ies of c?ncept formation, since this body of work is often contrasted with
_«'E.m:-mlm memory coneepts and categories. In the typical labaratory study
of concept formation or identification (e-g,, Bourne & Bunderson, 1983:
Hfaygm:d & Bourne, 1965}, subjects were presented with a long sr;ries nf.‘
stimuli such as those illustrated in Figure 6-6. After each stimulus was
jlzreaentud, subjects had to indicate whether the figure was or was not an
instance of the concept being tested, and were then given feedback as to
the correctness of their decision.

Ir_yuufra paying attention here, you should he Baying to yourself “Wait

a minute—what concept?” [n other words, how can suhjects judge
jﬂ’hﬂhﬂ' oF-not a stimulus is 8n instance of o concept when the n-:'nnr:el;t
itself isn_’t known? This, in fact, was the main point of this kind of study—
by re.celving feedback on their choices, subjects would eventually
“acqul}'e” or figure out what the concept was. At that point, the concept
was said to be formed or identified; another way of phrasing this is to say
that the subject had learned to classify the stimulus correctly. Study Fig-
ure 6-6 again, paying attention to the answers at the right of each stim-
ulus. Once you’ve decided what the concept is, check the end of the next
paragraph to see if you were right.

An important factor in these studies was the complexity of the concept
that was to be identified. For example, a simplé concept might be defined
as having only one critical feature; e.g., shape might be the valid dimen-
sion, and “roundness” the critical value on that dimension. A complex
C(?ncgpt might join two or more critical dimensions with a specific com-
‘k‘)matlon rule; for instance, the relevant concept might be defined as
_ round, or containing a plus, but not both features together.” As you can
infer from .the figure, the concepts that people were supposed to identify
were combinations of simple features, features that could be manipulated
independently as the experimenter invented the stimuli. For our pur-
poses, t.he important results of such studies can be summarized briefly
.(e.g., Kintsch, 1970): once the relevant dimension is selected (for instance
1gnore'shape and size, pay attention only to color), then the concept has’
essenl':lally been identified; the more independent dimensions along which
the. Stlm}lli vary (e.g., shape, size, color, location), the more trials it takes
tf’ identify the concept; the more redundant, concept-relevant dimen-
sions, the faster the identification (in other words, if either roundness or
presence of a plus indicates a positive instance, and roundness and pres-
ence of a plus always occur together in the stimuli, then you can identify
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bership in categories is a matter of degree. Some members are highly rep-
resentative or “good” instances, close in some sense to an “ideal” member.
Some are “poor” instances, on the periphery, in that “grey” area where
members seem to blend into another category. This is, of course, the ill-
defined or fuzzy boundary idea.

Perceptual Categories To document her point, Rosch presented a
fascinating study conducted with members of the Dani tribe in New
Guinea (Rosch-Heider, 1972). Both short- and long-term memory tasks
were administered, using chips of different colors as the stimuli. She
found that the Dani learned and remembered more accurately when the
chips were “focal” colors rather than “nonfocal” colors, or, putting it
loosely, “a really red red” as opposed to “a sort of red red.” The central,
perceptually salient “good” red, in other words, was a better aid to accu-
racy than the nonfocal “off-red.” One compelling aspect of this study was
that the language of the Dani contains only two color terms, one for
“dark” and one for “light.” Nothing in their language expresses meanings
like “true red” or “off-red,” and yet their performance was influenced by
the centrality of focal versus nonfocal colors.”

Given the absence of separate color terms in their vocabulary, Rosch
reasoned, it must be that there are structured, mental categories of colors
in the subjects’ semantic memories, categories that do not rely at all on
the spoken language. Each category has a central tendency, a focal mem-
ber that represents the “true” or “good” color, and also has noncentral,
nonfocal members that are less representative. Thus, the centrality -or
“goodness” of a color in its own category made a difference in the memory
tasks, even without distinct words to name the different color shades. As
you recall from the previous section on typicality, synonymous terms for
focal are central or typical, and peripheral or atypical are synonymous
terms for nonfocal.

Semantic Categories Once she had demonstrated the structure of
such perceptual categories, Rosch went on to demonstrate an analogous
structure in natural, semantic categories. For example, in one set of stud-
ies (Rosch, 1973, 1975), subjects were asked to rate a hist of category mem-
bers on their “representativeness’” or “typicality,” She then found that
categorization results—for instance, RT to verify that "An Sis a P"—
depended on the rated typicality of the instance (Rosch, 1973). This is a
result you've already encountered in Figure 64, Her later work extended
this typicality effect even further. For example, she tound that using tne
category name “prepared” people better for a judgment about a typical

7Another feature of Rosch’s study is interesting as well—she used a traditional paired-associate
learning task with the Dani subjects, partly b its standard methodology would yield convincing
results in this otherwise unusual and original experiment. Occasionally, it pays to use a thoroughly
understood “shovel” when you’re digging for something new.

Categorization, Concepts, and Prototypes

member than for a judgment about an atypical member (1975; more about
this priming effect later). Members that are judged typical of a category,
furthermore, tend to share more common features than those that are
judged atypical. Typical members also tend to share fewer features with
members of other categories (e.g., Rosch & Mervis, 1975; see Rosch, 1978).
Far from finding evidence that category members are “equal” in the
concept formation sense, Rosch’s extensive program of research revealed
repeatedly that natural concepts and categories have an internal struc-
ture. Real-world features do not occur independently of one another,
although that is the way that shape, color, etc., are manipulated in the
concept formation task. Instead, features or properties of real objects
come in correlated bundles, As & simple ¢xample, while shape and color
may be independent in concept formation tasks, “wings” and “beak" are
anything but independent in the real world—the things in the real world
that have wings aften have beaks too. We strocture our mental represen.
‘."""“FE-"I such categories in terms of these correlated features, with tvp-
ical instances of the eategory stored centrally, at the “core” of the con-
cept's meaning, and with afvpical instances stored more peripherally.

: Prototypes The term that Hosch proposed for the centrnl, core
inatance of a category is prototype—a “really red red" i a profotypical
red, a “doggy dog” (1975, p. 188) is a prototypical dog. Rosch advanced
the argument, then, that mﬂ‘mtcme%ﬁm represented in terms
Df_ﬂ_.mm._ﬂim_upi ] s stored cloge to the prototype-and
Fenghlerﬂi Fnembgw.fmhﬂmf. When asked to think of or imag-
ine & dog, for example, you generally think of your prototype—Ifew of us
would immediately think of a Chihuahua, but instead would think of a
German shepherd, a terrier, or some other more “doggy dog.” Think back
now to our standard semantic memory category. Did your dictionary have
a picture of a rather ordinary looking, typical, yet nondescript bird next
to the definition, and the same sort of generic picture of a flower? Such
neutral, nondistinctive pictures are probably quite close to the mental
representation of a prototype, the central, organizing representation in
natural categories.

. What other kind of evidence is there that typicality and prototypes are
important issues in the representation of word and category meanings?
One such demonstration involves hedges, statements that limit or restrict

a sentence-in some fashion. Several investigators have noted how eur lan: -

guage permits us to hedge a statement, to gualify it in a sense (eg., Lakoif,
19 ."._'.L ['hus, ome of Smith et al.’s (1974) early points on typicality was that
atypical category members are often hedged with the word “technically,”

‘as in *Technically, a chicken Is a bird.” The hedge, of course, indicates

that there's something about the statement that might be odd without the
hedge. Conversely, statements that are genuinely false, like “A bat is a
bird,” can be hedged with the phrase “loosely speaking”; the semantically
related concept is close in meaning, but mismatches on some important



ﬁjr ST R

274

6 Semantic Long-Term Memory

features. Hedging, of course, implies a typicality effect, as well as some-
thing about our sensitivity to the typicality of concepts. Notice how wrong
the sentences are when the hedges are reversed, for instance *“Techni-
cally speaking, a bat is a bird” and *“Loosely speaking, a chicken is a
bird.” And hedging a typical member strikes everyone as unacceptable,
too—no one would say *“Technically, a robin is a bird.”

For sheer cleverness, however, none of the typicality investigations
matches a study by Rips (1975). Rips used a dramatically different kind
of task to obtain his evidence. Subjects read a story about an island inhab-
ited by only eight species of animals: sparrows, robins, eagles, hawks,
ducks, geese, ostriches, and bats, One group of subjects then read that &
highly contagious disease had been discovered among all of the sparrows;
another group read that the robing had the disease, another that eagles
were affected, and so forth. Subjects were then asked to estimate the per-
centages of the other animals that would also contract the disease, The
pstimates vielded overwhelming evidence of a typicality or prototype
¢ffect, Species that are rated as quite typical or clege o the prototype,
guch as sparrows, were judged very likely to infect virtunlly all the other
gpecies. Atypical instances, say geese, were judged likely to infect only
other atvpical members, ducks fur instance, and this to & much lesser

degree, The underlying issue, of cotrse, was Pypieality, the representa-

tiweness of species within the overall category. Subjects assumed that if a
typical instance had an important property, then that was sullicient v
predict that all instances, typical and atypical, would share the property
as well. If the property was only true of an atypical instance, however,
subjects tended to doubt that the property would be shared throughout
the category.

Internal Structure and Categorization The generalization you
should remember fram all of this research is that categories and concepts
in semantic memory are internally structured by semantic relatedness.
Categories provide us with a wavol elassifying ohjects in our environment,
and thereby predict what the objects do, what properues Ly “pussess,
and how they may be equated under certain circumstances but not under
others. To illustrate, tame and wild turkeys are roughly equivalent if
you're classifying on the basis of “things to have for dinner,” but are not
equivalent if the classification is based on “legal game in hunting season.”
Likewise, while a hammer and a pair of pliers belong to the same
superordinate category of tools, they are not equivalent under most cir-
cumstances (but according to a principle in my Murphy’s law calendar,
“in a pinch, the nearest tool becomes a hammer”). We have central, core
meanings for each category and concept, and these can be represented as
prototypes. Other instances of the concept are arrayed around the pro-
totype, in a semantic distance sense, and can be thought of in terms of
their similarities and dissimilarities to the prototype. Bruner et al. (1956),
writing at the very beginning of modern cognitive psychology, claimed
that “categorization is the means by which the objects of the world about

ey
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us are .identiﬁed” (p. 12). To this, we would add that the process of cate-
gorization, relying on existing general world knowledge, is guided or even
determined by semantic relatedness and category structure.

Concept Formation Reconsidered

As a postscript to this discussion of category structure, classification,
and prototypes, reconsider the concept formation stimuli in Figure 6-6.
Recall that Rosch (1973) viewed such arbitrary patterns, and the concepts
specified by them, as highly artificial and quite dissimilar to natural con-
cepts and categories. Interestingly, however, it seems that people do
abstract a prototype-like representation of such stimuli as they “acquire”
the tested concept.

A standard demonstration of this point is a study by Posner and Keele
(1968). They constructed prototypical patterns, such as a triangle, along
with various “distortions” of the patterns, all illustrated in Figure 6-7.
Subjects were then shown the distorted patterns and had to classify them
into their appropriate category (four separate categories, and four “fami-
lies” of distortions, were used). After performing in this training portion
of thestudy, subjects were tested in a transfer portion, to see if their train-
‘4mg 6N the categories would transfer to new patterns. Would subjects be
able to classify the new patterns accurately? Naturally, the greater the
distortion in the stimuli, the slower the original learning. Furthermore,
subjects were better at classifying distortions they had already seen than
those they had not. The critical result, however, was that subjects classi-
fied the prototypical patterns just as easily as they classified the familiar
distortions, even though they had pever seen the prototype patierns,
Thus, subjects seemed to have abstracted the central tendency or core of

““the category from the “flawed” or distorted patterns they had originally

seen. They represented the central tendency of the category as a kind of
prototype.

Even more remarkable was a study reported by Bourne (1982), whose
earlier concept formation research had been criticized by Rosch (1973) on

FIGURE 6-7
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A prototypical triangle pattern is shown on the left along with various distortions of the
prototype. The degree of distortion increases going from left to right. In Posner’s
rasearc_h. subjects acquired the concept from various distorted patterns; they
categorized the prototypical patterns as most representative of the concept, even
though they had never seen it. (Adapted from Posner, Goldsmith, & Welton, 1967.)
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the grounds of artificiality. Bourne reported a traditional concept forma-
tion task, in which two critical features defined the concept. The rule that
defined the concept was that the presence of either of the two critical fea-
tures—call them x and y— made a stimulus “positive.” The interesting
manipulation in the experiment was on those stimuli that had both of
these features present, a condition labeled xy. As in all concept formation
tasks, subjects’ answers were followed by feedback, which told them
whether their judgments were correct or not. Bourne varied the feedback
on the trials that presented the combination xy stimuli; one group was
told 100% of the time that these were “positive” instances, one group was
given positive feedback on 75% of these trials, one group on 50%, one
group on 25%, and one group on 0%. In other words, the 100% group was
always toid that xy stimuli were positive instances, the 0% group was
always told that xy stimuli were negative instances, and the other groups
were given mixed feedback.

Not surprisingly, subjects were rather slow in learning which response
to make to xy stimuli, since either the x or the y feature by itself made
for a “positive” instance. Early in the tests, virtually all subjects
responded “positive” to these stimuli. Slowly, however, the feedback given
the mixed and 0% groups began to take effect, so that by the last of the
six concept formation tests, subjects in the 0% feedback group called xy
stimuli “positive” only 1% of the time (i.e., a 1% error rate, given their
feedback).

This typical concept formation procedure was followed by several spe-
cial tests. In one of these, subjects were asked to rank stimulus patterns
from the best example of the concept to the worst. Despite the nature of
the task and the varying percentages of feedback, subjects rated the xy
patterns as typical of the concept. In particular, subjects in the 256% con-
dition rated the xy patterns as most typical, even though these patterns
had only been called “positive” on 25% of their trials. Even subjects in
the 0% condition, who never saw xy pairs labeled “positive,” rated them
as more typical than the other “negative” patterns—by rights, of course,
xy should have been just as atypical as any other pattern that had always
been negative for these subjects. In short, “even with relatively modest
feedback to the effect that xy instances are sometimes positive, subjects,
on the average, ranked xy instances as the best example of the concept
that had been learned” (Bourne, 1982, p. 7, emphasis added). The typi-
cality effect applies, apparently, even when supposedly artificial patterns,
and the laboratory concept formation task, are used to study
classification.

>< v Priming Semantic Memory

In chapter 3 you read about automatic processing, in which mental pro-
cesses occur without any intention or conscious effort. At that point, we
introduced the notion of priming—a word is presented, for example, and

because of automatic access to its meaning, priming boosts or causes an
activation of both that concept and other concepts that are related to
it. The effect of priming, in that discussion, was to influence subjects’ per-
formance in the shadowing task. In particular, it was found that subjects
will switch their attention from one auditory channel to another if the
unshadowed, unattended channel completes the meaning of the sentence

they’re attending. Thus, the phrase “While Bill was walking through the .
forest” was said to prime concepts in memory that are related to forests, '

e.g., trees and so forth. Because those concepts were primed, the phrase

“a tree fell across his path” (see Figure 3-1§j intrudes into the subject’s |
shadow. In short, priming resulted in the activation of related concepts, |

and thus influenced the subjects’ selective attention.

In the chapter 3 material we relied on your general intuitions as to what" |

words might be related to a priming word, as in the “forest-tree” example.
But now, you've just studied several sections on the topic of semantic
relatedness and you have a much better idea of how words and concepts
are related to one another. You even read of one specific model that pre-
dicts these priming effects, the Collins and Quillian (1972; Collins & Lof-
tus, 1975) network model. Recall from that model that a concept becomes
activated and then spreads activation to its neighbors, to those concepts
it is semantically related to. You also read that activation will persist for
a period of time, but that it eventually will decay.

Priming Tasks

. ———

Let's introduce some precise voeabulary for these ideas to facilitate the
explanation that follows. Any stimulis that is presented first, in hopes
that it will influence some later process, is called a prime—simple
enough, you'll agree. The stimulus that follows the prime is the one we
expect will be influenced in some way. This later stimulus is ealled the
target, since it i5 the presumed déstination of the activation or priming
process. Thus, primes precede the targets, and targets are influenced hy
the primes. Sometimes this influence is beneficial, as when a prime ]ndhg-_b
the target easier or faster to process. This kind of positive influence on
processing is referred to as facilitation, or sometimes simply benefits,
Pecasionally, the intluence is negative, as when a prime is misleading.
When the prime slows down performance to the target, the negative
influence on processing is called inhibition; we also say, equivalently,
that there were costs agsociated with the prime.

Finally, gince priming is a level of mental activation that will eventually
dissipate, we often need to keep track of the period of time that intervenes
between the prime and the target. In some studies, this period of time iz
filled with other stimuli or trials, In this case, the lag between prime and
target, '!.JE.HEH}" the number of intervening stimul, is our index of the sep-
aration between prime and target; “lag 2" would simply mean that two
triald came between the prime and the target. Tn other studies, the period
of time between the prime and- the target is of interest. However nonin-

b
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6 Semantic Long-Term Memory

respect to the target—a plus sign appeared hefore the target. On the safe
assumption that the plus sign should have no specific effects on letter
matching, the plus condition served as & neutral baseline. The other half
of the trials presented a prime that was a letter: Part of the time, the
prime matched the pair of letters in the target—A was the prime for AA.

This condition was labeled the “relevant prime” condition; since the *

prime was relevant for the upcoming target stimuolus. Part of the time,
however, the prime did not match the target letters—B as the prime for
AA_ This is called the “irrelevant prime” condition. As in the simple

matching task, subjects were instructed to say “same"” if the two lettersin

the tarpet were physically identical, and “different” otherwise; they were
told that the prime could simply be treated as a warning signal,

The other variahle of interest in this study was the percentage of the
trials on which the letter prime matched the target, i.e., was relevant w
the decision the subject would have to make regarding the target. For
some subjects, the letter prime matched the target 80% of the time, and
didn’t match the other 20% of the time; this is the 80-20 condition. For
another group of subjects, the prime matched 50% of the time, and didn’t
match the other 50% of the time—the 50-50 group. For a third group,
primes matched only 20% of the time, and mismatched 80% of the time.
The purpose of the varying percentages was to lead the subjects to differ-
ent expectancies; for instance, if only 20% of the primes you see are rel-
evant to the target, you'd eventually come to expect that very few of the
primes would be helpful for processing the targets. This expectancy might
influence your performance, as would the opposite expectancy, i.e., that
most of the primes are relevant and very few irrelevant.

Table 6-1 shows the RT results that were obtained. Look first at the
80-20 condition. With the neutral prime, RT to judge AA the same was
414 msec. With the relevant A prime, however, RT was 329 msec, an 85
msec speeding of the AA match due to the useful A prime—we call that
an 85 msec facilitation. Conversely, getting Basa prime before AA yielded
an RT of 450 msec, a 36 msee slowing of the AA match; putting it slightly

Table 6-1
EPLETAD B LR TV T e o B
+ A B
Conditions AA AA ) AN Ranafits. Costs
80-20 414 329 450 85 (414—329) — 36 (414 —<450)
50-50 429 358 443 71 (429—358) —14 (429—443)
20-80 439 408 439 31 (439—408) 0 (439—-439)

Benefits are computed as RT to the neutra! prime minus RT to the relevant prime; in
other words, the amount by which primed RT is faster than neutral RT. Costs are
computed as RT to the irrelevant prime minus RT to the neutral prime; in other words,
the amount by which irrelavantly primed RT is slower than the neutral prime RT.

Adapted from Posner & Snyaer, 1975.

F—n-u-—-'—-——n-\.---
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differently, subjects bensfitied 85 msec from the relevant prime, but the
irrelevant B’ prime ‘cost them 36 msec. Facilitation was only a bit
smaller—71 ‘msec=in the 50-50 condition, and was still significant,
although rediiced, even in the 20-80 cendition {31 msec). In other words,

‘. even when the prime matched the target only 20% of the time, seeing A

hefore AA- facilitated the matching process significantly. On the other
hand, the 14 msec cost of an irrelevant prime in the 5050 condition was
not significant, and the cost was literally 0 meec in the 20-80 condition.
Trt their second experiment, Posner and Snyder (1975) used only the
80—20 condition, and focused their attention on another variable, the time
course of priming. The task was exactly as before, but now the target fol-
lowed the prime by some interval of time—SOAs ranged from 0 to 500
msec. These results—facilitation and inhibition of letter-matching times
across SOAs—are presented in Figure 6-9. Notice first how rapidly the
relevant prime began to benefit the subjects’ responses. Even by the 75
msec SOA interval, benefits were about 30 msec, and this facilitation
remained fairly constant up to the 500 msec SOA interval, a full half-

FIGURE 6-9
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Facilitation'and inhibition of matching times due to priming; for the solid curve, a
relevant prime A speeds processing of the matching pair A A, even at the shortest SOA
interval. In the dotted curve, an irrelevant prime B begins to slow down processing of

tge_, ge;ir A A, but only after about 150 msec have elapsed. (From Posner & Snyder,
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*

second after the onset of the prime (bear in mind that this was a physical
identity task). Receiving a misleading or irrelevant prime, however,
altered the pattern across time. There was no particular cost to the irrel-
evant prime until after about 150 msec (the apparent cost at 75 msec was
not significant), but thereafter the inhibition was quite strong.

What are the ingredients in this task that enable us to examine prim-
ing? First, we have primes and targets being presented with a same/dif-
ferent or yes/no decision required on the target. In the neutral prime con-
dition, RT to the target serves as a baseline—this is how long the mental
processing takes under neutral conditions. From this baseline we can now
examine the effects of relevant and of irrelevant primes. If a prime is rel-
evant, it activates some information in memory that will be useful for the
upcoming target. Thus, RT to the target should be facilitated when the
prime is relevant. Facilitation can be examined at very short SOAs, where
only automatic processes are thought to be possible, all the way up to
rather long SOAs, where conscious processes can be involved. As Posner’s
results showed, we can expect to observe facilitation under both automatic
and conscious processing conditions; that is, automatic priming of related
information speeds processing at short SOA intervals, and conscious pro-
cesses related to the prime have their effect at longer SOAs.

Conversely, if the prime activates information that is of no use during
processing of the target, then two effects are obtained. With very short
SOAs, no effect of irrelevant primes is expected—the activation of infor-
mation that is irrelevant to the upcoming target does not influence the
processing of the target itself. At longer SOAs, however, we observe an
increasing amount of inhibition due to the irrelevant prime—as the con-
scious expectation takes effect, more and more time is needed to recover
from the misleading effects of the irrelevant prime. In short, as the SOA
interval grows longer, conscious processing begins and starts to be dem-
onstrated in the RT results.

Manipulating the subjects’ expectations about the relevance of a prime
consists of a manipulation of the proportion of trials on which the prime
is indeed relevant. Importantly, the expectation-based effect is assumed
to be under influence of conscious processes. Any effect of this expectancy,
then, is interpreted jointly with the SOA interval—if the prime is relevant
because of conscious expectation, then this relevance should show up at
later SOA intervals, when conscious processes begin to emerge. Con-
versely, if the prime mismatches the conscious expectation, then this
inhibitory effect would be present at the longer SOA intervals.

Semantic Priming Studies

A variety of tasks have been used to examine semantic priming, most
of them containing the basic elements displayed in the Posner and Snyder
priming study; i.e., primes of varying degrees of relevance to the targets,
intervals of time (or intervening trials) between primes and targets, and

e ]
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sometimes expec.tancies about the relevance of primes to upcoming tar-
gets. We'll examine a direct extension of the Posner matching task first,
and then consider several other studies that also assessed priming effects

gsxr.ng. tasks such as word naming, sentence verification, and lexical
ecision.

. Priming and Typicality Rosch (1975) adapted the Posner match-
ing task to provide further evidence for her notion of typicality in seman-
tic categories. She used category names as primes, followed after a 2000
msec SOA by a pair of words or a pair of pictures as the target. Subjects
were to respond “same” if both target stimuli belonged to the same cate-
gory, and.“different” otherwise (in other experiments in the same report
she e)'{ammed simultaneous presentation of primes and targets diﬁ"erent’
SOA 1_ntervals, and a variety of other factors; we’ll focus on just ;me of her
experiments, however).

Look first at the middle panel of Figure 6-10, when two different mem-
Pers of the same category were presented in the target. For these “same”
Jt{d‘gment_s, typicality had an obvious and strong effect; for all four con-
ditions, pictures vs. words that were primed vs. unprimed, typical mem-
bers were judged “same” more rapidly than atypical members. Note also
that Plctures were uniformly processed faster than words, suggesting that
the simple line drawings Rosch used were somewhat closer to the subjects’
mental representation of a prototype (this was even the case in Experi-
ment 7, where picture and word trials were intermixed).

) Now look at the left panel, where the targets were physically identical
pxctu.res or words. Just as Posner found, when the two target stimuli are
phy'swally identical, responding is even faster, since this simpler basis is
available to assist the judgments. Beyond that effect, however, notice that
.iu.-.“[h.- physically il-'.lenr.i-.';L] targets, tvpicality and priming h:u:[ somewhat
different effects than before, For the high-typical pairs, priming f ili-
tated the :iudgments-—-!arimed pairs were pr}:iessﬂ? aignil:li::;::: :':::::Jlr
th_.a_n unprimed pairs. But, for items at the low-typicality level, priming
with the category name actually slowed down the pruues:si::tp:. FDI'IEX.EJHH]E
aven though the target was “peacock peacock,” a low typical, ;:-]'mi.icﬂl-r
identity pair, BT was 100 msec slower when that pair was prinfﬁd by
BII:"I'.D than when it was not primed at all. Apparently, the prime word
act:l!.'au?s the prototype of its category, as well as typical members. This
results in 8 benefit for those items that resemble the prototype; as w-e said
F’F‘rﬂfe' the category name “prepared” subjects for typical jt‘ﬂmﬂ. Far atyp-
1::331 items, however, it's almost as if the category name is misleading. For
:term:la.t the medium level of typieality, primes had neither positive nor
negative effects, ' .

Word Nafning and Sentence Verification An early investigation
of word naming and §emantic priming was conducted by Freedman and
Loftus (1971). These investigators asked subjects to produce a member of
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a category that either hegan with a certain letter or was described bya
certain adjective: eg., “Name a fruit beginning with P" or “Name a red
member of the flower category.” Hall of the trials showed the letter or

adjective first, and then the name of the targel category; in other words,
the letter or adjective served as the prime on these trinls, since it came
first. In the other half of the trials, the reverse order was used—the cat-

egory name was the prime, and the letter or adjective was the target.
Freedman and Loftus measured the RT of the subjects’ responses begin-
ning with the target, the second hit of information that was presented; see
Table 6-2 for & summary of these conditions. Yy f
Freedman and Leftus found that performance was significantly faster
when the category was used as a prime (fruit-P) than when the letier or
“adjective was the prime (D-mammal; red-fruit). This suggested that the
category name activated its semantic representation and then primed the
members of the category, When the letter or adjective targets were then
presented, priming from the category name had made it easier to aecess a
member of the category—the members had already been primed. Con-
versely, receiving a letter or adjective as a prime had very little effect. No
relevant activation of potential targets was possible with such primes, so
no facilitation of word-naming latency (RT) was found. (If you believe
that the subjects can rapidly activate words based on a letter prime, try
the following demonstration. Check your watch, then give yourself 10 sec-
onds to name as many words as you can that begin with D. You’ll be sur-
prised at how few you can name, particularly when you contrast that with
naming members of a semantic category, say, fruits.)

Table 6-2 SAMPLE EXPERIMENTAL TRIALS FROM FREEDMAN AND LOFTUS
(1971), AND LOFTUS AND LOFTUS (1974)
Sample
] ) ) o Prime Target Response

FREEDMAN & LOFTUS
Letter or adjective first 1 P FRUIT Pear

2 RED FLOWER Rose
Category first 3 MAMMAL D Dog

4 WEAPON G Gun
LOFTUS & LOFTUS
Target at lag 0 (#1 to #2) 1 P FRUIT Pear

2 RED FRUIT Apple
Target at lag 2 (¥#3 to #6) 3. B FRUIT Banana

4. RED FLOWER Rose

5. D MAMMAL Dog

6. RED FRUIT Apple

In both experiments, the task is to name a word that meets the restrictions stated in the prime and

target.
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In a similar, but slightly more complex study, Loftus and I.::)ftl:ls (19743
again presented both “category-letter” ar-ld “Jetter-category -t;,mls' an
then tested the same category a second time, at lags 0 and 2: these con-
ditions are also summarized in Table 6-2. The results of this study alrle
presented in Figure 6-11. Panel A shows RT to name a target wh;n the
category and letter were presented simultaneously (the advantage for t a:
category-letter order here was presumabl'y because the categor}): name vslr
read first, probably because of the physical arrangement of the s'uml;l us
terms; this is unspecified in the original report). As the ﬁgl;.u'e sl’xows, when
a second retrieval from. the category was rgqmreq, sub]e?ts response;
were faster—it took almost 2.2 sec on the initial t}'lal, but just ur-u:ler 1
sec on the target trial at a lag of 0. Furth'ermore, this benefit or facilitation
of processing on the target trial was still apparent even wh.en twol un;e-
lated trials intervened between the prime and targe?; .tnals, ie. at lag 2.

Panel B displays the results from the other conqmon, when the prlme;
preceded the target by 2.5 sec (a 2.5 sec S0A). Whllfe the same pattern :11
priming was obtained here, notice also that processing was faster ovfe;r
in this condition. The 2.5-sec interval shaved near}y 400 msec off the Soi
presumably because relevant concepts were act'lvated dur'mg thu.aff .
interval. Notice that this study showed bot}l kinds of priming ef ectsé
First, the priming of targets within a single trial was exammgd, }ookmg al
performance under a 0 msec vs. a 2.5-sec SOA; second, priming acr}?ss
trials was examined, looking at the speeding ({f p;rformance at lag 0, then

lesser degree of facilitation at lag 2. . .
theSsiglrﬁ?rvl(;ﬁicomes ha%ré also been reported in the sentence verification
task we studied earlier. For example, Ashcraft (1976) found that a sen-
tence such as “A sparrow has feathers” facilitated ar{other sentence about
the same category, e.g., “A robin can fly,” but only if the target sentence

FIGURE 6-11

o

A. SIMULTANEOUS B.25 5

action t
target (panel A) dansS 6 S )
prime is shown on the right ("imtal ) the curves s

ey 180} - Category-
210 F o Category 1.80 O etter ‘

DE—— N

initial

how RT to the te

oftus & Loftus, 1974

e

Priming Semantic Memory

concerned a frequent or important property. Furthermore, this facilitation
effect was quite strong at lags 0 and 1, but was weak or nonexistent at lag
4, Unlike the Loftus and Loftus study, where prime and target trials
included repetition of the category word, this sentence verification study
avoided repeating any words. This eliminated the possibility that

the priming effect was due merely to the ease of re-encoding a repeated
word.

Priming Lexical Decisions Another line of research has demon-
strated the same kind of results, and has supported the same kind of net-
work interpretations while also showing the intimate and unavoidable
relationship between our semantic concepts and the words we use to name
them—in other words, between the semantic and the lexical entries in
memory. You’ve already encountered this other kind of research back in
chapter 2, when we discussed process models. At that point, you read
about the lexical decision task, in which subjects judge as rapidly as pos-
sible whether or not a string of letters forms an English word (retrieval
cues: OFFICE, MANTY, MOTOR). This task has been adapted to tests
of semantic priming by presenting two letter strings per trial, either of
which may be a word or a pseudoword (a pseudoword looks like a real
word and can be pronounced). The condition of greatest interest of course
is the set of trials when both letter strings are words.

As Meyer and Schvaneveldt (1971; also Meyer et al,, 18975) found, two
related words such as BREAD BUTTER can be judged more quickly as
“words™ than two unrelated words, such as NURSE BUTTER. Table
-3 displays the Mever and Schvaneveldt (1971) results, and shows this
affect quite clearly. Related words were judged in 855 msec, compared to
840 msec for unassociated words,

One particularly interesting aspect of these results, and in fact all
results with the lexical decision task, is worth pointing out here. It is not
logically necessary for subjects to access the meanings of words in the
lexical decision task; technically, they need only *lock up” the words in
some sort of mental dictionary or lexicon, determining if the word is

Table 6-3 MEAN REACTION TIMES (RTS) OR CORRECT RESPONSES AND

MEAN PERCENT ERRORS IN THE YES-NO TASK

Type of Stimulus Pair

Mean
Sample MeanRT %
Correct Response  Stimuli (msec) Errors
TOP BOTTOM
STRING STRING
word associated word yes nurse-doctor 855 6.3
word unassociated word yes bread-doctor 940 8.7
word nonword no book-marb 1087 27.6
nonword word no valt-butter 904 7.8
nonword nonword no cabe-manty 884 2.6
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there or not-Yet, the results repeatedly show the influence of a word's
meaning—it-is the meaningful connection between BREAD and BUT-
TER that facilitates this decision, rather than some lexical connection
(you might think since both begin with B that there is a lexical basis for

the facilitation, but the same benafits are found with word pairs that are

 quite dissimilar in spelling, for instance NURSE DOCTOR). Apparently

4

even though the task only requires a judgment of word or nonword, we
nonetheless sccess the words' meanings as part of our normal processing.
Therefore, the relatedness of meanings influences performance. This
should not be a surprise to you—it is exactly the same effect that Stroop
found with his color words (see chapter 1). In fact, the Stroop task is the
conceptual “grandfather,” so to speak, of all such priming tasks and auto-
maticity effects (though as mentioned in chapter 1, there is no hint in
Stroop’s 1935 article that it would become so important many years later).
Recently, Marcel (1980, 1983) has reported an impressive extension of
such results. Marcel examined word recognition in a priming task from
the standpoint of automaticity and conscious awareness of the prime. He
presented primes and targets, as did Meyer, but with a twist—the prime
was immediately followed by a scrambled visual pattern. The purpose of
this scrambled pattern was to mask the prime, that is to present the mask-
ing pattern so soon after the prime that subjects were not consciously
aware of the prime word at all. You'll recall from the Visual Sensory Mem-
ory research in chapter 3 that the circle marker cue in Averbach and Cor-
jell's (1961) research acted as an “arpger’ on round letters such as L This
effect was backwards masking, when a stimulus prevents further pro-
cessing of an earlier one by means of interference within the visual system.
This phenomenon was exactly the one Marcel used to prevent conaclous
awareness of the prime. By following the prime so rapidly with a masking
pattern, he obtained complete backwards masking. Subjects claimed they
had seen no prime whatsoever, Nonetheless, relevant primes such as
“ohild" facilitated lexical decisions ahout words such as “infant” (see also
Carr et al, 1982). Semantic priming, at least in the lexical decision task,
appears to oeeur automatically, Especially dramatic is the fact that prim-
ing oceurred even though subjects did not realize constiously that they
had seen a prime at all.

Extensions of the Lexical Decision
Task

Two extensions of the lexical decision task will complete our exami-
nation of semantic priming. The first involves a look at automatic and
conscious priming processes, where conscious expectations about the tar-
get were manipulated. The second concerns ambiguous words—words
that have more than one meaning—and how those several meanings are
retrieved. The first deals with issues we’ve been discussing throughout the
chapter, whereas the second begins to introduce a new issue, that of con-
text, which we will pursue in several more chapters.

e e e S I . -
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Ea.cpectancies and Semantic Priming An impressive set of demon-
strations of priming and automatic word retrieval has been reported by
Neely (1976, 1977). In one study (1976), Neely selected word pairs so that
one of the members was the primary associate to the other at least 40% of
the time (based on free association norms). These related pairs were con-
trasted with unrelated word pairs, and also with a condition in which the
neu?ral letter X was paired with a word. For all trials in the experiment
subjects had to judge whether the target string, the second member o’f
each pair, was an English word—the lexical decision task. As Figure 6-12
shows, the processes involved in making these lexical decisions were
gre.atly facilitated when the prime was a related, associated word. Facili-
tation grew from 17 msec at the shortest SOA to 56 msec with a 2000 msec
(2 sec) SOA. Inhibition was observed for the unrelated word pairs; there
was a relatively constant 16 msec cost of receiving an unrelated w’ord as
a prime.

In a more thorough examination of priming, Neely (1977) not only
test.ec'i the effects of semantic relatedness on performance in the lexical
decxs-?lon task, but also the possible effects of expectancy. But rather than
mampu}ate expectancy by altering the proportion of relevant and irrele-
vant primes, Neely decided merely to tell subjects what kind of targets

FIGURE 6-12
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would usually follow which primes. For some of the categories he tested, FIGURE 6-13
subjects were told to expect a target from the same category—seeing
BIRD was a tip-off that a member of the bird category was very likely to
be the target. For other categories, subjects were told to expect a switch—
seeing BUILDING tipped the subjects off that a member of the body-part
category was likely to appear in the target position, and vice versa.

The clever part of the study (although the subjects probably didn’t
think so) was that part of the time the tip-offs were correct and part of
the time they were misleading. In other words, you were told that when
you saw BIRD you’d then see a member of that category as the target.
That usually happened. You were also told that when you saw BUILD-
ING, you’d then probably see a body part as the target, and that when
you saw BODY, you’d probably get a part of a building as a target. Most
of the time this happened as you expected—BUILDING was followed by
LEG, BODY was followed by DOOR or WINDOW. But part of the time
it didn’t happen as you expected—BUILDING would then be followed by
WINDOW (or BODY followed by HEART), even though you expected
the other category. The cleverness here, of course, is that BUILDING
would normally be a relevant prime for WINDOW, but because of the
expectancies, subjects assumed they’d see a body part. Table 6-4 shows
the various conditions Neely tested, along with examples of the stimuli.

Neely’s results were fascinating (see Figure 6-13). For regular priming
(BIRD-ROBIN), facilitation of word recognition was observed across the

FACILITATION

ISHIBTHON

Reaction time to lexical decision tar

whole range of SOAs, a replication of the Posner and Snyder (1975) not expect a shift in category; samp?:tss:}r:mnu}ih:,:fg,'p',%" F:sggjlects saw a prime and did

results with semantically related words instead of letters (and without the BIRD-ARM for an irrelevant prime. In the right half sub-jectS g(éfcfefiﬁ?t"‘ prime. and

repetition of the prime in the target—BIRD then ROBIN as opposed to gg;n;;;%mcgt': %""_“ '?'t: building category if they saw BODY as a prime, angrﬁ-gmhe

A then AA). When BODY was the prime, there was facilitation for the occurred as exgpegt:ad ;’Q:aan ?NL:: [f)a'c’;‘i?taatz: aptrlime ngkthe ey in.category

expected BUILDING targets, but oniy at the longer SOAs. In ather did not occur, there was facilitati ima ot SOAS. When the expected shift
2 4 ¥ Inhibition occurred when th enits waaen the prime was relevant (BODY'HEART)-

words, it took a while for the expectation of a category switch to take
effect, but after it did there was observable facilitation. The truly impres-
sive part of the results was that BODY vielded significant priming to
HEART at the short SOAs, even though the subjects had been told to

gxpect BODY to be followed by & part of a building. In other words, with- out enough time for the expectation of a category shift to affect
' ' ng, tl}e prime facilitated its own related category members i;thzl;-():}iis;
those in the “expected” category. On the other hand, at long SOAs, when

e shi
(From Neely, 1977.) shift was completaly unexpected (BODY'SPARROW)-

Table 6-4  CONDITIONS AND SAMPLE STIMULI IN NEELY'S (1977) STUDY the expectation did have time to affect performance BODY yielded inhib
" . ’ yielded inhib-
Condition _ Sample Stimulus ;:K')lr:i on xt§ own category members when the expected shift to parts of a
No Category Shift Expected B‘SD ing didn’t occur (BODY-HEART). This inhibition was similar to the
Ne ot BIRD-robin N YI-S’PARROW conqmon, a switch that the subjects never expected.
St BIRD-arm . Neely’s resgarch Prowded a dramatic confirmation of the role of prim-
' — . . Ing In semantic retrieval. Even with only the shortest of exposures, a rel-

?ategBor)é S:nft PEXr?e(f:tedB 'r-?g? Building to ‘Body Part’ evant prime such as BIRD facilitates the processing of a related c ,n t
rom Body to ‘Part of a Building ROBIN. Thi ilitati i oni oncept,
from B BODY-heart, BUILDING-window SOAsI\:\ Tllus facxhtfatlon remains significant throughout a large range of
St o Expected Category BODY-door, BUILDING.leg . Are eva.nt prime also facilitates the processing of related concepts
Shift to Unexpected Category BODY-sparrow even when subjects expect a switch in categories, but this facilitation only

occurs immediately after the prime, before the conscious expectation of a
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category shift can have an effect. Finally, priming with an unrelated con-
cept inhibits subjects’ responses to the target, unless the unrelated target
came from a category that the subject had been told to expect. This latter
kind of facilitation only began to show up in the later SOA conditions, so
was presumably due largely to conscious processing effects.

Lexical Ambiguity The priming task has also “done duty” in the
lexical ambiguity area of research. Lexical ambiguity refers to the fact
that many words, such as bank, pen, will, play, and so forth, have more
than one meaning. From the standpoint of semantic memory, it is inter-
esting to ask, “How are ambiguous words retrieved from memory?” That
is, when we access a concept in semantic memory, we retrieve the meaning
of that concept. When the word name for the concept points to two or
more distinct meanings, do we access all meanings? Do we access the most
frequent meaning first? Or does the context of the word determine which
meaning we access? From the standpoint of comprehension of language,
ambiguous word studies provide a way of understanding the role of con-
text, for instance, how a strong context can bias the interpretation of
words as we read or hear.

The basic task here is to present the ambiguous word in the prime and
then present one of several kinds of words as a target. Just as BIRD
primes related information, our ambiguous prime should activate the
meanings and concepts it is related to. The difference, of course, is that
the ambiguous prime is related to two distinctly different meanings—
BANK is related both to the concept MONEY and the concept RIVER.
If both meanings are activated, even when the surrounding context of the
prime is biased toward one meaning only, then this tells us one thing
about context effects; if only the biased meaning is retrieved, i.e., the
meaning that fits the context, then this tells us something quite different
about the effects of context. Thus, the logic of the research is to examine
which meaning or meanings of an ambiguous word become activated by
looking at RTs to target words that are associated with the different
meanings.

As a concrete example, consider Simpson’s (1981) report in which lex-
ical decisions were made on a variety of target words. In one experiment,
ambiguous or nonambiguous primes preceded the targets (e.g., BANK-
MONEY vs. BOAT-MONEY); of course, the ambiguous prime BANK
could also have been followed by RIVER, related to the other meaning of
the word. In the second experiment, the prime was an entire sentence. In
one condition, the prime sentences were ambiguous, not particularly
related to either meaning. In another condition, prime sentences were
biased toward the frequent meaning of the ambiguous word, called the
dominant meaning, and in a third condition, primes were biased toward
the infrequent meaning, the subordinate meaning. Furthermore, the
prime sentences themselves were either weak or strong in the way they
biased the context (see examples in Table 6-5). In both studies, of course,

Priming Semantic Memory

Table 6-5
—_——e e e
Related Lexical Decision
Targets
Sentence Type Exampie Dominant  Subordinate
(1) Ambiguous We had trouble keeping NUMBER DUKE
) track of the count.
(2) Weak dominant The musician kept losing NUMBER DUKE
. track of the count.
(3) Strong dominant My dog wasn't included in NUMBER DUKE
the final count.
(4) Weak subordinate The king kept losing track NUMBER DUKE
) of the count.
(5) Strong subordinate The vampire was disguised NUMBER DUKE

as a handsome count.

half of the targets were semantically related, and half were unrelated to
provide a baseline measurement. :
;l_'lh_#__l_'i:'r_.'!-'.i:'l.l_ta of this study are shown in Figure 6-14. First, note that
;rh._a_'rr*_was"’n!':-l'afféd_' of any of variables on lexical decision times for unre-
lated words—all of the baseline conditions had an RT of about 650-660
mgec In ut:!mr'wurds; when context sentences are unrelated to the target
the RT is simply a function of the characteristics of the target word itself :
Hﬂwl look-at panel A of Figure 6-14, where the context sentence “’HE:
{ilﬁhl.gllulﬁ. Iq this tompletely unbiased condition, the sentence prime
meluded t:he ambiguous word (COUNT), and this was followed by a wnrd.-’.
Dﬂﬂ!i"ﬂni Judgngent on either the dominant (NUMBER) or subordinate
(DUKE) meaning. In this condition, both meanings of the ambiguous
word showed facilitation, iie.; & decline in RT from the bazeline (unre-
iflted] condition. But, the more frequent meaning showed greater activa-
tion tha_.rj' the subordinate meaning—in both pairs of curves (this was a
Jl'up;um;ttmrf eondition), the dominant target was judged more rapidly. This
5 5Im1|&!.'1_ln principle, to the greater activation that accumulates at a I‘re-—
quf.:nl‘ or important property vs. an infrequent property in the sentence
verification research you read about earlier (e.g., Glass et al,, 1974).
When the priming sentence was hiased toward the dominant meaning
(Panel B,. eg. COUNT-NUMBER), the pattern was largely the same—;
jbxt of facxllt.ation to the less frequent meaning, but much more to the dom-
inant meaning. Finally, when the context sentence biased the subordinate
meaning (panel C), but only in a weak fashion (e.g., “The king kept losing
track of the count”), both the “number” and the “royalty” meanings
showed about equal facilitation. Context here seemed to be compensating
for the ove}-all dominance effect by activating the subordinate meaning
more than it was by the ambiguous prime sentence. This last conclusion
was supported by the results from the “strong bias” condition. With
strong bias toward the dominant meaning (right half of panel B), no facil-
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FIGURE 6-14
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ion time to make lexical decisions is shown for prime.sentences.that were
2:1%?;'3&1 (panel A), prime sentences that biased the QOmlnant meamgg o: n::eanin of
ambiguous word (panel B), and prime sentences that biased the subor c;nta e e g
the ambiguous word (panel C). Each pair of curves shows that unrelate ar_geb s
required about 650 msec to judge; this time was unaffected by the other vanaalthdu N
When targets were related, then facilitation was observed to.both meanmgsl, biaseg
less to the subordinate meaning. Only when the sentence prime was strc;:g yto 2se
toward the subordinate meaning was RT to the subordinate word faster than

dominant word. (From Simpson, 1981.)

The Generality of Semantic Networks

itation was found at all for subordinate meanings. With strong bias
toward the subordinate meaning (e.g., “The vampire was disguised as a
handsome count”), the subordinate meaning was much faster than the
dominant meaning (right half of panel C)

After reviewing many such experiments, Simpson (1984) concluded
that activation usually spreads to all of the meanings of an ambipuous
word, but that the amounts of activation depend on at least two factors,
the dominance of the different meanings and the strength of the sur
rounding context. With no context, meanings are activated to a level that
depends on their normal dominance. But with hissed context, the biased
meaning receives an extra boost in activation. Thus, fi ndings such as the
subordinate priming pattern described parlier clearly sugpest an impor-
tant role for context in the more ordinary processes of accessing word
meanings. That is, in routine processing of word meanings, context seems
to have a strong influence on activation and retrieval from semantic mem-
ory (e.g., Kintsch & Mross, 1985; Schwanenfluge! & Shoben, 1985). As
Simpson has noted, such a conclusion is strengthened by the “special
case” provided by ambiguous words, since context effects cannot be easily
separated from the normal process of meaning retrieval when the word
being retrieved has only one meaning.

v The Generality of Semantic
Networks

Let’s conclude this chapter with a somewhat broader perspective on
semantic memory and semantic networks than is suggested by the
research you've been reading about. We claimed at the outset that seman-
tic memory is your permanent knowledge store about concepts, yet all of
the examples we've used, and all of the research we've talked about,
involved nouns. You might mistakenly conclude that networks are not
useful for explaining the “smash” versus “bump” verb concepts that we
started with. For that matter, you might also mistakenly conclude that
semantic memory is only for words. The problem is that many of our con-
cepts do not correspond to a simple, convenient one-word label (like that
orange-purple-grey color of the sky at sunset). You’ll recall that Rosch’s
subjects didn’t have vocabulary for the various colors, yet showed that the
differences among shades did have an effect on their memory perfor-
mance. But we haven’t talked about nonverbal concepts at all in this
chapter. Furthermore, we left at least one very important issue up in the
air: the usefulness of networks vs. feature lists as ways of representing
semantic knowledge. We need to resolve the debate between Collins and
Loftus (1975) and Smith et al. (1974). And finally, if semantic memory is
truly the place where our general world knowledge is stored, then how is
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more complex knowledge retrieved and used? What does. the p}'iming of
ROBIN by BIRD tell us about complex concepts and their retrieval, and
about our memory for complex events?

Networks Versus Feature Lists

Let’s begin with the network issue, first in terms of the specific m(')d‘els
we discussed before, then at a more general level. Collins and Quillian
(1972; Collins & Loftus, 1975) proposed that semantic memory is an orga-
nized network of interrelated concepts, and that activation spreads to
concepts when we retrieve information from the network. Smit'h et al.
(1974) proposed that semantic memory is composed of feature lists, one
for each concept, and that retrieval consists of comparisons of the features
between two lists. Which model is right, or at least closer to the.truth?

In an interesting footnote to this debate, Hollan (1975) pomt.ed out
that feature-based and network-based models are not necessarily incom-
patible or contradictory, that in some sense the two approaches are merely
superficially different ways of accounting for the same undi.erlymg. knowl-
edge (see also Collins and Loftus, 1975). While this theoretlca-al point may
be true, it is also true that the specific models we discussed differ at more
than a superficial level. -

In particular, consider how the models differed on the critical effects of
priming, a topic you are surely expert on by now. At a general level, all 9f
the priming effects you have studied can be easily accommodated within
network models of semantic memory, since every network model pr?pos.ed
in cognitive psychology has involved the princigle of spreading activation
(e.g., Anderson, 1976, 1983; Anderson & Pirolli, 1984; Glass & Hf)lyoak,
1975). And priming, after all, was specifically predicted by the Collms.and
Quillian network model. On the other hand, there were no me'chamsms
within the Smith et al. feature model to account for such priming, espe-
cially when the priming operates from one trial to another (e.g., Ashcra.ft,
1976; Loftus & Loftus, 1974). The Smith et al. model yielded RT predic-
tions for processes occurring within a single trial, but was simply not
equipped to handle priming effects from one trial to the next: As I:_‘:ysenck
(1974) put it, the Smith et al. model was “remarkably res.trlcted to the
simple sentence verification task, especially to the verification of category
statements. .

In a way, it’s unfair to criticize a model for failing to predict an effect
that it was never intended to predict in the first place. On the other hand,
a significant model of semantic memory must make ptedic.tions about -the
important empirical phenomena, or else it is irrelevant. Given that prim-
ing became a critically important factor in later research, a ph.enomenon
demonstrated over and over again, it was without a doubt a decided weak-
ness that the Smith et al. model was so silent on this topic. ‘

But are all feature comparison models equally silent on priming, in
principle? We don’t know. The history of this debate in cognitive psy-

b=
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chology went something like this. The original flush of success enjoyed by
the Collins and Quillian model was cut short by empirical demonstrations
of typicality and semantic relatedness, and by the evidence against strict
hierarchical organization. While these factors did not genuinely violate
any of Collins and Quillian’s stated principles, their model was indeed
quite vague on mechanisms to account for those variables. The Smith et
al. model portrayed an alternate approach, one that seemed to do a very
decent job of accounting for those results with testable, specific mecha-
nisms. But then, more and more research began to look at priming effects,
a difficulty for the premier feature model of the day. Furthermore, there
was little effort on the part of feature list theorists to modify their models
in order to account for such priming effects. From this perspective, the
feature list approach to semantic memory died of inattention, rather than
of some fatal empirical blow.

Just as important, more investigators in the mid- and late-70s began to
look at much more complex semantic relationships and representations
than simple noun categories. Researchers began to explore comprehension
of paragraphs, connected text, and spoken conversations; people became
interested in large-scale semantic representations that involved distinctly
episodic as well as semantic knowledge. In all of these cases, serious
attempts were made to model the obtained effects in computer simulation
or Al models. The (unspoken) consensus in most of this work was that
network approaches provided a convenient, flexible, and powerful way of
attacking these psychological processes. Networks had, in a sense, proved
their usefulness in the basic semantic memory research, and were now
being expanded into more complex areas with great success. We’ll discuss
some of these areas in the next chapter, and you'll see that the general
network approach is used by virtually all of the models. From this per-
spective, networks gave cognitive psychologists an enormously useful for-
mat within which significantly more complex questions could be
addressed. Feature list approaches, inherently more limited it would
seem, didn’t keep up the pace in these developments.

Not for Nouns Only

As an illustration, consider semantic concepts that are not nouns, such
as the “smash” and “bump” verbs we began with in this chapter. By the
time Gentner (1975), for example, began to investigate the semantic struc-
ture of verbs, it seemed quite natural to conceive of verb concepts as nodes
in a network that demonstrate standard network effects, with concept
nodes connected to other nodes by pathways, activated by priming in a
spreading activation sense, subject to the regular “laws” of semantic relat-
edness, and so forth. In other words, the systematic relationships between
members of verb “families,” for instance, Gentner’s verbs of possession
(give, take, buy, sell, trade, etc.), seem to lend themselves to a “node and
pathway” representation. In contrast, it certainly seemed difficult to
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6 Semantic Long-Term Memory

effects support the generalization known as the semantic relatedness
effect, that “yes” judgments will be speeded up if the concepts being
judged are more highly related to each other.

5. A variety of tasks have been developed to examine the role of prim-
ing in the retrieval of information from semantic memory. In such
research, a prime of some degree of relationship to a target is presented
first, and then RT to the target is measured. When the prime is relevant,
RT to the target is usually speeded up, even at very short time intervals
(SOAs). This is generally taken as evidence that semantic priming is an
automatic process. When the prime is irrelevant to the target, RT is gen-
erally slowed down at longer SOAs. This is usually interpreted as evidence
that irrelevant primes generate a conscious expectation that slows down
processing when the expectation is misleading. Among the tasks used to
examine priming in semantic memory are word naming, sentence verifi-
cation, and lexical decision tasks.

6. Because of the importance of priming, and because of the relative
neglect of the feature list approach, cognitive psychology has now devoted
considerable attention to the network approach to semantic memory. This
approach is now found in a wide variety of topics, and has been extended
far beyond the simple noun concepts that were so heavily investigated in
the 1970s. :

SUGGESTED READINGS

I still have not found a more useful introduction to semantic memory
than the 1972 Collins and Quillian paper. It’s thought provoking, insight-
ful, clever, and delightful to read. I would strongly encourage you to read
it, to see how these authors manage to discuss generalization and discrim-
ination, basic memory retrieval, imagery, metaphoric language, language
comprehension, and computer simulation while maintaining a lively, often
humorous style. It’s a classic.

Beyond that paper, several books and articles will fill in some gaps, or
extend your understanding significantly. The entire second half of Tulv-
ing and Donaldson’s 1972 book is devoted to papers on different aspects
of semantic memory; this also includes Tulving’s article on the episodic-
semantic distinction. Somewhat later, Smith (1978) reviewed the field of
semantic memory research and theory, and elaborated considerably on
models that represent hybrid approaches, as well as on related kinds of
research that semantic models should account for. And finally, there has
recently been an attempt to integrate network and feature list approaches
within one hybrid model (Kounios, Osman, & Meyer, 1987). In this
model, both a network search and a feature list comparison process occur
simultaneously; the one that finishes first is the one that governs RT to
the stimulus. This approach suggests that at some deep level, network and
feature list approaches are entirely compatible.
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Suggested Readings

Research continues on the structure and processes of semantic mem-
ory. Several investigators have found that Rosch-inspired notions of basic
level categories and prototypes generalize to quite different domains; for
instance, to social categories such as WORKER, EMPLOYER, and POL.-
ITICIAN (Dahlgren, 1985); to “event categories” such as school activities
and types of shopping (Rifkin, 1985), and to abstract concepts in com-
puter science (Adelson, 1985).

Recently, L. C. Smith (1984; no relation) has reported on the “semantic
satiation” effect, that after continued repetition of the same concepts, the
spread of activation can actually slow down due to excessive priming.
Interestingly, semantic satiation affected word retrieval, but not lexical
decision times. And Bowles and Poon (1985) have found both semantic
and orthographic priming effects, where the latter is due to similarities in
spelling patterns between prime and target. Smith and Osherson’s (1984)
recent paper discusses the concept of prototypes for “combined” con-
cepts, for instance pet fish or brown apple. See the Suggested Readings
at the end of the next chapter for additional papers that relate to semantic
memory.



