
Experimental psychologists have col- 
lected a large body of data on human 
learning and memory. Many of their find- 
ings concern the way that new associa- 
tions among words are memorized (1). 
However, there has been relatively little 
work on how people retrieve semantic 
information from memory after using it 
continuously for many years. Perhaps 
one reason for the void is that long-term 
memories are very difficult to study. For 
example, thousands of common words 
are normally kept in a person's vocabu- 
lary. Yet without any conscious mental 
activity, he or she can usually recognize 
a word and recall its meaning quite accu- 
rately. Little extra effort is seemingly 
required to comprehend the words of a 
whole sentence. The ease of the process, 
combined with the exceptionally large 
memory capacity, makes the underlying 
mechanism appear rather mysterious. 

Despite the difficulty, some recent psy- 
chological research has been designed to 
explore more fully the memory organiza- 
tion and retrieval of familiar semantic in- 
formation. Part of the advance is based 
on a change of experimental procedure. 
It involves measuring the speed of word 
recognition and sentence comprehension 
under precisely controlled conditions. 
The use of this reaction time method 
differs from the procedures of most pre- 
vious memory experiments, which have 
only measured the errors that people 
make when trying to remember newly 
learned information. Unlike other pro- 
cedures, the reaction time method pro- 
vides a powerful tool for assessing mental 
processes even when memory failures 
are very rare (2). The data thus obtained 
have been complemented by theoretical 
innovations in artificial intelligence, lin- 
guistics, and other fields related to infor- 
mation processing. Today psychologists 
are rapidly modifying and extending con- 
cepts from these neighboring disciplines 
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to characterize the nature of human 
memory, including both its structure and 
function (3). One benefit is an emergence 
of further insights about various mental 
processes that deal with verbal stimuli. 
To illustrate these developments, we will 
discuss some of our own work on sen- 
tence comprehension and word recogni- 
tion (4). 

Comprehension and Reaction Time 

One of our first sentence comprehen- 
sion experiments was conducted to 
study the memory retrieval of semantic 
information about words that denote cat- 
egories of objects such as furniture, vehi- 
cles, animals, and the like (5). We began 
by selecting several dozen such cate- 
gories, controlling the familiarity and 
length of the category names. The cate- 
gory names were used to construct a 
total collection of approximately 200 spe- 
cial sentences called existential affirma- 
tives, such as the statement that SOME 

STONES ARE RUBIES (Table 1). Some- 
times the members of the first (subject) 
category mentioned in a sentence formed 
a subset of the second (predicate) cate- 
gory, as in the statement that SOME PINES 
ARE TREES. Alternatively, the first cate- 
gory was a superset of the second cate- 
gory, as in SOME STONES ARE RUBIES; or 
the two categories had a partial overlap, 
as in SOME WRITERS ARE MOTHERS; or 
they were disjoint, as in SOME CLOUDS 
ARE WRISTS. Accompanying this varia- 
tion of the set relation between the cate- 
gories were changes in how much the 
meanings of the category names corre- 
sponded. For example, if the first cate- 
gory mentioned in a sentence was a sub- 
set of the second category, then the two 
categories had names with closely re- 
lated meanings. If the two categories 
were disjoint, then their names had es- 

sentially unrelated meanings. We eval- 
uated the truth of the sentences by fol- 
lowing the formal rules of logic (6). A 
sentence was deemed true whenever, by 
definition and fact, the designated cate- 
gories had either a subset, superset, or 
partial overlap relation. In the total col- 
lection of sentences, the different set 
relations occurred with frequencies such 
that 50 percent of the sentences were 
true and 50 percent were false. 

Next we asked a group of 32 college 
students to verify the truth or falsehood 
of each existential affirmative sentence, 
based on their own knowledge about the 
set relations between the designated cate- 
gories. The students participated individ- 
ually during a series of test trials con- 
trolled by a digital computer. At the start 
of a trial, the computer presented a brief 
warning signal on a display screen (cath- 
ode ray tube). Then one of the printed 
test sentences appeared. The partici- 
pants read the sentence, checked their 
memories for the necessary semantic in- 
formation, and pressed one button to 
indicate that the sentence was true or 
another button to indicate that it was 
false. We instructed each individual to 
react quickly and accurately. The reac- 
tion time was measured from the mo- 
ment when the complete sentence ap- 
peared to the moment when the button 
was pressed. After the trial, the comput- 
er informed the individual about whether 
the reaction had been correct. The same 
procedure was followed for all of the 
sentences, which were presented in a 
random order. 

Because the category names were 
very familiar, the participants had little 
difficulty reacting to the existential affir- 
mative sentences. Mistakes happened on 
less than 5 percent of the trials, and cor- 
rect reactions usually took little more 
than 1 second to make. But the reaction 
times depended significantly on the set 
relations between the categories (Fig. 1, 
lower curve). This set relation effect can- 
not be attributed merely to a difference 
between true and false sentences. Reac- 
tions to true sentences considered sepa- 
rately were about 110 milliseconds 
(standard error equal to 22 millisec- 
onds) faster on the average if the first 
category mentioned in a sentence had a 
subset relation with the second category 
(as in SOME PINES ARE TREES) than if the 
two categories overlapped partly (as in 
SOME WRITERS ARE MOTHERS). Similar 
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Table 1. True and false existential affirmative sentences concerning categories whose set 
relations and sizes vary. 

Set Sizes of 
relatios second Example sentences Values relations 

categories 

Subset Small SOME PINES ARE TREES True 
Large SOME PINES ARE PLANTS True 

Superset Small SOME STONES ARE RUBIES True 
Large SOME STONES ARE GEMS True 

Overlap Small SOME WRITERS ARE MOTHERS True 
Large SOME WRITERS ARE FEMALES True 

Disjoint Small SOME CLOUDS ARE WRISTS False 
Large SOME CLOUDS ARE JOINTS False 

results occurred for most of the partici- 
pants in the experiment (7). We may sum- 
marize the general outcome in terms of 
meaning. When the meanings of the cate- 
gory names were closely related to each 
other, reaction times tended to be shorter 
(8). 

There was also another important fac- 
tor that affected the reaction times. Be- 
sides manipulating the set relations, we 
varied the sizes of the designated cate- 
gories in the existential affirmative sen- 
tences (Table 1). Some of the categories 
were small ones with relatively few mem- 
bers, whereas other categories were 
larger ones with many members. When 
the first category mentioned in a sen- 
tence was a subset or superset of the 
second category, reaction times in- 
creased as the sizes of the two categories 
became more different from each other. 
For example, a "true" reaction only 
took an average of about 887 millisec- 
onds for a sentence like SOME PINES ARE 

TREES, compared with about 1085 milli- 
seconds for one like SOME PINES ARE 

PLANTS (9). Similarly a "true" reaction 
only took an average of 934 milliseconds 
for a sentence like SOME STONES ARE 

GEMS, compared with 1098 milliseconds 
for one like SOME STONES ARE RUBIES 

(10). 
While comprehension may seem easy, 

our overall findings reveal that people 
cannot recall instantaneously whether 
words have appropriate meanings to 
make a sentence true. Instead it appears 
that they must take time to sift their 
memories for stored information con- 
cerning the designated categories. The 
speed of retrieval varies with the sim- 
ilarity and specificity of the meanings 
involved. Several other groups of investi- 
gators have obtained results comparable 
to our own (11, 12). 

A Model of Human Memory 

Such reaction time data can be used to 
test a number of detailed models for 
describing human memory structure and 
processes (5). The tests have led some 
psychologists to adopt ideas formulated 
by Quillian (13), a pioneer in artificial 
intelligence and computational linguis- 
tics. Their interpretation is that human 
memory represents familiar categories of 

objects like table, chair, and furniture, or 
robin, canary, and bird at distinct loca- 
tions of a semantic network (Fig. 2). 
Between these locations, the inferred 
network has various types of labeled 
links specifying relations among the cate- 
gories. A subset-superset link is pre- 
sumed, for example, to connect the loca- 
tions of CANARY and BIRD. There are 
also supplementary links to connect the 
location of each category with attributes 
that define it further, such as a CA- 

NARY "is yellow" and "can sing." The 
arrangement of locations reflects the set 
relations and sizes of the categories. If 
two categories share few members or 
have very different sizes, then their as- 
signed locations would tend to be far 
apart, much as the entries for words with 
different meanings are separated in a the- 
saurus (14). 

The structure of memory may provide 
basic information to a "mental program" 
during sentence comprehension. For our 
existential affirmative sentences, the 
comprehension process requires at least 
four steps, which include forming visual 
images of the printed category names 
(stage 1), finding the locations of the 
designated categories in the semantic 
memory network (stage 2), checking the 
network about what set relation exists 
between the categories (stage 3), and 
executing a "true" or "false" reaction 
(stage 4). A popular idea is that stage 
3 plays the most salient part (15). Accord- 
ing to this view (Fig. 3), a person 
searches the semantic memory network 
systematically, starting at the locations 
of the two categories mentioned in a 
sentence. The search proceeds succes- 
sively through the links to locations of 
other categories, with each link taking 
additional time (stage 3a). Tests are 
made along the way for whether any 
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Fig. 1 (left). Mean times ( ?1 standard error) of "true-false" reactions to existential affirmative and 
universal affirmative sentences concerning familiar categories of objects with various set rela- 
tions. Fig. 2 (right). Part of an infelred semantic memory network for storing information 
about familiar categories of objects. Solid links between category locations point from subsets to 
supersets, and dashed links point to other important defining attributes of each category. 
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Existential affirmative 

"True" "False" 

Fig. 3. A process for checking stored informa- 
tion in the semantic memory network to deter- 
mine whether two categories mentioned in an 
existential affirmative sentence have any com- 
mon members. 

paths leading from the first category in- 
tersect the paths leading from the second 
category. When the search reveals an 
intersection, composite links that form 
the intersecting paths are evaluated 
(stage 3b). The evaluation is done to 
determine whether the paths satisfy a 
criterion sufficient for inferring that the 
first and second categories have at least 
one common member (16). A positive 
evaluation produces a decision that the 
intersecting paths represent a subset, su- 
perset, or partial overlap relation be- 
tween the categories, and then there is a 
"true" reaction. "False" reactions oc- 
cur either if the search reveals no path 
intersections within a reasonable inter- 
val, or if the later evaluation shows that 
the intersecting paths are not sufficient to 
preclude inferring a disjoint relation. 

An overall model combining the in- 
ferred memory structure and processes 
would account for most of the effects of 
category size on reaction times in our 
first experiment with existential affirma- 
tive sentences. As an illustration, consid- 
er a group of categories like PYTHON, 
SNAKE, REPTILE, ANIMAL, and ORGA- 

NISM, which forms a series of nested sub- 
sets and supersets whose sizes range 
from relatively small to large. Their loca- 
tions are presumably linked together in 
the memory structure. When a person 
must decide whether it is true that SOME 
PYTHONS ARE REPTILES, the model im- 
plies that he searches the paths leading 
from the locations of PYTHON and REP- 
TILE. Because these locations are rela- 
tively near each other, the search should 
quickly reveal an intersection at the inter- 
2 APRIL 1976 

mediate location of SNAKE; evaluating 
the links would show that the categories 
have common members and that the sen- 
tence is true. But just as we observed, a 
"true" reaction would be slower to make 
for a sentence like SOME PYTHONS ARE 

ORGANISMS, where the sizes of the two 
categories differ much more than in 
the preceding example. It should take 
longer to discover the relevant path inter- 
section and evaluate the links because 
PYTHON and ORGANISM are located far- 
ther apart. 

The model also accounts for the ef- 
fects of set relations on reaction times 
for existential affirmative sentences. Cat- 
egories that are disjoint or just overlap 
partly would tend to have locations more 
separated than subsets and supersets 
(17). As a result, the path searching and 
evaluation processes should take longer 
when the sentences involve partial over- 
lap and disjoint relations than when they 
involve subset and superset relations, 
which is consistent with the observed 
data. 

Word Recognition and Reaction Time 

Nevertheless other data suggest that 
the preceding account requires additional 
elaboration. Some of our recent research 
on word recognition supports the hy- 
pothesis that human memory includes 
a semantic network, but our new experi- 
ments indicate that the memory struc- 
ture may also influence mental processes 
that occur before people try to deter- 
mine what set relation exists between 
the categories mentioned in a sentence. 
It even appears that a person's ability 
to see printed words may depend in some 
sense on how their meanings are stored. 

During one of our word-recognition 
experiments (18), for example, there was 
a series of test trials in which 16 individ- 
uals participated. A typical trial began 
with the presentation of a warning signal 
on a display screen. Then a row of letters 
was presented. Each participant had to 
read the row of letters and decide wheth- 
er or not it was an English word, in- 
dicating the decision by pressing either a 
"yes" or a "no" button as quickly and 

Table 2. Pairs of letter rows and correct reac- 
tions from various trials of the word recogni- 
tion experiment 

Types of pairs Examples rections 

BREAD-BUTTER 
Related words NURSE-DOCTOR yes-yes 

NURSE-BUTTER 
Unrelated words READ-DTR yes-yes BREAD-DOCTOR 

WINE-PLAME 
Word-nonword LOVE-SOAM yes-no 

VEATH-HAIR 
Nonword-word CE-CANDY no-yes 

JACE-CANDY 

NART-TRIEF Nonword-nonword no-no 
PABLE-REAB 

accurately as possible. Immediately after 
the initial reaction, the first row of letters 
disappeared, and a second row of letters 
was presented. The participant had to 
read the second row of letters, make 
another word or nonword decision, and 
press the appropriate button, thereby 
completing the trial. We measured the 
reaction times separately for the two 
rows of letters presented on the trial. 

The pairs of letter rows changed from 
trial to trial, including a mixture of famil- 
iar words like NURSE and BUTTER togeth- 
er with pronounceable nonwords such as 
NART and TRIEF (Table 2). We also var- 
ied the legibility of the letter rows. Some- 
times they consisted of normal up- 
percase letters, while on other trials, a 
pattern of dots was superimposed over 
them, which degraded the legibility of 
the letters without making their shapes 
impossible to discriminate (Fig. 4). More 
than 400 different words and nonwords 
were used overall. 

The procedure of this new experiment 
had an important property. In contrast to 
our earlier experiment with existential 
affirmative sentences, the new experi- 
ment did not require the participants to 
determine whether the categories de- 
noted by the words had any members in 
common, and they did not have to ana- 
lyze the words' meanings. It might there- 
fore be expected that relations among 
the meanings would not have affected 
the observed speed of word recognition, 
because the semantic structure of memo- 

Fig. 4. Example of a word whose legibility was degraded during the recognition experiment by 
superimposing a pattern of dots. Words with normal legibility did not have the pattern 
superimposed over them. [Reprinted with permission from (18)] 
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Table 3. True and false universal affirmative sentences concerning categories whose set 
relations and sizes vary. 

^ ~Set ,Sizes of 
relations second Example sentences Values 

categories 

Subset Small ALL PINES ARE TREES True 
Large ALL PINES ARE PLANTS True 

Superset Small ALL STONES ARE RUBIES False 
Large ALL STONES ARE GEMS False 

Overlap Small ALL WRITERS ARE MOTHERS False 
Large ALL WRITERS ARE FEMALES False 

Disjoint Small ALL CLOUDS ARE WRISTS False 
Large ALL CLOUDS ARE JOINTS False 

ry was previously suggested to influence 
only a high-level stage of sentence com- 
prehension (Fig. 3). 

Still, we found that the meanings mat- 
tered considerably. When two words ap- 
peared one after the other on a trial of 
the recognition experiment, reaction 
time to recognize the second word de- 
pended on whether or not its meaning 
was closely related to the meaning of the 
first word (Fig. 5). People were about 
55 ? 7 milliseconds faster on the aver- 
age (19) at recognizing a word like BUT- 
TER if it followed the related word BREAD 
than if it followed the unrelated word 
NURSE (20). Degrading the legibility of 
the wdrds with the pattern of dots in- 
creased reaction times by more than 100 
milliseconds (21). The harmful effect of 
degradation was significantly less, how- 
ever, for related words than for unre- 
lated words (22), suggesting that seman- 
tic relatedness helped to overcome the 
visual distortions produced by the degra- 
dation. 

Complementing these results, some 
further experiments have shown that 
close relations of meaning also facilitate 
reactions in other, perhaps more realis- 
tic, situations requiring word recogni- 

tion. In particular, we have found that 
people can pronounce a printed word 
faster if its meaning is related to an imme- 
diately preceding word (18). The de- 
crease in the time for pronunciation ap- 
proximately equals the decrease that a 
close semantic relation produces in de- 
ciding that a row of letters is a word. 
Likewise, the harmful effects of visual 
degradation on pronouncing words are 
reduced by close relations among their 
meanings. Although such benefits tend 
to disappear as the temporal interval be- 
comes longer between one related word 
and another, they are not eliminated by 
presenting an unrelated word during the 
interval (23). The influence of meaning is 
remarkably robust under a variety of 
conditions. 

Visual Analyzers and Word Detectors 

One possible conclusion from our new 
findings is that people have a visual fea- 
ture analyzer and collateral set of word 
detectors connected to the semantic 
memory network (24). According to this 
view (Fig. 6), the feature analyzer re- 
ceives a row of letters and produces a 

code representing the letter shapes, 
based on their lines, curves, and angles, 
as well as the spatial relations among 
them. The code is sent simultaneously to 
all of the word detectors, each of which 
takes time to count how many visual 
features the letter row has in common 
with a particular word (25). Each detec- 
tor has its own threshold value. If the 
counts by the detectors do not exceed 
any of their thresholds during a specified 
interval, then the detector system pro- 
duces a negative signal that the row of 
letters is not a word. But if the count by a 
detector exceeds its threshold, then the 
detector produces an affirmative signal 
that the corresponding word has just ap- 
peared. Moreover, exceeding the thresh- 
old produces residual impulses that pass 
through the memory network and excite 
other, neighboring detectors temporari- 
ly, thus reducing the minimum number 
of relevant features that they must count 
to recognize subsequent words. For ex- 
ample, the appearance of the word 
BREAD would cause its detector to ex- 
ceed threshold, thereby exciting the de- 
tectors of other words, such as BUTTER. 

The spread of excitation could be what 
permits people to recognize words more 
quickly when they have related mean- 
ings rather than when they have unre- 
lated meanings. Because of reduced 
thresholds, the detectors of related 
words may take less time to accumulate 
the necessary sensory information be- 
fore a reaction. If visual distortions de- 
crease the rate at which the analyzer 
sends features to the detectors, then just 
as we observed, close relations of mean- 
ing should help especially to recognize 
words whose legibility is degraded. The 
detectors would also provide a way of 
finding the locations for designated cate- 
gories in the semantic memory network 
during sentence comprehension (26). 
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UnrelatedFig. 5 (left). Mean reaction times ( 1 standard error) to recognize the second words from pairs 
twords words with related or unrelated meanings and normal or degraded letters. Dashed brackets indicate 

the different effects of degradation as a function of the words' semantic relations. Fig. 6 
(right). Outline of a model for combining sensory and semantic information to recognize printed words. Dashed lines indicate the possible spread of 
excitation from the detector of one word (for example, BREAD) to the detectors of other related words (for example, FOOD and BUTTER). 
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Inhibition of Sentence Comprehension 

It is not true, however, that close rela- 
tions of meaning always facilitate mental 
processing of words. Some processes are 
actually inhibited when they must deal 
with two words that have related mean- 
ings (27). The apparent inhibition raises 
more questions about what semantic in- 
formation is stored in human memory 
and how the information is used. 

Another one of our experiments on 
sentence comprehension revealed part of 
the additional complexities (5). Here 
again several dozen participants had to 
decide quickly and accurately whether 
visually presented sentences concerning 
familiar categories of objects were true 
or false, while we varied the sizes and set 
relations of the categories during a series 
of test trials. However, the type of sen- 
tence differed from that used before. In- 
stead of including existential affirmative 
sentences such as SOME STONES ARE 
RUBIES and SOME PINES ARE TREES, the 
experiment included universal affirma- 
tive sentences such as ALL PINES ARE 

TREES and ALL STONES ARE RUBIES 

(Table 3). Unlike the former sentences, 
the latter were true if the first (subject) 
category mentioned had a subset relation 
with the second (predicate) category, 
and they were false otherwise (28). 

We found that close relations between 
the designated categories sometimes 
slowed a person's reactions to the new 
sentences. For example, "false" reac- 
tions took considerably longer when the 
first category mentioned in a universal 
affirmative sentence was a superset of 
the second category than when the two 
categories were disjoint (Fig. 1, upper 
curve). The time it took to classify a 
sentence like ALL STONES ARE RUBIES as 
false was about 185 ? 27 milliseconds 
greater on the average than the time 
taken to classify a sentence like ALL 
CLOUDS ARE WRISTS as false (29). This 
result contrasts with our previous data 
for the existential affirmative sentences, 
which took longest when the categories 
were disjoint. The contrast was suffi- 
ciently strong that, except when the cate- 
gories had a disjoint relation, mean reac- 
tion times for the universal affirmatives 
exceeded mean reaction times for the 
existential affirmatives by at least 150 
milliseconds. 

Another striking contrast was pro- 
vided by the observed effects of category 
size on reaction times. For many of the 
universal affirmative sentences whose 
first categories were supersets of the sec- 
ond categories, we found that significant- 
ly shorter reaction times occurred when 
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Universal affirmative 
sentence 

Decide first category Decide first category 
is subset of is not subset of 

second category second category 

"True" "False" 

Fig. 7. A process for checking stored informa- 
tion about defining attributes to determine 
whether the first category mentioned in a uni- 
versal affirmative sentence is a subset of the 
second category. 

the sizes of the categories differed great- 
ly than when their sizes were more near- 
ly equal. A "false" reaction to a sen- 
tence like ALL STONES ARE RUBIES took 
about 1351 ? 37 milliseconds on the av- 
erage, while a "false" reaction to one 
like ALL STONES ARE GEMS took about 
1497 ? 37 milliseconds (30). This result 
is opposite from the one obtained in our 
previous experiment, where increasing 
the difference in the sizes of the cate- 
gories significantly slowed reactions to 
existential affirmative sentences (31). 

Comparison of Defining Attributes 

Our results suggest that universal af- 
firmative sentences sometimes require 
extra mental processing beyond what is 
used to deal with existential affirmative 
sentences. We do not mean to say that 
the comprehension of one sentence type 
differs completely from comprehension 
of the other type. Much as suggested 
earlier about the existential affirmatives 
(Fig. 3), reactions to the universal affir- 
matives may involve initially encoding 
category names, finding locations of des- 
ignated categories in the semantic memo- 
ry network, and searching for com- 
binations of links (paths) that connect 
the locations with each other (32). How- 
ever, we suspect there is also a sub- 
sequent check for links that connect the 
location of each category to a collection 
of basic defining attributes, which must 
all be possessed by members of the cate- 
gory (33). The defining attributes are 

probably necessary to help verify wheth- 
er the first category mentioned in a uni- 
versal affirmative is a subset of the sec- 
ond category, and it appears that a close 
relation between the categories can slow 
down the process here. 

According to this view (Fig. 7), a per- 
son eventually retrieves the defining attri- 
butes of the second category in a sen- 
tence like ALL PINES ARE TREES and com- 

pares them with the defining attributes of 
the first category. If each attribute of the 
second category (for example, green- 
ness) is found to match some attribute of 
the first category, then a final decision is 
made that the first category has a subset 
relation with the second category, and 
the comparison process produces a 
"true" reaction to the sentence. How- 
ever, "false" reactions are produced for 
sentences like ALL STONES ARE RUBIES. 

In the latter case, the comparison pro- 
cess presumably encounters some defin- 
ing attribute (for example, preciousness) 
of the second category that is not gener- 
ally an attribute of the first category, 
thereby justifying a decision that the first 
category is not a subset of the second 
(34). 

The attribute comparison process ac- 
counts for why close relations of mean- 
ing slow reactions to certain universal 
affirmative sentences. For example, con- 
sider a sentence like ALL CLOUDS ARE 

WRISTS, which mentions two categories 
that have a disjoint relation. There are 
few if any defining attributes that 
CLOUDS and WRISTS share, and so the 

process would not need many com- 
parisons to obtain sufficient mismatches 
for a "false" reaction. However, it 
would have to take much longer with a 
false sentence like ALL STONES ARE 

RUBIES. Because STONES form a superset 
of RUBIES, they have many of the same 

defining attributes (for example, hard- 
ness, inanimateness), and a relatively 
large number of comparisons would be 
needed to discover some attribute (for 
example, preciousness) of the second 
category that the first category does not 
possess generally. The extra time re- 
quirement could outweigh the beneficial 
influence that close relations of meaning 
have on other prior processes, as in- 
dicated by our data. 

At least one interesting question thus 
remains. If links are stored between the 
locations of categories in the semantic 
memory network, and if these links are 
labeled precisely to designate their set 
relations as proposed originally (Fig. 2), 
then why do people use the primitive 
attribute comparison process instead of 
checking the labels directly to determine 
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the exact relation? Perhaps the answer is 
that the links actually lack precise labels. 
In particular, a person may know that 
certain semantic categories are closely 
related without having memorized the 
complete nature of their relation. Under 
these circumstances, comparing attri- 
butes of the categories would provide a 
way to compute the exact relation from 
other available information. The utility 
of the process need not be limited to 
comprehending universal-affirmative sen- 
tences. It is conceivably helpful whenev- 
er the various parts of any sentence are 
analyzed carefully (35). 

Summary 

Although people experience little diffi- 
culty in recognizing printed words and 
comprehending sentences, they cannot 
do it instantaneously. Experimental psy- 
chologists have recently measured the 
speed of these mental processes by ap- 
plying a reaction-time method. The meth- 
od provides new data concerning the 
organization and retrieval of familiar 
semantic information in human memory. 

It has been found that close relations 
between the meanings of words help 
people to recognize and pronounce 
the words faster, especially when the 
words are hard to see because of visual 
distortions. Close relations between 
word meanings also facilitate the compre- 
hension of some sentences, as indicated 
by how long a person takes to decide 
whether the sentences are true or false. 
The facilitation is not universal, how- 
ever. When the relation between the 
meanings of two words must be analyzed 
carefully, their proximity may actually 
inhibit mental processing. 

These results, along with additional 
findings, support the hypothesis that 
human memory includes a semantic 
network that represents various cate- 
gories of objects at distinct locations 
linked to specify their relations with each 
other. The memory structure probably 
influences a number of different mental 

processes that use it. One possible access 
route to the network is through a set of 
detectors designed to accumulate sen- 
sory information and signal the presence 
of particular words. There also appear to 
be processes for searching and compar- 
ing pieces of knowledge after a person 
finds the memory locations of designated 
categories. Further research using the 
reaction-time method may provide a 
more detailed inventory of what facts are 
retrieved directly from memory and what 
are computed from other stored infor- 
mation (36). 
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On 15 September 1972, a boy named 
Teddy DeVita entered a small, germ-free 
room at the National Cancer Institute 
(NCI) in Bethesda, Maryland. Teddy 
had aplastic anemia. Unaccountably, his 
bone marrow had ceased functioning 
about 3 weeks before, which meant he 
was making no red blood cells, no white 
cells, no platelets. In the sterile room, 
Teddy would be safe from infection, to 
which he was suddenly very vulnerable. 
If he could be protected from bacteria 
and viruses, and supported by trans- 
fusions, his bone marrow might regener- 
ate in time and start producing blood 
cells again, as happens occasionally in 
persons with aplastic anemia. At least, 
that's what was hoped the night Teddy 
walked out of what he calls the "real 
world" and into sterile isolation behind 
a plastic curtain and a shield of air. 

His parents could see him, and they 
could talk to him over the low but per- 
sistent hum of the filtration system that 
kept contaminated air from blowing into 
his room. But they could not touch him. 
Teddy's father still remembers what a 
strange and frightening thing that was. 
"It was months," he says, "before my 
wife and I got used to the fact that we 
couldn't touch him." 

Teddy DeVita was 9 years old the Sep- 
tember night he checked into the NCI 
hospital, which is part of the Clinical 
Center at the National Institutes of 
Health (NIH). He is 13 now, and he is 
still there, in that same sterile room. 

For 3/2 years, Teddy has been stud- 
ied by immunologists and hematologists 
who are interested in his bone marrow 
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and blood. He has been studied by psy- 
chiatrists who want to know whether a 
young person can cope with prolonged 
confinement in a laminar flow room, so 
called because filtered air is introduced 
in horizontal layers. For all anyone 
knows, they may be studying him for an- 
other 3/2 years of more. 

The case of Teddy (Theodore) DeVita 
may turn out to be a classic in the annals 
of technology that gets ahead of man. 
Medical science can keep him alive but it 
may not be able to make him well. Re- 
cently a new element was introduced to 
the already complex situation-dirty 
politics. 

Teddy is the son of Vincent T. DeVita, 
Jr., who, as director of the division of 
cancer treatment at NCI, is one of the in- 
stitute's more powerful administrators. 
He is also a likely candidate for the job of 
NCI director should the incumbent, 
Frank J. Rauscher, Jr., leave in June as 
he has said he might (see box). Recently, 
some person, or persons, within the NCI 
decided to use the boy in what appears to 
be an attempt to attack his father and 
NCI policies with which they disagree. 

In late February, a letter was sent to 
Theodore Cooper, the assistant secre- 
tary for health in the Department of 
Health, Education, and Welfare (HEW), 
alleging that a child at NCI had died be- 
cause he was denied the special care that 
is being given to DeVita's son-specifi- 
cally, the laminar flow room. "We are 
deeply troubled that these facilities de- 
veloped and maintained at the public ex- 
pense should be available by special 
privilege to the son of an NIH official, 
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but denied to a dying child because his 
parents were of lesser influence," the let- 
ter declared. The letter was anonymous. 
However, the authors did acknowledge 
that they are NCI researchers who "par- 
ticipated" in the care of the child who 
died. 

(A similar anonymous letter, alleging 
that the resources expended on Teddy 
were compromising the care of other 
children being cared for in the NCI's pe- 
diatric oncology branch, was sent to the 
parents of those children, who have 
joined together in a group called the 
"Candlelighters." The letter raised con- 
siderable anxiety among the parents 
whose children have leukemia. At a 
meeting with the Candlelighters, DeVita 
apparently persuaded them, at least 
temporarily, that the allegations are not 
true.) 

It was days before Cooper finally saw 
the letter that was addressed to him. It 
seems that HEW, having a low opinion of 
anonymous authors, did not pass it on for 
his personal attention, but it did send a 
copy to NIH director Donald S. Fredrick- 
son, who turned the matter over to the 
medical board of the Clinical Center. The 
board is inquiring into three specific 
questions-Was Teddy's admission to 
NCI proper? Should he be discharged? 
Was some other child deprived of treat- 
ment?-but, as Fredrickson points out, it 
may also take this opportunity to consid- 
er broader issues about the use of high 
technology in future situations. The 
board is also taking up the serious issue 
of the relationship between physicians 
and the families of the desperately ill 
children for whom they are caring. There 
is some reason to think that, in addition 
to the anonymous letter, some disgrun- 
tled staff members have been airing in- 
ternal problems with the parents. 

As to the specifics of the DeVita case, 
there is little reason to think that the 
medical board will find any impropriety, 
although there is no denying that the cir- 
cumstances of his son's illness have cast 
Vincent DeVita in a sensitive and dif- 
ficult role. 
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