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Eight experiments were performed that assessed the effects of word imageability and word 
frequency in word association. Experiments 1 and 2 employed the discrete word association task, 
whereas Experiment 3 used the continued word association task. The data from Experiments I- 
3 showed that word imageability strongly determines responding in word association, whereas 
word frequency hardly affects it. Experiments 4 (lexical decision) and 5 (word naming) explored 
the possibility that word-frequency effects on the word-recognition stage in word association 
might have interfered with any effect of word frequency on the association-retrieval stage, a 
possibility that was not borne out by the data. Experiments 6-8 examined whether the absence 
of frequency effects on word association in Experiments 1-3 might have been due to the fact 
that the word-frequency classes had a restricted range. A new set of stimulus materials was 
constructed, with the frequency classes further apart. Now some small effects of this variable on 
word-association were found. The results of this study point out that the concept nodes for high- 
imageability words contain more intbrmation than those of low-imageability words and that 
relatively strong links depart from the former type of nodes. Implications for a class of network 
models of memory are discussed. 

The purpose of the present investigation was to study the 
representation of word imageability (the extent to which the 
referent of the word evokes a mental image) and word fre- 
quency (here, the frequency of a word's occurrence in print) 
in semantic memory in the context of a particular class of 
network models of memory. According to proponents of this 
class of models, two factors are regarded as particularly im- 
portant determinants of information retrieval from the mem- 
ory network, the strength and the number of links departing 
from the stored concept nodes (e.g., Anderson, 1976; Collins 
& Loftus, 1975). The more links there are branching out from 
a concept node to other concept nodes, the less activation 
each individual link receives after activation of the "source" 
node and the more difficult it is to retrieve information along 
each of these links. The stronger the link between two concept 
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nodes, the more activation it receives from the source node 
and, thus, the easier it is to retrieve information along this 
link. 

These two characteristics of the lexical representation of 
word imageability and word frequency--strength and number 
of links in the concept nodes--are primarily studied here, and 
word association is used as the technique to do so. The choice 
of this task was based on the common belief that word 
associations are relatively pure indicators of the way human 
knowledge is mentally represented (e.g., Szalay & Deese, 
1978) and on the conception of word association as the 
retrieval of information along links in the memory network. 
This latter conception of word association is a common one, 
although other models of word association have also been 
suggested (e.g., Clark, 1970). Information about the strength 
of the links departing from a word's concept node will be 
obtained by means of discrete free word association (Experi- 
ments 1 and 2). Information about the number  of links 
departing from a concept node will be gathered by using the 
task of continued free word association (Experiment 3). 

In discrete free word association, the associative response 
to a stimulus word has to consist of a single word that is the 
first word that came to the subject's mind when reading or 
hearing the stimulus word. In continued free word association, 
the subject generates as many word associates to the stimulus 
word as possible for the duration ofa  prespecified amount  of 
time. The emerging measure of response availability in the 
latter task is known as m (Noble, 1952). The modification 
free in the above two task names contrasts with bound. In 
tasks of bound word association, the subject's response be- 
havior is constrained in that all responses must belong to a 
particular class; for instance, they must all be nouns. Hence- 
forth, when using the terms discrete word association and 
continued word association, I'll always be referring to the free 
versions of those tasks. 
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As an illustration of  how word-association data may pro- 
vide insight into word representations, consider the two views 
of  how concrete and abstract (high-imageability and low- 
imageability; see below) words are differentially represented 
in memory,  as presented by Schwanenflugel and Shoben 
(1983) and Wattenmaker  and Shoben (1987). They express 
these views in terms of  the above network models of  memory. 
One of  the views is that more  information is stored about 
abstract concepts than about concrete concepts, or in network 
terminology, that the nodes representing abstract concepts are 
linked up with a larger number  of  other concept nodes than 
are those representing concrete concepts. In support of  this 
view, Schwanenflugel and Shoben (1983) and Wattenmaker  
and Shoben (1987) point out that abstract concepts are rated 
as occurring in a greater variety of  contexts than do concrete 
concepts (Galbraith & Underwood, 1973). The second view 
claims the opposite, namely, that the nodes for abstract con- 
cepts contain less information than those for concrete con- 
cepts (see also Kieras, 1978, p. 543). The second view is 
accompanied by the assumption that the "denser" represen- 
tations of  concrete concepts contain one or more links that 
are stronger than any of the links in the less dense represen- 
tations of abstract concepts. '  

If the process of  generating word associations indeed is the 
retrieval of information along links in the memory network 
(see above), it should be affected by the internal structure of  
word representations. Consequently, word association data 
may provide the relevant information to allow a choice be- 
tween the above two views on how concrete and abstract 
words are represented: If  the representations of  concrete words 
contain more information than those of  abstract words, then 
in continued word association larger m scores should be 
obtained for concrete than for abstract words. In contrast, if  
they contain less information than the representations of  
abstract words, smaller m scores should be obtained for con- 
crete words. As mentioned above, information about the 
strength of  links between concept nodes may be provided by 
discrete-word-association data: If concrete words contain 
stronger links than abstract words, associative reaction time 
(RT) should be shorter for the former than for the latter type 
of  words, and vice versa. 

One particular aspect of  network models of  semantic mem- 
ory suggests that word frequency also affects the association 
retrieval process. This aspect is the assumed relation between 
link strength and ease (speed) of  retrieval. Each time a concept 
in the network is excited, activation from this node spreads 
out automatically along the paths of  the memory network. 
The paths departing from the concept nodes of  high-frequency 
words should, because of  the frequent activation of  these 
nodes, thus be traveled relatively often, on each occasion 
further strengthening the link between the activation source 
and the nodes connected to this source. As already pointed 
out above, such strengthening positively influences the re- 
trieval processes operating on these links. Word association, 
involving the retrieval of  information along links in the mem- 
ory network, should thus proceed faster upon the presentation 
of  high-frequency words than upon that of low-frequency 
words, and associative RT to high-frequency words should 
thus be shorter. 

However, the above-mentioned second determinant of re- 
trieval speed, that is, the number of  links branching out from 
the concept node, may counteract such a strength effect: The 
representations of  high-frequency words, presumably occur- 
ring in a relatively large variety of  contexts, may be linked up 
with more other concept nodes than the representations of  
low-frequency words. This would have the effect that associ- 
ation retrieval would be slower for high-frequency words than 
for low-frequency words. Again, the continued-word-associa- 
tion task may prove of  use here. It may show whether indeed 
the representations of  high-frequency words are stored in 
denser networks than those of  low-frequency words. If that 
indeed turns out to be the case, it will then depend on which 
of the two- - l ink  strength or number of  l inks-- is  the stronger 
determinant of retrieval speed as to what the direction of  the 
word frequency effect on associative RT will be. 

Apart  from network-theoretical reasons, there is yet a fur- 
ther, and in view of our present purposes less interesting, 
reason to expect an effect of  word frequency on associative 
RT: The process of  actual association retrieval is preceded by 
a stimulus-recognition processing stage. Most models of  word 
recognition assume that this stage is influenced by the fre- 
quency of  the to-be-recognized word, although there is some 
current debate (Balota & Chumbley, 1984, 1985) whether the 
frequency effects that are observed in tasks that are tradition- 
ally used to assess word recognition are not, in fact, at least 
partially due to specific task demands instead, such as the 
decision stage in texical decision or the production stage in 
word pronunciation. 

The possibility that frequency effects arise both during 
stimulus-word recognition and during association retrieval 
begs for a way to decompose any emerging frequency effect 
into its contributing sources. To that end, Experiments 4 and 
5 were planned. Each of them is an instance of a classical 
word-recognition task, lexical decision (Experiment 4), and 
word pronunciation (Experiment 5). In both of them the 
same (critical) stimulus materials were presented as in the 
word-association experiments (1-3). Any frequency effects 
occurring in Experiments 4 and 5 and attributable to word 
recognition should also occur in Experiments 1-3. If not only 
word recognition but also association retrieval is sensitive to 
the frequency of  the stimulus words, the frequency effects to 
be observed in Experiments 1-3 should differ from those in 
Experiments 4 and 5 (except when the unlikely situation 
occurs that the effect of  frequency on word association re- 

~ Schwanenflugel and Shoben (1983) were concerned with testing 
a number of predictions of the "context-availability" model of lan- 
guage comprehension. In general, this model states that language- 
comprehension processes are aided by the addition of contextual 
information to the materials that are to be understood. According to 
the model, the typical finding that abstract sentences are not as easily 
comprehended as concrete sentences is due to the fact that people 
have greater difficulty determining appropriate contextual informa- 
tion for abstract material. The authors' view on how these context- 
assignment processes for concrete and abstract materials during lan- 
guage comprehension come about is very similar to the view of word 
association as set forth in the present article. In both cases, the basic 
process is retrieval along links in memory nodes. 
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trieval due to link strength on the one hand and that due to 
number of  links on the other exactly cancel one another). 

The above may show that there are network-theoretical 
grounds to expect that both word imageability and word 
frequency effects will emerge in word association. Also, there 
are grounds for assuming that the two will interact. Such an 
assumption is prompted by a relation that Schwanenflugel 
and Shoben ( 1983) tentatively drew between Barsalou's (1982) 
notion of"context-dependent" versus "context-independent" 
concept information on the one hand and the information 
represented for concrete and abstract words on the other. 

Barsalou (1982) proposed that concepts contain two types 
of  information, context independent and context dependent. 
The former is defined as information that is activated each 
time the concept's name is encountered, irrespective of  the 
context in which it occurs. In contrast, the activation of  a 
concept's context-dependent information depends upon the 
particular context in which its name occurs. For reasons that 
need not be discussed here, Schwanenflugel and Shoben 
(1983, p. 95) speculate that concrete concepts may possess 
both context-dependent and context-independent informa- 
tion, whereas abstract concepts possess mainly context-de- 
pendent information. 

From Schwanenflugel and Shoben's suggestion, embedded 
in the theoretical framework sketched above, it can be de- 
duced that word imageability and word frequency might 
interact: Each time a word referring to a concrete concept is 
encountered in writing (and speech), a common set of infor- 
mational elements, namely, the concept's context-independ- 
ent informational elements, is activated in the memory net- 
work, each time further strengthening the links between the 
concept and these elements. High-frequency words, being 
encountered often, will thus be represented in the midst of  a 
network that contains a number of  relatively strong links. In 
contrast, the conceptual information activated upon the pres- 
entation of  an abstract word will vary with the context so that 
the frequency of  the word's occurrence per se will have 
relatively little opportunity to strengthen any particular set of 
links to a large degree. Thus, the effect of  word frequency on 
the speed of  word association retrieval should be smaller for 
abstract words than for concrete words. 

The present study is not the first to be concerned with the 
influence of word frequency and word imageability on word 
association (see Cramer, 1968, pp. 56-67 and pp. 75-77 for 
a review). This study was nevertheless deemed relevant be- 
cause the available data do not allow the easy assembly of a 
coherent picture. Such lack of  coherence is presumably due 
to the fact that across the various investigations groups of  
subjects were drawn from different populations (children or 
adults, healthy people or patients), and different sets of  stim- 
ulus words were selected to which the subjects associated. In 
the present study the different response measures (associative 
RT, m, and others; see below) are collected from subject 
groups drawn from the same population (healthy adults), and 
within all of  the Experiments 1-5 referred to above, the same 
set of  words served as stimulus material. This was also the 
case within the second series of  experiments (Experiments 6 -  
8), the rationale of  which will be given after the conclusion of  
the first series. 

Ernest and Paivio (1971) investigated the effect of word 
imageability on response speed in (discrete) word association 
and image association to the same set of  stimulus words. They 
observed a word imageability effect (high-imageability words 
vs. low-imageability words) of 1,853 ms under imagery in- 
structions and one of  300 ms under word-association instruc- 
tions and reported that this interaction between type of  in- 
struction and word imageability was highly significant. Un- 
fortunately, they fail to mention what is of  particular interest 
to us here, namely whether the relatively small but still quite 
considerable word imageability effect in the word association 
condition was or was not statistically reliable. In fact, they 
assume that it is statistically unreliable, which is what they 
predict from the theoretical views they advance in their article. 

More studies have been devoted to the effect of  word 
imageability on m in continued word association than to the 
effect of  this variable on RT in discrete word association (see 
Cramer, 1968, p. 75). The general finding is that high-image- 
ability nouns elicit more associations than low-imageability 
nouns; in other words, that response availability m is larger 
for the former type of  words (e.g., Paivio, Yuille, & Madigan, 
1968). 

The role of  word frequency in word association is less well 
established than that of  word imageability. Some studies show 
a tendency for high-frequency words to have shorter associa- 
tive RTs than low-frequency words, but it is not clear whether 
this effect has to be attributed to longer recognition times for 
infrequent words than for frequent words or to relatively 
time-consuming association-retrieval processes for the former 
category of  words (Cramer, 1968, p. 62). As mentioned above, 
in the present study the influence of  word frequency on word 
recognition and on association retrieval will be separated. 
Studies on the influence of  word frequency on response 
availability m in continued word association and on yet 
another response measure not mentioned before, namely one 
of  response heterogeneity in discrete word association (typi- 
cally referred to as the variable D; see Cramer, 1968), have 
not shown consistent results. A number of  these studies have 
shown a positive relationship between word frequency and 
m, whereas in other studies no such relation has been ob- 
served. Also, some studies have indicated an inverse relation 
between frequency and D, whereas others do not show such 
discrepancy between these results may be due to a confound- 
ing of  word frequency with other variables, to the way the 
different frequency classes are defined, or to both. I'll come 
back to this issue in the General Discussion at the end of  this 
article. 

To conclude this introduction, the following remark is 
appropriate here. The present imageability variable is gener- 
ally confounded with the variable word concreteness, defined 
as the extent to which the word's referent can be experienced 
by the senses. Words that refer to easily imageable concepts 
are typically concrete, whereas words referring to concepts 
that are hard to imagine tend to be abstract. As will be seen 
below in the present investigation the two word characteristics 
are also fully confounded (see Richardson, 1975a, 1975b, for 
attempts to disentangle the effects of  imageability and con- 
creteness). Because the sets of experimental materials used in 
the present study were originally selected from a corpus of 
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w o r d  imageab i l i t y  ra t ings ,  t h e  p r e s e n t  i m a g e a b i l i t y / c o n c r e t e -  
ness  va r iab le  will  h e n c e f o r t h  s i m p l y  be  r e f e r r ed  to  as  t he  

imageability variable. H o w e v e r ,  t h e  c o n f o u n d i n g  wi th  c o n -  
c r e t e n e s s  s h o u l d  b e  k e p t  in  m i n d  by  t h e  r e a d e r  so t h a t  a 
d i s cus s ion  o f  t h e  d a t a  in  t h e  l ight  o f  m o d e l s  for  t h e  p r o c e s s i n g  
o f  m a t e r i a l s  t h a t  va ry  a l o n g  the  c o n c r e t e - a b s t r a c t  d i m e n s i o n  
s h o u l d  n o t  c o m e  as  a surpr ise .  

E x p e r i m e n t  1: D i s c r e t e  W o r d  A s s o c i a t i o n  

M e t h o d  

Materials. The test materials consisted o f  400 one- and two- 
syllable words, namely, 240 nouns, 80 adjectives, and 80 verbs. Out 
of  these 400 words only 160--all  nouns - -were  critical with respect 
to the present investigation. The remaining 240 words served as fillers 
(see below). The 160 critical words were selected from a corpus of  
Dutch word-imageability ratings (van Loon-Vervoorn,  1985). Among 
them, word imageability (high vs. low) and word frequency (frequency 
of  occurrence in print, Uit den Boogaart, 1975; high vs. low) were 
orthogonally varied. Each of  the four stimulus groups constituted by 
the two levels o f  each of  these two variables consisted of  40 words. 
Words with a mean imageability rating above 3.5 (on a 7-point scale) 
were classified as high-imageability (HI) words; those with a mean 
imageability rating below 3.5 were classified as low-imageability (LI) 
words. Words with a frequency of  40 or more (in a corpus consisting 
of  620,000 words) were considered high-frequency (HF) words; those 
with a frequency ranging from 0 to 20 (including 20) were regarded 
low-frequency (LF) words. As judged by the author, the meanings of  
a/ /words,  also those with a frequency score of  zero, are known to all 
o f  the subjects. The mean imageability rating of  the words in the HI- 
HF, HI-LF, LI-HF, and the LI-LF groups were 6.4 (SD = 0.4), 6.3 
(SD = 0.5), 2.7 (SD = 0.5), and 2.8 (SD = 0.5), respectively. The 
mean word frequencies of  the words in these groups were 84.9 (SD 
= 54.5), 8.1 (SD = 5.9), 86.6 (SD = 57.1), and 8.3 (SD = 6.1), 
respectively. The mean length in letters was about the same for the 
four groups, namely, 5.7 (SD = 1.4), 5.7 (SD = h2), 6.0 (SD = 1.4), 
and 5.7 (SD = l . l) ,  in the above order. 

In order to assess the degree of  confounding of  word imageability 
and word concreteness, the present set o f  160 nouns was presented 
to 24 subjects, none of  whom was to participate in one of  the 
experiments below, but drawn from the same population. They were 
asked to provide concreteness ratings for all words on a scale of  1 
(low-concreteness end of  the scale) to 7 (high-concreteness end), 
following the instructions of  Spreen and Schulz (1966). The subjects 
were tested in groups of  up to 10, and the 160 stimulus words were 
randomized in such a way that no 2 subjects were presented with the 
words in the same order. 

The mean concreteness ratings of  the words in the HI-HF, HI-LF, 
LI-HF, and LI-LF groups were 6.3 (SD = 0.6), 6.5 (SD = 0.5), 2.7 
(SD = 0.6), and 2.6 (SD = 0.7), respectively. The concreteness ratings 
of  all 160 words correlated highly with the imageability ratings (r = 
.96, p < .0001, Pearson). Appendix A shows all 160 critical words 
together with, among others, their closest possible translation in 
English, the mean concreteness and imageability ratings, and the 
printed-word-frequency values, divided in the four stimulus groups 
formed by the orthogonal variation of  imageability and frequency. 

The 240 filler words - -80  of  which were nouns, 80 adjectives, and 
80 verbs--were  systematically varied on the frequency dimension 
only. Words were categorized as high or low frequency according to 
the same classification criteria as applied to the critical words. Within 
tl-e three grammatical form classes, the words in the two frequency 
classes were matched pairwise on the imageability variable. No further 

details about the characteristics o f  the frier  materials will be provided 
here (but see de Groot  & de Bil, 1987). 2 

In addition to the 400 test stimuli, the complete set o f  experimental 
materials included 20 practice stimuli, all different from any of  the 
test stimuli. As the test stimuli, all practice stimuli were one- or two- 
syllable nouns, adjectives and verbs, each type occurring in about the 
same proportion as among the test stimuli. 

Subjects. In this experiment 100 subjects, 50 male and 50 female, 
participated. All o f  them were students either o f  the University o f  
Nijmegen or of  some other institute for higher education in that 
town. Both for males and for females, the mean age was 22.7, with a 
standard deviation of  2.7. All subjects were presented with the com-  
plete set o f  420 stimulus words (20 practice and 400 test). The mean 
duration of  the experiment was 65 rain. 

Apparatus and procedure. The experiment was run on a PDPI  1/ 
34 computer  that was controlled by the program ASSO (de Bil & 
Coenders, 1986). The stimulus words were presented in lowercase 
letters (height = 7.5 mm),  white on grey, on a TV monitor.  The 
distance between the subject and the moni tor  was approximately 50 
cm. The RTs of  the subject's oral responses were registered by a 
microphone that activated a voice-operated switch. 

Two experimenters were present at every experimental session. 
They were separated from the subject by a screen. One of  them typed 
all the subject's responses on a computer  keyboard. The other re- 
corded whenever a sound triggered the voice-switch prematurely, 
before the stimulus word had appeared, and she recorded failures of  
the voice-switch to respond at all to the subject's response. In those 
cases where the voice-switch had not responded to the subject's actual 
response but to some other sound, the corresponding RT in the data 
set was marked after the experimental session. These marked RTs 
were excluded from subsequent data analyses. They constituted less 
than 1% of  all responses. Failures of  the voice-switch to respond also 
occurred on less than 1% of  the trials. 

Prior to the stimulus word, two horizontal arrows appeared on the 
screen for 1 s, pointing inward to where the stimulus word was to 
appear. The points of  the arrows were fixed at 10.5 cm from one 
another so that they did not provide a cue to the length of  the 
upcoming stimulus word. The stimulus word appeared 200 ms after 
the arrows" offset. The subject was asked to pronounce, as rapidly as 
possible, the first word he or she thought of  when reading the stimulus 
word. It was stressed that a response should consist of  one word only. 
The stimulus word remained on the screen until the voice-switch 
registered a sound. RTs were measured from the onset of  the stimulus 
word and were recorded on-line. About 1 s after the response was 
typed by one of  the experimenters, the pair of  arrows appeared again, 
followed by the next stimulus word. The maximum presentation 
duration for a stimulus word was 5 s. Whenever this duration expired, 
the response no response was automatically output to the data set, 
and a new trial commenced.  

Following the 20 practice stimuli, the 400 test stimuli were pre- 
sented in a random order (a new order for every following subject) in 
blocks of  40 each. After a forced rest o f  minimally 10 s following the 

2 In addition to investigating the effects of  word imageability and 
word frequency on word association, another purpose of  the present 
investigation was to collect a new corpus of  Dutch word association 
norms (de Groot  & de Bil, 1987). In those norms the present distinc- 
tion between filler and critical stimulus words is not made. The set 
of  stimulus materials was composed in such a way that it approxi- 
mated the relative occurrence o f  words of  different form classes in 
natural language. The inclusion o f  adjectives and verbs has presum- 
ably prevented a bias in the subjects to respond predominantly with 
nouns, which might have occurred if only nouns had been presented 
as stimulus words. 
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end of a block, the subject initiated the presentation of a new block 
by pressing a key in front of him or her. 

Results and Discussion 

For each subject, mean RTs were calculated for the four 
conditions formed by the two levels of  each of  the variables 
imageability (HI vs. LI) and frequency (HF vs. LF). A 2 
(imageability) x 2 (frequency) x 2 (sex) x 50 (subjects) 
analysis of  variance (ANOVA) was performed on these means, 
treating imageability and frequency as within-subjects vari- 
ables, and sex as a between-subjects variable. Also, the corre- 
sponding 2 x 2 x 2 x 40 (stimulus words) ANOVA was 
performed on the stimulus means, treating sex as within- 
stimuli variable, and imageability and frequency as between- 
stimuli variables. This same pair of  ANOVAS was also per- 
formed on the response omissions per subject and per stim- 
ulus, that is, the number of  times that no response had been 
given within 5 s after the onset of  the stimulus word (see 
Procedure section). The results of  these analyses appear in 
Table 1. 

The main effect of  imageability was significant on both the 
RT analyses (F, for subject analysis and F2 for item analysis), 
F,(1, 98) = 606.47, p < .001; F2(1, 156) = 155.80, p < .001, 
and on the response-omissions analyses F~(1, 98) = 136.53, p 
< .00 l; F2(1, 156) = 144.28, p < .001; RTs for HI words were 
410 ms shorter (1,487 ms) than those for LI words (1,897 
ms). The omission scores were considerably smaller for HI 
words (0.6%) than they were for LI words (5.6%), indicating 
that fewer LI words than HI words were responded to within 
5 s after stimulus presentation. Furthermore, the interaction 
between imageability and sex was significant on the RT 
analyses, F~(1, 98) = 6.17, p < .05; F2(1, 156) = 15.00, p < 
.001; whereas male and female subjects responded about 
equally fast to HI words ( 1,473 ms and 1,501 ms, respectively), 
the female subjects were relatively slow in responding to LI 
words (males = 1,841 ms; females = 1,952 ms). This inter- 
action was qualified by a significant third-order interaction 
among all three variables, F,(1, 98) = 6.94, p < .01; F2(1, 
156) = 9.50, p < .01, which showed that HF words and LF 
words did not contribute equally to the relatively small differ- 
ence between males and females on HI words: The female 
subjects were 69 ms slower than the male subjects in respond- 
ing to HI-LF words, but they were slightly (13 ms) faster than 
the male subjects in responding to HI-HF words. No further 
main or interaction effects were statistically reliable on either 
the mean-RT or the response-omissions analyses. Although 

the present interactions with sex are potentially interesting 
(cf. Ernest & Paivio, 1971, p. 89), the role of sex in word 
association will not be discussed in this article. 

The left part of  Table 1 shows the mean RTs and the mean 
omission-scores of  the four imageability by frequency condi- 
tions, collapsed across the sex variable. The overall RT for 
each individual stimulus word, collapsed across all 100 re- 
sponses to that stimulus, is presented in Appendix A (RT 1). 

In order to further assess the influence of  the variables 
imageability and frequency in word association, for each of  
the 160 critical stimulus words the following five values were 
calculated: (a) The association frequency of the primary re- 
sponse to the stimulus word (AFPRIM). The association fre- 
quency of a response is the number of times it was given as 
response to the stimulus word. Of course, this number equals 
the number of  subjects that gave this particular response to 
the stimulus word. Association frequency should not be con- 
fused with the above measure of word frequency. The primary 
response (PRIM) to a stimulus word is the response that is 
given by most subjects. (b) The mean RT of the AFPRIM 
responses. This analysis is different from the above mean-RT 
analysis in that now only the responses that are instances of  
the primary response are included, whereas above all re- 
sponses to a stimulus word, irrespective of  their identity, were 
encompassed. (c) The number  of  different response words to 
the stimulus word that are given more than once, in other 
words, by more than one subject (N > 1). (d) The number of 
different response words to the stimulus word that are given 
just  once (N = 1), and, (e) The sum of N > 1 and N = 1 (N), 
that is, the total number of  different response words to the 
stimulus word. Appendix A provides the primary response in 
Dutch and in English, the APFRIM and corresponding RT, and 
the N and N > 1 values of  all 160 critical stimulus words. The 
N = 1 values are not given because they can be calculated 
from the N and N > 1 values. 

On each of these five sets of data, a 2 (imageability) x 2 
(frequency) x 40 (stimulus words) ANOVA was performed, 
treating both variables as between-stimuli variables. Table 2 
shows the means and standard deviations for all of the con- 
ditions thus formed. The variable imageability was significant 
on all five analyses: F(1, 156) = 23.88, p < .001, in the 
analysis on the AFPRIM values; F(1, 156) = 80.65, p < .001, 
in the analysis on the mean RT of  the PRIMS; F(1, 156) = 
8.69, p < .01, in the analysis on the N >  1 values, F(1, 156) 
= 82.59, p < .001, in the analysis on the N = l values, and 
F(I ,  156) = 65.99, p < .001, in the analysis on the N values: 
The AFPRIM of  HI words is larger than that of LI words (35.6 

Table 1 
Mean Reaction Time (in Milliseconds) and Omission Scores (OS, in Percentages)for all 
Imageability (Imag.) x Frequency Conditions (Experiments I and 2) 

Experiment 1 Experiment 2 

High imag. Low imag. High imag. Low imag. 

Freq uen cy R T OS R T OS R T OS R T OS 

High 1,489 0.5 1,927 6.0 1,562 1.4 1,975 2.6 
Low 1,484 0.6 1,867 5.2 1,566 1.1 1,975 2.7 
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Table 2 
Mean Association Frequency (AF) and Mean Reaction Time (RT, in Milliseconds) of the 
Primary Responses (PRIM), and Mean N > 1, N = 1, and N Values for all Imageability x 
Frequency Conditions (Experiment 1) 

AF-PRIM RT-PRIM N >  1 N =  1 N 

Imageability frequency M SD M SD M SD M SD M SD 

High 
High 34.8 1 8 . 0  1,294 178 11.3 4.0 18.1 6.9 29.4 9.6 
Low 36.4 17.1 1 ,339 234 11.0 4.2 15.8 6.4 26.8 9.6 

Low 
High 23.1 12.9 1,649 259 13.4 3.4 29.8 8.5 43.1 10.0 
Low 24.3 12 .6  1,668 299 12.5 3.7 25.7 8.1 38.2 10.0 

vs. 23.7); the mean RT of  the PRIMS to HI words is shorter 
(1,316 vs. 1,659 ms); and the N >  l, N = l,  and N values for 
HI words are smaller (11.2 vs. 12.9, 16.9 vs. 27.7, and 28.1 
vs. 40.7, respectively). 

The variable frequency was significant only in the analyses 
on the N = 1 and N values (F( l ,  156) = 7.32, p < .01, and 
F(1,156)  = 5.95, p < .05, respectively): The mean number  of 
different unique responses to H F  words (collapsed across 
levels of  imageability) was 23.9, and that to LF words was 
20.7. The mean total number  of  different responses to H F  
words was 36.3, and that to LF words was 32.5. In none of  
the five analyses was the interaction between imageability and 
frequency statistically reliable. 

Finally, the word frequency (Uit den Boogaart, 1975) and 
word imageability values (van Loon-Vervoorn, 1985) of  the 
primary responses were determined in order to see whether a 
systematic relation exists between word frequency and image- 
ability of  the stimulus words and of  their responses (word 
frequency and word imageability of  the primary responses are 
shown in Appendix A). For  the total set of  160 stimulus 
words, there was a large positive correlation of  .78 (p  < .001) 
between the imageability of  stimulus and primary response. 
The correlation between the word frequency of  the stimuli 
and their primary responses was small (r = .12) and only 
marginally significant (p  = .07). When differentiating between 
high-frequency and low-frequency stimulus words (collapsed 
across the levels of  stimulus imageability) and between high- 
imageability and low-imageability stimulus words (collapsed 
across the word-frequency levels of  the stimulus words), the 
following pattern of  correlations emerged. Neither for high- 
frequency stimulus words nor for low-frequency stimulus 
words did the word frequencies of  stimulus and primary 
response correlate (r = .1 l, p > .10, and r = .004, p > .10, 
respectively). However, for both these groups of  words a high 
correlation was observed, approximately equally large for the 
two groups, between imageability of  stimulus and primary 
response (r = .76, p < .001, for high-frequency stimulus words, 
and r = .79, p < .001, for low-frequency stimulus words). 
Finally, for high-imageability stimulus words both the fre- 
quency of  stimulus words and primary responses and the 
imageability of  stimulus words and primary responses corre- 
lated significantly (r = .26, p < .05, and r = .38, p < .001, 
respectively). In contrast, neither of  these two correlations 
approached significance in the case of  low-imageability stim- 

ulus words (r = .009 and r = .008, respectively). I'll come 
back to some of these correlations in the General Discussion. 

The above pattern of  data is clear-cut: Word imageability 
plays a major role in word association as measured both in 
terms of  associative RT and in terms of  a number of  measures 
of  response heterogeneity. On the whole, responding is faster 
to easily imageable words than to words that are hard to 
imagine; HI words produce primary responses of  a higher 
association frequency than LI words do, and the number of  
different responses in discrete word association is smaller for 
HI words than for LI words. In contrast, effects of  word 
frequency on word association are almost totally absent. Word 
frequency produces only a small effect on response heteroge- 
neity, with the HF words producing a somewhat more diverse 
pattern of  responses than LF words. 

The effect ofimageabili ty on word association RT, observed 
earlier by Ernest and Paivio (1971), thus appears robust and 
needs to be explained. A framework for the interpretation of  
this, as well as of  the other observed effects of  word imagea- 
bility on discrete word association, has already been sketched 
earlier. Filling in this framework will be postponed until after 
Experiments 2 and 3 have been reported. 

Our next purpose is to investigate the roles of  word image- 
ability and word frequency on m, the number of  different 
responses generated to a stimulus word within a prespecified 
amount  of  t ime in continued word association. It may be 
expected that such data, among others, provide the answer to 
the question (see Schwanenflugel and Shoben, 1983) of 
whether the representations of  concrete words contain more 
or rather less information than those of abstract words: If the 
former is the case, then, under association conditions that 
allow the subjects ample time to respond, larger m scores 
should be obtained for concrete words than for abstract words. 
In contrast, if the latter is the case, smaller m scores should 
be obtained for concrete than for abstract words. The litera- 
ture supports the former view (see the introduction and 
Cramer, 1968). 

The number of  subjects tested in Experiment 1 by far 
exceeds the number required to obtain reliable m values. Also, 
with the new corpus of  word associations having been col- 
lected (see footnote 2), there was no longer any need for the 
inclusion of  filler stimuli among the test materials. I therefore 
reduced the number of  subjects (to 24) and stimuli (to 160, 
namely, all critical stimuli of  Experiment 1 ) in the continued- 
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word-association experiment. But because simply reducing 
their numbers would have the effect of  reducing the statistical 
power of that experiment as compared with the power of  
Experiment l, a replication of  Experiment 1 was run first 
(Experiment 2) with fewer subjects (also 24) and with only 
the 160 critical stimuli. A consequence of collecting discrete- 
word-association data of 24 subjects only is that no reliable 
measure of response heterogeneity was obtained. Therefore, 
only the RT data were analyzed in Experiment 2. 

E x p e r i m e n t  2: Discre te  W o r d  Assoc ia t ion  

Method 

Materials. The 160 critical stimulus words of Experiment ! con- 
stituted the test materials of Experiment 2. The complete set of 
experimental materials also included 20 practice trials. 

Subjects, apparatus, and procedure. Twenty-four students of the 
University of Nijmegen participated as subjects. All of the subjects in 
subsequent experiments---in each of which also 24 subjects partici- 
pated-were also drawn from this population, and all subjects in this 
and all following experiments participated in only one of the experi- 
ments. 

The apparatus and procedure were identical to those of Experiment 
1. Each session lasted about 25 min. 

Results and Discussion 

For each subject, mean RTs were calculated for the four 
conditions formed by the two levels of  each of  the variables-- 
imageability and frequency. A 2 (imageability) x 2 (frequency) 
x 24 (subjects) ANOVA was performed on these means, treating 
both variables as within-subjects variables. Also, the corre- 
sponding 2 x 2 x 40 (stimulus words) ANOVA was performed 
on the stimulus means, treating both variables as between- 
stimuli variables. As in Experiment 1, the same pair Of ANOVAS 
was also performed on the omission scores. 

The pattern of  results emerging from these analyses was the 
same as that obtained in Experiment 1. On both the RT- and 
the omission-scores analyses again only the main effect of 
imageability was significant, F~(I, 23) = 124.03, p < .001; 
F2(1, 156) = 147.68, p < .001, and F,(1, 23) = 8.89, p < .01; 
F2(1, 156) = 10.57, p < .01, respectively: RTs for HI words 
were 411 ms shorter (1,564 ms) than those for LI words (1,975 
ms), and the omission scores were smaller for HI words 
(1.25%) than they were for LI words (2.66%). On neither of 
the two pairs of  analyses were the main effect of  frequency 
and the interaction between imageability and frequency sig- 
nificant, nor did they approach significance. The mean RTs 
and omission scores for each of  the four imageability by 
frequency conditions are shown in the right part of Table 1. 
For each of the stimulus words, Appendix A shows the overall 
RT (RT 2), collapsed across subjects, next to the correspond- 
ing RTs of  Experiment 1. The correlation between RT 1 and 
RT 2 is .86 (p < .001). 

Experiments 1 and 2 thus both show that word imageability 
is a strong determinant of  responding in discrete word asso- 
ciation, whereas word frequency has very little impact on this 

process. We can now turn to the question whether one or 
both of  these variables affect responding in continued word 
association. 

E x p e r i m e n t  3: C o n t i n u e d  W o r d  Associa t ion  

Method 

Materials. The 160 critical stimulus words of Experiment 1 con- 
stituted the materials of this experiment. 

Procedure. For each subject three booklets were made, one con- 
taining 50 pages and the remaining two containing 55 pages each. 
On the top of each page in each of these booklets l of the 160 stimulus 
words was typed. The subjects were instructed to write down below 
each of these stimulus words all the words they thought of when 
reading this stimulus word, and they were told that, per stimulus 
word, they had 60 s to do so. It was stressed that they should not 
produce "chains of associations" to the stimulus word (i.e., an asso- 
ciation to the stimulus word, followed by an association to this 
association to the stimulus word rather than to the stimulus word 
itself, and so on). The experimenter timed the experiment with a 
stopwatch and told the subjects when to turn the page because a 
minute of responding had elapsed. 

Each subject participated in three experimental sessions in each of 
which he or she produced continued word associations to all stimulus 
words in one of the three different booklets so that after three sessions 
the subject had responded to all 160 stimulus words. The order in 
which the booklets were presented across sessions, as well as the order 
of the stimulus words within the booklets, was randomized in such a 
way that no 2 subjects saw the 160 stimulus words in the same order. 
Generally, 10-12 subjects were tested simultaneously. The complete 
set of data was collected in nine experimental sessions, with 2 weeks 
in between the first and the last session. 

Results and D&cussion 

For each subject a continued-association (m) score was 
calculated for each of  the 160 stimulus words. The m score 
of  a stimulus word for a particular subject is the total number 
of  word associations to that stimulus word given by the subject 
during 60 s after first reading the stimulus word. Subsequently, 
for each subject four mean m scores were calculated, namely 
one for each of  the four conditions formed by the two levels 
of  each of  the variables--imageability and frequency. On 
these mean scores, again a 2 (imageability) x 2 (frequency) x 
24 (subjects) ANOVA was performed, treating both variables as 
within-subjects variables. Furthermore, the corresponding 2 
x 2 x 40 (stimulus words) ANOVA was performed on the 
stimulus means, collapsed across subjects, treating both vari- 
ables as between-stimuli variables (mean m scores, collapsed 
across subjects, for each of  the 160 stimulus words are pre- 
sented in Appendix A). 

As in Experiments 1 and 2, only imageability produced a 
reliable effect, FI(1, 23) = 184.00, p < .001; F2(1, 156) = 
271.68, p < .001: The mean m score was larger for HI words 
(9.6) than it was for LI words (7.3). The main effect of  
frequency and the interaction between imageability and fre- 
quency were not significant (p > .  10). The interaction values 
are presented in Table 3. The input for the measures of 
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Table 3 
Mean (M) m Scores and Standard Deviations (SDs) for all 
Imageability (Imag.) × Frequency Conditions 
(Experiment 3) 

High imag. Low imag. 

Frequency M SD M SD 

High 9.7 3.4 7.3 2.9 
Low 9.5 3.3 7.3 2.9 

standard deviation in this table were the mean m scores of  all 
individual subjects for each of  the four Imageability x Fre- 
quency conditions collapsed across the 40 items within each 
of  these conditions. 

As mentioned above (see Procedure section), the subjects 
were asked not to produce chains of  associations. Of course, 
this may not always have prevented such chaining. If it has 
occurred occasionally, the m values in Table 3 overestimate 
the representational density of  the four word types. If  the 
amount  of  chaining is the same for all four word types, the 
above main results still hold, and response chaining does not 
constitute a serious problem for the present investigation. 
However, the possibility of  response chaining becomes more 
serious if it would differentially affect the different word types. 
For instance, if for some reason chaining occurs more with 
high-imageability words than with low-imageability words, 
this differential chaining, not differences in the density of  
information in the lexical representations of  high- and low- 
imageability words, could underlie the differences in m scores. 
In order to rule out an interpretation in terms of  response 
chaining, the above ANOVAS were also performed on adjusted 
m scores (henceforth, m ' ) .  A subject's m '  score for a stimulus 
word is his or her m minus the responses that do not also 
occur as response in the corpus of  discrete word associations 
collected in Experiment 1. It was realized beforehand that 
with the relatively small number  of  subjects tested in Experi- 
ment  1 (i.e., small in relation to the present analysis), the 
resulting scores would probably grossly underestimate the 
actual overlap between the two tasks (see below). But the 
manipulat ion could, at any rate, also be expected to have the 
effect of  removing all chaining responses from the continued- 
association responses. 

As expected, the m '  scores were substantially smaller than 
the corresponding m scores: They were 3.68, 3.74, 2.53, and 
2.49 for the HI -HF words, the HI-LF words, the LI-HF words, 
and the LI-LF words, respectively. As compared with the 
original m scores, the reduction is about the same for all word 
types (62%, 61%, 65%, and 66%, respectively). On the cor- 
responding 2 (imageability) x 2 (frequency) x 24 (subjects) 
and 2 x 2 × 40 (stimulus words) ANOVAS, imageability again 
produced a highly reliable effect, F~(1, 23) = 222.44, p < .001; 
F2(1, 156) = 149.61, p < .001. The main effect of  frequency 
and the interaction between imageability and frequency were 
not significant (p  > .10 in all cases). The basic pattern of  
results thus is the same as before, and it appears that chaining 
has not differentially affected the different word types. The 
correlation between the m and m '  scores for all 160 stimulus 
words was .77 (p  < .001). The correlation between the m and 

m '  scores of  the 24 subjects, collapsed across the four word 
types, was .73 (p  < .001). 

The above claim that with the present number of  subjects 
in the discrete association task (100) the m '  scores would 
highly underestimate the actual overlap between continued 
and discrete word association can be substantiated by refer- 
ence to a study by Postman (1970). When comparing contin- 
ued associations with discrete associations of  1,000 subjects, 
the reduction of  the m scores was much smaller than it was 
here, namely, 43.6%. This reduction should still not be taken 
to reflect the amount  of  chaining in continued word associa- 
tion. In the analysis above, I found that obvious chaining 
responses constituted only a fraction of  the responses. Most 
of  the remaining responses that did not match any of the 
responses to the stimulus word in discrete word association 
and that had to be removed from the original sets of  continued 
association responses were, in fact, quite sensible responses to 
the stimulus word itself. 

The results of  Experiments 1-3 all converge on the conclu- 
sions that (a) word imageability is a strong determinant  in 
word association, whereas (b) the frequency of  a word's oc- 
currence in print hardly affects the subjects' associative re- 
sponding. The first of  these conclusions is based on the 
following observations: (a) Responding to HI words (collapsed 
across all responses, irrespective of  their identity) is faster than 
to LI words; (b) the association frequency of  the primary 
responses to HI words is larger than that to LI words, and the 
corresponding RT is shorter; (c) response heterogeneity in 
discrete word association is smaller for HI words than it is for 
LI words; and (d) response availability m in continued word 
association is larger for HI words than for LI words. 

The last of  these four findings suggests that the representa- 
tions of  concrete words contain more information than those 
of  abstract words do. Yet, as evidenced by the RT data, it is 
easier to retrieve information from these relatively "dense" 
concepts than from abstract concepts, which contain fewer 
informational elements. These two findings can only be rec- 
onciled with network models of  memory if  the representations 
of concrete words contain a number of  relatively strong links 
(or, more precisely, if they contain at least one link that is so 
much stronger than any of  the links in the representations for 
abstract words that the extra processing cost due to the larger 
density of the represented information is more than compen- 
sated for by the strength of  this link). This is indeed suggested 
by the data (a). These strong links in the representations of 
concrete words are shared by a larger number of individuals 
than are the weaker links in the representations of  abstract 
words, as is suggested by the finding that the association 
frequency of  the primary response is larger for concrete words 
than for abstract words (b). The inverse relation between 
association frequency and association latency as expressed in 
(b) extends Thumb and Marbe's (1901) "law," that frequent 
responses to a stimulus word are generally produced faster 
than are less frequent responses to this same stimulus word. 
Here, Thumb and Marbe's law generalizes over individual 
stimulus words to classes of  stimulus words (concrete vs. 
abstract). Finally, finding (c) may be corollary to (b): The 
subjects in discrete word association are allowed to produce 
only one response word to every single stimulus word. The 
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more subjects who respond with one and the same response 
word (i.e. the primary response), the fewer occasions remain 
for other response words. 

The above conclusions are strengthened further by the 
results from a correlational analysis investigating the relation 
between associative RT 1 (Experiment 1), associative RT 2 
(Experiment 2), m (Experiment 3), and word imageability, 
word concreteness and word frequency of  the 160 critical 
words presented in Experiments 1-3. The dominant  role of  
imageability (concreteness) on RT in discrete word association 
is stressed by the large negative correlations between associa- 
tive RT on the one hand and imageability and concreteness 
on the other hand for both Experiment 1 (r = - .71 ,  p < .001, 
and r = - .70 ,  p < .001, respectively) and Experiment 2 (again, 
r -- - .71 ,  p < .001, and r = - .70 ,  p < .001). The dominant  
role of  imageability (concreteness) on m in continued word 
association is stressed by the large positive correlations be- 
tween m on the one hand and imageability and concreteness 
on the other (r = .81, p < .001, for both correlations). The 
absence of  any noteworthy influence of  frequency in word 
association is evidenced by the absence of  a correlation be- 
tween associative RT and frequency of  the stimulus word 
(r = .05, p = .25, for Experiment 1, and r = .03, p = .34, for 
Experiment 2) and by the absence of  a correlation between m 
and stimulus frequency (r = .01, p = .46; see Paivio, 1968, 
for a very similar pattern of  correlations between these vari- 
ables). The only correlation coefficients emerging from this 
analysis that require some further comment  are the large 
negative correlation between m and associative RT 1 (r = 
- .62 ,  p < .001) and between m and associative RT 2 (r  = 
- .59 ,  p < .001). They can be understood as emerging from 
the positive correlation between imageability/concreteness 
and m on the one hand and the negative correlation between 
imageability/concreteness and associative RT on the other. 
Indeed, with concreteness partialed out, the correlation be- 
tween m and associative RT drops to - . 13  (.05 < p  < .10) in 
Experiment I and to - . 05  (p > .10) in Experiment 2; with 
imageability partialed out, it drops to - .  11 (.05 < p < .  10) in 
Experiment 1 and to - . 03  (p  > .10) in Experiment 2; with 
both of  these variables partialed out, it drops to - . 09  (p  > 
.10) in Experiment 1 and to - .01  (p  > .10) in Experiment 2. 

Finally, in order to test the above suggestion that the effect 
of stimulus imageability on response heterogeneity derives 
from the imageability effect on the association frequency of  
the primary response (AFPRIM), the correlations between stim- 
ulus imageability on the one hand and the N > l - ,  N = l, 
and N values of  the corresponding words on the other hand 
were calculated, and AFPRIM was subsequently partialed out. 
The finding that response heterogeneity is relatively small for 
high-imageability words is reflected in the following correla- 
tions: - .22 ,  p < .01, between stimulus imageability and N > 
1; - .56 ,  p < .001, between stimulus imageability and N = l; 
and - .52 ,  p < .001, between stimulus imageability and N. 
With AFPRIM partialed out, the correlation between stimulus 
imageability and N > l drops to near zero (r = .08, p > 10), 
but those between stimulus imageability and N = l and 
between stimulus imageability and N remain large (r = - .47 ,  
p < .001, and r = - .41 ,  p < .001, respectively). It thus appears 
that only the number of  the responses that are given more 

than once depends upon the association frequency of  the 
primary response. I'll come back to these observations later 
on (see General Discussion). 

The almost complete absence of  word frequency effects in 
discrete and continued word association is striking: The only 
effect of  this variable to be observed was that response heter- 
ogeneity in discrete word association was somewhat larger for 
HF words than for LF words. What 's  more, the absence of  
any effect of  this variable on association R T  comes as a 
surprise. The association process can be, roughly, decomposed 
into a stage of stimulus word recognition followed by the 
actual association retrieval process. As already pointed out in 
the introduction, models of  word recognition generally predict 
an influence of  word frequency on word recognition RT, 
either because of  a frequency-ordered search in the mental 
lexicon (e.g., Becket, 1979; Forster, 1976) or because of 
different baseline levels of  activation in the detectors ("logo- 
gens ')  of common and rare words (Morton, 1969). Because 
word association involves stimulus word recognition as a first 
processing step, one would have expected a word frequency 
effect to occur in discrete word association. 

The expectation of  a frequency effect in discrete word 
association was further enhanced by the theoretical possibility 
(see introduction) of  differential network representations in 
semantic memory for high-frequency and low-frequency 
words and its presumed effect on association retrieval t ime 
for words varying in frequency. 

The following series of  experiments (4-8) were designed to 
clarify why frequency has not influenced performance in the 
above word association experiments. In Experiments 4 and 5, 
subjects were presented with the stimulus materials of  Exper- 
iments 1-3, but instead of  asking them to word-associate to 
these stimulus words, a response was asked of  the subjects 
that is commonly thought of  as reflecting relatively pure word 
recognition performance. Experiment 4 is an instance of  the 
lexical decision task, in which subjects classify letter strings as 
words or nonwords. Experiment 5 is a word pronunciation 
experiment, in which subjects read aloud the stimuli presented 
to them. The desirability of  having Experiment 4 followed by 
yet a second experiment thought to tap relatively pure word 
recognition will be clarified below. If  a frequency effect is 
observed in Experiments 4 and 5, the null effect of frequency 
on RT in Experiments 1 and 2 remains to be explained. A 
candidate explanation may then be that the time-consuming 
processing operations that follow stimulus word recognition 
in word association have obscured the word frequency effects 
on the recognition of  the stimulus words. Such an explanation 
is plausible because frequency effects on word recognition are 
relatively small. In contrast, if no or extremely small fre- 
quency effects occur in Experiments 4 and 5, the above 
absence of  frequency effects in word association would be, in 
retrospect, less surprising. What would remain, then, is to 
explain why word frequency has not influenced the process 
of actual association retrieval, a question that is tackled in 
Experiments 6-8. 

Of course, Experiments 4 and 5 also inform us on the role 
of  imageability in lexical decision and word pronunciation. 
Experiment 4 thus constitutes a close replication of the work 
of  James (1975) and of Kroll and Merves (1986, Experiment 
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2). Both o f  these studies were concerned with the influence o f  
word  concreteness in lexical decision and with the way word 
frequency might  modify  such an effect• 

E x p e r i m e n t  4: L e x i c a l  D e c i s i o n  

Method  

Materials. The test materials consisted of 320 stimuli, namely, 
160 words and 160 pseudowords (letter strings that conform to Dutch 
orthography and phonology but that carry no meaning). The 160 
word stimuli were the 160 critical stimulus words of Experiment 1. 
The 160 pseudoword stimuli were formed from these word stimuli 
by changing, adding, or deleting one or two letters. They were fillers 
in the present experiment. In addition to the test materials, the 
complete set of experimental materials included 40 practice stimuli, 
20 of which were words and 20 pseudowords. 

Apparatus and procedure. The subjects were tested in a group 
experiment room that simultaneously allowed up to four individual, 
independent sessions under control ofa PDP 11/34 computer system• 
The stimuli were presented (white on grey) on individual TV monitors 
under program control. Individual stimulus presentation and RT 
recordings were performed by the program LEXSYS (Hudson, Maarse 
& Bouwhuisen, 1983). 

One to 4 subjects at a time were tested in a normally lit room, 
separated from one another by screens. They sat in front of a monitor 
at a distance of about 50 cm. They were told that letter strings would 
appear on the screen, one after the other, and that they were to decide 
for each of them, both as quickly and as accurately as possible, 
whether or not it was a Dutch word. In case of a word, they were to 
push the right-hand one of two push-buttons in front of them; in case 
o fa  nonword, they were to push the left-hand push-button. 

Prior to every letter string two horizontal arrows appeared on the 
screen for 1 s, pointing toward the position where the letter string was 
to appear. There was then a blank interval of 20 ms. The letter string 
was subsequently presented (in lowercase letters) and remained on 
the screen until the subject had pressed one of the two response keys. 
keys. Another 20 ms later one of the words correct, wrong, or slow 
was shown on the screen (in uppercase letters), three lines below the 
position of the earlier stimulus. The word slow (instead of correct or 
wrong) was shown when the response was correct but exceeded a 800- 
ms deadline. This feedback remained on the screen for 2 s. One 
second after its offset, the pair of arrows reappeared. 

The order in which the stimuli were presented was random, and it 
was different for all subjects. Practice and test materials were pre- 
sented in blocks of 40 stimuli each. After each block, the mean RT 
and number of errors for that block were shown on the screen. After 
a forced rest of minimally l0 s, the subject initiated the presentation 
of a new block by pushing one of the two response buttons. Whenever 
the number of errors for a given subject within a block exceeded 

20%, a notice appeared on the screen immediately following the 
error, asking him or her to try to make fewer errors. 

Results and Discussion 

For  each subject, mean  RTs  were calculated for the four 
(word stimuli) condit ions formed by the two levels o f  each o f  
the var iables-- imageabi l i ty  and frequency. Also, for each of  
the 160 words, a mean  R T  was calculated, collapsed across 
subjects• On  these mean  RTs, the same 2 x 2 x 24 (subjects) 
and 2 x 2 × 40 (stimulus words) ANOVAS were performed as 
reported for Exper iments  2 and 3. Both the effects of  image- 
ability and frequency were significant, Fj(1, 23) = 21.35, p < 
.001; F2(1, 156) = 8.67, p < .01, and F d l ,  23) = 141.11, p < 
.001; F2(1, 156) = 62.49, p < .001, respectively): RTs  for HI 
words were 14 ms shorter (535 ms) than those for LI words 
(549 ms), and RTs  for H F  words were 42 ms shorter (521 ms) 
than those for LF  words (563 ms). The  interact ion between 
imageabili ty and frequency was significant on the subject 
analysis F , ( l ,  23) = 11.47, p < .01, but  it was only marginally 
significant on the i tem analysis, F2(1, 156) = 2.89, .05 < p < 
• 10. The  mean  RTs, standard deviations, and error rates for 
each of  the four Imageabil i ty x Frequency condit ions are 
shown in the left half  of  Table 4. The input  for the measures 
o f  standard deviat ion was the mean  RTs  of  all individual  
subjects for each o f  the four Imageabili ty x Frequency con- 
ditions, collapsed across all 40 i tems within each o f  these 
conditions.  A Newman-Keu l s  test performed on the subject 
analysis showed that only the (6 ms) difference between the 
mean  RTs  in the H I - H F  and L I -HF  condi t ions  was not 
statistically reliable. All other  differences between pairs of  
means  were significant at the 1% level or  better. 

The present interaction between imageabili ty and fre- 
quency,  with an imageabili ty effect occurring only for LF  
words, was also observed by James  (1975) and by Kroll  and 
Merves (1986, Exper iment  2). James '  a im was to determine  
whether  in a lexical decision exper iment  the subjects examine  
the semantic  content  o f  the representations of  the presented 
words or  whether  they derive their  responses f rom merely 
locating the appropriate representation. The above finding led 
h im to conclude that at least under  certain circumstances (for 
instance, when the st imulus is a low-frequency word), lexical 
decision involves the retrieval of  semantic  informat ion 
(James, 1975, p. 130). 

What  is o f  more  concern to us here is the observed fre- 
quency effect• Its size, only 42 ms, suggests that the word 
association task, with its relatively long overall  RTs, is unlikely 

Table 4 
Mean Reaction Times (RTs in Milliseconds), Standard Deviations (SDs), and Error Rates 
(ER, in Percentages) for all Imageability (Imag.) x Frequency Conditions (Experiments 4 
and 5) 

Lexical decision Pronunciation 

High imag. Low imag. High imag. Low imag. 

Frequency RT SD ER RT SD ER RT SD ER RT SD ER 

High 518 104 1.4 524 100 2.4 478 84 0.8 485 87 0.6 
Low 551 116 3.5 575 121 7.1 483 86 1.3 491 89 0.5 



834 ANNETTE M. B. DE GROOT 

to tap any effect of  this variable on word recognition. The 
absence of  a frequency effect in Experiments 1 and 2 is thus 
less of  a source of  surprise than it seemed at first. In fact, the 
frequency effect on the actual word recognition process for 
the present set of  stimulus words may even be smaller than 
the above 42 ms. This is suggested particularly strongly by 
Balota and Chumbley (1984), who convincingly argue that a 
relatively large part of  the frequency effect in lexical decision 
has to be attributed to the decision component  of  that task. 
If  indeed only part of  the presently observed frequency effect 
is attributable to actual word recognition, the effect should 
become even smaller in a task that reflects word recognition 
more accurately. Word pronunciation is regarded to be such 
a task because it does not involve a complex decision process 
as does lexical decision (e.g., Balota & Chumbley, 1984; de 
Groot,  1985). Hence, the word pronunciation Experiment 5 
was to determine, once more, the influence of  word frequency 
on word recognition for the present set of  stimulus materials. 

E x p e r i m e n t  5: W o r d  P r o n u n c i a t i o n  

M e t h o d  

Materials. The 160 critical stimulus words of Experiment 1 con- 
stituted the test materials of this experiment. In addition to these test 
stimuli, the complete set of experimental materials included 20 words 
for practice. 

Apparatus and procedure. Apparatus and procedure were identi- 
cal to those used in Experiments 1 and 2, except that the subjects 
were now asked to read aloud, as fast as possible, the presented words 
(instead of producing a word associate to them) and that only one 
experimenter monitored the experiment. 

Resul ts  and  Discussion 

The same 2 x 2 x 24 (subjects) and 2 x 2 x 40 (stimuli) 
ANOVAS were again performed as in Experiments 2-4. A small 
(7 ms) effect of  imageability was observed (HI words = 481 
ms; LI words = 488 ms), which was statistically reliable on 
the subject analysis, F,(1, 23) = 16.22, p < .001, but only 
marginally so on the stimulus analysis, F2(1, 156) = 3.41, .05 
< p < .10. An even smaller (5 ms) effect of  frequency was 
observed (HF words = 482 ms; LF words = 487 ms), which 
was again only significant on the subject analysis, F l ( l ,  23) -- 
4.26, p < .05; F2(1, 156) = 1.84, p > .10. The two variables 
did not interact with one another ( F  < 1 on both the subject 
and the stimulus analysis). The mean RTs, standard devia- 
tions, and error rates for the four experimental conditions are 
shown in the right part of  Table 4. 

The present results strongly suggest that only an extremely 
small portion of  the frequency effect observed in the above 
lexical decision experiment (Experiment 4) has to be attrib- 
uted to the process of  word recognition per se. The combined 
results of  Experiments 4 and 5 thus eliminate one of  the 
sources of our earlier surprise, that no frequency effects were 
observed in the above association experiments. As pointed 
out above, what remains to be done is pinpointing the reason 
why word frequency also did not affect the actual association 
retrieval process. Experiments 6-8 served that purpose. 

One possible reason why no effect of  word frequency on 
association retrieval RT occurred in Experiments 1 and 2 was 
already alluded to in the introduction to this article. It was 
suggested there (a) that the representations of  high-frequency 
words might constitute denser information bundles than those 
of low-frequency words and (b) that due to relatively frequent 
activation of  the representations of  high-frequency words, the 
links that they encompass are stronger than the links within 
the less often activated representations of  low-frequency 
words. According to network models of  memory, (a) would 
cause a cost in association retrieval for high-frequency words 
as compared with association retrieval for low-frequency 
words, whereas (b) would be beneficial for association retrieval 
to high-frequency words. Possibly, the two opposing effects of  
number of  links on the one hand and of  link strength on the 
other have cancelled out one another. 

Assuming two opposing sources for an ostensible null effect 
is, admittedly, not very satisfactory. Furthermore, the contin- 
ued-word-association data suggest that the present suggestion 
is incorrect: High- and low-frequency words produced about 
equally large m scores (8.5 and 8.4, respectively). Analogous 
to the interpretation of  the effect of  word imageability in that 
experiment (high-imageability words have larger m values 
than low-imageability words, which has been taken to indicate 
that the representations of  high-imageability words contain 
relatively many links), this result suggests that high- and low- 
frequency words do not differ with respect to the number of  
links contained by their representations. This conclusion, in 
turn, would force another one, namely, that high- and low- 
frequency words do not differ with respect to strength of  links 
in the underlying representations because otherwise high- 
frequency words should have shown faster RTs. 

An alternative interpretation for the null effect of  word 
frequency on the retrieval of  word associations is that the 
frequency classes were simply not drawn apart sufficiently far 
for any frequency effect to emerge. This possibility was inves- 
tigated in the following experiments, where a new set of  words 
was to serve as stimulus materials. The only reason, not 
mentioned earlier, why the frequency classes were defined as 
they were in Experiments 1-5 (LF words with frequencies 
from 0 to 20 and a mean of 8.2, and HF words with frequen- 
cies from 40 onwards and a mean of  85.8 in a corpus of  
620,000 words) is that, with the corpora of  imageability and 
frequency ratings available to us, the cells of our 2 x 2 design 
could not be filled when the frequency classes were drawn 
further apart. 

Experiments 1-3 convincingly showed that word imagea- 
bility has a strong effect on association retrieval, and therefore 
this word characteristic can now be removed as a separate 
variable from our design. This allows us more freedom in 
categorizing words as high frequency or low frequency. The 
upper limit of the class of  low-frequency words in the newly 
collected set of  stimulus materials to be used in the experi- 
ments below was set at 9 (was 20); the lower limit of the class 
of high-frequency words was set at 70 (was 40). Across the 
two word-frequency classes, the words were matched pairwise 
on imageability. The question of  most concern to us here is 
whether, again, word frequency was not going to affect asso- 
ciation retrieval in discrete word association (Experiment 7) 
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and cont inued word association (Exper iment  8) or  whether  
instead, now such effects would emerge. But in order  to obtain 
an unambiguous  answer to that  question,  it was once more  
necessary to determine,  first o f  all, the effect o f  the present 
word-frequency manipula t ion  on word recognition RT. As in 
Exper iment  5, the effect o f  word  frequency on word recogni- 
t ion R T  will be de te rmined  in a word pronuncia t ion  task. 
Both types o f  word  recognit ion models  that  were briefly 
described earlier predict  a positive relation between the size 
o f  the frequency effect on word  recognit ion and the distance 
between the frequency classes. Thus,  larger effects o f  word 
frequency may  be expected to occur  than those observed in 
Exper iment  5. 

task. The main quest ion of  the following exper iment  is 
whether  frequency effects on association retrieval will be 
observed now that the frequency classes are drawn further 
apart. 

E x p e r i m e n t  7: D i s c r e t e  W o r d  A s s o c i a t i o n  

Method  

Materials, apparatus, and procedure. The experimental materials 
were identical to those of Experiment 6. Apparatus and procedure 
were those of Experiments l and 2, except that, as in Experiment 6, 
the test stimuli were presented in blocks of 25 each. 

E x p e r i m e n t  6: W o r d  P r o n u n c i a t i o n  

Method  

Materials. The test materials consisted of 100 one- and two- 
syllable nouns. Fifty of these (the LF nouns) had printed word 
frequencies (Uit den Boogaart, 1975) from 0 to 9 (mean frequency = 
2.4, SD = 2.7). The remaining 50 (HF nouns) had printed word 
frequencies ranging from 70 to 250, with four outliers above 250 
(overall mean frequency = 143.9, SD = 99). The words in the two 
frequency classes were matched pairwise on word imageability (van 
Loon-Vervoorn, 1985). The mean imageability ratings for the HF 
nouns and LF nouns were both 5.5, with a standard deviation of 1.4 
in both cases. The mean length in letters was 5.0 (SD = 1.3) for the 
HF words and 5.2 (SD = 1.4) for the LF words. Appendix B shows 
all 100 test words, together with their closest possible translations in 
English, their imageability ratings, and their printed-word-frequency 
values, divided in the two stimulus groups formed by the frequency 
variable. 

In addition to the 100 test stimuli, the set of experimental materials 
included 20 practice stimuli, all different from any of the test stimuli 
and all being nouns of either one or two syllables. 

Apparatus and procedure. The apparatus and procedure were 
identical to those of Experiment 5, except that the test stimuli were 
now presented in blocks of 25 each (instead of 40). 

Results and Discussion 

The same 2 (frequency) x 24 (subjects) and 2 (frequency) 
x 50 (stimuli) ANOVAS were again performed as reported for 
Exper iment  6. Contrary to the direction of  the frequency 
effect in Exper iment  6, H F  nouns turned out  to be responded 
to slower (1,531 ms) than LF nouns  (1,459 ms). However ,  
this effect was statistically reliable only in the subject analysis, 
F~(1, 23) = 6.12, p < .05, and F2(1, 98) = 2.44, p > .10. The  
mean  R T  for each individual st imulus word, collapsed across 
subjects, is presented in Appendix  B. 

E x p e r i m e n t  8: C o n t i n u e d  W o r d  A s s o c i a t i o n  

Method  

Materials and procedure. The experimental materials were iden- 
tical to those of Experiments 6 and 7, except that no practice materials 
were presented. The procedure was the same as reported for Experi- 
ment 3, save that there were now only two experimental sessions for 
each subject. In each of these sessions continued-word-association 
responses to 50 stimulus words were collected. Six to 10 subjects were 
tested simultaneously. The complete set of data was collected in six 
sessions, spanning 3 consecutive days. 

Results and Discussion 

For  each subject, two mean  RTs  were calculated, one for 
all responses to H F  nouns  and one for all responses to LF 
nouns. A 2 (frequency) x 24 (subjects) ANOVA was per formed 
on these means,  treating frequency as a within-subjects vari- 
able. Also, for each o f  the 100 s t imulus words, the mean  R T  
collapsed across all 24 subjects was calculated. On  these 
st imulus means  a 2 (frequency) x 50 (stimuli) ANOVA was 
performed,  treating frequency as a between-st imuli  variable. 
A highly reliable frequency effect was observed, F~(1, 23) = 
59.82, p < .001; ~ ( 1 ,  98) = 13.68, p < .001. H F  words were 
responded to 19 ms faster (458 ms) than LF words (477 ms). 

Compar ing  this frequency effect with the 5-ms effect ob- 
served in Exper iment  5, it appears that  the frequency effect 
in a relatively pure word-recogni t ion task is, as one would  
indeed expect, highly dependent  on how the frequency classes 
are defined. However ,  the effect is still quite  small and most  
likely not  large enough not  to be easily overruled by subse- 
quen t  t ime-consuming  processing stages in an association 

Results and Discussion 

Again, the 2 (frequency) x 24 (subjects) and 2 (frequency) 
x 50 (stimuli) ANOVAS as reported for Exper iments  6 and 7 
were performed now, o f  course, on the m scores per subject 
and per st imulus (cf. Exper iment  3). Contrary to Exper iment  
3, where frequency did not  affect the size o f  the m scores (HF 
words = 8.5; LF  words = 8.4), now a small but  statistically 
reliable frequency effect materialized, F~(1, 23) = 17.25, p < 
.001; ~ ( 1 ,  98) = 5.06, p < .05: The  mean  m score for H F  
words was 7.9; that for LF words was 7.4. The  mean  m score 
for each st imulus word, collapsed across subjects, is presented 
in Appendix  B. 

Summar iz ing  the results o f  Exper iments  6-8,  with the word 
frequency classes drawn further apart than in Exper iments  1- 
5, some small effects o f  this variable on the word association 
retrieval stage in word association emerge: Despite the fact 
that the high-frequency words are recognized somewhat  faster 
than the low-frequency words (Exper iment  6), the overall 
word association R T  for high-frequency words is longer than 
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that to low-frequency words (Experiment 7), indicating that 
association retrieval is slower for high-frequency words. How- 
ever, this effect was significant only in the analysis by subjects, 
from which it may be concluded that subjects word-associate 
slower to only a subset of  the class of high-frequency words. 
In addition to this effect of  word frequency on associative RT 
in discrete word association, a small but significant effect of  
this variable on m in continued word association was observed 
(Experiment 8). Overall, the m scores were 0.5 larger for HF 
words than for LF words, indicating that the representations 
of  the present HF words contain somewhat more information 
than those of  the present LF words. 

Finally, a correlational analysis was performed on the data 
of  Experiments 7 and 8 analogous to the one performed for 
Experiments l, 2, and 3. In this analysis the relations between 
associative RT (Experiment 7), m (Experiment 8), word im- 
ageability, and word frequency were examined. Imageability 
was included as a variable because of  its influential role in 
word association, as is evident from Experiments 1-3. 

As before, a positive correlation occurred between imagea- 
bility and m (r = .63, p < .001), and a negative correlation 
occurred between imageability and associative RT (r = - .50,  
p < .001). They once more show the important role that word 
imageability plays in word association. These correlations are 
considerably larger than the correlation that now occurred 
between word frequency and m (r = .17, p < .05) and that 
reflects the finding from Experiment 8 above. Finally, as in 
the correlational analysis performed for Experiments 1-3, a 
negative correlation occurred between associative RT and m 
(now, r = - .37,  p < .001). This correlation presumably again 
derives from the positive correlation between imageability 
and m and the negative correlation between imageability and 
associative RT. When imageability is partialed out, the cor- 
relation between associative RT and m indeed disappears (r 
= - . 0 7 ,  p > . 1 0 ) .  

Genera l  Discussion 

All data obtained in the present investigation point out that 
word imageability exerts a strong influence on word associa- 
tion, whereas the effect of  word frequency on this process is 
negligibly small. The following differences were observed 
between responding to concrete and abstract words: Concrete 
words were associated to faster than abstract words; the asso- 
ciation frequency of  the primary responses to concrete words 
was larger, and the RT of  these responses was shorter; their 
response heterogeneity, assessed in discrete word association, 
was smaller, and their response availability, assessed in con- 
tinued word association, was larger. The only reliable effects 
of  the frequency manipulation were that response heteroge- 
neity was slightly larger for high-frequency words than for 
low-frequency words and that, with the frequency classes 
drawn very far apart, response availability was a bit larger for 
high-frequency words than for low-frequency words. In all 
cases, the frequency effects were considerably smaller than 
the comparable effects of  word imageability. 

The larger m scores for concrete than for abstract words 
have been taken to indicate that the concept nodes of  concrete 

words contain more information than those of  abstract nodes 
(cf. Kieras, 1978). Independent evidence for the view that m 
indeed reflects the amount of information stored about con- 
cepts comes from a study by Simons, Vonk, and Noordman 
(1989). In this study they collected continued-association 
responses to economic concepts of two groups of subjects, 
one group of  experts (advanced economics students) and one 
group of  nonexperts (advanced students from other disci- 
plines). Two of  their findings are of  particular interest here, 
namely (a) that the experts gave more associations than 
nonexperts (or, in the present terms, that the m scores of  
experts were larger than those of  the nonexperts) and (b) that, 
overall, experts produced fewer different associations to a 
given concept than did nonexperts. Thus experts possess more 
knowledge and less diverse knowledge than nonexperts on the 
concepts in their field. The first of  these findings suggests that 
our present view of  m as directly reflecting the amount of  
knowledge in the representation of  concepts is correct. The 
second is reminiscent of  our finding that, even with the 
association frequency of  the primary response partialed out 
(see above), the total number of  different responses to a 
stimulus word (iV) and the number of  "idiosyncratic" re- 
sponses (responses that occur only once; N = 1), correlate 
negatively with imageability. Our subjects thus seem to pos- 
sess expert knowledge on concrete words, but they are non- 
experts on abstract words: An individual subject knows more 
about concrete words than about abstract words, and across 
subjects there is more c o m m o n  knowledge with respect to 
concrete than to abstract words. 

The conclusion that the concept nodes of  concrete words 
contain more information than those of  abstract nodes is not 
surprising, given the fact that, unlike the referents of  abstract 
words, the referents of  concrete words have shapes, colors, 
physical parts, and occur in spatial contiguity with other 
objects. In other words, information about perceptual aspects 
of  the referents is stored only for concrete words; in addition 
to the other information present in the nodes, this may be 
retrieved during continued word association. A question that 
forces itself is whether associative responses that reflect per- 
ceptual information are retrieved from a type of  representa- 
tion that preserves aspects of the represented objects, such as 
the images in Paivio's (1978, 1986) dual-coding theory of 
mental representation, or whether they are derived from 
mental representations that do not do so, such as proposi- 
tional representations (Pylyshyn, 1973). The experiment by 
Ernest and Paivio (1971), referred to earlier, suggests that 
images are not consciously experienced and exploited during 
word association: Reporting the formation of  an image to a 
stimulus word took the subjects on average 3,150 ms, which 
is considerably longer than it takes the subjects to generate a 
word association to a stimulus word (about 1,750 ms). But 
these data do not invalidate an interpretation of  the present 
imageability effects in terms of  imagery processes that operate 
independently of subjective experience and that presumably 
are considerably faster than conscious imagery (F. Bleasdale, 
personal communication, June 1988). The present study thus 
is inconclusive as to whether the access of  images in the case 
of  concrete words underlies the observed imageability effects 
or whether all associative responses--those that reflect per- 
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ceptual and nonperceptual attributes of  the stimulus word's 
referent alike--are derived from some common nonimagelike 
representation. 

Turning now to the word frequency variable, how can the 
finding that this variable hardly affects word association be 
reconciled with earlier research that does suggest an influence 
of this variable? As pointed out in the introduction, studies 
on the effect of  word frequency on word association have not 
yielded a robust pattern of  data, but nevertheless some tend- 
encies can be observed. In her summary of  the research data 
available at the time, Cramer (1968, p. 63) reports the follow- 
ing trends in the data: (a) Reaction time tends to decrease 
with increasing word frequency; (b) response availability, m, 
increases; (c) response heterogeneity decreases, and (d) the 
association frequency of  the primary response increases. Of 
these four conclusions, only (b) is consistent with the findings 
of  the present investigation. 

Earlier (see introduction), I mentioned two plausible 
sources for differential effects of  the frequency variable across 
word-association studies, namely, (a) the way the frequency 
classes are defined and (b) confounding of  word frequency 
with other variables. Direct support for the first of  these 
suggestions is provided in this study: An effect of  word fre- 
quency on m was observed when the difference between the 
frequency classes was large (Experiment 8) but not when it 
was relatively small (Experiment 3). 

Support for the second may be obtained by reconsidering 
the earlier studies in the light of  the results of  the present 
investigation. Particularly, it must be contemplated whether 
word imageability may have confounded earlier frequency 
effects, especially because the pattern of  frequency effects as 
summarized by Cramer (1968) exactly matches the pattern of  
imageability effects obtained here. I've checked the possibility 
of  such confounding, taking Postman's (1970) study on word 
frequency effects on word association as an example. The 
reasons for this choice were, first, that Postman's study is 
more recent than those summarized by Cramer, second, that 
(as was done here) he collected both discrete and continued 
word association data to a set of  stimulus words, and third, 
that he presented a complete list of  his experimental materials. 

Postman investigated four levels of word frequency (Thorn- 
dike & Lorge, 1944). His frequency classes contained 24 two- 
syllable nouns each. The Thorndike-Lorge ranges for these 
classes were 1-3, 10-33, 100-333 and 1,000-3,333. The 
pattern of  results reported by Postman is similar to that 
observed in the earlier frequency studies as reported by Cra- 
mer: He showed that increasing word frequency resulted in a 
decrease in response heterogeneity, an increase in the associ- 
ation frequency of  the primary response, and an increase in 
response availability. No measure of  associative RT was ob- 
tained in his experiment. 

I derived the word-imageability ratings of  Postman's stim- 
ulus words from The Colorado Concreteness and Imagery 
Norms (Posnansky et al., 1973) and subsequently performed 
a 4 (word groups) x 24 (stimulus words) ANOVA on these 
ratings. The effect of  word groups turned out to be highly 
reliable, F(3, 92) = 7.18, p < .001, indicating a confounding 
of  frequency and imageability. The mean imageability ratings 
for the above four frequency classes were 4.0, 4.7, 4.9, and 

5.1. Imageability may thus have been the source of  at least 
part of  the effects observed by Postman. 

In Postman's research, word imageability and word con- 
creteness appear not to be as fully confounded as in the 
present study (the correlation between concreteness and im- 
ageability was .86, as opposed to .96 here). The same 4 x 24 
analysis as reported above, but now on the concreteness ratings 
(Posnansky et al., 1973) for all of  Postman's stimulus words, 
showed that the concreteness ratings also increased over fre- 
quency classes, but this increase was smaller as with the 
imageability ratings (4.4, 4.6, 4.8, and 4.9) and not significant, 
F(3, 92) = 1.22, p > .10. 

The present data give cause for adjusting a set of assump- 
tions of  network models of memory. As pointed out before, 
these models typically assume that both the number and the 
strength of  the links departing from a concept node influence 
the speed with which information can be retrieved from this 
node. If these assumptions are correct and if at the same time 
response availability in continued word association (m) is a 
valid measure of the number of links departing from the 
stimulus word's concept node in memory, then the present 
data show that, of the two, link strength must be the stronger 
determinant of  retrieval speed. This conclusion is based on 
the finding that associative RT is shorter for concrete words 
than for abstract words, despite the fact that m is larger for 
the former type of  words. One finding in particular even 
suggests that the number of  links has no effect whatsoever on 
retrieval speed: For both sets of words presented as stimulus 
materials, the correlation between associative RT and m is 
(with imageability partialed out) near zero. 

The finding that word frequency does not affect associative 
RT may put a further constraint on network theorizing. The 
literature on semantic priming (e.g., Meyer & Schvaneveldt, 
1971) suggests that after the recognition of  a word, activation 
spreads automatically from the recognized word's concept 
node, along the links departing from this node, to those 
"nearby." The process is unconditional and should thus occur 
more often for frequent words, often encountered, than for 
infrequent words. Yet, association retrieval is not faster for 
frequent than for infrequent words. This strongly suggests that 
activating a link per se does not have the effect of strength- 
ening the link. What may be critical for a link to become 
stronger is that the concept represented at the receiving end 
of  the link enters consciousness or that attention is drawn to 
the link (relation) between activation source and activation 
recipient. Thus, recognition of  the word WAR does not 
strengthen the link between this word's concept node and that 
of the word PEACE (even though following presentation of  the 
former word, activation passes onto the latter's concept node 
via the connecting link), but, for instance, producing PEACE 
as a word association to WAg does strengthen it. 

There are some further aspects of the present data that 
deserve some comment. One of  these is the magnitude of  m, 
here the number of  word associations generated to a stimulus 
word during 1 min of  continued word association. These m 
scores are strikingly small, varying between 7 and 10 for the 
different classes of  words. They may even be somewhat over- 
estimated because of  response chaining that may have oc- 
curred. Do we really possess so little knowledge about con- 
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cepts, or is it that during free word association the subjects 
gain access to only partial information about concepts? The 
latter state of  things would support Barsalou's (1982) distinc- 
tion between context-independent and context-dependent in- 
formation (see introduction). It is possible that there's more, 
but context dependent, information in the concept nodes 
than is, context independently, retrieved in free continued 
word association. This additional knowledge may then be 
retrieved piecemeal when the appropriate context for this 
information is provided. Of course, if such is the case, the 
above conclusions concerning m must be modified accord- 
ingly. That is, the larger m values for concrete words than for 
abstract words would indicate only that concept nodes for 
concrete words contain more context-independent informa- 
tion than those of  abstract words (cf. Schwanenflugel & 
Shoben, 1983, and Wattenmaker & Shoben, 1987; also see 
the introduction), and the apparent absence of  an effect of  m 
on response time in discrete word association would merely 
indicate that the number of  links representing context-inde- 
pendent information constitutes a weak determinant of re- 
trieval speed (or none whatsoever). It would then still be 
possible that abstract concepts contain more context-depend- 
ent information than do concrete concepts (cf. Schwanenflu- 
gel & Shoben, 1983). Also the suggestion that high-frequency 
words may occur in a larger variety of  contexts than low- 
frequency words (see introduction) would still stand: Maybe 
high-frequency words possess more context-dependent infor- 
mation than low-frequency words. But because context-de- 
pendent information is not retrieved during free word asso- 
ciation, this will not be reflected in the m scores. In terms of  
the present suggestion, the fact that the m scores are virtually 
identical for high-frequency and low-frequency words suggests 
that the concept nodes for these two types of  words contain 
equal amounts of  context-independent information. Indeed, 
whereas there's an obvious source for the differential m scores 
for concrete and abstract words--namely, the set of  context- 
independent information that reflects perceptual aspects of 
the referents and that exists only for concrete words--no 
potential source for differential amounts of  context-independ- 
ent information for frequent and infrequent words comes to 
mind. 

A further finding requiring some attention is the imagea- 
bility effect observed in the word recognition tasks, that is, in 
lexical decision (Experiment 4) and in word pronunciation 
(Experiment 5). In lexical decision this effect interacted with 
the frequency variable, as it did in the experiments by James 
(1975) and by Kroll and Merves (1986): The effect occurred 
only for low-frequency words. Following James (1975), we 
may take this interaction to indicate that only (some; see 
below) infrequent words are processed to a semantic level in 
lexical decision. (Similarly, but in terms of  Balota and Chum- 
bley's 1984, two-stage model of  lexical decision, it can be 
regarded as support for the view that only low-frequency 
words require an "analytic check" following a stage in which 
the familiarity of the stimulus is globally computed.) Analo- 
gous to this interpretation, from the absence of  an Imageabil- 
ity x Frequency interaction in word pronunciation, one might 
want to conclude that in that task both frequent and infre- 
quent words are (sometimes; see below) processed semanti- 

cally. However, I think that such a conclusion is as yet 
premature, given the small magnitude of  the imageability 
effect (indeed, it was significant only in the analysis by sub- 
jects) to start with. In case the imageability effect in pronun- 
ciation turns out to be robust, the locus of  the effect in the 
sequence of  processing stages still has to be determined. Paivio 
and O'Neill (1970) provide data supporting their claim that 
word recognition is not affected by this variable: When other 
variables were controlled, word imageability did not affect 
visual recognition thresholds. Name retrieval following rec- 
ognition may then be considered as possible locus of  the 
effect. 

To finish offthis point, a remark concerning the magnitude 
of the imageability effect in lexical decision (and, for that 
matter, in word pronunciation) seems appropriate because it 
may lead to a further qualification of  James' (1975) conclu- 
sion with respect to the occurrence of  semantic processing in 
lexical decision (see above). In the present study, the overall 
imageability effect in lexical decision was only 14 ms, which 
is considerably smaller than the 410-ms imageability effect 
observed in discrete word association. This difference between 
the two tasks is still quite substantial when the comparison is 
made only for low-frequency words, that is, the words for 
which James concluded that they evidence semantic process- 
ing in lexical decision. Measured that way, the imageability 
effects were 24 ms in lexical decision and 396 ms in discrete 
word association. In terms of  percentage of  the overall re- 
sponse time, the difference between tasks is also considerable: 
In lexical decision the imageability effect for LF words con- 
stitutes 4.3% of  the overall RT against 23.0% in discrete word 
association. Unless the type of  semantic processing involved 
in the effect is not the same in the two tasks, this discrepancy 
suggests that semantic retrieval, generally occurring in word 
association, does not generally occur in lexical decision, not 
even when the word to be classified is infrequent. The small 
imageability effect on infrequent words in the latter task may 
be due to an occasional trial on which semantic coding has 
taken place in time to affect RT. 

In the foregoing, a classification of  the association responses 
according to their semantic relation with the stimulus words 
has generally been ignored. Yet, such classification may pro- 
vide valuable data, even with respect to the restricted scope 
of  the current investigation. For instance, in the above dis- 
cussion it was implied that the additional information con- 
tained by the concept nodes for concrete words reflects per- 
ceptual aspects of the words' referents and that, except for 
this perceptually based information, the concept nodes for 
concrete and abstract words contain the same types of  infor- 
mation. Only an analysis of the content of  the word associa- 
tions will show whether or not these implications are legiti- 
mate. Furthermore, such analysis might provide an explana- 
tion as to why responding to concrete words comes about so 
fast. Until now, the RT difference between responding to 
concrete and abstract words has been taken to indicate that 
concrete words contain stronger links in their underlying 
memory representations, but, of  course, this conclusion is not 
an irreducible one. The basic question is why concept nodes 
for concrete words contain stronger links. A qualitative analy- 
sis of  the response words may provide clues to the answer, for 
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instance, by showing that all responses that suggest strong 
links (being given fast) belong to a particular response class 
(e.g., perceptually based responses). 
An interpretation that relates the RT of  a response word to 
one aspect of  its content (but that is not one in terms of  the 
strength between stimulus and response words) was suggested 
to me by F. Bleasdale (personal communication,  June 1988). 
He observed that nearly all responses to concrete words in 
discrete word association were concrete themselves. The re- 
sponses to abstract words were more often abstract than 
concrete, but the latter type of  response still occurred quite 
often. This observation is backed up by the present data: As 
reported earlier, for high-imageability words, the correlation 
between stimulus imageability and the imageability of  its 
primary response was .38 (p  < .001; the mean imageability 
ratings for these stimulus and response words were 6.35 and 
6.29, respectively). However, for low-imageability stimulus 
words there was no such correlation (r = .008, p -- .48; the 
mean imageability ratings for these stimulus words and their 
primary responses were 2.74 and 3.98, respectively). The 
interpretation of  this finding suggested by Bleasdale was in 
terms of  his model of  the lexical representation of  concrete 
and abstract words (Bleasdale, 1987), which holds that con- 
crete and abstract concepts are organized in separate lexical 
systems. Switching from the one system to the second would 
take time. If, as the above data ind ica te - - in  case of abstract 
stimuli the subjects switch more often from the abstract-words 
system to the concrete-words system than, conversely, they 
switch from the concrcte-words system to the abstract-words 
system when concrete stimulus words are presented-- then 
overall associative RT to abstract stimulus words should be 
relatively long, as ~indeed it is. I ohecked the tenability of  this 
suggestion and obtained evidence against it in the following 
analysis. Out of  the 80 low-imageability words, two sets of  15 
stimulus words each were selected with about equal imagea- 
bility ratings (2.85, SD -- .38, for Set 1; 2.82, SD = .42, for 
Set 2) but that differed with respect to the imageability ratings 
of  their primary responses (5.78, SD = .61, for Set 1; 2.56, 
SD = .32, for Set 2). According to Bleasdale's suggestion, the 
associative RT of  the primary responses in Set 1 (abstract 
stimulus, concrete response; switch between systems) should 
be longer than that of  the primary responses in Set 2 (abstract 
stimulus, abstract response; no switch). A small difference in 
the predicted direction was observed (1,684 ms, SD = 263, 
for Set 1; 1,662 ms, SD = 356, for Set 2), but it was statistically 
unreliable, t(28) = 0.193, p = .85. 

To conclude, two final aspects of  the content of  the response 
words in relation to that of  the stimulus word will be touched 
on. When inspecting the four most popular  responses to the 
160 critical stimulus words in discrete word association, it 
turned out that relatively many responses to low-imageability 
words were synonyms or near synonyms of  their stimulus 
word: The synonym and near-synonym responses constituted 
24.7 % of  these 320 response words to low-imageability words 
and were by far the most popular  response type to these 
words. In contrast, only 5.9% of  these 320 popular responses 
to high-imageability words could be classified as such. The 
second difference between the response patterns to low- and 
high-imageability words suggested by the inspection of  the 

popular  responses is that responses to low-imageability words 
can be assigned to fewer types (e.g., the above synonym type) 
than responses to high-imageability words. Interesting in the 
present context is that a few types of  responses that are 
presumably based on nonperceptual, conceptual knowledge 
(e.g., those that name the category of  which the stimulus 
word's referent is an exemplar and vice versa) appear to occur 
more often as responses to high-imageability words than to 
low-imageability words. This indicates that, contrary to what 
was suggested earlier, the concept nodes of  high- and low- 
imageability words may differ not only in their perceptually 
based contents but also in their conceptually based contents. 
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Appendix B 

Stimulus Materials of Experiments 6-8 
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Stimulus IMAST FRST RT m Stimulus IMAST FRST RT m 

High-frequency words 

antwoord/answer 3.83 132 1,549 7 
brief/letter 6.36 175 1,505 8 
beer/gentleman 5.98 393 1,296 7 
kamer/room 6.50 172 1,730 9 
kind/child 6.73 626 1,305 9 
licht/light 6.37 103 1,517 8 
straat/street 6.50 99 1,431 9 
spel/game 5.40 71 1,721 8 
school/school 6.39 175 1,540 9 
slot/lock 6.17 75 1,261 8 
schip/ship 6.53 119 1,204 10 
stad/town 6.43 198 i ,423 10 
stem/voice 3.93 150 1,51 i 9 
stof/dust 5.40 75 ! ,880 8 
water/water 6.47 193 1,248 11 
toestand/situation 1.93 91 1,775 6 
vader/father 6.35 289 952 7 
voorbeeld/example 2.10 146 2,441 5 
tafel/table 6.70 106 1,138 8 
geld/money 6.33 159 2,069 9 
feit/fact 2.50 232 2,154 5 
soort/kind 3.00 242 1,949 5 
huis/house 6.87 354 1,685 9 
hoofd/head 6.37 234 1,547 9 
hock/corner 5.98 77 1,587 6 
jeugd/youth 4.80 71 1,580 8 
kans/chance 3.66 159 1,961 6 
lichaam/body 6.77 101 2,122 8 
kracht/power 3.67 97 1,711 7 
persoon/person 5.57 103 1,464 6 
prijs/price 4.77 117 1,426 7 
strijd/struggle 4.57 113 1,433 8 
terrein/terrain 4.60 105 1,664 6 
verhaal/story 3.93 118 1,956 7 
zee/sea 6.87 75 1,102 11 
gezin/family 5.85 106 1,222 8 
volk/people 4.96 129 1,743 7 
vogel/bird 6.83 102 1,458 9 
stoel/chair 6.86 79 1,132 7 
rust/tranquillity 4.16 85 1,338 8 
raam/window 6.70 83 1,501 8 
koffie/coffee 6.33 73 1,090 10 
film/movie 6.39 111 1,736 9 
boom/tree 6.90 77 1,436 10 
bed/bed 6.54 115 1,335 9 
angst/anguish 4.40 70 ! ,487 7 
dokter/doctor 6.70 97 1,261 9 
dier/animal 5.73 94 ! ,52 ! 8 
hart/heart 6.17 97 1,887 8 
minuut/minute 4.20 131 1,209 6 

Low-frequency words 

afschuw/abhorrence 3.67 5 1,578 6 
bloemstuk/bouquet 6.30 1 1,923 7 
deeg/dough 6.13 4 1,329 9 
hak/heei 6.53 2 1,351 7 
ketel/kettle 6.71 2 1,379 7 
kurk/cork 6.50 4 1,203 7 
polder/polder 6.10 2 1,771 9 
prop/wad 5.57 4 1,644 6 
slof/slipper 6.30 3 1,341 7 
schild/shield 6.17 1 1,458 7 
sjaal/shawl 6.66 5 1,290 8 
sok/sock 6.63 4 1,371 7 
smart/sorrow 3.77 4 1,354 6 
sluier/veil 5.63 5 1,820 7 
strik/knot 6.30 4 1,629 8 
verbond/alliance 1.90 7 1,795 7 
vest/cardigan 6.37 2 1,414 7 
herkomst/origin 2.10 9 2,023 7 
wekker/alarm 6.90 4 1,513 8 
lijm/glue 6.20 3 1,284 7 
schandaal/scandal 2.60 5 1,865 6 
reuma/rheumatism 3.13 5 1,429 8 
hengel/fishing-rod 6.83 0 1,157 9 
honing/honey 6.20 0 1,100 8 
kalf/calf 6.20 0 1,089 8 
horde/horde 4.80 5 1,525 7 
kolder/jerkin 3.80 0 1,618 6 
laars/boot 6.80 9 1,308 8 
pech/bad luck 3.97 0 1,675 6 
pels/pelt 5.67 0 1,330 8 
pees/tendon 4.90 0 1,360 6 
tolk/interpreter 4.60 0 1,301 7 
twist/quarrel 4.70 0 1,413 6 
vlerk/churl 3.73 0 1,793 5 
zebra/zebra 6.80 0 1,290 8 
gong/chime 5.90 0 1,554 6 
wezel/weasel 5.13 0 1,678 7 
tijger/tiger 6.80 0 1,379 9 
sneeuw/snow 6.80 7 1,099 10 
prul/rag 4.00 0 1,546 6 
pudding/pudding 6.83 0 1,373 8 
koren/corn 6.37 0 1,477 9 
eik/oak 6.43 0 1,171 8 
beitel/chisel 6.93 0 1,288 7 
beer/bear 6.67 6 1,721 9 
astma/asthma 4.47 0 1,465 7 
dolfijn/dolphin 6.53 0 1,438 9 
drempel/threshold 5.70 5 1,443 7 
haai/shark 6.37 0 1,397 8 
lol/fun 4.00 5 1,215 7 

Note. IMAST and FRST are the imagcability and word frequency of the corresponding stimulus word; RT is the mean associative reaction time 
(in milliseconds) of all responses to the c~orresponding stimulus word. m = mean m score. 
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