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Can Automatic Picture Processing
Influence Word Judgments?

Stephen J. Lupker and Albert N. Katz
University of Western Ontario, London, Ontario, Canada

Two experiments were undertaken in order to evaluate the influence of automatic
semantic processing of pictures on word judgments. In both studies, picture-
word analogs of the Stroop task were employed. In Experiment 1, subjects were
required to make a semantic category judgment about the word; in Experiment
2, they were simply to respond yes or no to whether the word was DOG. Taken
together, the results of these experiments indicated that (a) perceptual factors
such as lateral masking influence responding in these types of tasks and their
contributions must be partialed out from the effects of semantic factors, (b)
picture processing can facilitate word processing but only in a restricted set of
circumstances, and (c) background pictures incompatible with the correct re-
sponse can interfere with word judgments. The facilitation observed was attrib-
uted to the effects automatic picture processing has on an initial input process,
while the interference appears to arise at a response selection and execution
stage. Further, the results suggest that the semantic nature of automatic picture
processing is at least somewhat different from that of automatic word processing.

An individual's store of accessible infor-
mation pertaining to any familiar concept
is virtually limitless. Yet, only a fraction of
this information is relevant to the process of
understanding those concepts. That is, pre-
sented with an abstract representation of a
concept, sueh as a picture or a word, the
concept will be understood with little irrel-
evant information ever being retrieved.
Moreover, the information that is retrieved
seems to become available essentially auto-
matically with little, if any, effort on the part
of an observer.

The nature of these automatic retrieval
operations most typically have been studied
with "priming" procedures and have been
examined using only word representations
of the concepts. The first and prototypic ex-
ample of this tradition was provided by
Meyer and his colleagues (e.g., Meyer &
Schvaneveldt, 1971). Using a lexical deci-
sion task, Meyer and co-workers discovered
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that a target word could be classified more
rapidly if the previous word (the "prime")
had been semantically similar. This result,
which obtains even when subjects are not
required to respond to the prime, demon-
strates that the primes undergo some degree
of automatic semantic processing.

While this procedure has yielded a num-
ber of intriguing findings (see Becker, 1980,
for a recent review), the nature of the task
is such that controlled as well as automatic
processing is likely to occur (LaBerge &
Samuels, 1974; Posner & Snyder, 1975;
Shiffrin & Schneider, 1977). That is, when
subjects realize the contingencies between
the prime and target stimuli, they may then
implement a processing strategy in which the
prime is purposely processed in a way that
will facilitate the processing of the target.
The use of such strategies has, in fact, been
demonstrated numerous times (e.g., Neely,
1977; Tweedy, Lapinski, & Schvaneveldt,
1977; and, most recently, Becker, 1980).
Thus, although part of the priming effect is
undoubtedly due to automatic processing
(Fischler, 1977; Fischler & Goodman, 1978),
it is at present difficult to disentangle the
contributions of automatic and subject-con-
trolled processing.

In recent years analogs of the Stroop
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(1935) color-word interference task have
appeared which potentially could permit a
clearer evaluation of the effects of automatic
semantic processing. In these types of tasks,
two-component stimuli are presented to the
subjects, with only one component being rel-
evant to the responding process. Typically,
however, automatic processing of the irrel-
evant stimulus component (the "prime")
does occur. However, the situation is such
that neither this processing nor any addi-
tional processing can facilitate responding
to the relevant stimulus component. In fact,
the task demands are such that the optimal
subject strategy would be to ignore the prime
as much as possible. Thus, any effects the
prime has can be fairly unambiguously at-
tributed to automatic processing.

In the present tasks, the two components
are a picture (i.e., line drawing) and a word
superimposed on the picture. In the most
commonly examined version of this task,
participants are asked to name the pictures.
Naming latencies are longer in this situation
than in the situation in which no words are
superimposed on the pictures (Lupker, 1979;
Rosinski, 1977). This result demonstrates
quite nicely that, even though irrelevant to
the task, the word is being automatically
processed and that this processing is having
an influence on task performance.

A second finding in the picture-word in-
terference task relevant to the present dis-
cussion is Rosinski's demonstration that ad-
ditional interference is observed when the
word is the name of a member of the pic-
ture's semantic category. If word processing
were only to the phonetic level such an effect
should not occur. Thus, the presence of this
semantic category effect indicates that some
of the automatic processing the word re-
ceives is also semantic in nature, suggesting
that the paradigm has sufficient flexibility
to be used in the study of automatic semantic
processing.

The focus of the present article is the au-
tomatic semantic processing of pictures and
how it may influence decisions being made
about words. To this end, a variant of the
picture-word interference task is employed.
In this task subjects are asked to ignore the
picture and make a response to the word.
Thus, any interference that does arise should

be attributable to automatic picture pro-
cessing.

There have been a few investigators who
have used this type of paradigm to examine
the effect of automatic word processing on
the processing of other words (e.g., Shaffer
& LaBerge, 1979). This research has shown
that the processing of a target word can be
influenced by the simultaneous presentation
of a semantically similar word. It has been
argued elsewhere (e.g., Nelson, Reed, &
McEvoy, 1977; Potter & Faulconer, 1975)
that pictures allow access to semantic infor-
mation more rapidly than words. If so, there
would seemingly be ample opportunity for
pictures to influence the processing of a tar-
get word as well. In fact, if one adopts a
strict unitary code model of memory (e.g.,
Friedman & Bourne, 1976; Nelson et al.,
1977), it would be expected that pictures
would influence word processing in much the
same way as other words do. Yet, evidence
for such influence available from priming
studies is somewhat scarce, even in situations
in which the word and the picture represent
the same concept. For example, Scarbor-
ough, Gerard, and Cortese (1979) reported
that naming a picture does not facilitate a
subsequent lexical decision about that pic-
ture's name. Durso and Johnson (1979) re-
ported essentially the same result in a task
in which both stimuli were to be named.
With respect to a picture influencing the
processing of semantically related concepts,
Sperber, McCauley, Ragain, and Weil
(1979) reported that naming a priming pic-
ture can facilitate naming a semantically
related word. However, even though this ef-
fect was apparently significant, it resulted
in a savings of only 8 msec. On the other
hand, Durso and Johnson did report some
facilitation in a task in which the picture and
the word both had to be categorized as nat-
ural or man-made. This result suggests that
the depth to which the word must be pro-
cessed may be a critical variable. When
words are named or when a lexical decision
must be made, word processing may be to
too shallow a level, in the Craik and Lock-
hart (1972) sense, to be influenced by picture
processing. However, tasks that necessitate
the retrieval of a substantial amount of
stored information, like categorization tasks,
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may allow the influence of picture processing
to be manifest.

Smith and Magee (1980) did, in fact,
combine the picture-word interference par-
adigm with a task involving deeper word
processing to show that a background pic-
ture can influence the processing of a su-
perimposed word. Using a yes/no semantic
category decision task, Smith and Magee
demonstrated that words that named the
background picture (the identity condition)
could be responded to more rapidly than
when the background picture was congruent
with the alternate semantic category and,
hence, the alternate response (the incon-
gruent condition). From these data the in-
vestigators argued that pictures supply se-
mantic category information automatically
and more rapidly than that same informa-
tion can be retrieved by means of a word
(see also Potter & Faulconer, 1975). Fur-
ther, this information apparently cannot be
ignored by the subject, producing the delay
in response latency.

An additional finding in Smith and Ma-
gee's study, however, suggests that this con-
clusion is incomplete. Smith and Magee also
included a word-alone condition (no back-
ground picture) that actually produced
shorter reaction times than their identity
condition. The obvious question is, if seman-
tic category information from pictures does
influence subjects' category decisions about
words, why was there no facilitation when
the background picture and the word rep-
resented the same concept? One explanation
would be based on the idea that the word
was encased in a set of background lines in
the identity condition but not in the word-
alone condition. Thus, whatever facilitation
may have been provided by the picture may
have been more than compensated for by
general perceptual problems, such as lateral
masking. This possibility was investigated in
Experiment 1.

The task was the same as in Smith and
Magee's experiment. Subjects were required
to make a yes/no semantic category judg-
ment about words. In particular, they were
to decide whether the word named an ani-
mal. In the first condition, the word appeared
by itself. In the second condition, the word
appeared with a background picture repre-

senting the same concept. A, third condition
was now included in an attempt to evaluate
the contribution of any general perceptual
effects. In this condition the word was sur-
rounded by a background nonpicture (see
Figure 1). These nonpictures were quite pic-
turelike in the sense that they had good Ge-
stalt properties; however, they had no resem-
blance to any physical objects and, thus,
normally should not allow the retrieval of
any semantic information. Any difference
between this condition and the word-alone
condition should be attributable to these
types of perceptual problems. Further, such
a difference would imply that similar prob-
lems also exist in any picture conditions.
Unfortunately, there would be no way of
exactly equating the size of this effect across
conditions. However, the nonpicture-word-
alone difference can be taken as at least a
rough estimate of the size of the effects in-
volved in the picture conditions. Thus, the
nonpicture condition can be used as an al-
ternate control. Any difference between this
condition and the identity condition would
be evidence for facilitation from the back-
ground picture. If Smith and Magee are cor-
rect, such facilitation should obtain.

The above manipulation should answer
the question of whether automatic picture
processing can facilitate as well as interfere
with word judgments. Still at issue, however,
would be the nature and locus of these ef-
fects. Following the .analysis suggested by
Sternberg (1969) and recently adopted by
Lupker and Katz (1981), there would, in
fact, be a number of processes that could be
affected. The initial, input, process involves
the basic perceptual analysis of the display
in order to access the appropriate location
in memory. The rapid identification of a se-
mantically similar picture, as in the identity
condition, may facilitate word processing.
Meyer, Schvaneveldt, and Ruddy (1975)
did, in fact, demonstrate that at least some
of the facilitation observed ins their semantic
priming paradigm involves this process.
While in principle one may also conceive of
costs occurring at this level, the weight of
the evidence is that semantically dissimilar
items do not hinder access to a concept's
memory location (Dyer, 1973; Schvaneveldt
& Meyer, 1973).



AUTOMATIC PICTURE PROCESSING 421

The second process in the sequence in-
volves the analysis of the information avail-
able from memory in order to make the de-
cision that the task requires. Information
automatically provided by picture processing
may interact with the information about the
word's concept, causing problems when the
sources are semantically dissimilar and lead-
ing to benefits when they are semantically
similar. Shaffer and LaBerge (1979) sug-
gested that the facilitation in their three-
word tasks occurred at this level. Smith and
Magee (1980) are apparently arguing for
interference at this level in their task. Any
effects observed at this level in the present
tasks would indicate that the nature of stored
information about pictures and words must
be quite similar, in line with a unitary code
model of memory (e.g., Nelson et al., 1977).

Finally, there would be an output process
characterized by response selection and ex-
ecution. In the standard picture-word inter-
ference task in which subjects are required
to name the picture, automatic word pro-
cessing may actually evoke a strong response
tendency, the tendency to say the word, in-
terfering with response execution. - In the
present task, it seems unlikely that auto-
matic picture processing would cause a sim-
ilar problem. However, pictures incompati-
ble with the correct response may interfere
with the response-selection process by sug-
gesting an incorrect response. In fact, inter-
ference at this level has typically been found
in tasks of this sort (Dyer, 1973; Keele,
1973). Facilitation would be possible here
as well if the picture were to supply the cor-
rect response, as suggested by Posner (1978;
Posner & Snyder, 1975). Posner's argument
is based on Hintzman, Carre, Eskridge, Ow-
ens, Shaff, and Sparks's (1972) finding in
the Stroop task that congruent color words
produced faster color naming than Hintz-
man et al.'s control condition. However,
these results are problematic for two reasons.
First, the author's control condition (color
name anagrams with the initial letter re-
maining in place) was quite inappropriate
(Regan, 1978), as is witnessed by the fact
that it caused as much interference, as their
noncolor word condition (see Klein, 19^4).
Second, even if facilitation with respect to
an appropriate control had been obtained,

Figure 1. Examples of typical nonpictures.

no evidence is available to localize this effect
at the output level. Studies that have looked
at this issue more directly (Krueger & Sha-
piro, 1980; Shaffer & LaBerge, 1979; Tay-
lor, 1977) appear to indicate that such fa-
cilitation does not occur.

In an effort to gain a better understanding
of how automatic picture processing affects
the stages of word processing, two new con-
ditions were added, an animal picture con-
dition and a nonanimal picture condition.
The former condition on negative trials and
the latter condition on positive trials are
analogous to the incongruent condition in
Smith and Magee's (1980) study. It would
be expected that these pictures would pro-
duce interference at any stage that can be
affected by picture processing. On positive
trials the animal picture condition could po-
tentially facilitate any of the stages in word
processing. Performance in this condition
should, in fact, be essentially equivalent to
that in the identity condition at every level
except one. That is, both sets of pictures are
compatible with a positive response and both
can provide semantic information compati-
ble only with an "animal" decision. How-
ever, identity pictures may serve as better
primes for memory access than do pictures
of semantically related concepts. If this pro-
cess can then be affected by picture pro-
cessing, whatever facilitation is observed in
the animal picture condition may be less
than that observed in the identity condition.'

The results in the nonanimal picture con-
dition on negative trials should aid in the
evaluation of any facilitation observed in the
animal picture condition on positive trials.
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That is, these nonanimal pictures would also
be compatible with the appropriate response
and could provide semantic information
compatible only with the appropriate "non-
animal" decision. Thus, if either the decision
or response-selection process can be influ-
enced, both conditions should benefit equally.
However, to the extent that semantically re-
lated pictures influence memory access, the
animal pictures on positive trials should pro-
vide relatively more facilitation than the
nonanimal pictures on negative trials.

Method
(

Subjects. Fifty University of Western Ontario un-
dergraduate volunteers (14 males and 36 females) re-
ceived course credit for participating in this experiment
and another, unrelated experiment in the same 1-hour
session. All were native English speakers.

Materials and equipment. The names of 20 well-
known objects were selected for use in this experiment.'
Ten of those were animals (the positive trials), and 10
were members of other semantic categories (the nega-
tive trials). Each of these words appeared once in each
of the five experimental conditions.

The actual stimuli were created by placing each of
these words, with or without a background picture, in
the middle of a 23 X 25.6 cm card. To create the stimuli
for the identity, animal picture, and nonanimal picture
conditions, we chose line drawings ("pictures") for each
of the words from children's coloring books. In the iden-
tity condition, each picture appeared with its name su-
perimposed. In the animal picture condition on positive
trials, each of the animal names appeared with a dif-
ferent animal picture. In this condition on negative
trials, each of the nonanimal words was superimposed
on one of the animal pictures. In the nonanimal picture
condition on positive trials, each of the animal words
was superimposed on one of the nonanimal pictures. In
this condition on negative trials, each of the nonanimal
words appeared on a different nonanimal picture. In
order to create the stimuli for the nonpicture condition,
10 nonpictures were selected and 2 instances of each
were created. One instance appeared with an animal
word on the positive trials; the other, with a nonanimal
word on the negative trials. Finally, for the word-alone
condition, each of the 20 words appeared with no back-
ground picture. The names of the pictures and the words
used are reported in Appendix A.

A Gerbrands (Model 1-3B-7C) three-field tachisto-
scope was used to present the stimuli. Viewing distance
was 77 cm and viewing was binocular. The letters typ-
ically subtended a visual angle of .24° horizontally and
.36° vertically. The pictures subtended visual angles
between 1.90° and 5.74° horizontally and 3.84° and
5.74° vertically. A Hunter Klockounter (Model 120)
timer was used to time the subject's vocal response. An
Electro-Voice (Model 621) microphone was positioned
approximately 7 cm away from the subject's mouth. The
microphone was attached to a Lafayette Instruments

(Model 18010) voice-activated relay which stopped the
timer at the initiation of the subject's vocal response.

Procedure, The subjects were tested individually.
Each subject first participated in another, unrelated ex-
periment and then in the present experiment. Before this
experiment subjects were told that they would be seeing
a series of words, many of which would be superimposed
on pictures, and that their job would be to classify each
word as to whether it named an animal or not. When
the word was an animal name, they were to respond by
saying "yes"; when it did not name an animal, they were
to respond by saying "no." They were instructed to re-
spond as rapidly and accurately as possible. The subjects
then responded to each of the 100 stimuli in a random
order.1 Onset of the stimulus started the timer which
was stopped by the subject's vocal response. Each stim-
ulus remained in view for 750 msec regardless of the
subject's reaction time. The interval between stimulus
presentations was used by the experimenter to record
the response latency and reset the equipment for the
next trial. Thus, this time was not held constant but was
generally around 5 sec. Errors were recorded, and those
pictures were randomly placed back into the set of to-
be-presented stimuli. Both experiments together took
approximately 1 hour.

Results

The mean correct reaction times for the
five conditions for both positive and negative
trials are presented in the upper panel of
Table 1. Each of these means is based on
500 observations. For the positive trials, a
simple one-way analysis of variance (AN-
OVA) was performed. The analysis revealed
a highly significant effect of conditions, F(4,
196) = 43.13, p< .001.2 A subsequent New-

1 In both experiments, randomization for a new sub-
ject was accomplished by an approximately 1-min shuf-
fle of the stimulus cards. No attempt was made to coun-
terbalance presentation order. The present process does,
of course, not guarantee that stimuli from the various
conditions were distributed equally throughout the trial
block. Since a first exposure to a stimulus may facilitate
the processing of its subsequent occurrences, an unequal
distribution of the various conditions could cause inter-
pretation problems. Further, as suggested by a reviewer,
potentially the different conditions could benefit un-
equally from this first exposure. Although the present
data do not allow an evaluation of either possibility,
previous research in our laboratory (Lupker, 1979, in
press; Lupker & Katz, 1981) using this shuffling tech-
nique suggests that neither of these problems is a real
one. In most of these studies, two trial blocks were used
per subject, and there has never been even a hint of a
trial blocks by conditions interaction.

2 Because of the arguments presented by Wike and
Church (1976) and others, stimulus materials was not
treated as a random factor as suggested by Clark (1973)
in this or any subsequent analysis.
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man-Keuls analysis revealed that these means
could be partitioned into three sets. Reaction
times in the identity and word-alone condi-
tions were equivalent and shorter than those
in any other condition (p < .01). Reaction
times in the nonanimal picture condition
were significantly slower than in all other
conditions (p < .01). Finally, reaction times
in the animal picture and nonpicture con-
ditions were equivalent and intermediate.

A similar analysis was carried out on the
negative reaction times. Again, the ANOVA
revealed a significant effect of conditions,
F(4, 196) = 43.38, p < .001. A subsequent
Newman-Keuls analysis again revealed that
these means could be partitioned into three
sets. The 16 msec difference between the
identity and the word-alone conditions, al-
though larger than that on positive trials,
failed to reach significance (p > .05). The
reaction times in the nonanimal picture and
nonpicture conditions were equivalent and
significantly larger than in the first two con-
ditions (p < .01). Finally, the reaction times
in the animal picture condition were signif-
icantly larger than in all other conditions

As is typically the case in vocal reaction

time experiments, errors were few. In all
conditions except the nonanimal picture con-
dition on positive trials, error rates were 1%
or less (5 errors in 500 trials). This condition
showed an error rate of 4.4%, which indi-
cates, as does the reaction time data, that
this clearly was the most difficult condition
on positive trials.

Discussion

The first thing to note about the results
of Experiment 1 is that an approximately 40
msec difference was observed between the
nonpicture and the word-alone conditions on
both positive and negative trials. This result
indicates that general perceptual problems
such as lateral masking do influence re-
sponding to the word component of picture-
word stimuli. Unfortunately, this finding in-
dicates that there will always be a certain
amount of difficulty in. evaluating semantic
effects in these kinds of experiments. That
is, although the nonpictures in the present
experiment reliably produced 40 msec of in-
terference, this number can be used only as
a rough estimate of the size of these effects
in the picture conditions. Nonetheless, in

Table 1
Reaction Times (in msec) as a Function of Experimental Conditions in Experiments I and 2

Trials

Positive
Negative

Positive
Negative

ID

670
714

DOG

591
645

AP

720
773

AP

613
640

Experiment

Condition

NAP

765
749

Experiment

Condition

NAP

609
623

1

NP

709
740

2

NP

593
623

WA

666
698

WA

567
601

Needed for
significance p <

17 msec
16 msec

Needed for
significance p <

11 msec
11 msec

.05

.05

Negative trial word
conditions

UR OR SR

616 645 618

Note. ID = word names the picture; AP = animal picture; NAP = nonanimal picture; NP = nonpicture; WA =
word alone; DOG = dog picture; UR = unrelated words; OR = orthographically similar words; SR = semantically
similar words.
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order to evaluate the effects of semantic fac-
tors, the contributions of these effects must
be taken into account, and some sort of non-
picture condition should be used to provide
an additional control.

The second thing to note about the present
results is that the reaction times in the iden-
tity conditions were significantly shorter
than those in the nonpicture conditions and
essentially equivalent to those in the word-
alone conditions. In the identity conditions,
as in the nonpicture conditions, the words
were encased in a figure, and thus judgments
were undoubtedly slowed due to the general
perceptual problems noted above. Although
it can not be assumed that these conditions
were influenced equally, it seems highly un-
likely that differential perceptual problems
alone could produce the identity-nonpicture
differences. Thus, at least part of this dif-
ference must represent a semantic effect. As
suggested earlier, background pictures in the
present task do engage a certain amount of
automatic semantic processing. The present
findings demonstrate that if the results of
that processing are compatible with the spec-
ific concept represented by the word, a cat-
egory judgment being made about that word
can be facilitated.

The lack of a difference between the word-
alone and the identity conditions _ is, of
course, a nonreplication of one aspect of
Smith and Magee's (1980) results. However,
this nonreplication is probably a result of the
different experimental procedures used in
the two studies. The present task used a dis-
crete-trials procedure. On the basis of the
argument presented above, there were two
factors involved in our word-alone-identity
comparison: perceptually-based difficulties,
which delayed reaction time in the identity
condition, and semantic information from
the picture, which aided the identity condi-
tion. Together, these two factors apparently
canceled each other out, producing equiva-
lent results in the two conditions. Smith and
Magee, however, used a somewhat different
method of stimulus presentation which in-
troduced a third factor. The stimuli in their
study were presented on sheets, and response
time for the full sheet was recorded. This
method of presentation allows subjects to
view the next stimulus peripherally while

processing the previous stimulus. Thus, at
least a certain amount of processing of a
stimulus can begin before it is actually in
foveal attention. When a subsequent word
is encased in a picture, peripheral processing
would be much more difficult than in a word-
alone condition due to factors like lateral
masking or simply the difficulty in locating
the word in the middle of the picture. Thus,
with Smith and Magee's technique the word-
alone condition would benefit much more
from peripheral processing, producing the
word alone advantage that these authors ob-
served.

The third aspect of the data to note in-
volves the two maximally incongruent con-
ditions, the nonanimal picture condition on
positive trials and the animal picture con-
dition on negative trials. These two condi-
tions involved pictures incompatible with the
word's concept, with the word's semantic
category, and with the correct response.
Replicating Smith and Magee's results, these
conditions produced longer reaction times
than any other condition/The fact that there
is a large difference between these conditions
and their respective nonpicture conditions is
especially relevant since again these differ-
ences can most likely be attributed to se-
mantic factors. Thus, these findings sub-
stantiate Smith and Magee's claim that the
results of automatic semantic processing of
pictures can interfere with semantic cate-
gory decisions being made about words.

Before discussing the locus of these ef-
fects, the possibility should be considered
that the present results are due to subject
strategies. Each picture in Experiment 1 was
used three times, twice for one type of re-
sponse, once for the other type (e.g., the cat
picture contained the words CAT, SHEEP,
and STAR). Thus, if the first appearance of
the cat picture contained the word STAR,
subsequent appearances of that picture would
require a positive response. If subjects dis-
covered this relationship and remembered
earlier stimuli, they may have been able to
respond very rapidly to later occurrences of
the pictures. If this argument is valid, it
would suggest that the facilitation observed
may be an artifact of the procedure. How-
ever, a number of facts argue against this
interpretation. First of all, useful implemen-
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tation of this strategy would require an im-
mense memory load. Pictures in Experiment
1 occurred, on average, 33 trials apart. Fur-
ther, this relationship between words and
pictures was not explained to the subjects
beforehand; thus it would have had to have
been discovered during the experiment. Con-
sidering that only one block of 100 trials was
presented to any subject, the acquisition of
this knowledge seems improbable. Finally,
if subjects really could and did follow this
strategy, facilitation would be expected in
the animal word condition on positive trials
and the nonanimal word condition on ne-
gative trials as well as in the two identity
conditions. As noted, these effects did not
occur. Thus, this explanation of the facili-
tation in Experiment 1 appears unlikely. It
is even more difficult to construct a similar
argument to explain the interference in Ex-
periment 1. Rather than try, perhaps it is
best to note that our interference effects par-
alleled those of Smith and Magee (1980)
whose design is not subject to the same cri-
ticism.

The conditions discussed above provide
evidence for the conclusion that automatic
semantic processing of pictures can both fa-
cilitate and inhibit semantic category deci-
sions being made about words. The final two
conditions provide some insight into the na-
ture of those effects. Recall that the task is
to decide whether a word represents an in-
stance of the category animal. Consider the
case when such a word (e.g., DOG) is, first,
superimposed on a picture of the same con-
cept (i.e., a picture of a dog) or, second, upon
a picture of another animal (e.g., a picture
of a cat). In both these conditions, automatic
processing of the picture should provide in-
formation compatible with the decision (an-
imal) and with the response (yes). Yet only
in the identity condition was facilitation ob-
served. When the background picture was
of an animal different from that represented
by the word, neither facilitation nor inhibi-
tion was observed relative to the nonpicture
control condition. This suggests that the fa-
cilitation does not arise at either the decision
or response-selection levels. Apparently, the
facilitation observed is a result of automatic
processing of the picture, allowing the target
word to access memory more rapidly.

Consider next the condition in which non-
animal words are superimposed on nonani-
mal pictures. Like the two conditions dis-
cussed above, the information made avail-
able from the picture is compatible with the
decision (nonanimal) and with the response
(no) appropriate to the word. Yet, again,
with the nonpicture control used as a rough
baseline, this nonanimal picture condition
provides neither facilitation nor interference.
This result, together with that in the animal
picture condition on positive trials, suggests
that the appropriate way to characterize the
interference in the incongruent conditions is
as a response-selection problem. That is, as
noted above, pictures seem to allow more
rapid access to semantic information than
do words. If this information were mixing
with the information about the word at the
decision level, facilitation would be expected
in both the animal picture condition on pos-
itive trials and the nonanimal picture con-
dition on negative trials. The absence of an
effect in both conditions indicates that the
sources of information can be kept separate
at this level. Instead, it appears that the pro-
cessing that the animal pictures receive sug-
gests a positive response while the processing
that the nonanimal pictures receive suggests
a negative response. Thus, on negative trials
response selection becomes problematic in
the former condition, while on positive trials
response-selection problems emerge in the
latter. However, in line with earlier results
(Shaffer & LaBerge, 1979; Taylor, 1977),
when the response suggested by the irrele-
vant component is compatible with the ap-
propriate response, no facilitation results.

The lack of a facilitatory effect in the an-
imal picture condition on positive trials
stands in contrast to the results reported by
Shaffer and LaBerge (1979), using what is
essentially a word-word analog of the pres-
ent task. In their study, flanking words from
the same semantic category facilitated cat-
egory decisions essentially as much as iden-
tical words. One hypothesis that could be
entertained to explain this difference be-
tween experiments is based on the category
typicality of the animals used. No effort was
made in the present study to control for this
factor. However, as Rosch (1975) seemed
to suggest, highly typical category members
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may facilitate processing of other category
members, and atypical members may inhibit
it. Thus, our lack of an effect could represent
a facilitation of typical words balanced by
an inhibition of atypical words or a facili-
tation from typical pictures balanced by an
inhibition from atypical pictures. We at-
tempted to evaluate this possibility by doing
two analyses. In the first, a median split was
done on the words by using Battig and Mon-
tague's (1969) production norms as a mea-
sure of typicality and then comparing inter-
ference scores for these two groups of stimuli
(i.e., the difference between the stimuli con-
taining these words in the nonpicture and
animal picture conditions on postive trials).
In the second analysis, a median split was
done on the pictures again using Battig and
Montague's (1969) norms, and again inter-
ference scores were calculated. In both anal-
yses the highly typical group actually pro-
duced slightly more interference than the
atypical group. Thus, this hypothesis ap-
pears to be an unlikely one.

Instead, it seems more likely that the dif-
ference between the present study and Shaf-
fer and LaBerge's (1979) is a real picture-
word difference. The actual locus of the fa-
cilitation in Shaffer and LaBerge's study is,
unfortunately, indeterminate. The input
process, as in the present study, or the de-
cision process, because the nature of the se-
mantic category information from the irrel-
evant words is such that it can be used in
decision making, or both processes may be
responsible. The point is that identical and
same semantic category words affect these
two processes identically, while similar cat-
egory examples represented as pictures do
not. It may be suggested that if a different
"level" category had been used (e.g., dog as
the category; poodle, collie, terrier, etc. as
examples) in the present experiment or if
some lead time had been given to the picture,
automatic processing of a same semantic
category picture may have also facilitated
category decisions. Nonetheless, even if true,
the present results indicate that pictures and
words do tend to affect the input process for
words in somewhat different ways. Coupled
with the inability of semantic information
from pictures to influence the category de-
cision process, these results argue for defi-

nite differences in the automatic semantic
processing capabilities of pictures and words.

In summary, the results of Experiment 1
allow three conclusions. First, general per-
ceptual difficulties do affect responding to
the word component of picture-word stim-
uli. Although the contribution of these fac-
tors cannot actually be equated across con-
ditions, some sort of measure of it should be
taken in experiments of this type. Second,
facilitation tends to be limited to situations
in which the word and the picture represent
the same specific concept. In these situations
picture processing apparently allows the
word to access memory and thus retrieve the
sought-after information more rapidly. This
effect does not appear to be due to a mixing
of the semantic information at the decision
level. Finally, the interference observed in
this task appears to be due to the response-
selection process. Picture processing appears
to suggest the response that would be ap-
propriate if the decision were to be made to
the picture. If this response is incompatible
with the correct response, response-selection
problems arise. If not, the response appro-
priate to the word can be selected just as
when no picture is involved, and thus no in-
terference or facilitation results.

Experiment 2

In Experiment 2, the task was changed
somewhat in order to get converging evi-
dence for each of these conclusions. The task
employed required the subjects to make a
yes/no judgment as to whether the word was
DOG. The effects of general perceptual
problems are onc6 again examined by com-
paring a word-alone condition to a nonpic-
ture condition. A significant difference on
both positive and negative trials will rein-
force the conclusion that these problems
must be taken into account in tasks of this
sort.

The present task allowed an examination
of the conclusion about the locus of facili-
tation in the following manner. Task de-
mands do not now require that subjects ac-
cess memory in order to make the appro-
priate decision. Instead, responses can be
based solely on the available visual infor-
mation. If subjects are following this type
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of strategy, the implication is that no facil-
itation should arise. To verify that subjects
did indeed base their decision solely qn visual
information, we used three types of foils:
unrelated words, orthographically similar
words (e.g., DOLL), and semantically sim-
ilat words (e.g., CAT). The unrelated words
provide the baseline. The use of visual in-
formation in decision making would be in-
dexed by longer reaction times for the or-
thographically similar words. The lack of
involvement of semantic information in de-
cision making would be indexed by no dif-
ference between the semantically similar
words and the unrelated words. If this pat-
tern of results obtains, there should be no
evidence of facilitation in Experiment 2.

Finally, Experiment 2 allowed a further
investigation into the nature of the influence
of automatic picture processing on the re-
sponse-selection process. Previous discussion
of the interference in these types of tasks
(e.g., Dyer, 1973; Posner & Snyder, 1975)
has always implied that response-selection
problems occur only when the information
automatically available from the irrelevant
stimulus is the same type of information as
that being evaluated. That is to say, if sub-
jects are basing their decisions solely on or-
thographic information, only orthographic
information from the picture could produce
interference and then only if it is available
before that from the word. It seems highly
unlikely that pictures would automatically
supply orthographic information, and even
if they did, it would not be available prior
to the orthographic information from the
word. Thus, if this theorizing is correct, no
interference would be expected in Experi-
ment 2.

Alternatively, one may wish to concep-
tualize response selection as more of an ex-
ecutive process, that is, it accepts evidence
from a number of sources while attempting
to concern itself only with the set of potential
responses. In the present task, the response
set consists of the words yes and no. Both
of these responses should be quite near
threshold and, therefore, potentially some-
what easily suggested by the presence of a
background picture. In this situation seman-
tic processing of the pictures may lead to the
suggestion of a response. Depending on the

nature of the response-selection process, it
may then have to deal with this response,
even though its promotion was not based on
orthographic information. If so, interference
would arise in the present task when the
picture and the word are not compatible with
the same response.

Three additional conditions beyond the
word-alone and nonpicture conditions were
added to evaluate these hypotheses. The
third condition involved a set of dog pictures.
If the above theorizing about the nature of
facilitation is correct, these pictures should
not facilitate responding on positive trials.
On negative trials these pictures may have
the potential to produce interference. A
fourth condition involved nonanimal pic-
tures. On negative trials these pictures should
cause no more problems than nonpictures.
On positive trials, however, they may suggest
a negative response and thus delay response
selection. Finally, a fifth condition, with an-
imal pictures, was added. Again, on positive
trials these pictures have the potential, de-
pending on the nature of the response-selec-
tion process, of producing interference. On
negative trials, the implications are much
less clear. Although these pictures are com-
patible with a negative response, their pro-
cessing may be biased by the context created
by Experiment 2. That is, because more than
half of the trials involved the dog concept,
the memory location for this concept should
be highly primed. In this situation the visual
information that animal pictures provide
may be enough doglike that their processing
may allow access to the memory location
appropriate to "dog" as well. If so, a positive
response would be promoted. Thus, this con-
dition may produce some interference on
both positive and negative trials.

Method

Subjects. Fifty University of Western Ontario un-
dergraduate volunteers (28 males and 22 females) re-
ceived course credit for participating in this experiment.
All were native English speakers.

Materials and equipment. The stimuli were, as be-
fore, words, with or without a background picture, pre-
sented in the middle of 23 X 25.6 cm cards. Half of the
stimuli, those for the positive trials, contained simply
the word DOG. There were 12 of these stimuli per con-
dition. For the negative trials, 12 other words were se-
lected, 4 of which named animals, 4 of which began
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with the letters DO, and 4 of which had no obvious
relationship to any attribute of the concept of a dog.
Each of these words appeared once in each of the ex-
perimental conditions. '

As before, all pictures were selected from children's
coloring books. For the dog condition, 12 different pic-
tures of dogs were selected. Each picture appeared once
on a positive trial (i.e., with the word DOG superim-
posed) and once on a negative trial (i.e., with one of the
other words superimposed). For the animal picture con-
dition, 12 animal pictures were selected, and each ap-
peared once with the word DOG and once with one of
the other words. In order to create the nonanimal picture
condition, 12 pictures of inanimate objects were se-
lected, and each appeared once with the word DOG and
once with one of the other words. The nonpicture con-
dition was created by selecting 12 nonpictures and hav-
ing each appear once with the word DOG and once with
one of the other words. Finally, for the word-alone con-
dition, the word DOG appeared 12 times and the other
words once each with no background pictures. The
names of the pictures and the words used are reported
in Appendix B.

Procedure. The procedure was almost identical to
that of Experiment 1. The only differences were that
(a) the subjects in the present experiment had not par-
ticipated in a prior experiment, (b) the instructions were
to respond "yes" if the word was DOG and "no" oth-
erwise, and (c) 120 stimuli were now involved. As before,
each subject was presented the 120 stimuli in a different
random order that was set up by shuffling the stimulus
cards. The entire procedure took approximately 30 min-
utes.

Results

The mean correct reaction times for the
five conditions for both positive and negative
tHals are presented in the lower panel of
Table 1. Each mean is based on 600 obser-
vations. For the positive trials a simple one-
Way ANOVA revealed a highly significant
main effect of conditions, F(4, 196) = 21.57,
p < .001. A subsequent Newman-Keuls
analysis revealed that these means could be
partitioned into three sets. Reaction times
in the word-alone condition were signifi-
cantly faster than in all other conditions (p <
.01). Reaction times in the animal picture
and nonanimal picture conditions were
equivalent and significantly slower than in
ajll other conditions (p < .01). Reaction times
in the dog and nonpicture conditions were
equivalent and intermediate.

For the negative trials a two-way ANOVA
was performed, with foil type as the addi-
tional factor. Both main effects, conditions,
K(4, 196) = 9.14, /x.OOl, and foil type
F{2, 98) = 36.76, p < .001, were highly sig-

nificant, while the interaction was not, F(8,
392) = 1.45, ns. These main effects were ex-
plored further through the use of a Newman-
Keuls analysis. The effect of foil type was
due to the factthat the orthographically sim-
ilar words were significantly (p < .01) harder
to reject than either the unrelated words or
the animal words, which were equivalent.
The analysis of the picture conditions re-
vealed that the five means could be parti-
tioned into three sets. Reaction times in the
word-alone condition were again signifi-
cantly shorter than those in all other con-
ditions (p< .01). Reaction times in the dog
condition and in the animal picture condition
were equivalent and significantly longer than
in all other conditions (p<.01). Reaction
times in the nonanimal picture and nonpic-
ture conditions were equivalent and inter-
mediate.

As before, there were few errors in the
present experiment. In no condition did the
error rate exceed 1.5% (9 errors in 600
trials).

Discussion

First of all, the reader should note that
these results support those of Experiment 1
in that nonpictures do cause interference
with respect to the words alone. The non-
pictures used were different from those used
before, so it would be difficult to compare
the size of this effect across experiments.
However, the size of the effect is remarkably
consistent across response type, which indi-
cates that 24 msec is probably a reasonable
estimate of the size of this effect in the pres-
ent study.

With this nonpicture condition used as a
baseline, the two major hypotheses about the
effects of background pictures were sup-
ported. Interference was observed in the dog
condition on negative trials and in the non-
animal picture condition on positive but not
negative trials. In both situations automatic
processing of the pictures apparently pro-
moted an incorrect response, creating prob-
lems for the response-selection process. In
addition, the dog condition on positive trials
did not provide any facilitation. As sug-
gested, the process that can be facilitated in
these types of tasks appears to be the process
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of accessing memory. The present study was
designed to eliminate the involvement of this
process in the processing sequence. The re-
sults for the different foil types provide ev-
idence that the manipulation was successful.
Orthographically similar words were much
more difficult to reject than unrelated words,
indicating that subjects did tend to base their
responses on visual information. Animal
words were not different from unrelated
words, indicating that stored semantic in-
formation was totally irrelevant to the sub-
ject's decision-making process. Thus, it ap-
pears that these decisions were being based
totally on the visual information contained
in the word and did not involve memory ac-
cess. As such, it follows that no facilitation
should have been observed.3

The other notable result of the present
study was the equivalence of the animal pic-
ture condition to the nonanimal picture con-
dition on positive trials and to the dog con-
dition on negative trials. The first of these
results is not at all surprising since these
pictures would presumably be compatible
with a negative response. The second result
indicates that automatic picture processing
does interact with context. With sufficient
prior activation of the dog concept, the pic-
torial information contained in pictures of
other animals can also suggest the presence
of a dog, thus promoting a positive response
and delaying the response-selection process
on negative trials.

At least some support for this conclusion
can be gained by doing typicality analyses
as in Experiment 1. The typicality of the
pictured concepts was again indexed by the
concept's rating in Battig and Montague's
(1969) norms. A median split was done on
these ratings to divide the pictures into a
typical set and an atypical set. Both types
of pictures would be expected to activate
their specific concept and suggest a negative
response. However, in addition, since typical
animals would presumably be more similar
to a dog, their pictures may be more capable
of activating the already activated dog con-
cept and suggesting a positive response. On
positive trials, since both types of pictures
evoke a negative response and, as argued
above, compatible tendencies do not facili-
tate responding, no typicality effect should

be observed. None was, atypical pictures
producing 18 msec of interference, typical
pictures producing 23 msec of interference.
On negative trials typical pictures should
have more ability to generate an interfering
response tendency. The results, although
based on too few pictures to be statistically
significant, definitely point in this direction
(28 msec of interference for typical pictures,
6 msec of interference for atypical pictures).

General Discussion

The purpose of the present set of studies
was to examine the influence of automatic
semantic processing of pictures on word pro-
cessing. A number of basic findings emerged.
First, responses to words embedded in pic-
tures are delayed due to the influence of per-
ceptual factors like lateral masking. Second,
pictures can facilitate word processing, but
only in situations in which memory access
is required and the two stimuli represent the
same concept. Third, pictures not compati-
ble with the appropriate response can delay
responding to words. The analysis of these
effects follows the processing model sug-
gested by Sternberg (1969) and recently
adopted by Lupker and Katz (1981).

The initial, input, stage in word processing
involves the basic perceptual analysis of the
word in order to access the appropriate loc-
ation in memory. This process is presumed
to occur whether or not memorial informa-
tion is to be evaluated. On the basis of some
recent results (Krueger & Shapiro, 1979;
Massaro, 1979) and'the results of Experi-
ment 2, the rate of perceptual resolution of
the word does not appear to be influenced
by semantic aspects of the word, although

3 One could, of course, hypothesize that the nonpic-
ture control conditions underestimated the interference
dye to lateral masking-type problems in the picture con-
ditions of Experiment 2. If the amount of underesti-
mation was approximately 20 msec, the previous inter-
pretation would change dramatically. That is, there
would now be no evidence for interference as well as
clear evidence for facilitation in the dog condition on
positive trials. However, there would also be clear evi-
dence of facilitation in the nonanimal picture condition
on negative trials. Since no relationship of any sort ex-
isted between these words and pictures, facilitation in
this condition would be extremely surprising. Thus, this
hypothesis appears to be an unlikely one.
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it can be slowed by nonsemantic perceptual
problems. However, memory access is facil-
itated by the automatic processing of a si-
multaneously presented picture that repre-
sents the same concept as the target word.
Pictures of semantically related concepts do
not appear to have the same capability. This
is not to say that priming paradigms cannot
be devised in which evidence for pictures
priming semantically related words can be
obtained (e.g., Sperber et al., 1979). How-
ever, the present results suggest that such
priming may very well be a result of subject
strategies like those outlined by Becker
(1980).

The second stage in the processing se-
quence involves an evaluation of the relevant
information, either memorial information as
in Experiment 1 or orthographic information
as in Experiment 2,, in order to make the
decision required by the task. The present
results, particularly the lack of facilitation
in the animal picture condition on positive
trials in Experiment 1, indicate that this pro-
cess is unaffected by information automati-
cally available from picture processing. Ap-
parently, the nature of word-retrieved infor-
mation is sufficiently different from the
nature of the information from the pictures
that the two sources can be kept separate at
this level.

The final, output, stage in the processing
sequence involves the selection and execution
of the appropriate response. This process has
been suggested as the locus of the interfer-
ence in similar tasks numerous times pre-
viously (Eriksen & Eriksen, 1974; Keele,
1973; Klein, 1964; Posner & Snyder, 1975),
and it appears to be responsible for the in-
terference observed here as well. Picture pro-
cessing in the present task appears to suggest
some sort of response. When this response
is incompatible with the appropriate re-
sponse, difficulty is created for the selection
process and reaction time is delayed. When
the response suggested is the appropriate
response, no competition takes place and
word processing proceeds uninterrupted.

The response competition observed in the
present task is, however, somewhat different
than that observed in the standard picture-
word or Stroop interference paradigms. In
those tasks the normal processing of a word
suggests a verbal response which can then

compete not only at the response-selection
level but also at the response-execution level
if a strong tendency to say the word is pro-
duced. In the present studies, the evocation
of response competition must be driven by
the nature of the task. That is, in normal
picture processing, pictures do not suggest
a yes/no response, nor, perhaps, even a nam-
ing response (Nelson & Reed, 1976). Thus,
the fact that they do here must be attributed
to the experimental setup. As such, the na-
ture of a response-selection process that
could produce the present results as well as
those of Smith and Magee (1980) deserves
further comment.

To begin with, this process must be an
amodal one, that is, one that accepts input
from both picture processing and word pro-
cessing. As well, it does not appear to be
sensitive only to relevant information: That
is, the results of Experiment 2 demonstrate
that even though decision making involves
the consideration of only orthographic in-
formation, semantic information from pic-
tures does cause response-selection prob-
lems. Finally, the difficulty in dismissing an
incorrect response appears to depend on the
legitimacy of the response itself and not on
the weight of the evidence behind it. That
is, typical animal pictures in Experiment 2
appear to suggest a positive as well as a ne-
gative response. Clearly, however, the evi-
dence for a positive response must have been
much stronger when a dog picture was pre-
sented. Nonetheless, these two types of stim-
uli caused equivalent amounts of interfer-
ence on negative trials. These observations
togethei suggest that response selection
should \ e viewed as an "executive" process
concern ;d only with dealing with a set of
possible responses. As picture and word pro-
cessing go on in parallel, this process can be
influenced by any input this processing may
provide. In yes/no tasks the:set of potential
responses is quite limited as well as being
highly familiar, and response selection will
focus solely on evidence for one or the other
of these responses. If evidence for only one
response is acquired, response selection is
simple. Only if more than one are suggested
is it necessary to consider the source of the
evidence for each response in order to select
the correct one.

This notion that the response-selection
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process can be interfered with but is not fa-
cilitated appears to stand in opposition to the
cost-benefits analysis proposed by Posner
(1978; Posner & Snyder, 1975). In Posner's
framework, costs (interference) are a result
of controlled, attended processing and should
inevitably bring with them benefits. That is
to say, although benefits can arise without
costs, costs cannot arise without benefits.
Clearly, the results of Experiment 2 do not
follow this pattern. We are making the case
in the present article, as does Posner when
considering similar paradigms, that the costs
we observed were the result of automatic
processing. As such, these findings suggest
that a distinction must be drawn between the
processing itself and the product of that pro-
cessing (related results and conclusions are
given in Shiffrin and Schneider, 1977). In
almost all interference tasks, automatic pro-
cessing produces a product that tends to in-
terfere with responding. However, that prod-
uct is an entity separate from the processing
that produced it. As such, there is no reason
to argue that it must facilitate as well as
inhibit. In some situations facilitation may
very well arise. However, in the present sit-
uation as well as in a number of others men-
tioned earlier (Krueger & Shapiro, 1980;
Shaffer & LaBerge, 1979; Taylor, 1977),
such does not seem to be the case.

Finally, one may ask what the present re-
sults have told us about differences and sim-
ilarities in the automatic processing of pic-
tures and words. If we are correct that the
interference effects observed here are due to
executive decisions based on the results of
automatic processing, then picture process-
ing and word processing do not have to be
greatly similar for interference to be pro-
duced. In fact, examination of interference
effects within any one task may add little to
our knowledge of picture-word processing
differences. A better view is provided by con-
trasting the present results with those of
Shaffer and LaBerge (1979). Recall that the
present study indicated that automatic pic-
ture processing actually appeared to have
very little influence on the normal course of
word processing except in the single situation
in which the two stimuli represented the
same specific concept and memory access
was involved. Shaffer and LaBerge (1979)
have shown that the same cannot be said

about the influence of word processing on
word processing. In fact, even with a simul-
taneous presentation that should minimize
the use of controlled processing, merely the
existence of a semantic relationship between
the two words influences response latency.
As such, it appears that the semantic pro-
cessing that the irrelevant word automati-
cally received in those tasks must be differ-
ent from the automatic semantic processing
that the pictures received in the present
studies.
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Appendix A

Stimuli in Experiment 1

Words

CAT
COW
DOG
GOAT
KANGAROO
LION
MOOSE
MOUSE
PIG
SHEEP

BANANA
BREAD .
FLOWER
FOOT
PUMPKIN
HAT
DOOR
SHOE
PLANE
STAR

ID

Positive

CAT
COW
DOG
GOAT
KANGAROO
LION
MOOSE
MOUSE
PIG
SHEEP

Negative

BANANA
BREAD
FLOWER
FOOT
PUMPKIN
HAT
DOOR
SHOE
PLANE
STAR

AP

trials

SHEEP
PIG
MOUSE
MOOSE
LION
KANGAROO
GOAT
DOG
COW
CAT

trials

SHEEP
PIG
MOOSE
MOUSE
LION
KANGAROO
GOAT
DOG
COW
CAT

NAP

DOOR
HAT
SHOE
PLANE
STAR
PUMPKIN
FLOWER
FOOT
BREAD
BANANA

DOOR
HAT
SHOE
PLANE
STAR
PUMPKIN
FLOWER
FOOT
BREAD
BANANA

Note, ID = word names the picture; AP = animal picture; NAP = nonanimal picture.
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Appendix B

Stimuli in Experiment 2

Words

DOG
DOG
DOG
DOG
DOG
DOG
DOG
DOG
DOG
DOG
DOG
DOG

COW
GOAT
MOUSE
PIG
DOLL
DOME
DOOR
DOT
BED
CAR
FOOT
LEAF

DOG

DOG
DOG
DOG
DOG
DOG
DOG
DOG
DOG
DOG
DOG
DOG
DOG

DOG
DOG
DOG
DOG
DOG
DOG
DOG
DOG
DOG
DOG
DOG
DOG

AP

Positive trials

CAMEL
TIGER
FOX
ELEPHANT
LION
HORSE
SQUIRREL
BEAR
MOOSE
CAT
RABBIT
KANGAROO

Negative trials

TIGER
CAMEL
CAT
BEAR
RABBIT
KANGAROO
ELEPHANT
LION
HORSE
SQUIRREL
MOOSE
FOX

NAP

APPLE
CHURCH
SHIP
SAW
HAT
LAMP
SHOE
CHAIR
TOASTER
STAR
BANANA
PLANE

SHIP
SAW
TOASTER
SHOE
BANANA
PLANE
APPLE
STAR
HAT
LAMP
CHAIR
CHURCH

Note. DOG = dog picture; AP = animal picture; NAP = nonanimal picture.
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