
It has been clearly established that pictures are remem-
bered better than words in tests of recall and tests of item 
recognition (see, e.g., Durso & O’Sullivan, 1983; Geh-
ring, Toglia, & Kimble, 1976; Juola, Taylor, & Young, 
1974; Madigan, 1974; Nelson, Reed, & McEvoy, 1977; 
Nelson, Reed, & Walling, 1976; Paivio & Csapo, 1973; 
Paivio, Rogers, & Smythe, 1968; Snodgrass & Burns, 
1978; Snodgrass, Volvovitz, & Walfish, 1972; Snodgrass, 
Wasser, Finkelstein, & Goldberg, 1974). In tests of item 
recognition, the picture superiority effect is also observed 
in measures of response latency (Stenberg, Radeborg, & 
Hedman, 1995), and the discrimination advantage for pic-
tures is typically seen as a mirror effect in which the hit 
rate is greater and the false alarm rate is lesser for pictures 
than for words (e.g., Snodgrass et al., 1974; see Glanzer 
& Adams, 1985).

One of the first explanations of the picture superiority 
effect was in terms of Paivio’s (1971, 1976) dual-coding 
theory. In this view, pictures are more likely than words 
to be encoded in both verbal and image representations, 
thereby increasing the probability of later retrieval. Dual-
coding theory is supported by the finding that participants 
are more likely to spontaneously name pictures than they 
are to image verbal stimuli (Snodgrass et al., 1974).

Different versions of distinctiveness accounts have also 
been used to explain the picture superiority effect (Mintzer 
& Snodgrass, 1999). For example, Paivio (1971, 1976) sug-
gested that the strength or memorability of the image code 
is greater than that of the verbal code, giving pictures an 
advantage over words. In the sensory-semantic model pro-
posed by Nelson (1979; see also Weldon & Coyote, 1996), 
pictures and words share the same semantic codes; how-
ever, pictures are more memorable than words because they 

are more likely to be encoded uniquely in memory since 
they have more distinctive visual features. Support for this 
account was given by Nelson et al. (1976), who showed that 
the picture superiority effect is eliminated or reversed when 
there is high visual similarity among the pictures.

Finally, a number of researchers have suggested that 
pictures receive more extensive semantic processing than 
do words (Intraub & Nicklos, 1985; Nelson et al., 1977; 
Smith & Magee, 1980; Weldon & Roediger, 1987; Wel-
don, Roediger, & Challis, 1989); therefore, pictures bene-
fit from deeper or more elaborate levels of processing (see 
Craik & Lockhart, 1972). Consistent with this explana-
tion, research has shown that pictures can be semantically 
categorized faster than words (Potter & Faulconer, 1975; 
Smith & Magee, 1980) and that the picture superiority 
effect can be eliminated or reversed when orienting tasks 
increase the semantic or elaborative processing of words 
(see, e.g., Durso & Johnson, 1980). All of the different 
explanations of the picture superiority effect share the 
fundamental assumption that the memorial representation 
of pictures is in some way more elaborate, distinctive, or 
meaningful than the representation of words. 

Most studies of the picture superiority effect have in-
volved tests of memory for the occurrence of individual 
events, such as recall and single-item recognition. The 
present study was designed to evaluate whether there is an 
advantage for pictures as compared with words for asso-
ciative or relational information. The associative recogni-
tion test procedure was used for this purpose. In this pro-
cedures participants study randomly paired items and, at 
test, attempt to distinguish between intact or studied pairs 
and rearranged or new pairs. Rearranged test pairs are 
composed of two studied items that had not been presented 
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nese characters. Discrimination was better for word pairs 
than for either pairs of faces or Chinese characters. Criss 
and Shiffrin also did not observe an advantage in single-
item recognition for unfamiliar faces as compared with 
words, and it is likely that single-item recognition would 
also be worse for unfamiliar Chinese characters than for 
words. These results, therefore, indicate that there is no 
memorial advantage in associative recognition for types 
of visual stimuli that do not produce a picture superiority 
effect in tests of single-item recognition.

The present study was designed to determine whether 
there is a picture superiority effect in associative recogni-
tion for stimuli that have been shown to produce this ad-
vantage in tests of single-item recognition and recall. To 
this end, associative recognition for pairs of pictures (line 
drawings) and for pairs of concrete words were compared in 
the following experiments. Line drawings of visual objects 
have been used in numerous studies to examine the picture 
superiority effect in tests of memory for item information.

If a picture superiority effect for associative recognition 
is found, then the nature of this effect is also of theoretical 
interest. As was noted previously, the picture superiority 
effect in tests of item recognition is typically observed 
as a mirror pattern in which the advantage for pictures 
is seen in both a higher hit rate and a lower false alarm 
rate (Glanzer & Adams, 1985). A mirror pattern has been 
found in tests of associative recognition for several dif-
ferent types of stimulus comparisons: words versus let-
ter strings (Greene, 1996), words versus pseudowords 
(Greene, 2004), concrete versus abstract words (Hockley, 
1994), words versus unfamiliar faces (Criss & Shiffrin, 
2004; Xu & Malmberg, 2007), and words versus Chinese 
characters (Xu & Malmberg, 2007). Words and line draw-
ings represent another type of stimulus comparison and, 
on the basis of the above findings, it was expected that 
if associations formed between items from one type of 
stimulus class were more memorable than associations 
between items of the other stimulus class, then this advan-
tage would also be seen as a mirror effect.

EXPERIMENT 1

Participants studied a mixed list composed of random 
pairs of concrete words and random pairs of line draw-
ings. At test, they discriminated between intact or previ-
ously presented pairs of items and rearranged word pairs 
and picture pairs in which the two individual items had 
been presented in different pairs at study but in the same 
stimulus form.

Method
Participants. Experiments 1, 2, and 4 were carried out in differ-

ent sections of the author’s second year Introduction to Cognitive 
Psychology course during the lecture on imagery. The experiment 
provided the lead into a discussion of the picture superiority effect. 
The number of students who completed the experiment and submit-
ted their results for analysis was 113 in Experiment 1A and 38 in 
Experiment 1B.

Apparatus and Stimuli. The stimuli used in all of the experi-
ments consisted of 136 black-and-white line drawings chosen from 
the Snodgrass and Vanderwart (1980) and Bonin, Peereman, Malar-

together in the learning phase. Discrimination in associa-
tive recognition, therefore, cannot be based on memory 
for the individual items of each test pair, because both 
intact and rearranged test pairs are composed of studied 
items. Thus, unlike paired-associate or cued recall, which 
involves memory for both item and relational information, 
the associative recognition procedure provides a relatively 
pure test of memory for the associations formed between 
individual items at study (Humphreys, 1976, 1978).

The first two types of accounts of the picture superiority 
effect for tests of item memory do not make clear predic-
tions as to whether there should be an advantage for as-
sociations between random pairs of pictures as opposed to 
pairs of words. The dual-coding assumption that individual 
pictures are more likely than words to be represented both 
in images and verbally does not necessitate that associa-
tions formed between individual items will also be dually 
represented. Even if the associations are dually encoded, it 
is not clear that associations between picture pairs are more 
likely to be dually represented than associations between 
pairs of words, since participants report using imagery as 
an associative encoding strategy, especially for concrete 
words (Paivio, Smythe, & Yuille, 1968).

Similarly, the assumption that the memorial represen-
tation of individual pictures is typically stronger (Paivio, 
1971, 1976) or more distinctive (Nelson, 1979; Weldon & 
Coyote, 1996) than the representation of single words does 
not necessarily mean that any associations made between 
the items would benefit from the strength or distinctive-
ness of the individual items. That is, there is no a priori 
reason to expect that the differences that support better 
memory for the individual items would necessarily confer 
any advantage in generating or retaining relational infor-
mation between pairs of items. In the sensory–semantic 
model proposed by Nelson, individual pictures and words 
share the same semantic codes, but differ in their sensory 
representations. Thus, in this view, the existence of an as-
sociative memory advantage for pictures would depend 
on whether the relational information is represented in 
sensory or semantic codes.

If pictures, however, receive more extensive semantic 
processing than do words (Weldon & Roediger, 1987; Wel-
don et al., 1989), this difference in processing could be ad-
vantageous both for memory of the individual pictures and 
for associations formed between pairs of random pictures. 
Lewandowsky and Hockley (1987), for example, showed 
that an incidental acquisition task involving semantic ver-
sus rhyme judgments for word pairs produced a levels-of-
processing advantage in a subsequent cued recall task. This 
result suggests that deeper levels of processing may benefit 
memory for both item and relational information.

Previous research, however, has not shown any evi-
dence of a memorial advantage for associations for visual 
over verbal stimuli. Criss and Shiffrin (2004) examined 
both single-item and associative recognition performance 
following study of pairs of unfamiliar faces and pairs of 
low-frequency hard-to-image words. They found that as-
sociative recognition was more accurate for the word pairs. 
Similarly, Xu and Malmberg (2007) compared associative 
recognition for pairs of words, unfamiliar faces, and Chi-
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and c for each pair type are also given in Table 1. Over-
all discrimination was greater for pictures than for words 
[t(112)  3.85, p  .001], and criterion placement was 
more liberal for pictures than for words [t(112)  6.05, 
p  .001].

Experiment 1B. An ANOVA based on the propor-
tion of old responses showed that the overall hit rate was 
greater than the false alarm rate [F(1,37)  301.8, MSe  
.54, p  .001, 2

p  .891] and that the proportion of old 
responses was greater for picture pairs than for word pairs 
[F(1,37)  8.59, MSe  .15, 2

p  .188]. The interaction 
between stimulus type and test probe was again signifi-
cant [F(1,37)  6.59, MSe  .13, 2

p  .151]. The hit rate 
was greater for picture pairs than for word pairs [t(37)  
3.44, p  .001], whereas there was no reliable difference 
between the false alarm rates [t(37)  0.46, p  .65]. The 
mean estimate of d  was greater for picture pairs than for 
word pairs, but this difference did not reach significance 
[t(37)  1.72, p  .09]. The mean estimate of criterion 
placement was more liberal for pictures than for words 
[t(112)  3.00, p  .005].

Experiments 1A and 1B demonstrated a picture supe-
riority effect for associative recognition. The picture su-
periority effect for item recognition is typically observed 
in the form of a mirror effect (Glanzer & Adams, 1985). 
In contrast, the discrimination advantage for pictures in 
associative recognition was seen only in the hit rates; the 
false alarm rates for rearranged picture and word pairs did 
not differ. The following experiments were designed to 
replicate and extend this result.

EXPERIMENT 2

Experiment 2 was a replication of Experiment 1. The 
number of intact and rearranged test pairs was increased 
in Experiment 2 in order to increase the number of obser-
vations per participant.

Method
Participants. A total of 92 students participated.
Procedure. The study list consisted of 68 pairs. The first and 

the last four pairs of the list consisted of two word pairs and two 
picture pairs shown in a random order. These pairs were included to 
absorb primacy and recency effects and were not tested. The critical 
60 study pairs consisted of 30 word and 30 picture pairs that were 
presented in a random order with one constraint. There were 10 word 

dier, Méot, and Chalard (2003) collections. Care was taken to select 
pictures that were both different from each other and easily identifi-
able with a single verbal name or label (e.g., hot dog, tent, calcu-
lator, tooth, skeleton). A random half of the selected items were 
used as pictures, and the verbal labels of the other half were used as 
words. In Experiments 1, 2, and 4, the stimuli were presented with 
a data projector onto a large overhead screen to students sitting in a 
lecture theater. The pictures and words of each pair were presented 
against a white background on either side of the center of each slide 
using MS PowerPoint.

Procedure. The study list consisted of 64 pairs. The first and last 
two pairs of the list consisted of one word pair and one picture pair. 
These pairs were included to buffer primacy and recency effects 
and were not tested. The critical 60 pairs consisted of 30 word and 
30 picture pairs presented in a random order with one constraint. 
In each critical half of the study list, there was an equal number 
of word pairs and picture pairs. The study pairs were presented for 
4 sec with no interstimulus interval (ISI). The students were given 
the following instructions: “Try to associate each pair of words or 
pictures so that you will remember which words or pictures were 
shown together.”

The test list consisted of 40 test pairs: 10 intact word pairs, 10 
intact picture pairs, 10 rearranged word pairs, and 10 rearranged 
picture pairs. Five intact and five rearranged word and picture  
pairs were taken from each half of the study list. The items in the 
rearranged test pairs were always in the same stimulus form in which 
they were presented at study. The rearranged test pairs were formed 
with items that had been presented in different study pairs; therefore, 
only one item from a given study pair was used in a rearranged test 
pair. The items in the rearranged pairs also occupied the same left or 
right position they had in their study pair presentation. The test pairs 
were presented at a constant 5-sec rate with no ISI. The students 
made their recognition decisions for each test pair by circling either 
“old” or “new” on a numbered response sheet.

Experiments 1A and 1B were identical except that pairs that had 
been presented as pictures in Experiment 1A were presented as 
words in Experiment 1B, and vice versa. That is, stimulus type was 
counterbalanced over the two experiments.

Results and Discussion
The proportion of hits (correct old responses to intact 

test pairs) and false alarms (incorrect old responses to re-
arranged test pairs) for the word and picture pairs for each 
experiment are given in Table 1. Experiments 1A and 1B 
were analyzed separately. The .05 level of significance 
was used to evaluate all statistical outcomes.

Experiment 1A. A 2 (word vs. picture pairs)  2 (in-
tact vs. rearranged tests) ANOVA revealed that the overall 
hit rate was greater than the false alarm rate [F(1,112)  
1,539, MSe  .44, p  .001, 2

p  .932], and the overall 
proportion of old responses was greater for picture pairs 
than for word pairs [F(1,112)  44.21, MSe  .10, p  
.001, 2

p  .283]. The interaction between stimulus type 
and test probe was also significant [F(1,112)  19.94, 
MSe  .10, p  .001, 2

p  .151]; the difference in hit 
rates was greater than the difference in false alarm rates. 
Paired sample two-tailed t tests confirmed that the hit rate 
was greater for picture pairs than for word pairs [t(112)  
7.16, p  .001], whereas there was no reliable difference 
between the false alarm rates [t(112)  1.77, p  .080].

To assess overall recognition performance for picture 
versus word pairs, signal detection theory estimates of 
d  (discrimination) and c (criterion placement) were cal-
culated for each pair type for each student based on an 
equal variance detection model.1 The mean estimates d  

Table 1 
Mean Hit Rates (HR), False Alarm Rates (FAR), 

and Estimates of d  and c, and the Standard Errors 
of the Means (SE), for the Intact and Rearranged Word 

and Picture Pair Tests of Experiments 1A and 1B

HR FAR d c

Pair  M  SE  M  SE  M  SE  M  SE

Experiment 1A

Words .82 .02 .09 .01 3.11 0.14 .27 .04
Pictures .93 .01 .11 .01 3.64 0.13 .12 .05

Experiment 1B

Words .76 .03 .15 .02 2.36 0.27 .24 .07
Pictures  .86  .02  .16  .02  2.73  0.22  .08  .08
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Experiment 3 in order to determine whether the hit rate 
advantage for picture pairs seen in Experiments 1 and 2 
depends on study time.

Method
Participants. A total of 34 introductory psychology students re-

ceived course credit for their participation.
Apparatus. List presentation and response recording were con-

trolled using SuperLab software (Cedrus) run on IBM- compatible 
laboratory computers that were equipped with 17-in. flat-screen 
color monitors. Each computer was in a separate cubicle.

Procedure. The procedure was the same as that in Experiment 2, 
except for the following changes. Stimulus pairs were counterbal-
anced over participants; pairs that were presented as pictures for 
half the participants were presented as words for the other half of 
the participants, and vice versa. The order of the study and test list 
presentations was random, with a different order for each partici-
pant. Each study pair was presented for 2 sec with no ISI. During 
the test phase, participants responded by pressing the “z” key on the 
lower left of the keyboard for a new response, and the “/” key on 
the lower right of the keyboard for an old response. The test list was 
participant paced, with the next presentation occurring 1 sec after 
a keypress. Participants were instructed to make their responses as 
accurately as possible.

Results and Discussion
Mean hit and false alarm rates and estimates of d and 

c for the word and picture pairs are shown in Table 3. 
The overall hit rate was greater than the false alarm rate 
[F(1,33)  146.14, MSe  .49, p  .001, 2

p  .816]; the 
proportion of old responses was greater for pictures than 
for words [F(1,33)  57.54, MSe  .18, 2

p  .636], and 
the interaction between stimulus type and test probe was 
significant [F(1,33)  22.87, MSe  .009, 2

p  .409]. 
Paired-sample t tests showed that the hit rate [t(33)  9.69, 
p  .001] and the false alarm rate [t(33)  3.16, p  .003] 
were greater for picture pairs than for word pairs. On the 
basis of estimates of d , overall associative discrimination 
was also greater for pictures than for words [t(33)  3.46, 
p  .002]. Criterion placement was again more liberal for 
pictures than for words [t(112)  7.28, p  .001].

The results of Experiment 3 differed from the previous 
experiments in that there was a significant difference in 
the false alarm rates for picture and word pairs. Both the 
hit rate and the false alarm rate were higher for picture 
pairs than for word pairs, but the difference in hit rates was 
greater, resulting in an overall discrimination advantage 
for the picture pairs. The concordant increase in the hit 
and false alarm rates for picture pairs indicates that partic-
ipants had a bias to respond positively to the picture pairs. 
The decrease in study time decreased the encoding of as-
sociative information, and participants may have based a 
greater proportion of their associative recognition deci-

pairs and 10 picture pairs in each consecutive block of 20 presenta-
tions. The study pairs were presented for 4 sec with no ISI. Students 
were given the same instructions as in Experiment 1.

The test list consisted of 60 test pairs: 15 intact word pairs, 15 in-
tact picture pairs, 15 rearranged word pairs, and 15 rearranged picture 
pairs. Five intact and 5 rearranged word and picture pairs were taken 
from each block of 20 study pairs. In Experiment 1, only one member 
of a given study pair was used to form a rearranged test pair. In order 
to increase the number of test presentations per condition in Experi-
ment 2, both members of a study pair were used in the construction of 
the rearranged pairs. As in Experiment 1, the items in the rearranged 
test pairs were always in the same stimulus form and in the same left 
or right pair position in which they were presented at study. The test 
pairs were presented at a constant 5-sec rate with no ISI. The students 
responded in the same manner as in Experiment 1.

Results and Discussion
The proportion of hits and false alarms and mean esti-

mates of d and c for the word and picture pairs are shown 
in Table 2. A 2 (word vs. picture pairs)  2 (intact vs. re-
arranged tests) ANOVA revealed that the overall hit rate 
was greater than the false alarm rate [F(1,91)  794.3, 
MSe  .49, p  .001, 2

p  .897], that the proportion of 
old responses was greater for pictures than for words 
[F(1,91)  12.41, MSe  .20, 2

p  .120], and that the 
interaction between stimulus type and test probe was sig-
nificant [F(1,91)  41.78, MSe  .16, 2

p  .315]. Paired-
sample t tests confirmed that the hit rate was greater 
for picture pairs than for word pairs [t(91)  7.29, p  
.001], but the false alarm rates did not differ significantly 
[t(91)  1.54, p  .126]. Based on estimates of d , over-
all associative discrimination was greater for pictures than 
for words [t(91)  6.23, p  .001]. Estimates of criterion 
placement were also more liberal for picture than for word 
pairs [t(112)  3.47, p  .001].

The results of Experiment 2 replicated the principal 
findings of Experiments 1A and 1B. Associative recogni-
tion was more accurate for pairs of pictures than for pairs 
of concrete words, and this advantage was seen in the hit 
rates but not in the false alarm rates. Experiment 3 was 
designed to extend this finding.

EXPERIMENT 3

Experiments 1 and 2 were carried out in a classroom 
setting; thus, each student saw the same study and test 
presentations in the same order. In Experiment 3, partici-
pants were tested individually, and study and test presenta-
tion were controlled by laboratory computers to provide a 
replication of Experiments 1 and 2 using more traditional 
experimental procedures. In addition, the presentation 
time of the study pairs was decreased from 4 to 2 sec in 

Table 2 
Mean Hit Rates (HR), False Alarm Rates (FAR), and Estimates 

of d  and c, and the Standard Errors of the Means (SE), 
for the Word and Picture Pairs Studied in Experiment 2

HR FAR d c

Pair  M  SE  M  SE  M  SE  M  SE

Words .75 .02 .18 .02 2.16 0.16 .20 .05
Pictures  .88  .01  .15  .02  3.10  0.16  .07  .06

Table 3 
Mean Hit Rates (HR), False Alarm Rates (FAR), and Estimates 
of d  and c, and the Standard Errors of the Means (SE) for the 

Word and Picture Pairs Tested in Experiment 3

HR FAR d c

Pair  M  SE  M  SE  M  SE  M  SE

Words .56 .03 .20 .03 1.24 0.17 .43 .07
Pictures  .82  .02  .29  .03  1.71  0.17  .16  .07
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whereas there was no difference in the false alarm rates for 
the two types of stimuli [t(87)  0.536, p  .593]. Asso-
ciative discrimination—estimated by d —was greater for 
pairs shown as pictures at study than for those shown as 
words [t(87)  5.21, p  .001]. Criterion placement was 
more liberal for pairs studied as pictures than for those 
studied as words [t(112)  3.28, p  .001].

Experiment 4B. The same pattern of results was ob-
served in Experiment 4B. The overall hit rate was greater 
than the false alarm rate [F(1,44)  200.6, MSe  .069, 
p  .001, 2

p  .820], and the proportion of old responses 
was greater for study picture pairs than for word pairs 
[F(1,44)  11.55, MSe  .021, p  .001, 2

p  .208]. The 
interaction between stimulus type and test probe was also 
significant [F(1,44)  22.22, MSe  .011, p  .001, 2

p  
.336]. The hit rate was greater for the study picture pairs 
than for the word pairs [t(44)  5.72, p  .001], whereas 
there was no difference in the false alarm rates for the 
two types of stimuli [t(44)  0.294, p  .77]. Discrimi-
nation as measured by d  was greater for pairs shown as 
pictures at study than for words [t(44)  3.05, p  .004], 
and criterion placement was more liberal for tests studied 
as pictures [t(44)  2.58, p  .013].

The results of Experiments 4A and 4B show that the 
picture superiority effect for associative recognition is 
also observed when the pictures pairs shown at study are 
tested with their verbal labels. This advantage was again 
only seen in the hit rates; there was no difference in the 
false alarm rates between the rearranged pairs. The results 
of Experiments 4A and 4B indicate that the picture supe-
riority effect in associative recognition—like the picture 
superiority effect in item recognition—represents an en-
coding rather than a retrieval advantage.

GENERAL DISCUSSION

The results of four experiments demonstrated that the 
picture superiority effect—which has been well established 
in tests of recall and recognition for item information—is 
also observed in associative recognition. Thus, presenting 
items in pictorial form rather than as words not only ben-
efits memory for the individual items, but also provides a 
memorial advantage for associations generated between 
random pairs of line drawings. The fact that the picture su-

sions on the familiarity of the item information (although 
this would not increase associative discrimination since 
item information was similar for intact and re arranged 
pairs). If participants relied more on the familiarity of 
item information to make their associative decisions, it 
would result in an increase in positive responses for old 
and new picture pairs, because item information would be 
stronger for pictures than for words. Although decreasing 
study time reduced overall levels of discrimination, it did 
not eliminate the picture superiority effect for associative 
recognition. Experiment 4 was designed to further explore 
the generality of the picture superiority effect for associa-
tive recognition.

EXPERIMENT 4

The picture superiority effect for item recognition is still 
observed when the test probes consist of the verbal names 
of the pictures shown at study (Borges, Stepnowsky, & 
Holt, 1977; Madigan, 1983; Paivio, 1976; Snodgrass & 
McClure, 1975; Stenberg et al., 1995). This finding in-
dicates that the picture superiority effect represents an 
encoding advantage for pictures rather than a retrieval 
difference between pictures and words. Experiment 4 was 
designed to determine whether the same result occurs for 
associative recognition. Thus, Experiment 4 was identical 
to Experiment 2, except that at test, the verbal labels of the 
pictures were used in the intact and rearranged test pairs in 
place of the pictures that were presented at study.

Method
Participants. Eighty-eight students participated in Experi-

ment 4A, and 45 students participated in Experiment 4B.
Procedure. The same study list shown in Experiment 2 was used 

in Experiment 4A. The picture pairs were changed to word pairs, and 
the word pairs were changed to picture pairs to create the study list 
for Experiment 4B. The same test list was used for Experiments 4A 
and 4B. The test list was the same as that used in Experiment 2, 
except that the intact and rearranged picture test pairs were changed 
to their verbal labels. The students in Experiments 4A and 4B were 
informed of this change prior to the presentation of the test list and 
were instructed to classify test pairs as “old” if the two items of the 
pair had been shown together at study as words or as pictures. In all 
other respects, the procedure of Experiments 4A and 4B was identi-
cal to that of Experiment 2.

Results and Discussion
The mean hit and false alarm rates and estimates of d  

and c for the word pairs and the pairs that were shown as 
pictures during study are given in Table 4. Experiments 4A 
and 4B were analyzed separately.

Experiment 4A. The overall hit rate was greater than 
the false alarm rate [F(1,87)  936.8, MSe  .045, 2

p  
.915], and the proportion of old responses was greater for 
pairs studied as pictures than for pairs studied as words 
[F(1,87)  12.87, MSe  .021, 2

p  .129]. The interaction 
between stimulus type and test probe was also significant 
[F(1,87)  52.14, MSe  .007, 2

p  .375]. This interac-
tion reflects a picture superiority effect for the pairs shown 
as pictures at study: The hit rate was greater for the study 
picture pairs than word pairs [t(87)  6.91, p  .001], 

Table 4 
Mean Hit Rates (HR), False Alarm Rates (FAR), and Estimates 
of d  and c, and the Standard Errors of the Means (SE), for the 

Intact and Rearranged Tests Based on the Word and Picture 
Pairs Presented at Study in Experiments 4A and 4B

HR FAR d c

Pairs  M  SE  M  SE  M  SE  M  SE

Experiment 4A

Words .75 .02 .12 .02 2.44 0.14 .36 .06
Pictures .87 .02 .11 .02 3.18 0.16 .09 .06

Experiment 4B

Words .67 .04 .19 .02 1.80 0.22 .26 .08
Pictures  .82  .02  .19  .02  2.27  0.21  .00  .06
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Unfamiliar faces and Chinese characters may also suf-
fer from greater degrees of interference than pictures of 
different objects. Criss and Shiffrin (2004) examined in-
terference effects in associative recognition by varying the 
number of different types of pairs (word–word, face–face, 
word–face) in the study list. Associative discrimination 
for each pair type declined as the number of pairs of the 
same type in the study list increased. Thus, associative 
recognition is influenced by interference effects from 
similar types of stimuli. If the within-class similarity of 
unfamiliar faces and Chinese characters was greater than 
the similarity of line drawings of different objects, there 
would be greater interference effects for associative recog-
nition of unfamiliar faces and Chinese characters than for 
pictures. Furthermore, Nelson et al. (1976) showed that 
the picture superiority effect is eliminated or reversed in 
cued recall when there is high visual similarity among the 
pictures. A similar result may occur when highly similar 
visual stimuli are used in tests of associative recognition.

The second question raised by the present findings con-
cerns the nature or pattern of the picture superiority effect 
in associative recognition. In tests of item recognition, the 
picture superiority effect is typically evidenced as a mirror 
pattern in which the advantage for pictures is seen in both 
a higher hit rate and a lower false alarm rate than those for 
words (Glanzer & Adams, 1985). In contrast, in the present 
experiments, the picture superiority for associative recog-
nition was only observed in terms of a higher hit rate. This 
pattern of the picture superiority effect for associative rec-
ognition also stands in contrast with other types of stimulus 
comparisons that have been made in tests of associative 
recognition. A mirror pattern has been observed in asso-
ciative recognition for comparisons between words versus 
letter strings and pseudowords (Greene, 1996, 2004), con-
crete versus abstract words (Hockley, 1994), words versus 
unfamiliar faces (Criss & Shiffrin, 2004; Xu & Malmberg, 
2007), and words versus Chinese characters (Xu & Malm-
berg, 2007). Why do these stimulus comparisons result in 
a mirror pattern in tests of associative recognition, whereas 
line drawings versus words do not?

Differences in the pattern of false alarm rates may 
represent differences in the use of item and relational 
information in associative recognition decisions. Partici-
pants in Kelley and Wixted’s (2001) experiments studied 
word pairs one or six times and were tested with intact, 
rearranged, and new–new test pairs. Not surprisingly, 
the hit rate was greater for strong rather than for weak 
intact pairs. More interestingly, the false alarm rates for 
rearranged pairs composed of either strong or weak items 
did not differ (see also Cleary, Curran, & Greene, 2001; 
Malmberg & Xu, 2007; Verde & Rotello, 2004), but these 
false alarm rates were higher than the false alarm rate for 
new–new pairs.

Kelley and Wixted (2001) proposed a “some-or-none” 
model of associative recognition. In their view, partici-
pants rely on both item information and retrieval of re-
lational information to make associative recognition de-
cisions. Strengthening pairs increases the familiarity of 
the individual items and also increases the likelihood of 
retrieving the original studied pair. These factors work to-

periority effect for associative recognition was also found 
when the verbal labels of the studied pictures were shown 
at test (Experiment 4) indicates that the encoding processes 
underlying associative memory play an important role in 
the memorial advantage of pictures over words.

Dual-coding theory (Paivio, 1971, 1976) was one of 
the earliest influential accounts of the picture superiority 
effect for item information. Dual-coding theory could be 
extended to associative recognition if it is assumed that 
the associations formed between random pairs of pictures 
are more likely to be encoded both imaginally and ver-
bally, whereas associations for word pairs are more likely 
to be encoded only verbally. Such an assumption is ques-
tionable, however, because participants report using im-
agery as an associative encoding strategy, especially for 
concrete words (see, e.g., Paivio et al., 1968). Moreover, 
it is quite possible that the presentation of both picture and 
word pairs in the present experiments served to increase 
the use of imagery as an associative encoding strategy for 
the concrete word pairs.

It has also been suggested that the picture superiority ef-
fect can be explained in differences in the strength (Paivio, 
1971, 1976) or distinctiveness (Nelson, 1979; Nelson 
et al., 1976) of the encoded representations of words and 
pictures. Although these explanations provide plausible 
accounts of the picture superiority effect for item informa-
tion, it is not obvious why or how such differences in the 
representation of individual items could also confer an ad-
vantage in the generation and retention of the associations 
that participants make between the individual items.

A number of researchers (Intraub & Nicklos, 1985; 
Nelson et al., 1977; Smith & Magee, 1980; Weldon & 
Roediger, 1987; Weldon et al., 1989) have proposed that 
pictures typically receive more extensive semantic pro-
cessing than do words and pictures, that therefore, benefit 
from deeper levels of processing. This account could also 
explain the picture superiority effect in associative recog-
nition since deeper, more extensive conceptual processing 
of the picture pairs would benefit both memory for the 
individual items and the formation of memorable associa-
tions between the items. Thus, the assumption that picture 
and word pairs differ in semantic processing provides a 
relatively parsimonious account of the picture superiority 
effect for both item and associative memory. It does, how-
ever, qualify Paivio’s (1971) view that semantic associa-
tions are more easily stored via verbal memories.

The picture superiority effect for associative recog-
nition raises two questions. First, why do pictures (or 
line drawings) give rise to the picture superiority effect, 
whereas other types of visual stimuli—such as unfamiliar 
faces and Chinese characters (Criss & Shiffrin, 2004; Xu 
& Malmberg, 2007)—do not? If the picture superiority 
effect in item and associative recognition is due to greater 
or more extensive semantic or conceptual processing of 
visual stimuli, then it follows that the visual stimuli must 
be able to support and benefit from this type of process-
ing. It seems reasonable for one to assume that pictures 
and line drawings of familiar objects would benefit from 
conceptual processing to a far greater extent than unfamil-
iar faces and Chinese characters.
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higher false alarm rate for strong rather than for weak 
rearranged pairs. Such models could accommodate a 
finding of no difference in the false alarm rates, however, 
if it is assumed that participants adopt a more conserva-
tive decision criteria for strong pairs than for weak pairs, 
thereby reducing the false alarm rate for the strong pairs. 
Although participants could not do this for all strength 
manipulations, they could adopt different decision crite-
ria for pictures versus words. The estimates of criterion 
placement in the present experiments, however, are not 
consistent with this possibility since response bias was 
more liberal rather than more conservative for picture 
pairs as opposed to word pairs.

Although the present demonstration of a picture supe-
riority effect in associative recognition is consistent with 
other within-list manipulations of strength in associa-
tive recognition (see, e.g., Kelley & Wixted, 2001; Xu & 
Malmberg, 2007), the nonmirror pattern of these effects 
stands in contrast to between-list manipulations of pair 
strength. Hockley and Niewiadomski (2007) manipulated 
the strength of verbal associations by varying presentation 
time at study between lists and observed a strength-based 
mirror effect for associative recognition. Many researchers 
have attributed between-list strength-based mirror effects 
to changes in response bias (e.g., Hockley & Niewiadom-
ski, 2007; Stretch & Wixted, 1998). Hintzman, Caulton, 
and Curran (1994) argued that the presence or absence of 
a mirror effect depends not only on how a manipulation 
affects discrimination, but also on how the manipulation 
affects response bias. It would appear that in associative 
recognition, the role of response bias differs in between-
list and within-list manipulations of strength.

Summary
The present study extends the picture superiority effect to 

associative recognition. This effect is seen as an increase in 
hit rate, with no difference in the false alarm rates between 
rearranged pairs of line drawings and rearranged pairs of 
words. This result is consistent with the account of the pic-
ture superiority effect for item information that assumes 
that pictures receive more extensive semantic process-
ing than do words; individual pictures—and associations 
formed between them—benefit from the deeper or more 
conceptual levels of processing afforded pictures (Weldon 
& Roediger, 1987; Weldon et al., 1989). The pattern of the 
picture superiority effect for associative recognition is also 
consistent with models of associative recognition, such as 
Kelley and Wixted’s (2001) some-or-none model and Xu 
and Malmberg’s (2007) dual-process model, that are able 
to account for the hit rate advantage of picture pairs in the 
absence of a difference in false alarm rates.
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gether to increase the hit rate for intact pairs, but work in 
opposition to each other for rearranged pairs. This model 
predicts no difference in the false alarm rates for strong 
and weak rearranged pairs when the two opposing factors 
serve to offset each other. In this account, picture presen-
tations could be considered another way of strengthening 
the encoding of item and associative information, and the 
present results could be explained in the same manner as 
was Kelley and Wixted’s account of the effects of repeti-
tion on pair recognition.

In the dual-process model of Xu and Malmberg (2007), 
it is assumed that a familiarity value for the test pair is 
first computed. If this value does not exceed a criterion, 
then a “new” recognition response is made. If the famil-
iarity value does exceed the criterion, then the outcome 
of a recollection process is considered. If recollection is 
successful and the retrieved details match the probe, that 
the response is “old.” The response is “new” if the details 
do not match the probe (i.e., recall-to-reject; see Rotello 
& Heit, 2000; Rotello, Macmillan, & Van Tassel, 2000). 
In the event that recollection fails, the recognition deci-
sion is based on a guess. The level of accuracy of associa-
tive recognition performance is thus determined both by 
how well pairs are encoded and by the effectiveness of the 
recall-to-reject strategy. The former largely determines 
the hit rate, whereas the latter has the greatest influence 
on the false alarm rate. Thus, this model can account for 
increases, decreases, or no difference in false alarm rates, 
depending on the relative contributions of these factors 
(see Malmberg & Xu, 2007).

The present results are compatible with Xu and Malm-
berg’s (2007) dual-process model if it is assumed that 
picture pairs are better encoded than word pairs, but the 
effectiveness of recall-to-reject is similar for both types of 
pairs. This assumption is supported by the present finding 
that the picture superiority effect in associative recogni-
tion is seen only in the hit rates and not in the false alarm 
rates both when line drawings (Experiments 1, 2, and 3) 
and the verbal labels of the studied line drawings (Experi-
ment 4) were used at test.

Although the present results are compatible with Kel-
ley and Wixted’s (2001) some-or-none model and Xu and 
Malmberg’s (2007) dual-process model, they provide a 
challenge for two single-process classes of models of as-
sociative recognition. As Kelley and Wixted (2001) and 
Malmberg and Xu (2007) discussed, in single-process 
recall-based models (see, e.g., Diller, Nobel, & Shiffrin, 
2001; Yonelinas, 1997), associative recognition decisions 
are assumed to be based on using one or both of the mem-
bers of the test pair to retrieve the association formed at 
study. These models incorrectly predict that strengthen-
ing pairs should reduce the false alarm rate because the 
success of recalling-to-reject rearranged pairs should in-
crease with the strength of the associations of the mem-
bers of the pairs.

Single-process familiarity-based models that assume 
that the familiarity of item and associative information 
are combined in the retrieval cue (see, e.g., Gronlund 
& Ratcliff, 1989; Hockley, 1992) incorrectly predict a 
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