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Animal models of episodic memory—the ability to recall 
events from the past along with relevant spatial, temporal and 
other contextual detail—have been criticized on the grounds that 
it is difficult to determine if animals engage in the “mental time 
travel” that accompanies episodic recall in humans. It is possible 
that animals rely on mechanisms different from those operative 
in humans. We have added a new dimension to these concerns by 
showing that a test widely considered to measure episodic memory 
in humans could be constructed such that it measures noncon-
scious (implicit) memory under certain test parameters. The same 
parameters are common in tests frequently used to study recogni-
tion in nonhuman animals. In particular, recognition was driven 
by implicit memory when (1) recognition decisions could not be 
guided by semantic information, and (2) decisions were made with 
relatively high automaticity. These findings suggest that nonhuman 
animals may rely on implicit memory processing in many episodic-
memory testing circumstances, as semantic content is minimal and 
automaticity is likely after the extended practice usually required. 
Identifying factors that promote and discourage recognition based 
on implicit memory is therefore necessary for creating accurate 
cognitive and neurobiological models of memory processing in 
humans and other animals.

A longstanding philosophical debate concerns knowing the extent 
to which conscious events like those that humans experience can also 
be experienced by other animals? Moreover, nonhuman animals are 
frequently used to examine neurobiological substrates of cognition, 
though the relevance of these findings to humans depends on close 
similarities across species in relevant neural mechanisms, cognitive 

processing, and in some cases, awareness.
There are many reasons to remain skeptical of the assertion that 

nonhuman animals employ the same cognitive processes as humans 
in many circumstances.1 A prime example concerns the challenges 
associated with determining if nonhumans have the capacity for 
episodic memory,2 which refers to the ability to recall events from the 
past along with relevant spatial and temporal detail.3,4 For example, 
episodic recollection occurs when you remember what you consumed 
for dinner last night, when and where dinner occurred, the sequence 
of events, your specific perceptual experiences, and so on.

Episodic memory is often assessed using a recognition memory 
test, in which an item (such as an image or sound) is presented on 
more than one occasion with some delay in-between, and a respon-
dent must decide whether a given item was presented before or 
whether it is new.4,5 One particular recognition test used frequently 
in memory research is the delayed matching-to-sample test.6-8 An 
object is presented for a brief period of time and, after a delay, the 
same object is presented along with a novel object and the respondent 
must select the old object that was presented initially. Conversely, in 
the delayed non-matching-to-sample test, the novel object is to be 
selected. In either case, performance in humans correlates strongly 
with episodic memory, in that recognition responses are made with 
simultaneous recollection of when the initial presentation occurred, 
where the object appeared initially, what thoughts occurred during 
the initial presentation, and other details. Moreover, humans report 
feeling confidence in their memory decisions and being aware of the 
fact that they had seen the object before. These subjective features are 
all hallmarks of episodic memory.4

It is unclear if nonhuman animals engage in this “mental time 
travel” or experience any confidence or awareness of retrieval 
during recognition tests. One can imagine that a nonhuman animal 
could select the old item simply because repetition enhanced visual 
processing fluency relative to the new item, and that the animal 
had learned to associate fluency with a behavior via conditioning. 
Correct responding for animals thus could be completely unrelated 
to episodic memory processing as it is understood in humans.3,6,9 
In the past, evidence in support of this scenario had been lacking 
in that it had not been demonstrated whether correct responding 
could be accomplished based only on visual fluency rather than 
episodic memory.
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In our recent report,10 we provide the first evidence that the 
fluency scenario is plausible by showing that recognition based only 
on visual fluency can occur in humans. Subjects in our experiments 
studied abstract kaleidoscope images that could not be easily named 
or associated with concepts. After a short delay, repeat images were 
presented alongside novel images that shared a high degree of percep-
tual similarity to the old images, and subjects were required to pick 
out the old image. Visual fluency due to repetition thus provided a 
valid cue to the old item. Subjects reported that this task was very 
difficult, but nonetheless were able to accurately segregate old items 
from new items. The remarkable finding is that accuracy was highest 
(over 80% correct) for those occasions when subjects reported 
guessing, which indicated no confidence in the decision and no 
awareness that the old image had been seen before. In contrast, accu-
racy was only minimally better than chance (50%) when subjects 
reported some confidence. This indicates that episodic memory 
processing was unhelpful, and suggests that subjects responded 
instead based on pure visual fluency.

Further evidence for this conclusion came from a manipulation 
of attention during the initial studying of images. Divided attention 
during study serves to degrade later episodic memory.11 However, 
we found that subjects performed better after studying with divided 
attention than with full attention, again implicating visual fluency 
rather than episodic memory. In addition, these novel effects were 
only obtained when strategic episodic retrieval processing was 
limited via response signals during the recognition test, indicating 
that relatively automatic decisions were essential. Finally, when 
single old or new items were displayed one-at-a-time in random 
order with intervening images, rather than side-by-side, recogni-
tion accuracy was severely reduced, again indicating that accurate 
responding was based predominantly on a weighing of relative visual 
fluency. We were able to show that recognition can depend on visual 
fluency without episodic memory processing by examining the role 
of fluency in recognition for humans, who were able to verbally 
report on their recognition confidence, awareness and other episodic 
memory features.

Prior human recognition experiments never identified this pattern 
of effects, and there are several important parameters that set our 
experiments apart from these other experiments. Intriguingly, these 
same parameters made our study more similar to memory tests 
frequently used in nonhuman animals. Whereas most episodic 
memory experiments in humans utilize semantically rich mate-
rials, such as words and nameable objects, our experiments utilized 
nonverbal materials (to the extent that the kaleidoscope images did 
not lend themselves to being named, and any names that were elicited 
would be unlikely to help with later recognition). Importantly, recog-
nition could not have been based on semantic information, as is the 
case when a repeated meaningful object must be discriminated from 
a new meaningful object. Semantic processing and episodic memory 
storage are closely interweaved, given that semantic elaboration 
robustly influences episodic memory (reviewed in refs. 12 and 13). 
Critically, semantic elaboration and recognition based on semantic 
information are unlikely in the usual testing circumstances for 
nonhuman animals. We also found that influences of visual fluency 
on recognition were observable when response signals promoted 
automatic responding, whereas most studies of episodic memory in 
humans have emphasized the benefits of deliberate memory search.14 

It is highly likely that nonhuman animals develop a great deal of 
automaticity in response strategies during the extensive training 
required to learn to perform typical laboratory tasks. This extensive 
training might also serve to help uncover optimal  performance 
strategies that maximize rewards, such as associating visual fluency 
with behavioral responses rather than engaging in strategic retrieval 
processing that could support episodic memory.

In summary, our findings add weight to the proposal that 
nonhuman animals utilize visual fluency without episodic memory 
when performing tasks intended to probe episodic memory. Some 
researchers have asserted that animal testing provides information 
on “episodic-like” memory15,16 rather than on episodic memory per 
se, and others have turned to studying natural memory behaviors in 
animals that embody the “what” and “where” components unique to 
episodic memory.17 Our findings indicate that examinations of the 
cognitive and neurobiological underpinnings of episodic memory in 
humans and other animals will miss their mark unless they simul-
taneously account for the many expressions of memory that can 
operate without the awareness of episodic retrieval.
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