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Research

Recognition without awareness: An elusive
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Two recent studies described conditions under which recognition memory performance appeared to be driven by

nondeclarative memory. Specifically, participants successfully discriminated old images from highly similar new images

even when no conscious memory for the images could be retrieved. Paradoxically, recognition performance was better

when images were studied with divided attention than when images were studied with full attention. Furthermore, recog-

nition performance was better when decisions were rated as guesses than when decisions were associated with low or high

confidence. In three experiments, we adopted the paradigm used in the earlier studies in an attempt to repeat this intriguing

work. Our attempts were unsuccessful. In all experiments, recognition was better when images were studied with full atten-

tion than when images were studied with divided attention. Recognition was also better when participants indicated high or

low confidence in their decision than when they indicated that their decision was a guess. Thus, our results conformed to

what typically has been reported in studies of recognition memory, and we were unable to demonstrate recognition without

awareness. We encourage others to explore this paradigm, and to try to identify conditions under which the phenomenon

might be demonstrated.

Declarative memory refers to the capacity to recollect facts and
events, and can be contrasted with a collection of nondeclarative
memory abilities, including skills, habits, and the phenomenon
of priming, which are expressed through performance rather
than recollection (Squire et al. 2004). Declarative memory de-
pends on the integrity of medial temporal lobe structures, while
the various forms of nondeclarative memory depend on other
brain systems (Schacter and Tulving 1994; Eichenbaum and
Cohen 2001; Squire 2004). The best-studied example of declara-
tive memory is recognition memory—the ability to judge items
as having been encountered previously. Successful recognition is
ordinarily accompanied by a conscious experience of familiarity,
and sometimes by conscious memory of the prior encounter itself
(Gabrieli 1998).

One interesting idea that has been explored in some detail is
that recognition memory decisions based on familiarity might
also benefit from priming. Priming refers to an improved ability
to produce or identify an item on the basis of a recent encounter
with the same item or a related item, but without a requirement
that there be conscious knowledge of the prior encounter
(Tulving and Schacter 1990; Schacter and Buckner 1998). In early
studies, it was suggested that previously encountered items might
be processed more fluently (e.g., with greater speed and with more
ease), and that improved fluency might influence familiarity judg-
ments. Specifically, items perceived with greater fluency might
tend to be identified as familiar (Mandler 1980; Jacoby and
Dallas 1981; Johnston et al. 1991).

This idea encountered difficulty when it was found that
severely amnesic patients can perform at chance on conventional
recognition tests despite exhibiting intact perceptual priming

(Hamann and Squire 1997; Stark and Squire 2000). If fluency facil-
itates recognition, severely amnesic patients who exhibit intact
perceptual priming should perform better than chance on recog-
nition memory tests. Thus, it has seemed that the perceptual
fluency that mediates priming does not also support familiarity-
based recognition judgments, at least not to a measurable degree.
Indeed, the contribution of perceptual fluency appears to be too
weak to drive recognition performance noticeably above chance
(Conroy et al. 2005).

Nonetheless, it remains possible that conditions might be
found under which recognition decisions can benefit from per-
ceptual fluency, and in this way be linked to nondeclarative mem-
ory. Two recent studies (Voss et al. 2008; Voss and Paller 2009)
described conditions under which recognition memory appeared
to be significantly driven by nondeclarative memory. Participants
studied difficult-to-verbalize images (Fig. 1) with either full atten-
tion or divided attention. At test, each image was paired with a
highly similar new image, and participants made a speeded
forced-choice decision. The striking finding was that, under these
conditions, accurate recognition memory performance occurred,
but without the awareness that ordinarily accompanies successful
recognition. Specifically (and paradoxically), performance was
better under divided-attention conditions (which ordinarily
degrade memory performance) than under full-attention con-
ditions (Fig. 2A). Furthermore, in one study (Voss et al. 2008), re-
cognition was better when participants reported that they were
guessing than when they reported conscious memory of the
images (combined high- and low-confidence trials) (Fig. 2B).
Notably, this phenomenon occurred only when the test was given
in a forced-choice format, and not in a yes/no format. The other
study (Voss and Paller 2009) reported a similar advantage for
guessing in the divided-attention condition. These two reports
appear to demonstrate recognition without awareness and a sig-
nificant contribution of nondeclarative memory to recognition
performance.
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These findings challenge the conventional view that recogni-
tion memory is more effective when full attention is given to a
task than when attention is divided (Anderson 1980), that recog-
nition memory is associated with a conscious experience of famil-
iarity (Gabrieli 1998), and that recognition memory accuracy is
positively correlated with ratings of confidence (Reed et al.
1997; Mickes et al. 2007). Because the reported findings are excep-
tional, we explored the phenomenon further in three separate
experiments in an attempt to replicate it and identify its boundary
conditions. We adopted the same paradigm as was used in the
original study (Voss et al. 2008).

Results

To facilitate comparison with the earlier work, our figures show d′

(discriminability) values to show overall performance under full
and divided attention (A in each figure), and percent correct
scores to show performance in relation to confidence ratings
(B in each figure).

Experiment 1
Accuracy (d′) was numerically higher in the full-attention condi-
tion than in the divided-attention condition (Fig. 3A), but the dif-
ference was not significant (P . 0.10), probably due to the small
sample size (see Experiment 2, below). Performance was better
than chance (i.e., above zero) in both conditions [ts(6) . 2.8,
Ps , 0.05]. The results were the same when accuracy was mea-
sured as proportion correct (66.2% vs. 62.5%).

To analyze accuracy as a function of confidence rating, low-
confidence and high-confidence responses were combined in

order to represent trials where partici-
pants reported that they had an explicit
(conscious) experience of recognition
(Fig. 3B). An analysis of variance (full
vs. divided attention and low/high con-
fidence rating vs. guess), revealed a main
effect of confidence rating [F(1,6) ¼ 35.1,
P , 0.001], but no effect of condition
and no interaction. This result shows
that accuracy was higher when partici-
pants indicated low or high confidence
in their decision than when they indi-
cated that their decision was a guess
(full-attention condition: 69.3% vs.
53.4% correct; divided-attention condi-
tion: 67.3% vs. 51.6% correct; Ps ,

0.001).
Because the earlier finding of high accuracy for responses

labeled guesses depended on rapid responding (Experiment 3 in
Voss et al. 2008), we examined the time taken in our experiment
to make recognition responses. Mean response time was 348+36
msec (this excludes 1.1 trials/participant, which were discarded
from all the data analyses because response times were longer
than 1.5 sec). Our response times are a little faster than the
mean of 462+112 msec reported by Voss and Paller (2009) in a
replication of their earlier study. Thus, our participants did
respond quickly, and lack of time pressure cannot explain our
results. Participants were 96.3%+1.5% accurate in performing
the distracting digit task.

One difference between our study and the earlier study (Voss
et al. 2008) is that participants in the divided-attention condition
of our study were less likely to rate their decisions as guesses
(27.5% vs. 58% of responses) (Table 1). Perhaps recognition with-
out awareness is most readily observed when there is a high pro-
portion of guesses. Accordingly, in Experiment 2, we attempted
to obtain a higher proportion of “guess” responses. We therefore
adopted the same instructions that were used in the earlier study
(Voss and Paller 2009), and we tested a large number of partici-
pants so that we might examine data separately for individuals
exhibiting the highest proportion of guesses.

Experiment 2
Two participants were excluded because performance on the digit
task in the divided-attention condition was poor (39.4% and
54.8% correct), suggesting that they did not divide their atten-
tion. The results were similar to the findings in Experiment 1
(Fig. 4A). Accuracy (d′) was higher in the full-attention condition
than in the divided-attention condition (t(21) ¼ 6.0, P , 0.001),
and performance was above chance levels in both conditions
(Ps , 0.001). The results were the same when accuracy was mea-
sured as proportion correct (71.6% vs. 62.3%).

An analysis of variance (full vs. divided attention and low/
high confidence rating vs. guess), revealed a main effect of con-
fidence [F(1,21) ¼ 52.4, P , 0.001], a main effect of condition
[F(1,21) ¼ 4.8, P ¼ 0.05], and a condition × confidence interaction
[F(1,21) ¼ 6.9, P , 0.05]. The effect of confidence shows that, across
the two study conditions, accuracy was higher when participants
indicated low or high confidence in their decision than when they
indicated that their decision was a guess (full-attention condition:
76.2% vs. 47.9% correct; divided-attention condition: 67.5% vs.
48.3% correct, Ps , 0.001). The effect of condition shows that
accuracy was higher in the full-attention condition than in the
divided-attention condition (Fig. 4A). The interaction shows
that the effect on accuracy when participants indicated low or
high confidence in their decision was greater in the full-attention

Figure 2. Data from Experiment 2 in Voss et al. (2008), estimated from
their Figure 2. (A) When recognition was probed using a forced-choice
format, performance was more accurate in the divided-attention con-
dition than in the full-attention condition. (B) In both conditions,
forced-choice recognition was more accurate in trials where participants
indicated that their recognition decision was a guess (G) than in trials
where participants indicated low or high confidence (L/H) in their
decision. Asterisks indicate performance significantly above chance (P ,

0.05). Error bars indicate SEM.

Figure 1. In the full-attention condition, participants studied 14 images for 2 sec each (1.5-sec inter-
trial interval). Alternatively, in the divided-attention condition, participants studied the images while
deciding whether a digit heard during the previous trial was odd or even. The forced-choice recognition
test probed memory for the middle 10 images presented in the study sequence. Each studied item was
presented together with a highly similar new item, and participants selected the old item by responding
“left” or “right.” After each response, participants indicated how confident they were in their recognition
decision (G, guess; L, low confidence; H, high confidence).
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condition than in the divided-attention condition (Fig. 4B). Thus,
we found no evidence for unaware recognition memory.

The mean reaction time for the recognition decisions was
318+17 msec (this excludes 2.4 trials/participant, which were
discarded from the data analyses because response times were lon-
ger than 1.5 sec). Participants were 93.3%+1.8% accurate in per-
forming the distracting digit task.

We next examined data from the seven participants (out of
22) who provided the highest proportion of guesses in the
divided-attention condition (43.0% guesses). There was no evi-
dence of recognition without awareness in this group of partici-
pants, and their scores were similar to the scores presented in
Figure 4. Specifically, accuracy was higher in the full-attention
condition than in the divided-attention condition, and accuracy
was higher when these participants indicated low or high confi-
dence in their decision than when they indicated that their de-
cision was a guess (full-attention condition: 79.2% vs. 53.3%
correct; divided-attention condition: 74.7% vs. 53.2% correct).

Because the test material was identical to the material from
the earlier study (Voss et al. 2008) for only six of the 16 study-test
blocks (we created the material for the other 10 blocks), we also
analyzed the data separately for the two kinds of material. In
the two attention conditions, overall accuracy was the same for
the tests based on the two kinds of material (differences within
2.2%). Critically, the incidence of guess trials was also the same
(within 3.1%), and the accuracy scores for guess trials and for
low-/high-confidence trials were about the same (within 8% for
each attention condition).

Lastly, because 80 forced-choice trials were administered in
the current experiment and only 10 forced-choice trials were
administered in the previous study (Voss et al. 2008), we scored

each participant’s performance for only the first 10 trials of each
attention condition. The results were the same as when data
from all trials were scored (i.e., better recognition with full atten-
tion [d′ ¼ 1.03] than with divided attention [d′ ¼ 0.49], and better
recognition when participants indicated high or low confidence
in their decision than when they indicated their decision was a
guess [full attention: 75.3% vs. 56.5% correct; divided attention:
68.4% vs. 58.3% correct, respectively]).

Experiment 3
Experiment 3 was designed to match the earlier study (Voss et al.
2008) as closely as possible in every respect (only two test blocks
in each attention condition and the addition of a yes/no test).
Because the yes/no data are not relevant to the phenomenon
under study, only the forced-choice data are reported here.

The findings were the same as in the first two experiments
(Fig. 5). Accuracy was higher in the full-attention condition
than in the divided-attention condition [t(23) ¼ 2.6, P , 0.05]
(Fig. 5A), but better than chance in both conditions (Ps , 0.05).
The results were the same when accuracy was measured as propor-
tion correct (68.0% vs. 58.3%).

An analysis of variance (full vs. divided attention and low/
high confidence vs. guess) revealed a main effect of condition
[F(1,12) ¼ 5.9, P , 0.05], a main effect of confidence [F(1,12) ¼ 6.0
P ¼ 0.05], and no condition × confidence interaction. The effect
of condition indicates that accuracy was higher overall in the full-
attention condition than in the divided-attention condition
(Fig. 5A). The effect of confidence indicates that accuracy was
higher overall when participants indicated low or high confidence
in their decision than when they indicated that their decision
was a guess (full-attention condition: 71.4% vs. 55.0% correct;
divided-attention condition: 61.9% vs. 42.7% correct, P ¼ 0.06
and 0.08) (Fig. 5B).

Mean reaction time for recognition responses was 552+32
msec (this excludes 1.6 trials/participant, which were excluded
from all analyses because response times were longer than 1.5
sec). Participants were 92.8%+2.3% accurate in performing the
distracting digit task.

Because participants completed only 10 test trials for each
condition, some participants did not rate any decisions as a guess.
We therefore examined the data separately for those 13 of 24 par-
ticipants who had guess decisions and low-/high-confidence deci-
sions in both attention conditions. The results obtained for all
participants and for this subset of 13 participants were about the
same (all differences within 5.2%).

Discussion

Two recent studies (Voss et al. 2008; Voss and Paller 2009)
described conditions under which recognition appeared to be
significantly driven by nondeclarative memory. Under these
conditions (difficult-to-verbalize stimuli, highly similar target-
foil pairs, speeded responding), recognition memory performance
was better when images were studied with divided attention than
when images were studied with full attention. Furthermore, rec-
ognition was better when participants reported they were guess-
ing than when they reported a conscious experience of
familiarity with the images (combined high- and low-confidence
trials [Voss et al. 2008] or combined Remember and Know trials
[Voss and Paller 2009]). These findings are exceptional in that rec-
ognition is ordinarily better when full attention is given to a task
than when attention is divided, recognition is ordinarily accom-
panied by a conscious experience of familiarity, and recognition
memory accuracy is ordinarily positively correlated with ratings

Table 1. Percent of decisions associated with guesses vs. low/high
confidence

Full Attention Divided Attention

Guess Low/High Guess Low/High

Voss et al. (2008) 16 84 58 42
Voss and Paller

(2009)
23 77 45 55

Experiment 1
(N ¼ 7)

20.4 (3.6) 79.6 (3.6) 27.5 (4.7) 72.5 (4.7)

Experiment 2
(N ¼ 22)

16.8 (2.4) 83.2 (2.4) 24.2 (3.2) 75.8 (3.2)

Experiment 3
(N ¼ 24)

15.5 (3.6) 84.5 (3.6) 24.1 (4.2) 75.9 (4.2)

Parentheses show SEM. Values from the earlier studies (Voss et al. 2008; Voss

and Paller 2009) are estimated from their figures.

Figure 3. Experiment 1 (N ¼ 7). (A) Performance was more accurate in
the full-attention condition than in the divided-attention condition. (B) In
both conditions, forced-choice recognition was more accurate in trials
where participants indicated low or high confidence (L/H) in their
decision than in trials where participants indicated that their decision
was a guess (G). Asterisks indicate performance significantly above
chance (P , 0.05). Error bars indicate SEM.
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of confidence (Anderson 1980; Reed et al. 1997; Gabrieli 1998;
Mickes et al. 2007).

In three experiments, we adopted the paradigm used in the
earlier studies (Voss et al. 2008; Voss and Paller 2009) in an
attempt to repeat the earlier work. The results were the same in
all three experiments. Recognition was better when images were
studied with full attention than when images were studied with
divided attention. Recognition was also better when participants
indicated low or high confidence in their decision than when they
indicated that their decision was a guess. Furthermore, when par-
ticipants indicated that their decision was a guess, performance
was at chance levels. Thus, our results conformed to what is ordi-
narily found in studies of recognition memory, and we were
unable to replicate the earlier studies.

What might explain the difference in results between our
study and the earlier studies? We first considered whether partic-
ipants in our experiments performed under sufficient time pres-
sure. In one of the earlier studies, responses labeled as guesses
were accurate only when participants were instructed to respond
rapidly (Experiment 3 in Voss et al. [2008]). Perhaps slow respond-
ing could explain our failure to find good recognition perform-
ance in association with guesses. However, the mean response
times in our experiments were similar to the mean reported by
Voss and Paller (2009) (462+112 msec vs. 348+36 msec,
318+17 msec, and 552+32 msec for our Experiments 1, 2, and
3, respectively; response times were not reported in Voss et al.
[2008]). Thus, it does not appear that slow responding can explain
our results.

It also does not appear that the nature of the stimulus mate-
rials could explain the difference in results. First, in Experiment 3,
the materials were identical to those used previously (Voss et al.

2008). Second, Experiment 2 did not replicate the earlier work,
even when our data were scored separately for the 60 test trials
(out of 160 trials) that used the same stimulus materials as were
used originally.

In one of the earlier studies (Voss et al. 2008), participants
completed only 10 forced-choice trials in each attention con-
dition. In contrast, in our first two experiments, participants com-
pleted 80 forced-choice trials in each attention condition.
Accordingly, we asked whether the greater number of trials we
administered could account for the different results. This pos-
sibility seems unlikely. First, although one of the earlier studies
did administer only 10 trials (Voss et al. 2008), the other study
administered 56 trials (Voss and Paller 2009). Second, in our
Experiment 2 we did not replicate the earlier work even when
we scored only the first 10 trials of each attention condition.
Third, in Experiment 3, participants completed only 10 trials,
just as in one of the earlier studies (Voss et al. 2008). Thus, it
does not appear that differences in the number of trials can
explain the different results.

Although we did not find evidence of recognition without
awareness in the average performance of any group, perhaps par-
ticular individuals demonstrated the phenomenon. Accordingly,
we looked for individuals who exhibited better performance in
the divided-attention condition than in the full-attention condi-
tion, as well as better performance for guess trials than for com-
bined high- and low-confidence trials. Of the 53 participants
tested, only two participants (both from Experiment 3) demon-
strated both effects. However, for one of these individuals, per-
formance was only slightly higher in the divided-attention
condition (67% correct) than in the full-attention condition
(60% correct). Furthermore, in the full-attention condition, this
individual’s performance was at chance for guesses. For the other
individual, the score for guesses was based on only one trial. (No
responses were labeled a guess in the full-attention condition.)

One potentially relevant difference between our study and
the earlier studies is that participants in the divided-attention
condition of our experiments were less likely to rate their de-
cisions as a guess (27.5%, 24.2%, and 24.1% guesses in our
Experiments 1–3 vs. 58% and 45% guesses in Voss et al. [2008]
and Voss and Paller [2009], respectively) (Table 1). Perhaps nonde-
clarative memory drives recognition performance only when the
proportion of guesses is relatively high. In Experiment 2, we found
no support for this idea in the case of the seven participants who
provided the largest proportion of guesses in the divided-at-
tention condition. We also explored the same idea across all three
experiments (17 participants out of 53 who provided the highest
proportion of guesses in the divided-attention condition: 45.6%
guesses). There was no evidence of recognition without awareness
in this larger group, and their scores were similar to the scores pre-
sented in Figures 3–5. That is, accuracy was higher in the full-
attention condition than in the divided-attention condition,
and accuracy was higher when these participants indicated low
or high confidence in their decision than when they indicated
that their decision was a guess (full-attention condition: 74.4%
vs. 60.4% correct; divided-attention condition: 66.7% vs. 50.6%
correct). Thus, it does not appear that the smaller proportion of
guesses obtained in our study can explain our results.

A remaining possibility is that some subtle aspects of the
instructions are crucial for eliciting recognition without aware-
ness. In Experiments 2 and 3, we used the identical instructions
from the earlier studies (Voss et al. 2008; Voss and Paller 2009),
which directed participants in their use of confidence ratings
and encouraged them to use their “gut feeling” (see Materials
and Methods). Nevertheless, we cannot rule out the possibility
that some differences remained in the way the instructions were
delivered, or in the emphasis given to parts of the instructions,

Figure 4. Experiment 2 (N ¼ 22). The results were the same as in
Experiment 1. (A) Performance was more accurate in the full-attention
condition than in the divided-attention condition. (B) In both conditions,
forced-choice recognition was more accurate in trials where participants
indicated low or high confidence (L/H) in their decision than in trials
where participants indicated that their decision was a guess (G).
Asterisks indicate performance significantly above chance (P , 0.05).
Error bars indicate SEM.

Figure 5. Experiment 3 (N ¼ 24). The results were the same as in
Experiments 1 and 2. (A) Performance was more accurate in the full-
attention condition than in the divided-attention condition. (B) In both
conditions, forced-choice recognition was more accurate in trials where
participants indicated low or high confidence (L/H) in their decision
than in trials where participants indicated that their decision was a
guess (G). Asterisks indicate performance significantly above chance
(P , 0.05). Error bars indicate SEM.
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which were important for obtaining the phenomenon reported in
the earlier studies.

In summary, our attempts to replicate recent reports that rec-
ognition can occur without awareness have been unsuccessful.
Instead, our results are consistent with the conventional view
that recognition is more effective when full attention is given to
a task than when attention is divided, that successful recognition
is accompanied by conscious memory, and that recognition mem-
ory accuracy is positively correlated with ratings of confidence
(Anderson 1980; Reed et al. 1997; Gabrieli 1998; Mickes et al.
2007). Our findings suggest that the phenomenon we attempted
to replicate is neither simple nor robust. Nevertheless, if there
are conditions under which recognition without awareness can
be observed, the findings would have important implications for
theories of recognition memory. Accordingly, we urge others to
attempt a replication of these intriguing reports (Voss et al.
2008; Voss and Paller 2009).

Materials and Methods

Experiment 1

Participants

Seven undergraduate students participated for course credit (six
females, mean age 21.2+0.6 yr of age).

Materials and procedure

This study was based on an earlier study of recognition memory
(Experiment 2 in Voss et al. 2008). The stimuli consisted of 16
sets of 14 highly similar target/foil pairs of kaleidoscope images
(i.e., each target was distinct, but each target had a highly similar
foil) (Fig. 1). Six sets (84 targets, 84 foils) were the same as in the
earlier study (Voss et al. 2008), and were generously provided by
the investigators. An additional 10 sets, plus two sets used in prac-
tice blocks, were constructed using their methods.

Participants completed 16 study-test blocks (for each block,
study 14 targets, test with 14 target/foil pairs). Images were
studied either under a full-attention condition (eight blocks) or
under a divided-attention condition (eight blocks). In the full-
attention condition, participants studied 14 kaleidoscope images
for 2 sec each with an intertrial interval of 1.5 sec. The divided-
attention condition was the same except that, while studying
each image, participants decided whether a digit heard on the pre-
vious trial was odd or even (Fig. 1). Full-attention and divided-
attention blocks were presented in random order, with the
constraint that no condition was presented more than three times
in succession. The order of presentation of stimulus sets was also
randomized, as was the selection of which image of each target/
foil pair served as the target on each trial.

Recognition memory was tested after a 45-sec conversation-
filled delay, using a forced-choice format. To reduce primacy
and recency effects, only the 10 images that had been presented
in the middle of the 14-image study sequence were presented at
test. On each test trial, one of these targets was selected randomly
and presented for 2 sec together with its highly similar foil. As
soon as the two images had disappeared from the screen, partici-
pants were asked to identify the target as quickly as possible (as in
Voss et al. 2008) (Fig. 1). Immediately after each recognition deci-
sion, participants were asked to report whether they had high con-
fidence in their decision or low confidence, or whether they were
simply guessing. After the confidence rating was given, there was a
1.5-sec delay before the next trial.

Prior to the first study-test block, participants completed two
practice study-test blocks under divided attention. The following
instructions were given regarding the confidence ratings:

Press “H” if you had high confidence in your memory
response. For example, you would press “H” if you made
the response based on memories of specific details of the
image from the study phase.

Press “L” if you had low confidence in your memory
response. Use “L” when your response was supported by
only a weak feeling of familiarity, without being able to
remember details of the image from the study phase.

Finally, press “G” if you were just randomly guessing
because you had to make a response, as if you were flipping
a coin to decide. So use “G” when you can’t at all distin-
guish which of the two kaleidoscope images you saw during
the study phase. The test is very hard, so don’t feel bad if you
feel like you’re guessing a lot.

During the practice trials, participants received feedback on
their response time for each decision in order to achieve response
times shorter than 400 msec. After they had completed the
practice blocks, participants were given additional instructions:

The test is very difficult, but we encourage you to continue
to try as hard as possible even if you feel as though you are
doing poorly on the test, because people often do better
than they think on this task.

Participants did not receive response-time feedback during
the 16 study-test blocks, but the importance of responding
quickly (i.e., as quickly as during practice) was emphasized.
Periodically, participants were reminded of the importance of
responding quickly.

Experiment 2

Participants

Twenty-four undergraduate students participated for course credit
(20 females, mean age 21.1+0.6 yr of age).

Materials and procedure

These were the same as in Experiment 1, except that we used
instructions kindly sent to us by the investigators of the earlier
studies (Voss et al. 2008; Voss and Paller 2009):

Press H (for high confidence) if “you are confident in your
decision because you remember a specific detail regarding
the first time you saw the kaleidoscope during the study ses-
sion. For instance, you might remember what you were
thinking about when you saw it.”

Press L (for low confidence) if “you are confident in your
decision, but no details regarding the first time you saw
the kaleidoscope come to mind. You selected the kaleido-
scope because it felt in some way familiar to you.”

Press G (for guess) if “you just guessed and did not pick the
kaleidoscope based on a feeling of memory. You experi-
enced absolutely no feeling of familiarity for the selected
item, and were guessing because you were forced to select
one kaleidoscope or the other.”

Participants were given the following instructions after they had
completed the practice blocks (as provided by the investigators
of the earlier studies):

“The test is intended to be incredibly difficult, so don’t
worry if you feel like you are not doing well. Just try as
best as you can and, if an answer does not come to you,
just respond based on your gut feeling.”

Experiment 3

Participants

Twenty-four undergraduate students participated for course credit
(15 females, mean age 21.3+0.3 yr of age).
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Materials and procedure

These were the same as in the earlier study (Experiment 2 in
Voss et al. 2008). In this experiment, we attempted to replicate
the earlier study in every respect. We used only four study-test
blocks (14 study images in each block), and we included a yes/
no test, though this test was not relevant to the question of inter-
est. For two study-test blocks, recognition was tested in a
forced-choice format. For the other two study-test blocks, recogni-
tion was tested in a yes/no format. For the yes/no test, partici-
pants saw a list of 10 targets intermixed with 10 foils (each
similar to one of the targets) and made an old/new decision for
each image. Within each test format, one block was tested in
the full-attention condition, and one block was tested in the
divided-attention condition (the order of conditions was counter-
balanced across participants). The four sets of material were used
equally often in each condition.

Prior to the first study-test block, participants completed two
practice blocks under the divided-attention condition, one of
which was followed by a forced-choice test, and one by a yes/no
test. As in the earlier studies (Voss et al. 2008; Voss and Paller
2009), no reaction-time feedback was provided during the prac-
tice trials (in contrast to our Experiments 1 and 2). Periodically,
participants were reminded to make their responses quickly.
Probably because no feedback was provided about reaction times,
these times proved to be a little longer than in Experiments 1 and
2 (and similar to the times reported by Voss and Paller 2009).
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