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What factors contribute to subjective experiences of familiarity, and are these
subject to unconscious selection? We investigated the circumstances under which
judgments of familiarity are sensitive to task-irrelevant sources using the artificial
grammar learning paradigm, a task known to be heavily reliant on familiarity-based
responding. In 2 experiments, we manipulated ‘free-floating feelings of familiarity’
by subliminally priming participants with either a subjectively familiar stimulus
(their surname) or unfamiliar stimulus (a random letter string). In Experiment 1,
after training on an artificial grammar, participants were required to rate the
familiarity of a new set of grammar strings where the subliminal priming manip-
ulation preceded each rating. Under these instructions the manipulation signifi-
cantly altered ratings of familiarity. In Experiment 2, the training, the request for
familiarity ratings, and the subliminal manipulation were all unchanged. In addi-
tion, however, participants were informed about the presence of rules dictating the
structure of the training strings and were required to judge both whether each
test-string conformed to those rules and to report the basis for their judgment. This
broader decision context eliminated the effect of subliminal primes on ratings of
familiarity even when participants’ reported basis for their judgments revealed no
conscious knowledge of the rule structure. These results demonstrate that uncon-
scious sources of familiarity can be selected or excluded according to conscious
task contexts. The findings are incompatible with theories that equate familiarity
with automaticity and those that state people must always be aware of the structural
antecedents of metacognition.

Keywords: familiarity, strategic control, unconscious priming, non-conscious

Implicit learning is a process by which one
acquires knowledge of rules or regularities
without intention to learn those rules and much
of the acquired knowledge cannot easily be
expressed (see P. Reber, 2013; Rebuschat,
2013, for recent reviews). In a typical artificial
grammar learning (AGL) study, participants are
exposed to a number of letter strings that look
more-or-less randomly ordered but are gener-

ated by a rule-based grammar structure (the
training phase). They are then informed of the
existence of rules governing strings, but not
what those rules are, before classifying novel
strings in terms of whether they conform to or
violate the studied structure (see Dienes [2012a]
and Pothos [2007] for reviews and Scott and
Dienes [2010a] for a dual-process model of
AGL). Judging whether a given test string fol-
lows the same regularities as training strings is,
to a large extent, based on familiarity with the
materials (e.g., Higham, Vokey, & Pritchard,
2000; Scott & Dienes, 2008, 2010a, 2010b;
Servan-Schreiber & Anderson, 1990; Whittle-
sea & Leboe, 2000). Norman, Price, and Duff
(2006, 2010) argued that familiarity serves the
function of indicating to people that they have
knowledge about a stimulus, even when they do
not consciously know what that knowledge is.
Familiarity thus forms a useful basis for classi-
fication when a person possesses what is termed
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‘unconscious structural knowledge.’ Uncon-
scious structural knowledge is said to exist
when a person discriminates accurately, as in
the case of AGL the individual may know that
a given string is ungrammatical, but lack con-
scious access to the underlying structural
knowledge permitting that judgment. For exam-
ple, the person may not consciously realize that
the lack of grammaticality is attributable to the
repetition of a particular letter. Thus, a feeling
of familiarity arising from consistency in the
grammar structure but which exists without
conscious knowledge of the features contribut-
ing to that feeling, indicates unconscious struc-
tural knowledge.

Familiarity is a feeling indicating a continu-
ous degree of oldness arising from the structural
coherence of the stimulus (i.e., how well the
structure of the stimulus matches structural rep-
resentations in memory, Dienes, Scott, & Wan,
2011; Scott & Dienes, 2008, 2010b). The feel-
ing depends on the extent to which a stimulus is
consistent with previously learned structures
(e.g., Chubala & Jamieson, 2013); for example,
it could be based on the ability of a neural
network to auto-associate the presented stimu-
lus (i.e., a neural network that tries to predict the
same stimulus from itself, Cleeremans &
Dienes, 2008). The extent to which a network
can auto-associate a stimulus may give rise to
feelings of familiarity either because the stimu-
lus is processed fluently or because a graded
representation is generated carrying the content
that the stimulus is well formed, regardless of
the time taken to process the stimulus. Biasing
judgments through processing fluency can in-
crease claims of semantic coherence (e.g., To-
polinski & Strack, 2009) and affect familiarity
associated with recognition (e.g., Jacoby &
Whitehouse, 1989). However, Scott and Dienes
(2010c) provide an example of when fluency
has almost no influence on feelings of familiar-
ity. In AGL, processing fluency manipulations
can bias judgments of grammaticality (e.g., Jo-
hansson, 2009). Thus, the context in which de-
cisions are made appears crucial to the subjec-
tive processes leading to the decision.

Certain processing manipulations may induce
a nonspecific global, ‘free-floating’ sense of co-
herence or familiarity. Crucially, this free-
floating feeling of familiarity can expose judg-
ments (e.g., of memory, coherence, regularity)
to bias. When the source of the feeling is not

obvious to the participant, it can be misattrib-
uted to a salient source such as the task at hand.
When the source of bias is noticed, its influence
on judgment is discounted (Jacoby & White-
house, 1989; Schwarz & Clore, 2007; Whittle-
sea & Williams, 2001; Whittlesea, Jacoby, &
Girard, 1990). For example, Goldinger and
Hansen (2005) additively increased claims of
familiarity-based recognition (defined as diffi-
cult to remember stimuli) for both hits and false
alarms when an undetected low-amplitude buzz
was synchronized with recognition trials. The
control group were aware of the buzz and did
not show the same effect. Ziembowicz et al.
(2013) paired melodies constructed from a mu-
sical grammar with 3D shapes on a monitor
which would be possible or impossible in the
real world. One of these modalities was irrele-
vant to the task at hand. When participants were
trained on melodies from a musical grammar,
pairing possible but task-irrelevant 3D shapes
during test trials increased claims that both
grammatical and ungrammatical passages con-
formed to the training grammar. When the mo-
dalities reversed, the same effect occurred: after
incidental musical grammar training, grammat-
ical and ungrammatical sequences played as
background noise. When paired with a gram-
matical passage, claims that the shape was pos-
sible increased regardless of whether it was or
not. That is, coherence between modalities ad-
ditively increased claims of pattern recognition
or possibility. Thus processing of coherence
stemming from sources other than the immedi-
ate focus of attention can bias judgment, which
can potentially lead one to believe the salient
stimulus shares some property (e.g., coherence,
regularity) with the source of bias, particularly
when one is not aware of the source.

Because a feeling of familiarity does not in
itself indicate why a stimulus elicits that feeling,
it can be difficult in some (but not all) situations
to attribute the feeling to the correct source. Put
another way, if there are two possible sources of
familiarity, a person might find it hard to know
which one of the sources was really responsi-
ble—even if the intention is to respond only on
the basis of one of the sources. For this reason,
Jacoby (1991) operationally defined familiarity
as the type of memory insensitive to intentions.
By this approach, responses brought about with-
out (or in opposition to) the intention of the
participant indicate the objective presence of
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familiarity and distinguishes familiarity from
intentional uses of memory such as recollection
orthe application of hypothesized rules that can
be used strategically.

In the context of AGL, Higham et al. (2000)
trained participants on two grammars but in-
structed participants to ignore strings from one
of those grammars. Despite participants’ inten-
tions, the to-be-ignored strings were endorsed
more often than strings conforming to neither
grammar (although not to the same extent as
to-be-endorsed strings under unspeeded re-
sponse conditions). This finding was interpreted
as obligatory familiarity acquired and elicited as
a result of experience with the materials. How-
ever, equating automaticity with familiarity has
recently been questioned in AGL, specifically in
studies in which subjective measures of famil-
iarity have been assessed (Mealor & Dienes,
2013a; Norman, Price, & Jones, 2011; Scott &
Dienes, 2008; Wan, Dienes, & Fu, 2008).

The extent to which familiarity is relied upon
in AGL (e.g., without additional recollective
experience) depends on the conscious status of
the underlying structural knowledge guiding
classifications (Dienes & Scott, 2005; Scott &
Dienes, 2008). Structural knowledge is consid-
ered to be conscious when people claim to clas-
sify strings on the basis of, for example, the
presence or absence of elements remembered
from training or hypothesized rules. This form
of knowledge would be considered available to
strategic control, by virtue of being conscious
(Jacoby, 1991). In contrast structural knowl-
edge is considered to be unconscious where
people claim to classify strings on the basis of
intuitive feelings, the relative familiarity of a
test string, or random guessing and the anteced-
ents of these feelings cannot be explicated. Note
that while objective similarity measures such as
repetition structure and associative chunk
strength can predict familiarity ratings (Scott &
Dienes, 2008), this does not imply that partici-
pants are conscious of these regularities being a
source of familiarity. Indeed, Scott and Dienes
(2008) demonstrate that such objective features
influence rated feelings of familiarity even
when participants report not knowing the basis
for those feelings, clearly indicating uncon-
scious structural knowledge.

Is this form of knowledge applied automati-
cally? In fact, intentional control of unconscious
structural knowledge has been demonstrated in

AGL. For example, when participants are ex-
posed to training strings derived from two
grammars during training and subsequently re-
quired to endorse test-strings conforming to just
one of those grammars, their familiarity ratings
and endorsements attributed to familiarity are
found to reflect the target grammar more than
the to-be-ignored grammar (Mealor & Dienes,
2013a; Norman et al., 2011; Wan et al., 2008).
Thus, the source of familiarity is to some degree
under intentional control, which would be ex-
pected on general computational grounds: Neu-
ral networks are context sensitive, and the abil-
ity of a network to auto-associate a stimulus
could naturally be expected to be responsive to
context to some extent.

Given familiarity can be sensitive to context,
its relation to unconscious knowledge needs to
be considered. The claim that structural knowl-
edge (e.g., the knowledge embedded in the syn-
aptic strengths of a neural network) is uncon-
scious when participants use familiarity partly
rests on a claim by participants that they are not
aware of the source of their feelings. Specifi-
cally, when participants have been asked to
indicate the basis of their classifications in arti-
ficial grammar learning, they will often choose
the attribution that it was based on familiarity
for reasons they cannot explicate further (e.g.,
Scott & Dienes, 2008; Wan et al., 2008). A
skeptic of the existence of unconscious knowl-
edge (e.g., Dulany, 2012; Shanks, 2005) may
claim that, contrary to what participants say,
participants are always consciously aware of the
structural features of a situation that led to the
generation of a feeling of familiarity; indeed,
being consciously aware of the stimulus and the
relevant structural properties caused the famil-
iarity.

Here we address this potential criticism by
attempting to manipulate familiarity using a
subliminal stimulus. If participants always have
conscious knowledge regarding the source of
feelings of familiarity, then such unconscious
manipulation should fail. On the other hand, if
participants can be unaware of the basis of their
feelings of familiarity, it should be possible to
create a free-floating familiarity capable of be-
ing misattributed to conscious sources. Such a
subliminal familiarity manipulation would in
turn permit a key test, namely that reliably
unconscious sources of familiarity (subliminal
sources) can be strategically excluded accord-
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ing to the task context. Here we manipulate the
task context by placing the familiarity judgment
either alone or in the wider context of judg-
ments relating to structural adherence to the
grammar rules. Priming manipulations have
previously been employed in AGL as a means
to manipulate fluency. For example, Johansson
(2009) found that, for speeded judgments, test
strings subliminally primed by the same versus
a different target resulted in increased endorse-
ment rates. Our manipulation is, however, quite
distinct from this kind of fluency manipulation
in that we sought to create a free floating feeling
of familiarity derived from a stimulus unrelated
to the task at hand. We chose the participant’s
surname as the highly familiar prime because
this is a stimulus one has enormous previous
experience with but is in no overt way related to
grammar knowledge (cf. Pfister, Pohl, Kiesel, &
Kunde, 2012). The unfamiliar prime was a
string of letters, randomized between trials to
ensure participants would not acquire any fa-
miliarity with this prime type. We used the
grammar cross-over design of Dienes and Alt-
mann (1997), which employs two grammars
acting as controls for each other, therefore un-
grammatical strings in this design do, in fact,
conform to a structure that participants can be-
come sensitive to over the course of testing
(Mealor & Dienes, 2013a; Rohrmeier & Cross,
2014). Thus, random letter primes and ungram-
matical strings were conceptually distinct.

Experiment 1 examined whether the familiarity
manipulation was effective in the absence of any
wider decision context; that is, participants rated
the familiarity of each test string without any
further judgments required. Experiment 2 asked
for precisely the same ratings but now placed
these judgments in a wider decision context with
additional, qualitatively different decisions; that is,
participants were required to judge also whether
the test strings conformed to the rules present
in the training grammar and to report the basis for
their judgment.

Experiment 1

Method

Design and participants. Twenty partici-
pants were recruited from the University of
Sussex (60% female) in exchange for course
credit. Mean age was 22 years (SD � 4.82

years). The two grammar cross-over design of
Dienes and Altmann (1997) was used whereby
half the participants were trained on grammar A
and half on grammar B. At test all participants
classified the same test strings, exactly half of
which conformed to each grammar. In this way
the nongrammatical test strings for one group
were grammatical for the other group, thereby
eliminating the need for an untrained control
group. The within-subject independent vari-
ables of interest were test string grammaticality
(grammatical vs. ungrammatical) and prime
type (surname vs. random).

Materials. The set of test and training
strings were generated from the same grammars
as used by Scott and Dienes (2008). String
length was between five and nine characters.
The training lists comprised 15 training strings
from the respective grammar. Each list was
repeated three times and randomized separately
among participants. The test materials consisted
of 30 novel test strings from each grammar
presented twice, once preceded by the surname
prime, once preceded by the random prime. The
presentation order was randomized between
each participant. Each participant’s subjective
threshold of awareness was determined using
three-letter words randomly selected from a
pool of 351. Surnames were chosen as the con-
sistently familiar name prime as these are both
personally relevant and added plausibility to the
cover story that names were recorded during the
experimental session merely so the experi-
menter could keep details of remuneration.

Procedure. Participants were tested individ-
ually at a computer. All participants in both ex-
periments were tested by the first author in the
context of a short-term memory task. At the be-
ginning of the experiment, they were required to
input age, surname (in upper case letters), and
gender and were told this was merely for the
experimenter’s records. During the training phase,
the training strings appeared on the monitor cen-
trally in black text for 5000 ms followed by a
blank screen for 5000 ms. Participants were in-
structed to memorize the string while it was pres-
ent and then write down as much as they could
recall once the screen went blank (not before).
Their written responses were removed at the end
of the training phase. The procedure for determin-
ing each participant’s subjective threshold of
awareness then commenced. On each trial, a for-
ward mask was presented for 350 ms. This mask
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consisted of a row of pound signs (£) equal in
length to the participant’s surname. This was fol-
lowed by a randomly selected three letter target
word presented for 500 ms. The word was pre-
sented in gray to reduce contrast against the white
background. Finally, the word was followed by a
backward mask, the same as the forward mask,
presented for 350 ms. There was an intertrial in-
terval of 150 ms. If the participant could report the
displayed target, they pressed the 1 key; if not they
pressed the 0 key. When pressing 1, they were
asked to type in what they saw. They were advised
to press 1 even if they simply thought they saw a
word and could not reproduce it; they were per-
mitted to guess or simply leave the input blank in
these instances. Five practice trials ensured
participants were accustomed to the protocol
before the threshold trials began. Once the
threshold trials began the initial duration of
500 ms was reduced by one screen refresh
(13.33 ms) each time the participant reported
having seen a word; this was irrespective of
whether they correctly entered the word. The
reduction in display duration continued until
there had been five consecutive trials where
the participant reported not having seen a
word. This final duration was used in the
subsequent test phase. Each test trial began
with a forward mask, prime, and backward
mask before the grammar string appeared.
The surname prime was set to the surname
entered at the beginning of the experiment. The
random letter prime was set to the same length

as the surname and consisted of randomly se-
lected capital letters. A new random letter prime
was created for each random prime trial to avoid
the possibility of participants becoming familiar
with this prime type. Again, the prime was
displayed in gray text. The display duration for
the prime was set to the individual subjective
threshold identified in the previous stage. After
the backward mask the participants were asked
whether they believed they could see the prime
and were asked to input what they saw. They
were asked to select how familiar the string felt
relative to those previously copied on a 1 to 9
scale (where 1 � not at all familiar; 5 � some-
what familiar; 9 � very familiar). Note that no
reference to grammar rules or structure was
made during Experiment 1. Surname trials and
random letter prime trials were coded with ar-
bitrary numbers before analyses ensuring ano-
nymity.

Results

The mean display time of the prime was 64 ms
(SD � 16 ms). Test trials in which participants
reported seeing the prime (regardless of whether
the prime was surname or random letters) were
excluded from the subsequent analyses; these con-
stituted 6% (SD � 24%) of all test trials.

A 2 (Grammaticality: grammatical vs. ungram-
matical) � 2 (Prime type: surname vs. random
letter) repeated measures ANOVA was conducted
on familiarity ratings (n � 20). See Figure 1 for

Figure 1. Mean familiarity ratings as a function of prime type and grammaticality in
Experiments 1 and 2. Bars show �1 standard error.
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descriptive statistics. There was a significant
main effect of grammaticality, with grammati-
cal strings rated as more familiar (M � 5.29,
SE � 0.24) than ungrammatical strings (M �
4.01, SE � 0.30), F(1, 19) � 31.18, p � .001,
�p

2 � .62. There was a significant main effect of
prime type. Strings preceded by the surname
prime were rated as more familiar (M � 4.75,
SE � 0.25) than those preceded by the random
prime (M � 4.55, SE � 0.25), F(1, 19) � 6.34,
p � .021, �p

2 � .25. These variables did not
significantly interact, F(1, 19) � 0.53, p � .477,
�p

2 � .03.

Discussion

Experiment 1 demonstrated that masked prim-
ing with a stimulus with high preexperimental
subjective familiarity (the participant’s surname)
elevated familiarity ratings toward stimuli with
differing levels of familiarity (grammatical and
ungrammatical strings) relative to priming with a
consistently unfamiliar stimulus. This finding sug-
gests the priming manipulation was successful in
creating free-floating feelings of familiarity that
were misattributed to target stimuli (cf. Ziembo-
wicz et al., 2013). A main effect of grammaticality
on familiarity ratings was also obtained, with
grammatical strings receiving higher ratings than
ungrammatical strings. Even when knowledge is
not directly tested, strings obeying the training
structure were generally rated as more familiar.
This further supports the notion that a major
source of responding in AGL is the relative famil-
iarity of test strings (Scott & Dienes, 2008), which
can be elicited even when classification perfor-
mance is not directly assessed and supports the
use of familiarity ratings as an indirect test of
knowledge sensitive to grammaticality (cf. Wan et
al., 2008). See Newell and Bright (2001) and
Zizak and Reber (2004) for similar analyses em-
ploying liking ratings.

The findings of Experiment 1 mimic those of
many perceptual fluency manipulations in AGL,
insofar as the increases in familiarity were inde-
pendent of grammaticality (e.g., Johansson, 2009;
Topolinski & Strack, 2009; Scott & Dienes,
2010c). However, our approach involved creating
nonspecific free-floating familiarity through prim-
ing with stimuli not related to the current task (cf.
Ziembowicz et al., 2013). Further, the prime was
unlikely to have changed the fluency with which
the target stimulus was processed; rather it con-

tributed to feelings of familiarity by way of a
graded representation that coherence existed. The
subliminal stimulus affected the metacognitive ex-
perience of familiarity through the combination
and confounding of inputs from quite dissimilar
sources. The additional, irrelevant source of
(un)familiarity from the prime was attributed to
the salient source, that is, the current test string.
Thus, participants cannot always be aware of
the structural sources of the feelings of famil-
iarity: Some structural knowledge must be un-
conscious, consistent with, for example, Dienes
(2012a). The results contradict claims that all
structural knowledge must be conscious (e.g.,
Dulany, 2012).

Experiment 1 demonstrated that, under condi-
tions in which participants were unaware of the
structured nature of the letter strings, the sublim-
inal manipulation could bias their ratings of famil-
iarity. Experiment 2 examined whether the same
bias would occur, or would be unconsciously ex-
cluded, under conditions where the structured na-
ture of the stimuli was made apparent and the
familiarity ratings placed in a wider decision con-
text. Specifically, participants were informed that
the training strings conformed to a set of rules and
were required to judge which of the test strings
obeyed those same rules and report the basis for
their decision. The decision basis is captured by a
structural knowledge attribution requiring partici-
pants to attribute the judgment of grammaticality
to one of several sources (Dienes & Scott, 2005):
random responding (it had no basis), feelings of
intuition or familiarity, or rules and recollections.
The attributions have been used extensively in
implicit learning research to separate conscious
from unconscious structural knowledge, that is, to
separate responses based on random selection, in-
tuition, or familiarity, on the one hand, or on rules
or recollection, on the other (as used by e.g.,
Hamrick & Rebuschat, 2012; Kemény & Luck-
acs, 2013; Neil & Higham, 2012; Norman &
Price, 2012; Rebuschat, Hamrick, Sachs, Riesten-
berg, & Ziegler, 2014; Williams & Rebuschat,
2012).

Experiment 2

Method

Design and participants. Eighty-four par-
ticipants were recruited from the University of
Sussex (78% female). Mean age was 21 years
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(SD � 4.14 years). None had participated in
Experiment 1. An a priori power analysis based
on the effect size observed in Experiment 1
(dz � .57) indicated that we would need an n of
42 to have confidence of replicating the priming
effect (power � .95). We chose to double this
figure on the basis that we wanted sufficient
power to examine the effect when responses
were split into conscious and unconscious struc-
tural knowledge attributions, such that the total
trials where split into roughly two halves. The
same grammar cross-over design was used as in
Experiment 1.

Materials and procedure. The materials,
training phase, and subjective threshold pro-
cedure were the same as those in Experiment
1. After participants’ subjective threshold of
awareness had been determined, they were
provided with an instruction sheet pertaining
to the grammaticality judgment portion of the
test phase which they read through before the
trials commenced. After the prime display,
first they inputted how familiar the string felt
relative to those copied during training in the
same manner as Experiment 1. Second, they
were asked if they thought the string obeyed
the same rules as the training strings (1 � yes;
0 � no). Third, they were asked for the source
of their grammar judgment based on the five
options from Scott and Dienes (2008), which
corresponded to five numbers on the key-
board: (1) random selection; (3) familiarity;
(5) intuition; (7) rule(s); (9) memory. The
definition of these categories was as follows:
Random – You picked yes or no completely at
random; Familiarity – You picked yes or no
based on the relative familiarity of the string;
Intuition – You picked yes or no based on a
hunch or feeling but couldn’t explain its na-
ture; Rule(s) – You picked based on one or
more rules or partial rules learned during the
first part of the experiment and could state the
nature of those rules if asked to do so; Mem-
ory – You picked yes or no based on a specific
memory of the strings from the first part of
the experiment (e.g., remembering definitely
having seen or not seen part or all the string
earlier). Participants were permitted to re-
mind themselves of what these categories rep-
resented from the information sheet during
the knowledge attribution decision.

Results

Two participants were excluded on the basis
that the number of trials for which they reported
being aware of the primes was greater than 2.5
SD from the mean (both reported awareness
greater than 50% of trials). The mean display
time of the prime was 57 ms (SD � 14 ms). Test
trials in which participants reported seeing the
prime were excluded from the subsequent anal-
yses and constituted 7% (SD � 26%) of all test
trials, comparable with the 6% excluded from
Experiment 1.

Familiarity ratings. We first repeat the
key analysis from Experiment 1, examining the
influences on familiarity ratings. A 2 (Gram-
maticality: grammatical vs. ungrammatical) � 2
(Prime type: surname vs. random letter) re-
peated measures ANOVA was conducted on
familiarity ratings (n � 82). See Figure 1 for
descriptive statistics. There was a significant
main effect of grammaticality, with grammati-
cal strings receiving higher ratings (M � 5.22,
SE � 0.14) than ungrammatical strings (M �
3.99, SE � 0.15), F(1, 81) � 134.32, p � .001,
�p

2 � .62. The main effect of prime was not
significant, with strings following the surname
prime receiving extremely similar ratings (M �
4.61, SE � 0.14) to those following the random
prime (M � 4.60, SE � 0.14), F(1, 81) � 0.11,
p � .746, �p

2 � .01. The interaction was also
nonsignificant, F(1, 81) � 0.12, p � .729, �p

2 �
.01. This result is in stark contrast to the influ-
ence of prime type on familiarity ratings ob-
served in Experiment 1. To determine whether
the nonsignificant effect of prime reflected ex-
perimental insensitivity or evidence for the null
hypothesis (here, no difference between prime
types upon familiarity ratings), a Bayes factor
was calculated. Bayes factors indicate continu-
ous degrees of support for hypotheses, where
values over 3 can be considered substantial sup-
port for the experimental hypotheses; values
less than 1/3 can be considered substantial evi-
dence for the null and values around 1 indicate
no strong support in either direction, suggesting
data insensitivity (see Dienes, 2008, 2011, 2014
for rationale). The alternative hypothesis (i.e.,
that there was an effect of prime on familiarity
ratings) was modeled as a half-normal with the
standard deviation set to the difference found
for the same comparison obtained in Experi-
ment 1 (.186). The mean difference between
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familiar and unfamiliar primes found in Exper-
iment 2 (.013, SE of the difference � .039)
yielded a Bayes factor, B � 0.27, indicative of
substantial evidence for the null. Thus, a reli-
able effect was found in Experiment 1, which
was eliminated in Experiment 2 (note the larger
sample size in Experiment 2 and the standard-
ized effect sizes for the prime comparison of
�p

2 � .25 and �p
2 � .01 in Experiments 1 and 2,

respectively).
Second, influences on familiarity ratings

were analyzed as a function of structural knowl-
edge attribution (see Figure 2). Random selec-
tion, intuition, and familiarity responses index
unconscious structural knowledge attributions
and, as such, were pooled into a single category.
Rules and memory responses index conscious
structural knowledge attributions and thus were
pooled into a separate category. See Dienes
(2012a) for evidence that these are qualitatively
different types of knowledge, in ways expected
by theories of consciousness. Conscious and
unconscious structural knowledge attributions
were examined separately to allow all relevant
data to be used for each knowledge type. Note
the degrees of freedom: not all participants used
all response types and hence could be included
in the analyses. A grammaticality � prime type
ANOVA on the familiarity ratings associated
with unconscious structural knowledge attribu-
tions revealed an expected significant main ef-

fect of grammaticality, F(1, 78) � 87.38, p �
.001, �p

2 � .53, but no significant effect of
prime, F(1, 78) � 0.04, p � .847, �p

2 � .01, nor
an interaction, F(1, 78) � 0.67, p � .416, �p

2 �
.01. The mean difference between surname and
random letter primes within unconscious struc-
tural knowledge attributions collapsed over
grammaticality was �.013 (as mean familiarity
was slightly lower following the familiar con-
text, SE of the difference � .067). A Bayes
factor was calculated with the same parameters
as for the data collapsed over structural knowl-
edge attribution. This yielded B � 0.29, thus the
data favor the null in the case of unconscious
structural knowledge.

We sought to establish whether responses
specifically attributed to familiarity would or
would not show the priming effect from Exper-
iment 1 (cf. Wan et al., 2008, for strategic
control of familiarity). A total of 69 participants
used at least one familiarity attribution for both
prime types and grammaticality conditions (see
Figure 3). The ANOVA revealed a significant
main effect of grammaticality, F(1, 68) � 56.
18, p � .001, �p

2 � .45. There was no significant
effect of prime, F(1, 68) � 0.93, p � .336. �p

2 �
.01, nor a significant interaction, F(1, 68) �
0.01, p � .917, �p

2 � .01. Collapsed over gram-
maticality, the mean difference between sur-
name and random letter primes was �.096
(again, as mean familiarity was slightly lower

Figure 2. Mean familiarity ratings as a function of prime type and structural knowledge type
in Experiment 2. Bars show �1 standard error.

236 MEALOR, DIENES, AND SCOTT

T
hi

s
do

cu
m

en
t

is
co

py
ri

gh
te

d
by

th
e

A
m

er
ic

an
Ps

yc
ho

lo
gi

ca
l

A
ss

oc
ia

tio
n

or
on

e
of

its
al

lie
d

pu
bl

is
he

rs
.

T
hi

s
ar

tic
le

is
in

te
nd

ed
so

le
ly

fo
r

th
e

pe
rs

on
al

us
e

of
th

e
in

di
vi

du
al

us
er

an
d

is
no

t
to

be
di

ss
em

in
at

ed
br

oa
dl

y.



following the familiar context, SE of the differ-
ence � .099). A Bayes factor was calculated
with the same parameters as for the data col-
lapsed over structural knowledge attributions,
yielding B � 0.26. The data favor the null in the
case of responses specifically attributed to fa-
miliarity. The same analyses on conscious
structural knowledge attributions reveal a sig-
nificant main effect of grammaticality, F(1,
67) � 79.28, p � .001, �p

2 � .54 and no signif-
icant effect of prime, F(1, 67) � 0.08, p � .785,
�p

2 � .01, nor an interaction, F(1, 67) � 0.49,
p � .487, �p

2 � .01. Modeling the mean differ-
ence collapsed over grammaticality (.035, SE of
the difference � .126), with the same parame-
ters as for unconscious structural knowledge
attributions gives a B � 0.68; thus indicating
the data are largely insensitive in the case of
conscious structural knowledge, though predic-
tions are, in any case, less strong in relation to
the conscious structural knowledge attributions.

Distribution of response types. Next we
examine how the proportion of conscious ver-
sus unconscious structural knowledge attribu-
tions was influenced by the familiarity manipu-
lation. A significantly greater proportion of
grammaticality judgments were attributed to
conscious structural knowledge following the
surname prime (M � .32, SE � .02) than the
random prime (M � .30, SE � .03), t(81) �
2.36, p � .021, dz � 0.26.

Discrimination and response criterion.
Next we examine whether discrimination sensi-

tivity or response bias were influenced by the
subliminal manipulation. Figure 4 shows signal
detection descriptive statistics. In signal detec-
tion theory as applied to AGL, discrimination
ability, d=, corresponds to the difference in stan-
dardized hits minus false alarms. Increasing dis-
crimination is shown as d= exceeds 0. This was
calculated and entered into a 2 (Prime type:
surname vs. random letter) � 2 (Structural
knowledge attribution: conscious vs. uncon-
scious) repeated measures ANOVA (n � 63, as
not all participants had relevant data for hit and
false alarm rates broken down by structural
knowledge and prime type). This analysis re-
vealed only a significant main effect of response
type, with conscious structural knowledge attri-
butions resulting in better discrimination (M �
0.84, SE � .10) than unconscious structural
knowledge attributions (M � 0.57, SE � .07),
F(1, 62) � 7.91, p � .007, �p

2 � .11. The main
effect of prime was nonsignificant, as was the
interaction, Fs � 1.5. Response criterion, C,
indicates the tendency for participants to re-
spond in an affirming manner irrespective of
whether trials are grammatical or ungrammati-
cal. As C decreases, a more liberal response
criterion is indicated and demonstrates a bias to
accept strings as grammatical, which may be
expected following the surname prime relative
to the random letter prime (cf. Ziembowicz et
al., 2013). However, a 2 (Prime type: surname
vs. random letter) � 2 (Structural knowledge
attribution: conscious vs. unconscious) repeated

Figure 3. Mean familiarity ratings within familiarity attributions as a function of prime type
and grammaticality in Experiment 2. Bars show �1 standard error.
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measures ANOVA (n � 63) revealed this was
not the case with no significant main effects of
prime or structural knowledge type, nor an in-
teraction, Fs � 1. The signal detections statistic,
C, as calculated above, is the typical measure of
response bias. However, to permit a more direct
comparison with relevant previous research, we
also examine bias in terms of the proportion of
strings endorsed as grammatical. Ziembowicz et
al. (2013, Experiments 1 and 2) found that pre-
senting possible 3D shapes alongside a musical
grammar increased claims that musical strings
obeyed the grammar (irrespective of grammati-
cality) compared with pairing with impossible
three-dimensional shapes. The observed influ-
ence resulting from an unrelated source of co-
herence has at least superficial similarity to our
own manipulation and therefore warrants com-
parison. The arithmetic mean increase over
these experiments in the proportion of accepted
strings was .11. A 2 (Grammaticality: grammat-
ical vs. ungrammatical) � 2 (Prime type: sur-
name vs. random letter) � 2 (Structural knowl-
edge attribution: conscious vs. unconscious)
ANOVA (n � 65)1 on the proportion of strings
accepted as grammatical in the current experi-
ment revealed no significant main effect of
prime. The overall accepted proportion of trials
following the surname prime was .439 and fol-
lowing the random letter prime was .437, F � 1.
The difference reported by Ziembowicz et al.
was taken as a rough estimate of the expected
effect size, should there be one; thus the alter-
native hypothesis was modeled as a half-normal
with the SD set to the mean found by Ziembo-

wicz et al. The obtained difference (.002, SE of
the difference � .014) yielded B � 0.14. In
contrast to Ziembowicz et al., our data favor the
null hypothesis that the surname prime did not
increase the acceptance of strings as grammat-
ical.

Discussion

The effect of priming on familiarity ratings
obtained in Experiment 1 was not replicated in
Experiment 2. In fact, for this same ratings task
we obtained substantial evidence for the null for
unconscious structural knowledge attributions
and for familiarity collapsed over structural
knowledge types. The key procedural difference
between Experiments 1 and 2 was that in Ex-
periment 2 the familiarity judgments were
placed into a wider decision context where the
underlying grammatical structure of the strings
was made salient. The results are consistent
with the notion that the task context can result in
the unconscious selection or exclusion of dif-
ferent sources of familiarity; in Experiment 2,
the irrelevant source of familiarity differences
resulting from the subliminal prime no longer

1 Here an expected main effect of grammaticality was
also obtained. The proportion of grammatical strings ac-
cepted as such was significantly higher than that of ungram-
matical strings, F(1, 64) � 93.31, p � .001. There was also
a significant Structural knowledge attribution � Grammati-
cality interaction, F(1, 64) � 12.58, p � .001. The differ-
ence between the proportion of accepted grammatical and
ungrammatical strings was higher for conscious than uncon-
scious structural knowledge attributions. Other Fs � 1.15.

Figure 4. Mean discrimination, d=, and response criterion, C, as a function of prime type and
structural knowledge type in Experiment 2. Bars show �1 standard error.
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influenced explicit familiarity ratings. Follow-
ing the familiar prime, participants also reported
a small (2% of trials), but significant, increase in
reliance on conscious structural knowledge than
following the unfamiliar prime. Although this is
only a preliminary result, a free-floating feeling
of familiarity could enhance conviction in sa-
lient recollections or hypothesized rules
whereas an unfamiliar context decreases this
conviction, or disrupts conscious access to
stored knowledge. Note that this does not imply
disruption of accurate conscious structural
knowledge as we did not obtain evidence for
changes in discrimination; rather, priming could
affect the subjective experience of applying
knowledge or give the illusion that responses
are based on memory, rather than intuitions. In
other words, the prime resulted in a change in
metacognitive criterion between conscious and
unconscious structural knowledge attributions,
but not response criterion as in endorsement or
rejection of sequences. Future research could
investigate this further.

General Discussion

There was a striking difference in the effects of
priming with familiar and unfamiliar stimuli be-
tween the current experiments. Averaging over
grammaticality, the effect of the surname prime
versus random prime on familiarity ratings was
significantly different between Experiment 1 and
Experiment 2, t(100) � 2.11, p � .037, Cohen’s
d � 0.53. Using an indirect test of knowledge in
Experiment 1, priming did influence subjective
reports of familiarity, that is, metacognitive expe-
rience. This finding is consistent with the notion
that the context under which judgments (e.g., reg-
ularity, memory) are made can be biased by irrel-
evant, global factors (Goldinger & Hansen, 2005;
Ziembowicz et al., 2013). In contrast, however,
this effect vanished in Experiment 2 where the
ratings of familiarity occurred in a wider decision
context highlighting the salience of the grammar
structure. This prima facie contradicts a number of
studies, which have shown conditions designed to
increase fluency do influence recognition or clas-
sification judgments (e.g., Jacoby & Whitehouse,
1989; Topolinski & Strack, 2009; Whittlesea et
al., 1990). Our familiarity manipulation is, how-
ever, different from these fluency manipulations.
Whereas the fluency manipulations aim to influ-
ence the processing of the target stimulus, our

manipulation sought to generate a feeling of fa-
miliarity from an entirely unrelated source. It ap-
pears that, where the familiarity source is distinct
and unrelated to the goal of the conscious task,
then that source can be excluded even where the
source itself is not consciously perceived.

The apparent importance of the conscious
context is consistent with previous findings. Jo-
hansson (2009) found perceptual primes in-
creased claims of grammaticality in AGL only
under speeded conditions designed to increase
nonanalytic processing (and consequently re-
duce conscious task focus). Similarly, Mealor
and Dienes (2012, 2013b) found that people
tend to dwell on their response to get the most
from their familiarity-based knowledge when
given the opportunity to do so (see also Dew-
hurst, Holmes, Brandt, & Dean, 2006, for sim-
ilar interpretations of recognition memory data).
It is quite possible that participants in Experi-
ment 2 were operating in a more analytical
frame of mind than in Experiment 1, given the
additional task demands, and this additional
precision impedes the influence of irrelevant
familiarity signals. This perhaps reflects a need
for conscious focus to facilitate unconscious
selection of the most relevant information
sources. But what is the target of this focus?
Our aim was to investigate free-floating famil-
iarity with respect to the reported conscious
status of structural knowledge; therefore, both a
classification and structural knowledge attribu-
tion were required in Experiment 2. Thus it is
possible that familiarity signals from the gram-
mar strings became the most salient source of
familiarity in the decision context once partici-
pants knew about the existence of grammars, or
it could be that the introspective decision in-
creased participants’ sensitivity to grammar
string familiarity. Furthermore, it is possible
that participants experience multiple types of
familiarity (e.g., Type A related to the prime
and Type B related to grammaticality deci-
sions), which became confounded in Experi-
ment 1 but could be selected appropriately in
Experiment 2 (cf. Wan et al., 2008), perhaps
when participants realized that differences in
subjective familiarity could distinguish gram-
maticality (Scott & Dienes, 2010a). Or it could
be that the change in task set means that one
phenomenologically single type of subjective
familiarity is triggered by different environmen-
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tal structures. Future work could disentangle
these possibilities.

In Experiment 1, participants’ familiarity rat-
ings were swayed by an unrelated and uncon-
sciously perceived source. Experiment 1 thus
demonstrated that the structural basis of a feel-
ing of familiarity can be unconscious, as postu-
lated by Norman et al. (2006, 2011) and Dienes
et al. (2011), and contrary to skeptics of the
existence of unconscious knowledge (e.g., Du-
lany, 2012). In Experiment 2, the right con-
scious task context permitted the unconscious
familiarity source to be excluded from influ-
ence. Experiment 2 thus demonstrates that peo-
ple have some metacognitive control over
which sources of familiarity are exploited. An
area for future research is the extent to which
feelings of familiarity can be used to progres-
sively explicate knowledge by a continuing re-
focusing on the sources providing it, as postu-
lated by Scott and Dienes (2010a). Relatedly,
the current results speak against familiarity
showing its influence automatically (as in Ja-
coby, 1991), as the same priming procedure
produced strikingly different results between
the two experiments. In fact, Experiment 2 may
be indicative of a form of unconscious strategic
control. Previous studies, which have provided
evidence for strategic control of unconscious
structural knowledge (Mealor & Dienes, 2013a;
Norman et al., 2011; Wan et al., 2008), showed
that conscious feelings of familiarity based on
unconscious structural knowledge could be ap-
plied strategically when participants were in-
structed to do so. The current results extend
those findings to include strategic control over
the influence of subliminal sources of informa-
tion (cf. Armstrong & Dienes, 2013, for sublim-
inal priming). A difference between the latter
case and the current study is that for Armstrong
and Dienes there seemed to be an unconscious
intention to exclude (as with hypnosis; Dienes,
2012b), but there is no reason to postulate an
unconscious intention here: Participants inten-
tionally intend to respond to grammaticality and
a consequence of that is excluding extraneous
sources.

Finally, to date, relatively little published re-
search has investigated the effects of priming in
AGL, particularly with a focus on whether
structure can be acquired without conscious per-
ception (cf. Bornstein, 1994). Newell and
Bright (2003) presented training strings for 100

ms and found that the same strings represented
at test were endorsed more often than baseline,
but novel strings from the same grammar were
not. Although the primes used by Newell and
Bright cannot be considered subliminal, recent
work by Armstrong and Dienes (2013) showed
that people are sensitive to syntactical negation
rules at levels reliably below subjective aware-
ness. Thus sufficiently sensitive tests could, in
principle, demonstrate more sophisticated capa-
bilities of unconscious cognition.
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