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Warmth of familiarity and chill of error: Affective
consequences of recognition decisions

Andrey Chetverikov

Department of Psychology, St Petersburg State University, St Petersburg, Russia

The present research aimed to assess the effect of recognition decision on subsequent affective
evaluations of recognised and non-recognised objects. Consistent with the proposed account of post-
decisional preferences, results showed that the effect of recognition on preferences depends upon
objective familiarity. If stimuli are recognised, liking ratings are positively associated with exposure
frequency; if stimuli are not recognised, this link is either absent (Experiment 1) or negative
(Experiments 2 and 3). This interaction between familiarity and recognition exists even when
recognition accuracy is at chance level and the “mere exposure” effect is absent. Finally, data obtained
from repeated measurements of preferences and using manipulations of task order confirm that
recognition decisions have a causal influence on preferences. The findings suggest that affective
evaluation can provide fine-grained access to the efficacy of cognitive processing even in simple
cognitive tasks.

Keywords: Preferences; Recognition; Mere exposure; Affect; Familiarity.

Our everyday experiences and the works of
psychologists tell us that our choices can influence
our preferences. All things being equal, in the face
of uncertain decisions we like the things we choose
more than the things we reject (Brehm, 1956);
arguments we select to prove our point seem more
valuable than the ones we ignore (Simon, 2004);
and chosen colleges seem to be more attractive
than the rejected ones (Lyubomirsky & Ross,
1999). In general, there seems to be a post-
decisional “spread of alternatives”, with chosen
items becoming more attractive and non-chosen
items becoming less attractive (e.g., Mather,
Shafir, & Johnson, 2000, 2003; Shamoun &

Svenson, 2002; Simon, Krawczyk, & Holyoak,
2004; Svenson & Benthorn, 1992). The evidence
referred to above is based entirely upon complex,
real-life decision making. Thus, it is unclear
whether such findings generalise to studies invol-
ving simpler tasks, for example, recognition,
categorisation, or visual search.

The fact that decision effects have been little
researched in simple tasks intuitively makes sense:
In social and economic decisions the changes in
preferences seem to be constrained to those
situations where there is a conflict of values. For
example, compared to one job offer, another can
promise a good salary but minimal time off for
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vacation or fewer opportunities for promotion. As
there is no obvious conflict of values in simple
tasks, why should there be changes in liking of
alternatives?

The present research investigated one specific
example of post-decisional preferences, namely,
the influence of recognition decision—have I seen
it before or not?—on subsequent preferences. Our
thesis is that, like more complex decisions, recog-
nition decisions involve choosing between com-
peting hypotheses (Allakhverdov & Gershkovich,
2010; Bar & Neta, 2008; Bruner, 1957). This
process results in positive affect when the chosen
hypothesis is confirmed, and in negative affect
when it is rejected. Two existing alternative
theoretical accounts—the fluency attribution
model and the uncertainty reduction model—
make different predictions with regard to the
recognition–preference relationship.

The predictions of all three accounts were
tested in a meta-analysis of previously published
data and in three novel experiments.

Hypotheses testing model

It is now widely acknowledged that one of the
most persistent principles of operation for our
brain is prediction testing (Allakhverdov &
Gershkovich, 2010; Bar & Neta, 2008; Bruner,
1957; Clark, 2013; Gregory, 1970; Hohwy, 2012).
The model proposed here is based on the idea that
affect indicates accuracy of the predictions made
by our brain. These predictions, or hypotheses, can
be relatively simple, such as “The object I see is an
apple”, or more elaborate, “I should go to work
now because I will be able to escape traffic jams”.
Even in absence of external feedback the accuracy
of predictions can be estimated on the basis of
their consistency, that is, whether they are in
agreement with predictions made on the basis of
other data or using a different sort of analysis.

For example, if an object smells like an apple,
looks like an apple, and we are told that it is an
apple, then those predictions are accurate, because
there are no inconsistencies between them.1 Con-
sequently, because consistency indicates accuracy,
such predictions will be reinforced by positive
affect. Conversely, if the object looks like an apple
but smells like beef, and we are told that it is a
cucumber, then the predictions are inconsistent,
and we will experience negative affect. In sum, this
model holds that accuracy of predictions is rein-
forced, positively or negatively, by affective feed-
back (cf. Ramachandran & Hirstein, 1999). This
approach is consistent with neurophysiological
data on error-monitoring: Negative affect is corre-
lated with greater error-related negativity (ERN),
a negative deflection on electroencephalography
observed after approximately 60–100 ms of mak-
ing an error (Chiu & Deldin, 2007; Hajcak,
McDonald, & Simons, 2003, 2004; Holmes &
Pizzagalli, 2008; Luu, Collins, & Tucker, 2000).

Although the present model is not domain-
specific, it can be used to predict the dynamics of
preferences in the recognition task. The hypo-
thesis testing model suggests that affective evalu-
ation of an object in relation to its objective
familiarity2 and recognition will be determined
by three components that can be linked to the pre-
decisional, decisional and post-decisional stages of
a recognition task. Of particular relevance to the
current research is the third, post-decisional, stage.
However, all three should be accounted for in
order to correctly describe the complex interaction
of objective familiarity, recognition and affect.
Thus, all three stages are outlined below.

The pre-decisional stage

First, even before we engage in a recognition task,
we need to perceive the stimulus; in other words,
both during the initial learning phase of the
experiment and during the recognition phase we
have to decide “what is this object?” The

1These predictions, of course, can contradict real data, as when we have an elaborated hallucination, but we will not know it.
2 The author uses the operational definition of “objective familiarity” as a total time of previous processing of an object
starting with zero. This definition includes both novel and old stimulus in a single continuum.
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hypotheses testing model holds that this process
consists of making predictions based on our
previous experience and on the perceptual data
available to us. The more familiar an object is to
us, the easier it is to make correct predictions
about it. Thus, the number of correct predictions
about an object will increase as our familiarity with
that object increases. In turn, liking will also
increase. In contrast, when we are forced to
continue our interaction with an object but cannot
make any novel and correct predictions about it,
we will begin to dislike it. This dynamic, deter-
mined by the ratio of successful to unsuccessful
novel predictions, has an inverted U-shaped func-
tion (Figure 1A, dotted line), and has been
observed in many previous studies (Berlyne,
1970; Heyduk & Bahrick, 1977; Lee, 2001;
Nordhielm, 2002; Stang, 1975).

The decisional stage

Second, when we engage in a recognition task, we
put forward a task-relevant hypothesis. The most
natural candidate for such hypothesis is the
hypothesis “I’ve seen this object”, assuming that
participants treat old items as “targets” that should

be detected on the background of “non-targets”,
i.e., novel items (see Vilberg & Rugg, 2008, 2009,
for a similar assumption). We decide whether the
hypothesis is correct on the basis of the feedback
we receive about hypothesis accuracy. In the
present account, the feedback takes the form of
positive or negative affect.

In an ideal situation, this feedback will be
directly mapped to a decision, although it can be
distorted by external constraints (for example,
“Both objects look unfamiliar, but I still have to
choose one”) or by interference with “task-irrelev-
ant” affect. It is hard to separate the affect arising
from one source from the affect arising from other
sources (Monahan, Murphy, & Zajonc, 2000;
Murphy & Zajonc, 1993; Schwarz & Clore,
1983). Consequently, the recognition decision
will be biased in favour of more positive objects
(Figure 1A, grey lines). This bias is thoroughly
documented in the existing literature (Baudouin,
Gilibert, Sansone, & Tiberghien, 2000; Claypool,
Hall, Mackie, & Garcia-Marques, 2008; Cor-
neille, Monin, & Pleyers, 2005; Garcia-Marques,
Mackie, Claypool, & Garcia-Marques, 2004,
2010; Lander & Metcalfe, 2007; Monin, 2003;
Monin & Oppenheimer, 2005; Phaf & Rotteveel,
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Figure 1. Predictions of hypotheses testing model, fluency attribution model, and uncertainty reduction model. Notes: Dotted lines

represent average liking of object as a function of exposure time. Solid lines and dashed lines represent liking of recognised and non-

recognised items, respectively. For hypotheses testing model grey solid and dashed lines represent liking of recognised and non-

recognised items with respect to affective bias and without addition of post-decisional changes (these are included in order to clarify

the construction of resulting function).
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2005; Rotteveel & Phaf, 2007). The presence of
such bias suggests that all stimuli, novel and old,
should be liked more when they are recognised.

The post-decisional stage

Finally, according to the hypothesis testing model,
the recognition decision itself is not the end point
of analysis, but a prediction. Consequently, con-
sistency of the decision with other available data is
checked. The result of this check also serves as a
source of positive or negative affect. Since incor-
rect answers are, by definition, more likely to
contradict available data, they are related to a lesser
degree of consistency between different hypotheses
than are correct answers. The amount of data—
which will be either consistent or inconsistent with
the recognition decision—also increases with
exposure time; thus, the effect of recognition
decision on preference will be stronger for items
that have longer exposure times (Figure 1A, black
lines). For novel items and items presented for a
very short time, any decision (i.e., both “Recog-
nise” and “Don’t recognise”) will be equally
supported by the data available, because the
underlying distributions of memory strengths are
similar (cf. Criss, 2009); thus the effect of any
decision will be small. In contrast, for items with
longer exposure times, a decision effect will be
evident. Specifically, we predict that there will be a
post-decisional change in the affective evaluations
of objects in recognition tasks, as the decision will
be tested for consistency with the available data.

Besides neurophysiological data on error mon-
itoring (Hajcak et al., 2004; Holmes & Pizzagalli,
2008; Luu et al., 2000) our account of post-
decisional changes in preferences is also consistent
with predictions deriving from “cognitive disson-
ance” theory (Festinger, 1957; Harmon-Jones &
Harmon-Jones, 2003, 2007; Harmon-Jones &
Mills, 1999). Like the hypothesis testing model,
“cognitive dissonance” theory supposes that
inconsistent cognitions lead to negative affect,
which, in turn, motivates post-decisional changes
in preferences (Harmon-Jones, 2000). However,
the dissonance model supposes a motivational
conflict and has been applied mostly to the

domain of social behaviour. To date, no systematic
empirical research has examined whether the
selection or rejection of hypotheses influences
post-decisional preferences in simple cognitive
tasks.

To sum up, the hypotheses testing model allows
to explain different findings related to recognition
decision, such as the dynamics of preferences as a
function of previous exposure or affective biases,
and to predict novel findings, namely, the interac-
tion effect of recognition decision and objective
familiarity on preferences. According to the hypo-
theses testing model, the difference between recog-
nised and non-recognised objects on liking for
those objects should be more pronounced under
conditions of longer stimulus exposure.

Alternative accounts

Fluency attribution model

The fluency attribution model (Bonanno & Stil-
lings, 1986; Bornstein & D’Agostino, 1992, 1994;
Jacoby, Kelley, & Dywan, 1989; Seamon, Brody,
& Kauff, 1983) suggests a two-step process for the
explanation of the relationship between recogni-
tion, familiarity, and preferences:

1. The objective familiarity of an object leads
to an increase in estimated fluency of
processing.

2. This fluency is either correctly attributed to
previous engagement with stimuli, or
incorrectly attributed to other sources,
including affect.

Support for this model comes largely from
studies that manipulate ease of processing.
Reber, Winkielman, and Schwarz (1998) varied
the fluency of stimulus processing by presenting
matching or mismatching primes before the
stimuli, changing figure–ground contrast, and
varying presentation duration. In all cases, the
more fluently stimuli were processed, the more
pleasant they were for participants. Winkielman and
Cacioppo (2001) obtained similar results using not
only subjective ratings but also electromyography,
thereby confirming that the observed change in
preferences is a genuine emotional reaction. In
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addition, many results from different empirical stud-
ies of preferences can be explained using the concept
of fluency, including the effects of prototypi-
cality (Halberstadt, 2006; Halberstadt & Rhodes,
2000; Winkielman, Halberstadt, Fazendeiro, &
Catty, 2006), conceptual priming (Labroo, Dhar, &
Schwarz, 2008; Lee & Labroo, 2004), and implicit
learning (Gordon & Holyoak, 1983; Newell &
Bright, 2001; Zizak & Reber, 2004).

The attribution step of the fluency attribution
model has also been tested. Consistent with
predictions, a meta-analysis by Bornstein and
D’Agostino (1992) demonstrated that, compared
to supraliminal exposures, subliminal exposures
(which, supposedly, prevent participants from
attributing their fluency to previous experience)
led to greater liking. Bornstein and D’Agostino
(1994) directly varied the information about pre-
vious exposure. They argued that if subjects know
that they have seen the stimuli before, they will
attribute their feelings to the familiarity of the
stimuli and not to liking. In agreement with the
predictions, when participants were told that they
had already seen the stimulus, they liked it less
compared to when they were told that they had
not seen it before. However, a similar study
conducted by Lee (1994) led to opposite results
(see the description in the next section).

To sum up, there is strong support for the idea
that ease of stimulus processing can increase both
liking and recognition, and some support for the
idea of attribution of fluency to preferences. Two
predictions can be derived from the fluency
attribution model: First, objective familiarity
should increase preference ratings both for recog-
nised and for non-recognised items; second,
recognised items should be liked to a lesser extent
than non-recognised items because part of the
fluency is attributed to recognition. These predic-
tions are schematically displayed in Figure 1B,
and duplicate those made by Bornstein and
D’Agostino (1994) and Lee (1994).

Uncertainty reduction model

The uncertainty reduction model is based on the
works of Berlyne (1966, 1970). Berlyne’s theory

suggests that liking is dependent on the amount of
arousal evoked by stimuli, with stimuli being liked
best when they create a moderate amount of
arousal. Novel—especially complex—stimuli are
likely to “engender uncertainty, conflict, disori-
entation” (Berlyne, 1966, p. 285) and create
excessive levels of arousal and negative affect.
Levels of arousal gradually decrease over time, in
turn leading to more positive stimulus appraisals.
Lee (1994, 2001) suggested that both objective
familiarity and recognition help to reduce uncer-
tainty, which, in turn, leads to greater (perceived)
stimulus attractiveness. The predictions of this
model are schematically presented in Figure 1C,
and duplicate those made by Lee (1994).

Using the same manipulations of the informa-
tion about previous exposure as Bornstein and
D’Agostino (1994), Lee (1994) has obtained the
opposite results. That is, the “old” stimuli were
evaluated as more pleasant than the “new” stimuli,
thus supporting the predictions of the uncertainty
reduction model. Later, Lee (2001) suggested that
this discrepancy stems from the ambiguous nature
of the instructions. To avoid such ambiguity, she
studied the influence of participants’ own recog-
nition decisions (without any additional instruc-
tions concerning stimulus familiarity) and found
support for the predictions of the uncertainty
reduction model and no support for fluency
attribution—both in analysis of previous studies
and in her own experiments. Similar results
have been obtained in two experiments by Chenier
(2010).

However, the interpretation of the depend-
ency between recognition and affect in the
uncertainty reduction model is somewhat prob-
lematic. Why does recognition result in enhanced
preferences? Using the notion of uncertainty
reduction, one could suggest that any recognition
decision should lead to increased liking, since
any decision makes the situation more certain.
Nevertheless, although empirical testing of this
model has been limited, the data on recognition
decisions seem to be more consistent with the
uncertainty reduction model than the fluency
attribution model.

AFFECTIVE CONSEQUENCES OF RECOGNITION DECISIONS
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To test the predictions of the three models, the
remainder of this paper starts with a meta-analysis of
studies on the relationship between recognition,
objective familiarity, and preferences. The paper then
moves on to present the results of three experiments
that directly tested the predictions of the models.

META-ANALYSIS OF FAMILIARITY
AND RECOGNITION EFFECT ON
PREFERENCES

Method

To provide a first test of the proposed model, a
meta-analysis of previous studies was conducted.
Lee’s (2001) paper served as a starting point for
the literature search for papers that included both
information about the effect of recognition on
preferences and information about the effect of
objective familiarity on preferences.3 The available
electronic databases (Scopus, Google Scholar,
Web of Science) were then scanned. Finally,
relevant PhD dissertations (available from the
ProQuest database) were searched. Only studies
that used participants’ own recognition judge-
ments were included in the meta-analysis—studies
that tried to manipulate recognition either directly
or indirectly, were excluded. In total, nine studies
were found which described the results of 17
experiments or 27 experimental conditions (total
N = 691) (Anand, Holbrook, & Stephens, 1988;
Anand & Sternthal, 1991; Chenier, 2010; Lee,
2001; Matlin, 1971; Obermiller, 1985; Seamon
et al., 1983; Wang & Chang, 2004; Wilson, 1979).

The chosen unit of analysis was experimental
condition—specifically, each comparison between
recognised and non-recognised targets and foils.
Experiments or papers were not selected as units
of analysis because their aggregation can obscure
important differences and because for two papers
(Anand & Sternthal, 1991; Obermiller, 1985) it
was impossible to correctly aggregate data across
conditions.

Meta-analytic technique

Data were analysed as follows. First, using stand-
ard formulas provided in textbooks (Borenstein,
Hedges, Higgins, & Rothstein, 2009; Card, 2011)
d index (a measure of effect size) for the effect of
recognition on preference and its standard devi-
ation were computed both for targets and foils.
For the computation of d for Wilson (1979), it
was assumed that for preference SDHits = 0.9SDFA

and that SDMisses = 1.2SDCR. This assumption is
based on the average SD from other studies included
in the meta-analysis and above-chance accuracy in
this study. Without this assumption it would not
have been possible to compute separate SDd for
targets and foils. For Seamon et al. (1983) dCox was
used, which is a good alternatives to d for dicho-
tomous dependent variable data (Sánchez-Meca,
Marín-Martínez, & Chacón-Moscoso, 2003).

Next, a random-effect linear regression analysis
was conducted using the metafor package in R
(Viechtbauer, 2010). Recognition served as the
independent variable and objective familiarity as a
moderator variable.

The results of the analysis are presented in
Figure 2. The overall amount of heterogeneity in
studies, τ2 = .40, was significantly above zero,
QE(54) = 293.41, p < .001, and the overall effect
size of recognition was positive, that is, recognised
items were liked more than non-recognised ones,
B = 0.37, 95% CI [0.19, 0.56], z = 3.95, p < .001.
The addition of the moderator variable (objective
familiarity) explained 7% of the total heterogen-
eity, leaving a significant amount of heterogeneity
to be explained by other variables, τ2 = .37, QE(54)
= 264.40, p < .001.

As evident from the plot, most studies yielded
small to moderate effect sizes. The total effect of
recognition for targets was significantly above
zero, B = 0.55, 95% CI [0.30, 0.80], z = 4.29,
p < .001. On the contrary, the total effect of
recognition for foils was not significantly different
from zero B = 0.18, 95% CI [−0.07, 0.44],

3Dr Lee also generously provided additional data, which was necessary for the proper analysis of the results of the
experiments reported in her paper.
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Figure 2. Results of the meta-analysis of the relationship between objective familiarity, subjective familiarity, and preferences. Note: Values above zero indicate that recognised objects were

evaluated more positively than non-recognised objects. Bars indicate 95% confidence intervals. The sizes of data points reflect their relative weight in the meta-analysis. The weights and

summary effect sizes were computed using random-effect linear modelling
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z = 1.39, p = .163. The difference in effect size
between targets and foils was also significant B =
0.37, 95% CI [0.01, 0.73], z = 2.00, p = .045.

Discussion

The results of the present meta-analysis show that
recognition increases liking for targets more than for
foils. This finding is consistent with the predictions
of the hypotheses testing model. The present
findings offer partial support for the uncertainty
reduction model, since the effect of recognition is
positive both for targets and for foils (albeit the effect
is non-significant for the latter). Our meta-analytic
findings offer no support for the fluency attribution
model, because it predicts that recognised items
should be liked less than non-recognised items, and
exactly opposite was observed.

The effect of target exposure frequency was
evaluated in only one study. Obermiller (1985)
reported that for stimuli presented six times the
effects of recognition were more powerful than for
stimuli presented one, two, or three times. When
the stimuli were correctly recognised, six exposures
produced higher ratings, while when they were not
recognised, the ratings for stimuli with one to three
exposures were higher. This pattern is also in favour
of the hypotheses testing model, and contrary to
the predictions of the fluency attribution account.

In addition to the usual problems associated
with meta-analysis, such as heterogeneity of stud-
ies, previous studies had some methodological
limitations that might have confounded the find-
ings obtained. First, the majority of studies
included recognition judgements and preference
judgements simultaneously, that is, for each
stimulus participants made recognition judgement
immediately after or immediately before prefer-
ence judgement. When participants realise that
two judgements have to be made, they can
implicitly make recognition judgements before or
after preference judgements, without regard to the
order suggested by experimenter. Obviously, when
recognition judgement happens after preference
judgement, the former cannot influence the latter.
Thus, on average, the effect of recognition
decision on preference could be diminished, as

when it happens after preference judgement. The
presence of confidence judgements in some of the
studies adds a further complication: Participants
might resolve the conflict associated with incon-
sistent prediction by using “guess” or “not sure”
ratings of confidence. Finally, the studies included
in the present review included a variety of variables
that might moderate the effect of recognition on
preferences, including lateralised presentation,
stimulus type, and focus of attention. While
additional research is required to test the role of
such moderators, the present findings provide at
least preliminary support for the hypotheses test-
ing model.

EXPERIMENT 1

The overall aim of Experiment 1 was to test the
predictions of the three models outlined above.
According to the fluency attribution model,
recognised items will be less liked than non-
recognised items. In contrast, the uncertainty
reduction model predicts that recognised items
will be liked more than non-recognised items.
Finally, the hypotheses testing model predicts that
there should be an interaction between recognition
and objective familiarity on preferences, such that
recognised items will be liked more than non-
recognised items but that this difference will be
greatest at high levels of stimulus exposure.

The experiment was divided into two blocks,
with half of the participants receiving the same
stimuli for memorising, recognition and prefer-
ence judgements twice (“repeated blocks” condi-
tion). This was done in order to compare liking for
stimuli before the second recognition decision
with liking for stimuli after the second recognition
decision. For the other half of the sample, the
stimuli in the second block were novel (“different
blocks” condition). This design allows three main
types of analysis: Analysis of preferences in the
first block, comparison between preferences in the
first and the second block in “repeated blocks”
condition, and comparison of preferences between
conditions in the second block. The predictions
for preferences in the first block are already stated
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above. With regard to the second and third types
of analysis both fluency attribution and uncertainty
reduction accounts predict that in the “repeated
blocks” condition, regardless of the recognition
decision, stimuli preference should increase in the
second block as a result of greater processing
efficiency and less uncertainty (due to increased
objective familiarity). Thus, a comparison of
preferences between blocks in the “repeated
blocks” condition should demonstrate an overall
increase in preferences for target items, with more
often presented items liked more than less pre-
sented ones. Likewise, a comparison between
conditions in the second block should demonstrate
an interaction between condition and exposure
frequency, with more often exposed stimuli pre-
ferred more in the “repeated blocks” condition. In
both cases, the effect of recognition should be the
same as in the first block, and it should not
interact with condition or exposure frequency.

Conversely, the hypotheses testing model predicts
that as well as in the first block, preferences in the
second block depend on a recognition decision.
Consequently, when comparing preferences between
blocks, there should be an interaction between
recognition and exposure frequency. More often
presented stimuli should be evaluated more posi-
tively, if they are recognised, and more negatively, if
they are not recognised. Accordingly, the compar-
ison of preferences between conditions should dem-
onstrate a three-way interaction between condition,
recognition and exposure frequency.

The experiment was conducted via the internet
using custom JavaScript software. Although inter-
net-based studies are generally considered to be
more “noisy” than laboratory studies, this opinion
is not supported by several attempts to directly
investigate this issue (Keller, Gunasekharan,
Mayo, & Corley, 2009; Lewis, Watson, & White,
2009; Reimers & Stewart, 2007). Moreover, the
main units of analysis were simple choices or
ratings of stimuli, which do not demand much
from the hardware equipment. Finally, any poten-

tial increase in random noise is compensated for
by a large sample size.

Method

Design. The experiment utilised a 2 × 2 × 4 × 2
design with one between-group variable (Condi-
tion: “different blocks” vs. “repeated blocks”), and
three within-subject variables (Block: 1 vs. 2;
Exposure Frequency: 0, 1, 5 or 9 exposures; and
Recognition: recognised vs. non-recognised). This
design is commonly utilised in studies of mere
exposure except that in the present experiment the
preference and recognition phases were separated.

Participants. Cases were excluded where: (1) the
participant stated that he or she had taken the test
before (or when the researcher had suspicions
that this might be the case due to the same IP
address, browser, operating system, and name–
sex–age information), or (2) the participant indi-
cated any type of technical problems (there were
two such comments). In addition, three partici-
pants were excluded as they had 10% or more
recognition answers with latencies below 500 ms,
and 13 were excluded as they spent more than 20
minutes completing the experiment. Pilot testing
demonstrated that these thresholds were reason-
able enough (see also the results section). Given
these exclusion criteria, data from 271 participants
were included in the analysis. All participants were
randomly assigned to one of two conditions. In the
“different blocks” condition there were 37 males and
99 females. In the “repeated blocks” condition there
were 35 males and 100 females. No incentives were
provided for taking part with the exception that
participants received feedback about the number of
items they correctly remembered.

Materials and procedure. Prior to the experiment,
participants completed a registration form in
which they indicated their name, age, and gender.
They were also asked to indicate whether they had
previously participated in the experiment.

4 Portions of the research in this paper use the FERET database of facial images collected under the FERET program,
sponsored by the DOD Counterdrug Technology Development Program Office.
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Information about time of participation, IP
address, web browser, and operating system was
also obtained. The latter data were collected only
for excluding cases where participants failed to
disclose that they had already participated in the
experiment.

Ninety-six coloured photographs (male, Cau-
casian) from the FERET database (Phillips,
Moon, Rizvi, & Rauss, 2000; Phillips, Wechsler,
Huang, & Rauss, 1998)4 were cropped and
centred on the face. The background was changed
to white; the brightness of photographs was
manually adjusted to approximately equal values.
For each participant, the images were randomly
divided into two equal blocks (48 stimuli per
block). Thirty-six of the stimuli in each block were
presented for memorising one, five or nine times
(12 stimuli per exposure frequency). Each picture
was presented for 300 ms, with a 100 ms interval
between presentations of the stimuli. Participants
were instructed to watch carefully and try to
remember as many stimuli as they could. Presenta-
tions of the same stimuli were separated by at least
two different stimuli. The remaining 12 stimuli
served as foils in the recognition and liking phases.

Participants were then given a recognition task.
They were instructed to press the “right arrow”
key if the stimulus had been seen before and the
“left arrow” if it had not been seen before.
Participants were encouraged to “decide as quickly
as you can, although trying to be accurate”. After
the recognition task, participants were required to
evaluate the same stimuli (in a randomised order)
on “liking” and “pleasantness” using a 4-point
scale (from Unpleasant, don’t like to Pleasant, like).
Finally, this procedure was repeated using the
second (novel) block of stimuli for participants in
the “different blocks” condition, and was repeated
using the same stimuli (in random order) for
participants in the “repeated blocks” condition.
After the experiment, participants were asked to
comment on what they liked and did not like
about the experiment, whether they had experi-
enced any technical or other problems, and any-
thing else they wished to comment on. No
participants in the “repeated blocks” condition
indicated that they were aware that the stimuli in

the second block were the same as those used in
the first block.

Results

The mean number of recognition answers with
latencies below 500 ms was 0.49, SD = 1.20. On
average, participants spent 11.2 minutes complet-
ing the experiment, SD = 2.0. This shows that the
excluded participants can be regarded as outliers,
as their parameters were outside the mean plus
three standard deviations border.

Recognition. Data with recognition or liking
latency times above the 98th percentile or below
the second percentile were excluded from sub-
sequent analyses. This cut-off was set in order to
remove the cases where subjects were distracted by
external factors or were answering randomly. Sec-
ond and 98th percentile is almost the same as ± 2
sigma without bearing the assumption of Gaussian
distribution. With the inclusion of these outliers,
the significance levels reported further are the same,
although confidence intervals are expectedly wider.

To test for an influence of frequency on
recognition, a logistic regression analysis was
conducted in which recognition was the depend-
ent variable and frequency, condition, and block
were the independent variables. There was no
significant difference between the conditions on
recognition accuracy in the first block, although
the beta value was approaching significance (B =
0.08, SE = 0.04, p = .058). The recognition rates
were positively associated with frequency of expos-
ure (B = 0.28, SE = 0.00, p < .001). Foils were
recognised in 35–45% of cases, while items
presented nine times were recognised in 79–91%
of cases, see Table 1. There were also significant
effects of block, B = −0.25, SE = 0.04, p < .001,
and the anticipated Block × Condition interaction,
B = 0.50, SE = 0.06, p < .001, see Table 2 for the
full regression model. These results show that in
the “different blocks” condition the overall prob-
ability of recognition decreased from Block 1 to
Block 2 (64% vs. 58% recognised), however, in the
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“repeated blocks” condition the reverse effect was
observed (65% vs. 70%).

Since participants in the “repeated blocks”
condition saw all stimuli in the recognition and
liking tasks twice, the overall increase in recogni-
tion is not surprising. The decrease in recognition
rates in the “different blocks” condition might be
explained by tiredness or increased interference
from the first block.

Preferences: Block 1. To analyse the nature of the
relationship between recognition and liking a linear
mixed effect regression (LMER) was conducted
using Block 1 preference ratings as the outcome
variable and recognition, exposure frequency, condi-
tion and their interactions as predictor variables.
Stimuli, especially faces, differ in their attractiveness,

and people may have different base levels and use
different strategies for attractiveness ratings. Unlike
analysis of variance (ANOVA) with by-subject
aggregation (the more traditional alternative data
analytic technique here) LMER takes this variation
into account by including random effects for
participants and items in the model (see Baayen,
Davidson, & Bates, 2008). ANOVA requires addi-
tional techniques such as parallel by-stimulus ana-
lysis and minF′ computation (Raaijmakers,
Schrijnemakers, & Gremmen, 1999), and these
techniques are inferior to the explicit control of
random variation implemented in linear mixed
models (Judd, Westfall, & Kenny, 2012). Moreover,
repeated-measures ANOVA requires a complete,
balanced array of data, but the data obtained here
were both unbalanced (participants made different
numbers of errors) and incomplete (data from some
participants were not available for some combina-
tions of Frequency × Recognition). Given these
considerations, LMER was chosen instead of
ANOVA with by-subject aggregation.

LMER analysis indicated that condition and its
interaction with recognition and frequency were not
significant; thus, condition was excluded from the
model. In the final model, results were in line with
predictions of the hypothesis testing model: there
was a significant effect of recognition, B = 0.07, 95%
CI [0.01, 0.13], p = .027, which was qualified by its
interaction with frequency, B = 0.02, 95% CI [0.00,
0.03], p = .020. There was no main effect of
frequency, B = 0.00, 95% CI [−0.01, 0.01], p =
.961. The nature of the interaction between recog-
nition and frequency was investigated via conducting
two separate regression analyses: one for recognised
items and one for non-recognised items, treating
frequency as a categorical variable and foils serving as
a baseline for comparison (“treatment” contrasts).
The obtained adjusted means and their confidence
intervals are shown in Figure 3. This analysis showed
that recognised items presented 5 or 9 times were
evaluated more positively than recognised foils (i.e.,
false alarms), see Table 3. There was no significant
effect of frequency for non-recognised items.

Finally, separate comparisons of liking ratings
for recognised items and non-recognised items at
different levels of exposure frequency showed that

Table 1. Recognition rates in Experiment 1

Block 1 Block 2

RR d' β RR d' β

Diff. blocks

0 exp. .35 .36
1 exp. .49 0.37 1.08 .46 0.24 1.06
5 exp. .79 1.18 0.79 .72 0.93 0.90
9 exp. .91 1.71 0.45 .79 1.16 0.76

Rep. blocks

0 exp. .36 .45
1 exp. .52 0.39 1.06 .60 0.37 0.98
5 exp. .81 1.25 0.72 .83 1.08 0.64
9 exp. .90 1.64 0.47 .90 1.44 0.43

Notes: N = 271; No. obs. = 23,976. 0–9 exp. = number of exposures;

RR = recognition rate, share of items judged to be seen before,

equal to false alarms in the case of foils and hits in the case of

targets; d′ = measure of discriminability; β = measure of bias.

Table 2. Logistic regression on recognition in Block 1 of
Experiment 1

B SE Z p

Intercept −0.36 0.03 −11.24 < .001
Frequency 0.28 0.00 57.72 < .001
Block (2 vs. 1) −0.25 0.04 −6.12 < .001
Cond. (rep. vs. diff.) 0.08 0.04 1.89 .058
Block × Condition 0.50 0.06 8.43 < .001

Notes: N = 271; No. obs. = 23,976.
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the effect of recognition was significant only for
items presented five times, B = 0.16, 95% CI
[0.05, 0.26], p = .003, and for items presented
nine times, B = 0.19, 95% CI [0.06, 0.35], p =
.010. There was no effect of recognition on
preferences for foils, B = 0.07, 95% CI [−0.03,
0.16], p = .165, and for items presented once the
effect was only approaching significance, B = 0.08,
95% CI [−0.00, 0.17], p = .067.

In addition, to show that the obtained effect
cannot be explained by the selection of stimuli that
differ in attractiveness, a by-stimuli analysis of
preferences was conducted. For each stimulus, the
difference in preference ratings between the cases
when it was recognised and non-recognised was
calculated. This analysis was conducted for each
level of exposure frequency. In contrast to by-subject
aggregation, there were zero empty cells so an
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Figure 3. Adjusted means for liking (left) and difference in liking between recognised and non-recognised stimuli with by-stimulus analysis

(right) in Experiment 1. Notes: Bars indicate 95% confidence intervals. (Non-)recognised items = items correctly or incorrectly judged to be

(not) presented earlier.

Table 3. Means and regression coefficients for liking in Block 1 and Block 2 of Experiment 1

Block 1 Block 2

Familiar Unfamiliar Familiar Unfamiliar

Mean B Mean B Mean B Mean B

0 exp. −0.25 −0.31 −0.22 −0.33
(0.07) (0.06) (0.07) (0.06)

1 exp. −0.19 0.06 −0.29 0.02 −0.16 0.06 −0.32 0.01
(0.06) (0.05) (0.06) (0.04) (0.06) (0.04) (0.06) (0.04)

5 exp. −0.16 0.10* −0.34 −0.03 −0.12 0.10* −0.40 −0.07
(0.06) (0.04) (0.07) (0.05) (0.06) (0.04) (0.07) (0.05)

9 exp. −0.07 0.18*** −0.33 −0.02 −0.07 0.15*** −0.25 0.08†

(0.06) (0.04) (0.09) (0.07) (0.06) (0.04) (0.07) (0.06)
Cond. 0.11† −0.13*

(0.06) (0.06)
No. obs. 7,678 4,305 7,667 4,326

Notes: N = 271. Values in parentheses denote standard deviations of means and standard errors of regression coefficients (B). For different exposure

frequencies regression coefficients are provided for comparison with base level (zero exposures). ***p < .001; **p < .01; *p < .05; †p < .10.
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analysis of preference difference with ANOVA was
possible. A one-way ANOVA showed a significant
effect of Exposure Frequency, F(3, 366) = 3.18, p =
.024. As shown in Figure 3, for foils recognition
decision had no influence on preferences. However,
target stimuli were evaluated more positively when
they were presented and recognised compared to
when they were presented but not recognised. This
difference monotonically increased from one to nine
exposures. As in this analysis initial attractiveness of
stimuli is fully controlled, it cannot be used to
explain the observed findings.

Preferences: Block 2. The analysis of preferences
in Block 2 was analogous to that conducted for the
Block 1 preferences (see Table 3 for means
ratings). All main effects were non-significant.
However, there was a significant two-way interac-
tion between recognition and condition, B = 0.14,
95% CI [0.02, 0.26], p = .017; a marginally
significant two-way interaction between frequency
and condition, B = −0.02, 95% CI [−0.05,
−0.00], p = .060; and a significant three-way
interaction between frequency, condition and
recognition, B = 0.03, 95% CI [0.00, 0.06], p =
.034. As liking of recognised items and liking of
non-recognised items were expected to differ
between conditions, separate linear mixed models
were created for liking of recognised stimuli and
liking of non-recognised stimuli in Block 2 using
frequency and condition and their interaction term
as predictors. The interaction was not significant
in either model, p > .1; thus, the models were
rebuilt to include only main effects.

For recognised items a significant effect of
frequency was found: Items presented five times,

B = 0.10, 95% CI [0.02, 0.17], p = .013, and those

presented nine times, B = 0.15, 95% CI [0.08,

0.23], p < .001, were rated more positively than

foils. The effect of condition was approaching

significance: recognised stimuli in the “repeated
blocks” condition were liked more than recog-

nised stimuli in the “different blocks” condition,

B = 0.11, 95% CI [−0.00, 0.23], p = .087. For

non-recognised items there was only a signific-

ant effect of condition: Non-recognised stimuli

were liked less in the “repeated blocks” condi-

tion than in the “different blocks” condition, B =

−0.13, 95% CI [−0.24, −0.02], p = .034. The

between-group differences for liking of recog-

nised versus non-recognised items are presented

in Figure 4.

Differences between liking of stimuli in the

first versus second blocks in the “repeated blocks”
condition were then analysed using LMER with-

out the intercept term. This is analogous to a two-

way comparison of difference with zero or a paired

Student’s t-test. As shown in Table 4 and Figure

4, the difference between Blocks 1 and 2 on liking

for non-recognised targets was significantly neg-

ative, t = −2.01, p = .044, targets that were not

recognised in the second block were evaluated

more negatively after the recognition decision than

before it. In contrast, recognised targets were

evaluated more positively, t = 2.98, p = .003. A

similar analysis conducted on the foils yielded no

significant results, indicating that either the effect

of recognition decision for foils was too small, or

that recognition decision has effects only in the

presence of new information.5

5Could it be that the obtained differences are due to the amplification of recognition decision? The decisional amplification
suggests that repeating the same decision is self-supporting, that is, the decision becomes faster and more confident. It is
possible that there is an amplification of preferences with repeated evaluation: positive items become more positive and
negative items become more negative. As recognition correlates with preferences this effect can be used to explain the
observed pattern of preferences for targets in Block 2. Still, it does not explain why amplification is observed only for targets.
The inclusion of random stimuli effects in LMER also decreases such a possibility. Nevertheless, an analysis of liking
differences equivalent to the one described above was conducted, using liking valence (positive vs. negative) in Block 1 as a
predictor. The results were quite clear: Preferences increased for initially negative stimuli, B = 0.50, SE = 0.03, t = 14.96, p <
.001, and decreased for initially positive stimuli, B = −0.53, SE = 0.04, t = −15.00, p < .001. This finding corresponds to a
regression to the mean effect and not to exaggerated ratings. Consequently, the amplification of preferences cannot explain
the previously described results.
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Discussion

The findings from this experiment provide sup-

port for the hypothesis testing model. There was a

significant two-way interaction between recogni-

tion and objective familiarity in the analysis of

preferences in the first block. The difference in

liking of recognised versus non-recognised items

was positively associated with exposure frequency.

Recognition had no significant effect on prefer-
ences for foils and targets presented one time.
However, its effect was significantly above zero for
targets presented five or nine times. The obtained
findings are against the predictions of fluency
attribution model, as no evidence of decreased
preferences for recognised items was found. They
are partially consistent with predictions of the
uncertainty reduction model as there was a positive
effect of recognition. However, this model cannot
explain why this positive effect was evident only
for items present for five or nine times.

In the second block, important differences were
found between liking ratings in the “repeated
blocks” condition—in which participants received
the same stimuli set for remembering, recognition,
and liking—and the “different blocks” condition,
in which participants received a novel set of
stimuli: Non-recognised stimuli were liked less
and recognised stimuli were liked more in the
“repeated blocks” condition. Likewise, comparison
of the preferences in the first block and the second
block in the “repeated blocks” condition revealed
that liking ratings increased for recognised targets
and decreased for non-recognised targets. That is,
after second presentation of the same stimuli,
participants evaluated these stimuli more nega-
tively if they failed to recognise them and more
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Figure 4. Adjusted means and their confidence intervals for liking in Block 2 of Experiment 1. Notes: Bars indicate 95% confidence

intervals. In repeated blocks condition participants remembered, recognised, and made preference judgements for identical stimuli in Block 1

and Block 2. In different blocks condition stimuli in Block 1 and Block 2 were different. Difference in liking is the difference between liking of

item in Block 2 and Block 1. “Recognised” and “Non-recognised” = recognition decision in Block 2.

Table 4. Linear mixed regression model for differences in
liking between Block 2 and Block 1 of Experiment 1
(“repeated blocks” condition)

B SE t p

Targets, No. obs. = 4,173

Non-recognised items
vs. 0

−0.08 0.04 −2.01 .044

Recognised items vs. 0 0.07 0.02 2.98 .003
Foils, No. obs. = 1,361

Non-recognised items
vs. 0

−0.02 0.04 −0.39 .700

Recognised items vs. 0 0.00 0.04 0.09 .931

Notes: Model is fitted without Intercept to provide a two-way

comparison of difference in liking with zero. Significant deviation

from zero in this model means that liking decreased (if regression

coefficient is negative) or increased (if regression coefficient is

positive) from Block 1 to Block 2.
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positively if they managed to do it. This pattern of
results is again in support of the hypothesis testing
model, as only this model predicts a three-way
interaction between condition, recognition, and
objective familiarity. It is inconsistent with the
predictions of the uncertainty reduction and flu-
ency attribution models, as they predict that both
recognised and non-recognised targets should be
evaluated more positively in the second block due
to increased fluency of processing or reduced
uncertainty.

The observed interactions also make evident
that the mere exposure effect itself is actually
dependent on recognition, at least in the present
study. Only for recognised items are preferences
positively associated with exposure frequency. On
the contrary, frequency of exposure had no effect
on preferences for non-recognised items in the
first block. Moreover, repeated exposure of the
same stimuli in “repeated blocks” condition even
led to a decrease in preference for non-recognised
targets.

The findings from this experiment corroborate
the results of the conducted meta-analysis and
provide further support for the hypotheses testing
model. However, some of them can be explained
by selection on the basis of preferences. If
participants recognised more pleasant items more
often, then with more exposures only less pleasant
items will remain non-recognised. Yet, the results
of by-stimulus analysis and of repeated liking
comparisons in the second block are hard to
explain on this basis. If participants evaluate the
same items, why would the liking ratings change
after the second recognition, especially given that
the direction of changes is opposite for recognised
and non-recognised items? Similarly, why would
the difference between the preferences for the very
same items when they are recognised and when
they are not recognised increase with increasing
numbers of exposures? Given the absence of
simple answers to these questions, an explanation
in terms of selection seems implausible.

In order to provide a further test for the
hypotheses testing model, a second experiment
was conducted that aimed to reduce the effect of
the pre-decisional stage on preferences and to

examine the causal role of recognition on prefer-
ences by varying task order.

EXPERIMENT 2

In order to provide a clearer demonstration of the
influence of recognition decision upon preference
ratings, that is, the influence of the post-decisional
stage, other sources of influence must be wea-
kened. Specifically, it is important to reduce the
influence of the pre-decisional stage, because like
the post-decisional stage its influence depends on
objective familiarity. Thus, in case of erroneous
non-recognition the preference ratings for often
exposed stimuli, on the one hand, will be positively
influenced by familiarity due to pre-decisional
stage, and, on the other hand, will be negatively
influenced by the post-decisional stage. Those
influences can compensate each other. Conse-
quently, the overall preference ratings will be
neutral, as happened for non-recognised items in
Experiment 1. Thus, a manipulation that attenuates
the effect of the pre-decisional stage is needed. In
other words, the attenuation of the mere exposure
effect is required. This is not an easy task as the
mere exposure effect is a robust phenomenon and
upholds under a variety of conditions—even the
most subtle of manipulations produces the effect
(Kunst-Wilson & Zajonc, 1980).

However, in the majority of the existing mere
exposure studies, stimuli have been presented at
intervals; yet, there is evidence to suggest that
when stimuli are presented without post-stimulus
intervals, memory for those stimuli is significantly
worse, even when the stimuli are easily remem-
bered when presented alone for the same duration
(e.g., Subramaniam, Biederman, & Madigan,
2000). Thus, this manipulation should diminish
the mere exposure effect, leaving the influence of
the recognition decision intact. So far as the
author is aware, this technique has been imple-
mented in only two studies to date, Whittlesea
and Price (2001) and Newell and Shanks (2007),
both of which involved a 40 ms exposure time.
Although Whittlesea and Price (2001) demon-
strated enhanced positive evaluation of items in the
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absence of recognition, providing support for the
robustness of the mere exposure effect, Newell and
Shanks (2007) demonstrated above chance recog-
nition in the absence of the mere exposure effect.
That is, in the latter study the effects obtained by
Whittlesea and Price (2001) were not replicated.
Thus, the question of the existence of the mere
exposure effect with short presentations and no
post-stimulus interval is still open.

In light of the above evidence and the difficulty
of perceiving items presented under such condi-
tions, in this experiment I expected a reduced
mere exposure effect in the presence of changes in
objects liking due to the recognition decisions
made. Consequently, the decrease in preferences
for non-recognised items with increasing fre-
quency of exposure should become significant.
That is, there should be an influence of recogni-
tion decision upon preference ratings even when
the mere exposure effect is attenuated.

The second goal of this experiment was to
examine the causal relationship between recogni-
tion decisions and preference judgements. Specif-
ically, the experiment examined whether
recognition decisions cause changes in preference
ratings, and whether preference ratings cause
changes in recognition decisions. If the predictions
of the proposed account of preferences are correct,
then the effect of recognition decision on prefer-
ences will be different from the effect of preference
judgements on recognition. The hypothesis testing
model predicts that the effect of recognition on
preferences will be moderated by exposure fre-
quency. In contrast, the strength of the effect of
preference ratings on recognition will not be
dependent upon exposure frequency.

The present experiment also used different face
stimuli to control for the potential confound of
stimulus-specific influence.

Method

Design. The experiment utilised a 2 × 2 × 2
design with Task Order (“recognition first” vs.
“preferences first”) as the between-group variable
and Exposure Frequency (1 vs. 5 exposures) and

Recognition (recognised vs. non-recognised) as
within-subject variables.

Participants. The exclusion criteria were the
same as those in Experiment 1, with the exception
that data were excluded when participant spent
longer than 15 minutes completing the experi-
ment. Five participants exceeded this time limit. A
further 15 were excluded as a result of giving more
than 10% of their answers with latencies below
500 ms. In total, 135 participants (35 males; 100
females; Mdnage = 22.5 years) voluntarily partici-
pated. As in Experiment 1, no incentives were
provided for taking part with the exception that
participants received feedback about the number
of correctly remembered items.

Materials and procedure. Experimental stimuli
were 88 photographs of faces (60 male; 28 female)
from The Psychological Image Collection at
Stirling (PICS; The Psychological Image Collec-
tion at Stirling, n.d.). The experiment consisted of
a training phase, in which the stimuli were
presented, and two test phases. In the training
phase, 44 randomly chosen stimuli were presented;
half of these were presented only once and the
other half were presented five times. This resulted
in a stream of 132 pictures. Exposures of the same
stimuli were separated from each other by at least
two different stimuli. Pictures were presented for
40 ms without a post-stimulus interval. Partici-
pants were instructed to watch carefully and to try
to remember as many stimuli as they could. On
both test phases participants completed a forced-
choice task: They were instructed to select either
the item they most preferred or the item they
thought was presented in the training phase from
one old and one new item. Task order was
balanced between participants: Participants either
first completed the preference task (“preferences
first”) or the recognition task (“recognition first”).
The number of male and female photographs was
counterbalanced across target and foil stimuli. The
two stimulus items were presented side by side;
the position of target stimuli was counterbalanced.
Participants were requested to press the “left
arrow” key or “right arrow” key to select a
stimulus. Decision time was unlimited. Stimulus
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pairs in both tasks were chosen randomly from
presented and non-presented stimuli.

Results

The mean number of answers with less than a 500
ms latency was 0.3 (0.2% of all answers), SD = 0.8.
Mean time needed to complete the experiment
was 7.8 minutes, SD = 1.0. For each task in each
test phase, answers with latency times longer than
the 98th percentile or shorter than the second
percentile were excluded as possible outliers.

First, one-sided exact binomial tests were
conducted to analyse whether the probability of
choosing items presented once or five times was
higher than 0.5. This analysis was carried out
separately for each group. In all cases no signific-
ant differences were found. The corresponding
chances that the target stimuli would be chosen by
participants for items presented once and five
times were 51% and 53% in the recognition task
and 51% and 50% in the preference task.

The choice of target stimuli in the second task
was then analysed using logistic regression. It is
important to note that although the targets and

foils that were presented in both tasks were
identical, the influence of their recognition (or
liking) in the first task on choices in the second
task can be measured separately as pairs were
different in each task. Thus, for example, in
preference task possible combinations were a
recognised foil and a recognised target, a recog-
nised foil with a non-recognised target, a non-
recognised foil with a recognised target, and a
non-recognised foil with a non-recognised target.
Accordingly, the independent variables were the
choices made in the first task about the target and
foil items (i.e., whether target and foil were
selected in preceding recognition decision or
preference judgement), the target item’s exposure
frequency, and the interaction between frequency
and previous choice. This enables the relative
influence of foils versus targets to be compared—
for example, whether the choice of target in the
first task has a greater influence than the choice of
foil on the target chosen in the second task.

The resulting models for preference with and
without the Frequency × Target Recognition
interaction term are presented in Table 5. First,
it should be noted that the main effect of Target

Table 5. Logistic regression models for preference after recognition and recognition after preference in Experiments 2 and 3

Experiment 2 Experiment 3

Preference Recognition Preference Recognition

Intercept −0.13 −0.03 0.01 0.01 −0.08 −0.01 −0.05 −0.03
(0.08) (0.09) (0.08) (0.09) (0.05) (0.06) (0.05) (0.06)

FC −0.30*** −0.31*** −0.34*** −0.34*** −0.24*** −0.24*** −0.24*** −0.24***
(0.08) (0.08) (0.08) (0.08) (0.05) (0.05) (0.05) (0.05)

TC 0.47*** 0.28* 0.43*** 0.42*** 0.39*** 0.25*** 0.26*** 0.23**
(0.08) (0.11) (0.08) (0.11) (0.05) (0.08) (0.05) (0.08)

EF −0.07 −0.28* 0.01 0.01 0.02 −0.13† 0.14* 0.10
(0.08) (0.11) (0.08) (0.11) (0.05) (0.08) (0.05) (0.08)

TC × EF 0.40** 0.00 0.29** 0.07
(0.15) (0.15) (0.11) (0.11)

No. obs. 2,777 2,721 5,637 5,542
N 68 67 102 100

Notes: Numbers represent regression coefficients (and standard errors). Dependent variable = whether target item has been chosen in the

second task. FC = foil has been chosen in the first task (as previously seen or more preferred, depending on the first task); TC = target has

been chosen in the first task; EF = number of target exposures, five versus one. Pairs of columns for each task represent regression models

with and without interaction effect, respectively. ***p < .001; **p < .01; *p < .05; †p < .10.
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Recognition (without the interaction term in the
model) was larger in absolute value than the effect
of Foil Recognition. Recognised targets were
preferred in 54% of cases, while non-recognised
targets were preferred in only 42% of cases. For
foils, the corresponding probabilities were 56%
and 48%. Two regression analyses (one for items
presented only once, and one for items presented
five times) were conducted in order to examine
whether this difference was statistically significant
and, if so, at which levels of exposure frequency.

Subsequent comparisons of estimated coeffi-
cients confirmed that for items presented five
times the effect of recognition for target items,
B = 0.68, SE = 0.11; is indeed larger in absolute
value than the effect of recognition for foils, B =
−0.38, SE = 0.11, Wald’s χ2(1) = 3.86, p = .049.
The corresponding probabilities of choice for
recognised and non-recognised target items were
56% and 39% and for recognised and non-
recognised foils 57% and 48%. For items pre-
sented once this difference was not significant, and
the corresponding probabilities were 53% and 45%
for target items and 54% and 48% for foils.

Second, as evident from the second column of
Table 5 there was a significant interaction between
Exposure Frequency and Target Recognition
indicating that the effect of recognition was higher
for items presented five times than for items
presented once. Significant negative exposure fre-
quency effect shows that for non-recognised items
the probability of choosing an item presented five
times was significantly lower than the probability
of choosing an item presented once. A chi-square
test conducted for recognised items did not show a
significant effect of exposure frequency on prefer-
ence for target item, χ2(1) = 1.18, p = .277 (see
Figure 5).

In contrast, an identical regression model for
the effects of frequency, preference for target, and
preference for foil on recognition in the second
task demonstrated no difference in the magnitude
of regression coefficients for preference for target
and preference for foil (see Table 5, third and
fourth columns). The corresponding probabilities
of recognition were 53% and 44% for preferred
and non-preferred foils and 57% and 54% for

preferred and non-preferred targets, regardless of
exposure frequency. As can be seen from the
regression coefficients and recognition probabilit-
ies, preferred stimuli were recognised more often.
However, the magnitude of difference did not
depend upon the number of previous exposures.
Consequently, and again in contrast to the model
of recognition effect on liking, the interaction
effect between preference for target and exposure
frequency was not significant. The observed pat-
tern of findings for the effect of preference on
recognition shows evidence for biased recognition,
but no evidence for any exposure-related
differences.

Finally, as in Experiment 1, a by-stimulus
analysis of differences in liking was conducted.
For each stimulus, the probability of the stimulus
being preferred as a function of preceding recog-
nition and exposure frequency was calculated. As
the pairs of targets and foils for both tasks had
been selected at random, both targets and foils
were included. A one-way ANOVA showed no
effect of Exposure Frequency, F(2, 260) = 1.86,
p = .158. However, as is evident from Figure 6, the
difference between recognised and non-recognised
items on liking was significantly above zero for
target stimuli that were presented five times,
t(86.0) = 3.37, p = .001, but not for items
presented only once, t(87.0) = 1.39, p = .168, or
foils, t(87.0) = 1.71, p = .09. The difference in
liking between target items presented five times
and foils was approaching significance, t(154.0)
= −1.79, p = .076.

Discussion

The main finding from Experiment 2 is consistent
with the hypotheses testing model: All things
being equal, in preference tasks for recognised
items the probability of choosing an item pre-
sented five times is higher than the probabilities
both of choosing an item presented only once and
choosing a foil. For non-recognised items, the
opposite is true: items presented five times are less
likely to be selected in the preference task than
items presented once or foils. That is, there is an
interaction effect of recognition and objective
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familiarity on preference. As well as in the

previous experiment the predictions of uncertainty

reduction were partially supported by a positive

effect of recognition on preferences, and the

predictions of the fluency attribution model found

no support in the obtained results.

Findings from the present experiment also

demonstrate a causal effect of recognition on

preferences: The interaction between exposure

frequency and choice in the first task was evident

only when recognition preceded liking, and not

the other way around. Similarly, no significant

difference was found between foils and targets in

the magnitude of the effect of preferences on

recognition. The main effect of preference on

recognition indicates the presence of an affective

bias in recognition: that is, recognition decision is

more likely to result in “Recognise” answer for

more attractive faces. This bias is explained by the

hypotheses testing model, as it suggests that the

affective feedback for hypothesis testing on deci-

sional stage can be confused with affect from other

sources. Thus, attractiveness of faces can be

misinterpreted as a positive feedback for the

Experiment 2 Experiment 3
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Figure 5. Liking after recognition and recognition after liking as function of number of exposures in Experiments 2 and 3. Notes:

Liking and recognition are the probabilities of choosing the target in the corresponding 2AFC task. Bars indicate 95% confidence

intervals.
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recognition hypothesis. However, this finding runs
counter to the fluency attribution model, which
predicts that attributing fluency to liking should
decrease (rather than increase) the likelihood that
items will be recognised. The uncertainty reduc-
tion account does not make predictions in relation
to the effect of liking on recognition.

In sum, findings from the present experiment
support those of Experiment 1 and clearly show
that the preference of recognised items and the
recognition of preferred items are not equal to
each other.

As expected, Experiment 2 also demonstrated
an effect of decision making on subsequent
preferences in the absence of the mere exposure
effect. An increase in preferences for recognised
items was associated with a corresponding
decrease in preferences for non-recognised items.
As the distribution of recognised versus non-

recognised items was roughly equal here, average
liking did not differ from base level. However,
given the fact that previous studies have demon-
strated the mere exposure effect in the absence of
recognition (e.g., Zajonc, 1980), the mechanisms
underpinning such an effect are unclear. Since the
present experiment showed differences in prefer-
ences for items with different exposure

frequencies, it is not the absence of implicit
memory that leads to the absence of the mere
exposure effect.

One possible explanation can be offered from
the perspective of the distinction between analytic
and non-analytic processing, suggested by Whit-
tlesea and Price (2001). Analytic processing is
based on the retrieval of specific details of an item
or its context and is mostly used in recognition
tasks. Non-analytic processing, on the other hand,
is based upon the feeling of enhanced fluency and
is utilised in preference tasks or familiarity judge-
ments. Thus, in the current experiment, it is
possible that the “remember as much as you can”
instruction induced an analytic strategy even in the
preference task. Experiment 3 aimed to address
this issue and replicate the findings from Experi-
ment 2.

EXPERIMENT 3

Experiment 3 was a replication of Experiment 2
with two differences: First, since portraits of
humans can bear some distinctive marks and
thus promote the analytic processing mode, stim-
uli in the present experiment consisted of ran-
domly selected ideograms; second, two

Experiment 2 Experiment 3
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Figure 6. Difference in liking between recognised and non-recognised stimuli with by-stimulus analysis in Experiments 2 and 3.
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instructions were used, one of which was equival-
ent to the instruction provided in Experiment 2,
and the other aimed at reducing the possibility
that participants would be aware that they would
be participating in a memory test.

Method

Design. Experiment 3 employed the same design
as Experiment 2, with the exception that an
additional between-group variable, Condition,
was added. Thus, the experiment utilised a 2 × 2
× 2 × 2 design with Task Order (recognition first
vs. preferences first) and Condition (“expected
recognition” vs. “surprise recognition”) as the
between-group variables and Exposure Frequency
(1 vs. 5 exposures) and Recognition (recognised vs.
non-recognised) as within-subject variables.

Participants. The exclusion criteria were the
same as those employed in Experiment 2. Parti-
cipants (N = 202) were randomly allocated to one
of two conditions. In the “expected recognition”
test condition there were 29 males and 70 females,
Mdnage = 21 years. In the “surprise recognition”
condition there were 19 males and 84 females,
Mdnage = 23 years.

Materials and procedure. A set of 120 ideograms
were randomly selected from the symbols available
in the CJK Unified Ideographs set (Unicode Inc.
2011). All ideograms were black. Prior to com-
mencement of the experiment, participants indi-
cated whether they knew or had studied Japanese,
Chinese, or any similar language. The presenta-
tion and testing phases followed the same proced-
ure as those in Experiment 2 with the exception
that participants were randomly allocated to one of
two conditions: in one condition (“expected
recognition”) participants were asked to “watch
carefully and try to remember as much as you
can”; participants in the other condition (“surprise
recognition”) were asked to “count the number of
times a red square appears on screen”. The red
square appeared only once after the presentation of
all stimuli. After that they were asked how many
times the red square appeared and then the
recognition test phase began. As participants

were not expecting recognition test in the latter
condition, and as looking for a red square among
ideograms does not suggest attention to ideo-
graphs details, it was expected that in this condi-
tion participants would be more likely to adopt an
holistic processing strategy.

Results

The mean number of answers with latencies below
500 ms was 1.1 (0.9%), SD = 2.1. Mean time
taken to complete the experiment was 9.7 min-
utes, SD = 1.5.

The data analytic technique replicated that used
in Experiment 2. Answers with latency times
longer than the 98th percentile or faster than the
second percentile were excluded as possible out-
liers. The probabilities of choosing targets pre-
sented once and five times were 49% and 50%,
respectively, in the recognition task and 50% and
49%, respectively, in the preference task. No
significant deviations from chance level were
found. Sixteen participants indicated that they
had studied Japanese, Chinese, Vietnamese or a
similar language, although a separate analysis of
these participants’ results also indicated no differ-
ence from chance level in recognition or prefer-
ence; thus, they were included in subsequent
analyses.

A logistic regression analysis for the preference
and recognition tasks was conducted. Predictor
variables were choices with regard to targets and
foils in the first task (recognised vs. non-recog-
nised; preferred vs. non-preferred) exposure fre-
quency of the target (1 vs. 5 exposures), and
condition (expected vs. surprise recognition test).
Choice of target in the second task was the
dependent variable. No significant effects of con-
dition or its interactions were found; thus, condi-
tion was excluded from the subsequent analysis.

The resulting models for preference and recog-
nition with and without the interaction term are
presented in Table 5.

As in Experiment 2, in the preference task the
main effect of target recognition (without the
interaction term) was stronger than the effect of
foil recognition. Recognised and non-recognised
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targets were preferred in 55% and 45% of cases,
respectively. The corresponding probabilities for
recognised and non-recognised foils were 53% and
47%, respectively.

Separate logistic regressions for items presented
once versus five times and comparisons of the
estimated coefficients for targets versus foils con-
firmed that the effect of target recognition, B =
0.54, SE = 0.08, was stronger than the effect of
foil recognition, B = −0.25, SE = 0.08, Wald’s
χ2(1) = 6.92, p = .009. The corresponding prob-
abilities of choice for recognised versus non-
recognised target items were 57% and 44%,
respectively; the corresponding probabilities of
choice for recognised versus non-recognised foils
were 53% and 46%, respectively. This difference
was not significant for items presented only once.
The corresponding probabilities were 53% and
47% for targets and 53% and 47% for foils.

Consequently, as in Experiment 2, when the
interaction term (Exposure Frequency × Target
Recognition) was added to the model, it was
significant. The findings from Experiment 3
differed from those obtained in Experiment 2
only in so far as the effect of exposure frequency
was only marginally significant (see Table 5), thus
indicating a marginally significant decrease in
preferences for non-recognised items. For recog-
nised items, the higher exposure frequency led to a
increased probability of preference, χ2(1) = 4.53,
p = .033 (see Figure 5).

Replicating the results of Experiment 2, a
regression model for the effects of frequency,
preference for target, and preference for foil on
recognition in the second task exhibited no
differences in the magnitude of regression coeffi-
cients between preference for target and preference
for foils (see Table 5). The corresponding prob-
abilities of choice for preferred versus non-pre-
ferred foils, targets presented once, and targets
presented five times were 53% and 46%, 52% and
54%, and 56% and 51%, respectively. As in
Experiment 2, preferred stimuli were recognised
more often but the magnitude of difference did
not depend upon frequency of exposure. Again,
the observed pattern of findings for the effect of
preference on recognition provides evidence of

biased recognition, but not evidence of any expos-
ure-related differences. The main difference
between the findings in this experiment and those
obtained in Experiment 2 is that the main effect of
Exposure Frequency was significant, that is,
targets presented five times were recognised more
often than targets presented only once. It is an
interesting effect, as it may suggest that with
increased time between training and recognition,
the probability of correct recognition will increase.
However, this effect is observed only after com-
pletion of the liking task, the overall probability of
recognition is small, and in general the recognition
of targets presented five times was not different
from chance level. Thus, it is quite possible that
this effect is an artefact of the analysis.

As in Experiment 2, the analysis of preferences
was repeated with by-stimulus aggregation and
comparison of differences in liking between stim-
uli (target and foils) with different number of
exposures. In contrast to the finding obtained in
Experiment 2, a one-way ANOVA demonstrated
a significant effect of Exposure Frequency, F(2,
357) = 4.34, p = .014. As is evident from Figure 6,
the difference between recognised and non-recog-
nised items was significantly above zero at each
frequency level, but the effect was stronger for
targets presented five times than for targets
presented only once, t(227.4) = −2.18, p = .03,
and foils, t(197.5) = −2.64, p = .009.

Discussion

The main aim of Experiment 3 was to replicate
the pattern of post-decisional preferences observed
in Experiment 2. Indeed, similar results were
obtained: Recognised items presented five times
were selected more often than recognised items
presented only once; non-recognised items pre-
sented five times were chosen less often than non-
recognised items presented once; and, recognition
of targets presented five times had a stronger
influence on preferences than recognition of foils.
Moreover, as well as in Experiment 2, the
different effect of choice in the first task on choice
in the second task for higher exposure frequency
was evident only when preference task was
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preceded by recognition task, and not the other
way around.

These results provide further support for the
hypothesis testing account, as its predictions are
in agreement with the observed pattern of results.
Specifically, there is a predicted interaction
between recognition of item and its objective
familiarity, and it exists only when recognition
task precedes preference task. The obtained find-
ings are in partial agreement with the uncertainty
reduction model, as the effect of recognition
decision on preferences was positive. However,
this model cannot explain the increasing effect of
recognition on preferences for higher level of
exposure frequency. Finally, the results provide
little support for the fluency attribution account,
as it predicts a negative effect of recognition
on preferences, and exactly the opposite was
observed.

The present experiment also aimed to validate
whether the absence of mere exposure in Experi-
ment 2 could be attributed to predominance of an
analytic strategy of processing (Whittlesea &
Price, 2001) due to the distinctive nature of face
stimuli or due to the participants’ awareness of the
recognition procedure. Instruction type (expected
vs. surprise recognition test) did not significantly
influence recognition accuracy or preferences and,
as in Experiment 2, the average recognition and
preference probabilities for targets were at chance
level. Thus, the absence of mere exposure is
unlikely to be explained by the analytic processing
strategy.

GENERAL DISCUSSION

The present research began with the argument
that the process of testing cognitive hypotheses
results in positive affect when hypotheses are
consistent with available data, and negative affect
when hypotheses are not consistent with available
data. This affect, in turn, diffuses to objects
associated with the hypotheses. This view leads
to a three-factor model, which predicts that
preference ratings depend not only upon recogni-
tion and objective familiarity, but also upon their

interaction. Two alternative models, the fluency
attribution and uncertainty reduction models,
predict that objective familiarity is positively
associated with liking of both recognised and
non-recognised items, and that recognition will
be either positively (uncertainty reduction) or
negatively (fluency attribution) correlated with
liking.

In order to test the predictions of the three
models, the present research examined the nature
of the relationship between familiarity, recogni-
tion, and preferences. A meta-analysis of pub-
lished papers showed that, in line with predictions
deriving from the hypothesis testing model, the
effects of recognition and familiarity on prefer-
ences are not independent: the effect of recogni-
tion is stronger for objectively familiar objects
compared to objectively unfamiliar objects. Pre-
dictions of the three models were further tested in
three experiments.

Findings from Experiment 1 supported the
hypotheses testing model: The difference in liking
between recognised and non-recognised items
increased with increasing stimulus exposure. In
addition, in one of the experimental conditions in
Experiment 1, participants were presented with
the same stimuli twice, which enabled the change
in liking of stimuli resulting from the second
recognition decision to be measured. Analyses
showed that the second recognition decision
altered the previous liking of items such that
liking of non-recognised items became more
negative whereas liking of recognised items
became more positive.

Experiment 2 attempted to disentangle the
positive and negative effects of previous exposure
on liking by utilising the stimuli exposure proced-
ure described by Whittlesea and Price (2001).
Findings from this experiment—which included
40 ms presentation times and no post-stimulus
interval—demonstrated the absence of a mere
exposure effect or above chance recognition. Nev-
ertheless, recognised items presented frequently
were evaluated more positively than recognised
items presented infrequently or not presented at
all. Most importantly, frequently presented non-
recognised items were evaluated more negatively.
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These results were replicated in Experiment 3
using a different stimulus set. Whether partici-
pants expected a recognition test or not made no
difference to the findings.

These experiments provide convergent evidence
in favour of the hypothesis testing model. When
participants decide that an object has not been
seen before, the more frequently that object is
presented, the more negative is its affective evalu-
ation. In other words, the greater the inconsistency
between the available data and the participant’s
prediction, the more negatively the associated
target object is evaluated. On the contrary, when
participants correctly decide that an object has
been seen before, then the more frequently that
object is presented, the more positively it is
evaluated.

The results obtained in the present studies
provide no support for the fluency attribution
model. In all three experiments, the recognition
of objects did not result in less liking of objects.
The results provide partial support for the uncer-
tainty reduction model: Liking of recognised
items was generally greater than liking of non-
recognised items. However, this model does not
predict an interaction between recognition and
objective familiarity, and cannot explain why, in
Experiment 1, there was no effect of recognition
for foils.

Affect or something else?

One might question whether the findings
obtained here reflect a “real” affective evaluation
as opposed to some other kind of judgement. Is it
possible that preference tasks like the Rorschach
inkblot test is merely a projective test with nothing
in common with “real” emotions? The author
believes that the answer to this question is both
“yes” and “no”. On the one hand, the affective
evaluation is a truly projective test as it summarises
the results of innumerable possible hypotheses
involving the evaluated stimuli. For example, the
process of perception involves understanding what
one is seeing in the face of an array of possible
options. Consequently, the predictions made in
the course of this process affect the preferences

towards the perceived object. Thus, evaluations of
objects that confirm a chosen hypothesis—that is,
the chosen interpretation of the data presented—
are more positive than evaluations of objects that
reject a chosen hypothesis, even if several correct
interpretations exist (Craver-Lemley & Bornstein,
2006). Similarly, sharp angles lead to less liking of
objects (Bar & Neta, 2006) as the predictions
based on the first part of an image turn out to be
invalid. In a similar manner, Seamon et al. (1995)
and Willems, Dedonder, and Van der Linden
(2010) have demonstrated that the “impossible”
three-dimensional objects, similar to those
depicted in Escher’s paintings, are evaluated
more negatively than their “possible” counterparts.

On the other hand, the affective evaluation
involved in such kinds of tests is likely to be a
genuine one. Although this has not been explicitly
tested in the present experiments, evidence from
two sources support this claim. First, the same
questions have been raised about preferences in the
“mere exposure” studies which have been proven
to be genuine, even in terms of their psychophy-
siological component (Winkielman & Cacioppo,
2001; Zajonc, 2000). Second, the opposite point
of view postulates the existence of some sort of
non-specific non-affective feeling, which is attrib-
uted to different judgements, including preference
judgements. This is similar to the ideas of
“subjective fluency” (Winkielman, Schwarz,
Fazendeiro, & Reber, 2003) or “non-specific
activation” (Mandler, Nakamura, & Van Zandt,
1987). However, experiments utilising the misat-
tribution paradigm have cast doubt upon the idea
of a specific “subjective fluency” (Reber, Schwarz,
& Winkielman, 2004; Topolinski & Strack,
2009a, 2009b). These experiments demonstrate
that when participants are provided with an
opportunity to attribute their emotions to an
irrelevant source, the effect of predictive context
(for example, due to priming or semantic coher-
ence) on different judgements is diminished.
Other variants of attribution, including attribution
of subjective fluency, do not have any influence.
These studies differ from the classical studies of
attribution (e.g., Schachter & Singer, 1962;
Schwarz & Clore, 1983; Zillman, 1978) by
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showing not only that feelings can be attributed,
but also by showing which feelings play a role in
cognitive functioning, and which do not. Accord-
ing to the aforementioned studies, it is affect but
not fluency that influences subsequent judge-
ments. Thus, it is unlikely that such a kind of
non-affective feeling exists or has any functional
significance. In sum, the author contends that the
feelings involved in the current experiments prob-
ably represent a genuine affect rather than some
other kind of feeling.

Future directions

Further research is required to determine whether
the findings obtained in the present research can
be generalised to tasks other than recognition.
According to the hypotheses testing model, pro-
vided there is a correct or consistent answer, and
participants can arrive at that answer, the findings
obtained here should be replicated. Thus, correct
answers and errors should lead to changes in liking
of associated answers not only in recognition tasks,
but also in other simple cognitive tasks such as
categorisation, identification, and comparison.
This model also implies that affective reaction to
stimuli depends upon the task that participants are
trying to solve. For example, in studies of changes
in preferences due to implicit learning, it will be
important to determine whether participants are
aware that some objects follow the implicitly
learned rules whereas others do not. Provided
participants do have such awareness, then classi-
fication of objects into confirming to the rules
versus non-confirming should demonstrate
increased liking of correctly classified objects and
decreased liking for incorrect classifications.

The present account currently lacks specificity
in respect to the notion of “hypothesis”. How-
ever, it is unlikely that this problem can be solved
purely on a theoretical basis. Generally, the
framing of hypotheses should be important,
even if from the logical point of view it does
not matter. It is well known that our mind does
not always take into account the reversibility of
operations (in Piaget’s sense), so “A is larger than
B” and “B is smaller than A” will probably have

different effects. In the former case, the hypo-
thesis is more about A than about B—that is, A
is a figure and B is a background—so the
affective feedback will be attributed more to A
than B; in the latter case the situation is reversed.
This idea warrants empirical testing in further
research.

In addition, changing the hypothesis can
change the effects of pre-decisional hypothesis
testing. For example, if we test the hypothesis
“This is novel” instead of “This is old”, then we
will receive more positive affective feedback for
novel objects than for old objects, and instead of a
mere exposure effect a novelty effect should ensue.
This could be achieved by providing participants
with a context within which novelty seeking will
be more effective than oldness seeking. The
hypotheses testing model might also explain the
distractor devaluation effect. A number of recent
studies—most of which have utilised visual search
tasks—have shown that attentional inhibition
leads to a decrease in preferences for inhibited
objects (Fenske & Raymond, 2006; Fenske, Ray-
mond, Kessler, Westoby, & Tipper, 2005; Ray-
mond, Fenske, & Tavassoli, 2003). From the
present perspective, inhibition of distractors in
visual search tasks results from testing the predic-
tion that the distractor object is a target. The
negative feedback resulting from the test of such
prediction becomes associated with the distracter,
in turn leading to an observed decrease in liking.

The results of Experiments 2 and 3 are
particularly noteworthy: There was no recognition
and no mere exposure effect, and yet preferences
were dependent on the number of exposures such
that recognised items increased in their liking
corresponding to the number of exposures and
liking for non-recognised items decreased as
frequency of exposure increased. Even under
conditions where forced-choice accuracy was at
chance level, preferences demonstrated that
information about recognised items was preserved.
This finding is of particular importance in light of
recent discussions about measures of awareness
(e.g., Dienes, Scott, & Seth, 2010; Dienes & Seth,
2010; Overgaard, Timmermans, Sandberg, &
Cleeremans, 2010; Persaud, Mcleod, & Cowey,
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2007; Sandberg, Timmermans, Overgaard, &
Cleeremans, 2010). Replication of the findings
obtained in the present research would suggest
that affect might usefully serve as an alternative
source of different measures of awareness, such as
confidence, wagers, “perceptual awareness”, etc.

Another issue is the memory sources that
underlie the recognition judgements. The present
account is consistent with both double-process
and single-process models (see Wixted, 2007;
Yonelinas, 2002, for reviews). Given the chance
accuracy in Experiments 2 and 3 it is quite likely
that most of the judgements were based on
“familiarity” (from a dual-process perspective) or
had low confidence (from a single-process per-
spective). This leaves open the possibility that the
pattern of results will be different in the case of
judgements based on “recollection” or judgements
made with high confidence. Recently, Topolinski
(2012) investigated the sensorimotor contributions
to preference and implicit memory judgements.
Although in the present study this aspect of
judgements has not been investigated, it is possible
that motor simulations could play an important
role in the obtained pattern of results.

A final issue that should be addressed here
concerns the question of why the information
about the objective familiarity of stimuli—available
to participants as shown by post-decisional pre-
ferences—is not used in recognition decisions and
does not lead to a direct enhancement of positive
evaluations. The difference in strategies, as out-
lined by Whittlesea and Price (2001), is unlikely
to be responsible for this phenomenon—there was
no evidence in the present studies of any effect of
“analytic–non analytic” manipulations. This
account also fails to explain why preferences in
Experiments 2 and 3 are sensitive to the interac-
tions between recognition and objective familiarity
and not sensitive to objective familiarity per se.
Another option is that participants provide their
answers in accordance with their expectancies of
what these answers should be. In especially diffi-
cult tasks, such as the recognition of items
presented briefly and without a post-stimulus
interval, participants may expect chance-level
recognition and thus provide answers that follow

that expectancy. Although this explanation does
not shed light on why the direct measure of
preferences also follows the same pattern, further
research that examines the role of participants’
expectations is clearly warranted.

Summary

The hypotheses testing model “reduces” emotions
to a “simple” process of matching hypotheses put
forward by our brain. However, our everyday
experiences of this process are rather different:
We are so accustomed to our preferences that they
blend into the background and become visible
only when a breakthrough or a major failure occurs
in the process of hypotheses testing. Neither
“eureka” and “oops” moments happen very often.
But, as Zajonc remarked, “we do not just see ‘a
house’: We see a handsome house, an ugly house,
or a pretentious house” (Zajonc, 1980, p. 154).
And that “ugliness” or “pretentiousness” does not
come out of nowhere—it results from a multitude
of our hypotheses. In conclusion, findings from
the present research support the view that emo-
tional and cognitive processes are inseparable:
Ensuing from a process of “hypotheses testing”,
affective evaluation can be conceptualised as a
purely cognitive process; similarly, with their
dependence upon emotional feedback, all cognit-
ive processes can be conceptualised as emotional.

Manuscript received 18 January 2012

Revised manuscript received 28 June 2013

Manuscript accepted 26 July 2013

First published online 17 September 2013

REFERENCES

Allakhverdov, V. M., & Gershkovich, V. A. (2010).
Does consciousness exist? In what sense? Integrative
Psychological & Behavioral Science, 44(4), 340–347.
doi:10.1007/s12124-010-9133-8

Anand, P., Holbrook, M. B., & Stephens, D. (1988).
The formation of affective judgments: The cognit-
ive-affective model versus the independence hypo-
thesis. Journal of Consumer Research, 15(December),
386–392. doi:10.1086/209176

CHETVERIKOV

410 COGNITION AND EMOTION, 2014, 28 (3)

D
ow

nl
oa

de
d 

by
 [

  ]
 a

t 0
1:

35
 0

1 
M

ar
ch

 2
01

4 

http://dx.doi.org/10.1007/s12124-010-9133-8
http://dx.doi.org/10.1086/209176


Anand, P., & Sternthal, B. (1991). Perceptual fluency
and affect without recognition. Memory & Cognition,
19(3), 293–300. doi:10.3758/BF03211153

Baayen, R., Davidson, D., & Bates, D. (2008). Mixed-
effects modeling with crossed random effects for
subjects and items. Journal of Memory and Language,
59(4), 390–412. doi:10.1016/j.jml.2007.12.005

Bar, M., & Neta, M. (2006). Humans prefer curved
visual objects. Psychological Science, 17(8), 645–648.
doi:10.1111/j.1467-9280.2006.01759.x

Bar, M., & Neta, M. (2008). The proactive brain: Using
rudimentary information to make predictive judg-
ments. Journal of Consumer Behaviour, 330(4–5),
319–330. doi:10.1002/cb.254

Baudouin, J.-Y., Gilibert, D., Sansone, S., & Tiberghien,
G. (2000). When the smile is a cue to familiarity.
Memory, 8(5), 285–292. doi:10.1080/096582100501
17717

Berlyne, D. (1966). Curiosity and exploration. Science,
153(3731), 25–33. doi:10.1126/science.153.3731.25

Berlyne, D. (1970). Novelty, complexity, and hedonic
value. Attention, Perception, & Psychophysics, 8(5),
279–286. doi:10.3758/BF03212593

Bonanno, G. A., & Stillings, N. A. (1986). Preference,
familiarity, and recognition after repeated brief
exposures to random geometric shapes. The American
Journal of Psychology, 99(3), 403–415. doi:10.2307/
1422493

Borenstein, M., Hedges, L., Higgins, J., & Rothstein,
H. (2009). Introduction to meta-analysis. Hoboken,
NJ: Wiley.

Bornstein, R. F., & D’Agostino, P. R. (1992). Stimulus
recognition and the mere exposure effect. Journal of
Personality and Social Psychology, 63(4), 545–552.
doi:10.1037/0022-3514.63.4.545

Bornstein, R. F., & D’Agostino, P. R. (1994). The
attribution and discounting of perceptual fluency:
Preliminary tests of a perceptual fluence/attributional
model of the mere exposure effect. Social Cognition,
12(2), 103–128. doi:10.1521/soco.1994.12.2.103

Brehm, J. W. (1956). Postdecision changes in the
desirability of alternatives. Journal of Abnormal Psy-
chology, 52(3), 384–389. doi:10.1037/h0041006

Bruner, J. S. (1957). On perceptual readiness. Psycho-
logical Review, 64(2), 123–152. doi:10.1037/
h0043805

Card, N. A. (2011). Applied meta-analysis for social

science research. New York, NY: Guilford Press.
Chenier, T. T. (2010). On the cognitive origins of

aesthetic pleasure (Doctoral Dissertation, University
of California, San Diego). Available from ProQuest

Dissertations and Theses database (ProQuest docu-
ment ID: 751558786). Retrieved from http://search.
proquest.com/docview/751558786

Chiu, P. H., & Deldin, P. J. (2007). Neural evidence for
enhanced error detection in major depressive dis-
order. The American Journal of Psychiatry, 164(4),
608–616. doi:10.1176/appi.ajp.164.4.608

Clark, A. (2013). Whatever next? Predictive brains,
situated agents, and the future of cognitive science.
The Behavioral and Brain Sciences, 36(3), 181–204.
doi:10.1017/S0140525X12000477

Claypool, H. M., Hall, C. E., Mackie, D. M., &
Garcia-Marques, T. (2008). Positive mood, attribu-
tion, and the illusion of familiarity. Journal of

Experimental Social Psychology, 44(3), 721–728.
doi:10.1016/j.jesp.2007.05.001

Corneille, O., Monin, B., & Pleyers, G. (2005). Is
positivity a cue or a response option? Warm glow vs.
evaluative matching in the familiarity for attractive
and not-so-attractive faces. Journal of Experimental
Social Psychology, 41(4), 431–437. doi:10.1016/j.
jesp.2004.08.004

Craver-Lemley, C., & Bornstein, R. F. (2006). Self-
generated visual imagery alters the mere exposure
effect. Psychonomic Bulletin & Review, 13(6), 1056–
1060. doi:10.3758/BF03213925

Criss, A. H. (2009). The distribution of subjective
memory strength: List strength and response bias.
Cognitive psychology, 59(4), 297–319. doi:10.1016/j.
cogpsych.2009.07.003

Dienes, Z., Scott, R. B., & Seth, A. (2010). Subjective
measures of implicit knowledge that go beyond
confidence: Reply to Overgaard et al. Consciousness
and Cognition, 19(2), 685–686. doi:10.1016/j.
concog.2010.01.010

Dienes, Z., & Seth, A. (2010). Gambling on the
unconscious: A comparison of wagering and confid-
ence ratings as measures of awareness in an artificial
grammar task. Consciousness and Cognition, 19(2),
674–681. doi:10.1016/j.concog.2009.09.009

Fenske, M. J., & Raymond, J. E. (2006). Affective
influences of selective attention. Current Directions in

Psychological Science, 15(6), 312–316. doi:10.1111/
j.1467-8721.2006.00459.x

Fenske, M. J., Raymond, J. E., Kessler, K., Westoby,
N., & Tipper, S. P. (2005). Attentional inhibition
has social-emotional consequences for unfamiliar
faces. Psychological Science, 16(10), 753–758.
doi:10.1111/j.1467-9280.2005.01609.x

Festinger, L. (1957). A theory of cognitive dissonance.
Evanston, IL: Row, Peterson.

AFFECTIVE CONSEQUENCES OF RECOGNITION DECISIONS

COGNITION AND EMOTION, 2014, 28 (3) 411

D
ow

nl
oa

de
d 

by
 [

  ]
 a

t 0
1:

35
 0

1 
M

ar
ch

 2
01

4 

http://dx.doi.org/10.3758/BF03211153
http://dx.doi.org/10.1016/j.jml.2007.12.005
http://dx.doi.org/10.1111/j.1467-9280.2006.01759.x
http://dx.doi.org/10.1002/cb.254
http://dx.doi.org/10.1080/09658210050117717
http://dx.doi.org/10.1080/09658210050117717
http://dx.doi.org/10.1126/science.153.3731.25
http://dx.doi.org/10.3758/BF03212593
http://dx.doi.org/10.2307/1422493
http://dx.doi.org/10.2307/1422493
http://dx.doi.org/10.1037/0022-3514.63.4.545
http://dx.doi.org/10.1521/soco.1994.12.2.103
http://dx.doi.org/10.1037/h0041006
http://dx.doi.org/10.1037/h0043805
http://dx.doi.org/10.1037/h0043805
http://search.proquest.com/docview/751558786
http://search.proquest.com/docview/751558786
http://dx.doi.org/10.1176/appi.ajp.164.4.608
http://dx.doi.org/10.1017/S0140525X12000477
http://dx.doi.org/10.1016/j.jesp.2007.05.001
http://dx.doi.org/10.1016/j.jesp.2004.08.004
http://dx.doi.org/10.1016/j.jesp.2004.08.004
http://dx.doi.org/10.3758/BF03213925
http://dx.doi.org/10.1016/j.cogpsych.2009.07.003
http://dx.doi.org/10.1016/j.cogpsych.2009.07.003
http://dx.doi.org/10.1016/j.concog.2010.01.010
http://dx.doi.org/10.1016/j.concog.2010.01.010
http://dx.doi.org/10.1016/j.concog.2009.09.009
http://dx.doi.org/10.1111/j.1467-8721.2006.00459.x
http://dx.doi.org/10.1111/j.1467-8721.2006.00459.x
http://dx.doi.org/10.1111/j.1467-9280.2005.01609.x


Garcia-Marques, T., Mackie, D. M., Claypool, H. M.,
& Garcia-Marques, L. (2004). Positivity can
cue familiarity. Personality and Social Psychology

Bulletin, 30(5), 585–593. doi:10.1177/0146167203
262856

Garcia-Marques, T., Mackie, D. M., Claypool, H. M.,
& Garcia-Marques, L. (2010). Is it familiar or
positive? Mutual facilitation of response latencies.
Social Cognition, 28(2), 205–218. doi:10.1521/
soco.2010.28.2.205

Gordon, P. C., & Holyoak, K. J. (1983). Implicit
learning and generalization of the “mere exposure”
effect. Journal of Personality and Social Psychology,
45(3), 492–500. doi:10.1037/0022-3514.45.3.492

Gregory, R. L. (1970). The intelligent eye. London:
Weidenfeld & Nicolson.

Hajcak, G., McDonald, N., & Simons, R. F. (2003).
Anxiety and error-related brain activity. Biological

Psychology, 64(1–2), 77–90. doi:10.1016/S0301-0511
(03)00103-0

Hajcak, G., McDonald, N., & Simons, R. F. (2004).
Error-related psychophysiology and negative affect.
Brain and cognition, 56(2), 189–197. doi:10.1016/j.
bandc.2003.11.001

Halberstadt, J. (2006). The generality and ultimate
origins of the attractiveness of prototypes. Personality
and Social Psychology Review, 10(2), 166–183.
doi:10.1207/s15327957pspr1002_5

Halberstadt, J., & Rhodes, G. (2000). The attractive-
ness of nonface averages: Implications for an evolu-
tionary explanation of the attractiveness of average
faces. Psychological Science, 11(4), 285–289.
doi:10.1111/1467-9280.00257

Harmon-Jones, E. (2000). Cognitive dissonance and
experienced negative affect: Evidence that dissonance
increases experienced negative affect even in the
absence of aversive consequences. Personality and

Social Psychology Bulletin, 26(12), 1490–1501.
doi:10.1177/01461672002612004

Harmon-Jones, E., & Harmon-Jones, C. (2003).
Whatever happened to cognitive dissonance theory?
The General Psychologist, 38(2), 28–33.

Harmon-Jones, E., & Harmon-Jones, C. (2007). Cog-
nitive dissonance theory after 50 years of develop-
ment. Zeitschrift Für Sozialpsychologie, 38(1), 7–16.
doi:10.1024/0044-3514.38.1.7

Harmon-Jones, E., & Mills, J. (1999). An introduction
to cognitive dissonance theory and an overview of
current perspectives on the theory. In E. Harmon-
Jones & J. Mills (Eds.), Cognitive dissonance: Progress

on a pivotal theory in social psychology (pp. 3–21).
Washington, DC: APA.

Heyduk, R., & Bahrick, L. (1977). Complexity,
response competition, and preference. Implications
for affective consequences of repeated exposure.
Motivation and Emotion, 1(3), 249–259.
doi:10.1007/BF00998863

Hohwy, J. (2012). Attention and conscious perception
in the hypothesis testing brain. Frontiers in Psycho-

logy, 3(96). doi:10.3389/fpsyg.2012.00096
Holmes, A. J., & Pizzagalli, D. A. (2008). Spatiotem-

poral dynamics of error processing dysfunctions
in major depressive disorder. Archives of General

Psychiatry, 65(2), 179–188. doi:10.1001/archgen
psychiatry.2007.19

Jacoby, L. L., Kelley, C., & Dywan, J. (1989). Memory
attributions. In H. L. I. Roediger & F. Craik (Eds.),
Varieties of memory and consciousness: Essays in

honour of Endel Tulving (pp. 391–422). Hillsdale,
NJ: Erlbaum.

Judd, C. M., Westfall, J., & Kenny, D. A. (2012).
Treating stimuli as a random factor in social
psychology: A new and comprehensive solution to a
pervasive but largely ignored problem. Journal of

Personality and Social Psychology, 103(1), 54–69.
doi:10.1037/a0028347

Keller, F., Gunasekharan, S., Mayo, N., & Corley, M.
(2009). Timing accuracy of web experiments: A case
study using the WebExp software package. Behavior
Research Methods, 41(1), 1–12. doi:10.3758/BRM.41.
1.12

Kunst-Wilson, W. R., & Zajonc, R. B. (1980). Affective
discrimination of stimuli that cannot be recognized.
Science, 207(4430), 557–558. doi:10.1126/science.
7352271

Labroo, A., Dhar, R., & Schwarz, N. (2008). Of frog
wines and frowning watches: Semantic priming,
perceptual fluency, and brand evaluation. Journal of
Consumer Research, 34(6), 819–831. doi:10.1086/
523290

Lander, K., & Metcalfe, S. (2007). The influence of
positive and negative facial expressions on face
familiarity. Memory, 15(1), 63–69. doi:10.1080/
09658210601108732

Lee, A. Y. (1994). The mere exposure effect: Is it a
mere case of misattribution? Advances in Consumer

Research, 21, 270–275.
Lee, A. Y. (2001). The mere exposure effect: An

uncertainty reduction explanation revisited. Personal-
ity and Social Psychology Bulletin, 27(10), 1255–1266.
doi:10.1177/01461672012710002

CHETVERIKOV

412 COGNITION AND EMOTION, 2014, 28 (3)

D
ow

nl
oa

de
d 

by
 [

  ]
 a

t 0
1:

35
 0

1 
M

ar
ch

 2
01

4 

http://dx.doi.org/10.1177/0146167203262856
http://dx.doi.org/10.1177/0146167203262856
http://dx.doi.org/10.1521/soco.2010.28.2.205
http://dx.doi.org/10.1521/soco.2010.28.2.205
http://dx.doi.org/10.1037/0022-3514.45.3.492
http://dx.doi.org/10.1016/S0301-0511(03)00103-0
http://dx.doi.org/10.1016/S0301-0511(03)00103-0
http://dx.doi.org/10.1016/j.bandc.2003.11.001
http://dx.doi.org/10.1016/j.bandc.2003.11.001
http://dx.doi.org/10.1207/s15327957pspr1002_5
http://dx.doi.org/10.1111/1467-9280.00257
http://dx.doi.org/10.1177/01461672002612004
http://dx.doi.org/10.1024/0044-3514.38.1.7
http://dx.doi.org/10.1007/BF00998863
http://dx.doi.org/10.3389/fpsyg.2012.00096
http://dx.doi.org/10.1001/archgenpsychiatry.2007.19
http://dx.doi.org/10.1001/archgenpsychiatry.2007.19
http://dx.doi.org/10.1037/a0028347
http://dx.doi.org/10.3758/BRM.41.1.12
http://dx.doi.org/10.3758/BRM.41.1.12
http://dx.doi.org/10.1126/science.7352271
http://dx.doi.org/10.1126/science.7352271
http://dx.doi.org/10.1086/523290
http://dx.doi.org/10.1086/523290
http://dx.doi.org/10.1080/09658210601108732
http://dx.doi.org/10.1080/09658210601108732
http://dx.doi.org/10.1177/01461672012710002


Lee, A. Y., & Labroo, A. (2004). The effect of
conceptual and perceptual fluency on brand evalu-
ation. Journal of Marketing Research, 41(2), 151–165.
doi:10.1509/jmkr.41.2.151.28665

Lewis, I., Watson, B., & White, K. M. (2009). Internet
versus paper-and-pencil survey methods in psycho-
logical experiments: Equivalence testing of particip-
ant responses to health-related messages. Australian
Journal of Psychology, 61(2), 107–116. doi:10.1080/
00049530802105865

Luu, P., Collins, P., & Tucker, D. M. (2000). Mood,
personality, and self-monitoring: Negative affect and
emotionality in relation to frontal lobe mechanisms
of error monitoring. Journal of Experimental Psycho-
logy. General, 129(1), 43–60.

Lyubomirsky, S., & Ross, L. (1999). Changes in
attractiveness of elected, rejected, and precluded
alternatives: A comparison of happy and unhappy
individuals. Journal of Personality and Social Psychology,
76(6), 988–1007. doi:10.1037/0022-3514.76.6.988

Mandler, G., Nakamura, Y., & Van Zandt, B. J. (1987).
Nonspecific effects of exposure on stimuli that
cannot be recognized. Journal of Experimental Psy-
chology: Learning, Memory, and Cognition, 13(4),
646–648. doi:10.1037/0278-7393.13.4.646

Mather, M., Shafir, E., & Johnson, M. K. (2000).
Misremembrance of options past: Source monitoring
and choice. Psychological Science, 11(2), 132–138.
doi:10.1111/1467-9280.00228

Mather, M., Shafir, E., & Johnson, M. K. (2003).
Remembering chosen and assigned options.Memory &

Cognition, 31(3), 422–433. doi:10.3758/BF03194400
Matlin, M. W. (1971). Response competition, recogni-

tion, and affect. Journal of Personality and Social

Psychology, 19(3), 295–300. doi:10.1037/h0031352
Monahan, J. L., Murphy, S. T., & Zajonc, R. B.

(2000). Subliminal mere exposure: Specific, general,
and diffuse effects. Psychological Science, 11(6), 462–
466. doi:10.1111/1467-9280.00289

Monin, B. (2003). The warm glow heuristic: When
liking leads to familiarity. Journal of Personality and

Social Psychology, 85(6), 1035–1048. doi:10.1037/
0022-3514.85.6.1035

Monin, B., & Oppenheimer, D. M. (2005). Correlated
averages vs. averaged correlations: Demonstrating the
warm glow heuristic beyond aggregation. Social

Cognition, 23(3), 257–278. doi:10.1521/
soco.2005.23.3.257

Murphy, S. T., & Zajonc, R. B. (1993). Affect,
cognition, and awareness: Affective priming with
optimal and suboptimal stimulus exposures. Journal

of Personality and Social Psychology, 64(5), 723–739.
doi:10.1037/0022-3514.64.5.723

Newell, B., & Bright, J. (2001). The relationship between
the structural mere exposure effect and the implicit
learning process. The Quarterly Journal of Experimental
Psychology: Section A, 54(4), 1087–1104.

Newell, B., & Shanks, D. (2007). Recognising what you
like: Examining the relation between the mere-
exposure effect and recognition. European Journal of

Cognitive Psychology, 19(1), 103–118. doi:10.1080/
09541440500487454

Nordhielm, C. L. (2002). The influence of level of
processing on advertising repetition effects. Journal of
Consumer Research, 29(3), 371–382. doi:10.1086/
344428

Obermiller, C. (1985). Varieties of mere exposure: The
effects of processing style and repetition on affective
response. The Journal of Consumer Research, 12(1),
17–30. doi:10.1086/209032

Overgaard, M., Timmermans, B., Sandberg, K., &
Cleeremans, A. (2010). Optimizing subjective mea-
sures of consciousness. Consciousness and Cognition,
19(2), 682–684. doi:10.1016/j.concog.2009.12.018

Persaud, N., McLeod, P., & Cowey, A. (2007). Post-
decision wagering objectively measures awareness.
Nature Neuroscience, 10(2), 257–261. doi:10.1038/
nn1840

Phaf, R. H., & Rotteveel, M. (2005). Affective modu-
lation of recognition bias. Emotion, 5(3), 309–318.
doi:10.1037/1528-3542.5.3.309

Phillips, P., Moon, H., Rizvi, S., & Rauss, P. (2000).
The FERET evaluation methodology for face-recog-
nition algorithms. IEEE Transactions on Pattern

Analysis and Machine Intelligence, 22(10), 1090–
1104. doi:10.1109/34.879790

Phillips, P., Wechsler, H., Huang, J., & Rauss, P.
(1998). The FERET database and evaluation pro-
cedure for face-recognition algorithms. Image and

Vision Computing, 16(5), 295–306. doi:10.1016/
S0262-8856(97)00070-X

Raaijmakers, J. G. W., Schrijnemakers, J. M. C., &
Gremmen, F. (1999). How to deal with “the language-
as-fixed-effect fallacy”: Common misconceptions and
alternative solutions. Journal of Memory and Language,
41(3), 416–426. doi:10.1006/jmla.1999.2650

Ramachandran, V. S., & Hirstein, W. (1999). The
science of art. Journal of Consciousness Studies, 6(6–7),
15–51.

Raymond, J. E., Fenske, M. J., & Tavassoli, N. T.
(2003). Selective attention determines emotional
responses to novel visual stimuli. Psychological Science,

AFFECTIVE CONSEQUENCES OF RECOGNITION DECISIONS

COGNITION AND EMOTION, 2014, 28 (3) 413

D
ow

nl
oa

de
d 

by
 [

  ]
 a

t 0
1:

35
 0

1 
M

ar
ch

 2
01

4 

http://dx.doi.org/10.1509/jmkr.41.2.151.28665
http://dx.doi.org/10.1080/00049530802105865
http://dx.doi.org/10.1080/00049530802105865
http://dx.doi.org/10.1037/0022-3514.76.6.988
http://dx.doi.org/10.1037/0278-7393.13.4.646
http://dx.doi.org/10.1111/1467-9280.00228
http://dx.doi.org/10.3758/BF03194400
http://dx.doi.org/10.1037/h0031352
http://dx.doi.org/10.1111/1467-9280.00289
http://dx.doi.org/10.1037/0022-3514.85.6.1035
http://dx.doi.org/10.1037/0022-3514.85.6.1035
http://dx.doi.org/10.1521/soco.2005.23.3.257
http://dx.doi.org/10.1521/soco.2005.23.3.257
http://dx.doi.org/10.1037/0022-3514.64.5.723
http://dx.doi.org/10.1080/09541440500487454
http://dx.doi.org/10.1080/09541440500487454
http://dx.doi.org/10.1086/344428
http://dx.doi.org/10.1086/344428
http://dx.doi.org/10.1086/209032
http://dx.doi.org/10.1016/j.concog.2009.12.018
http://dx.doi.org/10.1038/nn1840
http://dx.doi.org/10.1038/nn1840
http://dx.doi.org/10.1037/1528-3542.5.3.309
http://dx.doi.org/10.1109/34.879790
http://dx.doi.org/10.1016/S0262-8856(97)00070-X
http://dx.doi.org/10.1016/S0262-8856(97)00070-X
http://dx.doi.org/10.1006/jmla.1999.2650


14(6), 537–542. doi:10.1046/j.0956-7976.2003.psci_
1462.x

Reber, R., Schwarz, N., & Winkielman, P. (2004).
Processing fluency and aesthetic pleasure: Is beauty
in the perceiver’s processing experience? Personality

and Social Psychology Review, 8(4), 364–382.
doi:10.1207/s15327957pspr0804_3

Reber, R., Winkielman, P., & Schwarz, N. (1998).
Effects of perceptual fluency on affective judgments.
Psychological Science, 9(1), 45–48. doi:10.1111/1467-
9280.00008

Reimers, S., & Stewart, N. (2007). Adobe flash as a
medium for online experimentation: A test of
reaction time measurement capabilities. Behavior

Research Methods, 39(3), 365–370. doi:10.3758/BF
03193004

Rotteveel, M., & Phaf, R. H. (2007). Mere exposure in
reverse: Mood and motion modulate memory bias.
Cognition and Emotion, 21(6), 1323–1346. doi:10.10
80/02699930701438319

Sánchez-Meca, J., Marín-Martínez, F., & Chacón-
Moscoso, S. (2003). Effect-size indices for dichot-
omized outcomes in meta-analysis. Psychological

Methods, 8(4), 448–467. doi:10.1037/1082-989X.8.
4.448

Sandberg, K., Timmermans, B., Overgaard, M., &
Cleeremans, A. (2010). Measuring consciousness: Is
one measure better than the other? Consciousness and
Cognition, 19(4), 1–10. doi:10.1016/j.concog.2009.
12.013

Schachter, S., & Singer, J. (1962). Cognitive, social, and
physiological determinants of emotional state. Psy-
chological Review, 69(5), 379–399. doi:10.1037/
h0046234

Schwarz, N., & Clore, G. L. (1983). Mood, misattribu-
tion, and judgments of well-being: Informative and
directive functions of affective states. Journal of

Personality and Social Psychology, 45(3), 513–523.
doi:10.1037/0022-3514.45.3.513

Seamon, J. G., Brody, N., & Kauff, D. M. (1983).
Affective discrimination of stimuli that are not
recognized: Effects of shadowing, masking, and
cerebral laterality. Journal of Experimental Psychology:
Learning, Memory, and Cognition, 9(3), 544–555.
doi:10.1037/0278-7393.9.3.544

Seamon, J. G., Williams, P. C., Crowley, M. J., Kim, I.
J., Langer, S. A., Orne, P. J., & Wishengrad, D. L.
(1995). The mere exposure effect is based on implicit
memory: Effects of stimulus type, encoding condi-
tions, and number of exposures on recognition and
affect judgments. Journal of Experimental Psychology:

Learning, Memory, and Cognition, 21(3), 711–721.
doi:10.1037/0278-7393.21.3.711

Shamoun, S., & Svenson, O. (2002). Value conflict and
post-decision consolidation. Scandinavian Journal of

Psychology, 43(4), 325–333. doi:10.1111/1467-9450.
00301

Simon, D. (2004). A third view of the black box:
Cognitive coherence in legal decision making. The
University of Chicago Law Review, 71(2), 511–586.

Simon, D., Krawczyk, D. C., & Holyoak, K. J. (2004).
Construction of preferences by constraint satisfac-
tion. Psychological Science, 15(5), 331–336. doi:10.11
11/j.0956-7976.2004.00678.x

Stang, D. J. (1975). Effects of “mere exposure” on
learning and affect. Journal of Personality and Social

Psychology, 31(1), 7–12. doi:10.1037/h0076165
Subramaniam, S., Biederman, I., & Madigan, S. (2000).

Accurate identification but no priming and chance
recognition memory for pictures in RSVP sequences.
Visual Cognition, 7(4), 511–535. doi:10.1080/
135062800394630

Svenson, O., & Benthorn, L. J. (1992). Consolidation
processes in decision making: Post-decision changes
in attractiveness of alternatives. Journal of Economic
Psychology, 13(2), 315–327. doi:10.1016/0167-4870
(92)90036-7

The Psychological Image Collection at Stirling (PICS).
(n.d.). Retrieved from http://pics.psych.stir.ac.uk/

Topolinski, S. (2012). The sensorimotor contributions
to implicit memory, familiarity, and recollection.
Journal of Experimental Psychology: General, 141(2),
260–281. doi:10.1037/a0025658

Topolinski, S., & Strack, F. (2009a). Scanning the
“fringe” of consciousness: What is felt and what is
not felt in intuitions about semantic coherence.
Consciousness and Cognition, 18(3), 608–618. doi:10.
1016/j.concog.2008.06.002

Topolinski, S., & Strack, F. (2009b). The analysis of
intuition: Processing fluency and affect in judgements
of semantic coherence. Cognition and Emotion, 23(8),
1465–1503. doi:10.1080/02699930802420745

Unicode Inc. (2011). CJK Unified Ideographs (including

Extension A–D). Retrieved from http://www.uni-
code.org/charts/index.html

Viechtbauer, W. (2010). Conducting meta-analyses in
R with the metafor package. Journal of Statistical

Software, 36(3), 1–48.
Vilberg, K. L., & Rugg, M. D. (2008). Memory retrieval

and the parietal cortex: A review of evidence from a
dual-process perspective. Neuropsychologia, 46(7), 1787–
1799. doi:10.1016/j.neuropsychologia.2008.01.004

CHETVERIKOV

414 COGNITION AND EMOTION, 2014, 28 (3)

D
ow

nl
oa

de
d 

by
 [

  ]
 a

t 0
1:

35
 0

1 
M

ar
ch

 2
01

4 

http://dx.doi.org/10.1046/j.0956-7976.2003.psci_1462.x
http://dx.doi.org/10.1046/j.0956-7976.2003.psci_1462.x
http://dx.doi.org/10.1207/s15327957pspr0804_3
http://dx.doi.org/10.1111/1467-9280.00008
http://dx.doi.org/10.1111/1467-9280.00008
http://dx.doi.org/10.3758/BF03193004
http://dx.doi.org/10.3758/BF03193004
http://dx.doi.org/10.1080/02699930701438319
http://dx.doi.org/10.1080/02699930701438319
http://dx.doi.org/10.1037/1082-989X.8.4.448
http://dx.doi.org/10.1037/1082-989X.8.4.448
http://dx.doi.org/10.1016/j.concog.2009.12.013
http://dx.doi.org/10.1016/j.concog.2009.12.013
http://dx.doi.org/10.1037/h0046234
http://dx.doi.org/10.1037/h0046234
http://dx.doi.org/10.1037/0022-3514.45.3.513
http://dx.doi.org/10.1037/0278-7393.9.3.544
http://dx.doi.org/10.1037/0278-7393.21.3.711
http://dx.doi.org/10.1111/1467-9450.00301
http://dx.doi.org/10.1111/1467-9450.00301
http://dx.doi.org/10.1111/j.0956-7976.2004.00678.x
http://dx.doi.org/10.1111/j.0956-7976.2004.00678.x
http://dx.doi.org/10.1037/h0076165
http://dx.doi.org/10.1080/135062800394630
http://dx.doi.org/10.1080/135062800394630
http://dx.doi.org/10.1016/0167-4870(92)90036-7
http://dx.doi.org/10.1016/0167-4870(92)90036-7
http://pics.psych.stir.ac.uk/
http://dx.doi.org/10.1037/a0025658
http://dx.doi.org/10.1016/j.concog.2008.06.002
http://dx.doi.org/10.1016/j.concog.2008.06.002
http://dx.doi.org/10.1080/02699930802420745
http://www.unicode.org/charts/index.html
http://www.unicode.org/charts/index.html
http://dx.doi.org/10.1016/j.neuropsychologia.2008.01.004


Vilberg, K. L., & Rugg, M. D. (2009). An investigation
of the effects of relative probability of old and new
test items on the neural correlates of successful and
unsuccessful source memory. NeuroImage, 45(2),
562–571. doi:10.1016/j.neuroimage.2008.12.020

Wang, M.-Y., & Chang, H.-C. (2004). The mere
exposure effect and recognition memory. Cognition
and Emotion, 18(8), 1055–1078. doi:10.1080/0269
9930341000374

Whittlesea, B. W. A., & Price, J. (2001). Implicit/
explicit memory versus analytic/nonanalytic proces-
sing: Rethinking the mere exposure effect. Memory

& Cognition, 29(2), 234–246. doi:10.3758/BF03
194917

Willems, S., Dedonder, J., & Van der Linden, M.
(2010). The mere exposure effect and recognition
depend on the way you look!Experimental Psychology,
57(3), 185–192. doi:10.1027/1618-3169/a000023

Wilson, W. R. (1979). Feeling more than we can know:
Exposure effects without learning. Journal of Person-
ality and Social Psychology, 37(6), 811–821. doi:10.
1037/0022-3514.37.6.811

Winkielman, P., & Cacioppo, J. T. (2001). Mind at
ease puts a smile on the face: Psychophysiological
evidence that processing facilitation elicits posi-
tive affect. Journal of Personality and Social Psycho-

logy, 81(6), 989–1000. doi:10.1037/0022-3514.81.
6.989

Winkielman, P., Halberstadt, J., Fazendeiro, T., &
Catty, S. (2006). Prototypes are attractive because
they are easy on the mind. Psychological Science, 17(9),
799–806. doi:10.1111/j.1467-9280.2006.01785.x

Winkielman, P., Schwarz, N., Fazendeiro, T. A., &
Reber, R. (2003). The hedonic marking of proces-
sing fluency: Implications for evaluative judgment. In
J. Musch & K. C. Klauer (Eds.), The psychology of

evaluation: Affective processes in cognition and emotion

(pp. 189–217). Mahwah, NJ: Erlbaum.
Wixted, J. T. (2007). Dual-process theory and signal-

detection theory of recognition memory. Psychological
Review, 114(1), 152–176. doi:10.1037/0033-295X.
114.1.152

Yonelinas, A. (2002). The nature of recollection and
familiarity: A review of 30 years of research. Journal of
Memory and Language, 46(3), 441–517. doi:10.1006/
jmla.2002.2864

Zajonc, R. B. (1980). Feeling and thinking: Preferences
need no inferences. American Psychologist, 35(2),
151–175. doi:10.1037/0003-066X.35.2.151

Zajonc, R. B. (2000). Feeling and thinking: Closing the
debate over the independence of affect. In J. P.
Forgas (Ed.), Feeling and thinking: The role of affect in
social cognition (pp. 31–58). Cambridge: Cambridge
University Press.

Zillman, D. (1978). Attribution and misattribution of
excitatory reactions. In J. H. Harvey, W. I. Ickes, &
R. F. Kidd (Eds.),New directions in attribution research

(Vol. 2, pp. 335–368). Hillsdale, NJ: Erlbaum.
Zizak, D. M., & Reber, A. S. (2004). Implicit

preferences: The role(s) of familiarity in the struc-
tural mere exposure effect. Consciousness and Cogni-

tion, 13(2), 336–362. doi:10.1016/j.concog.2003.
12.003

AFFECTIVE CONSEQUENCES OF RECOGNITION DECISIONS

COGNITION AND EMOTION, 2014, 28 (3) 415

D
ow

nl
oa

de
d 

by
 [

  ]
 a

t 0
1:

35
 0

1 
M

ar
ch

 2
01

4 

http://dx.doi.org/10.1016/j.neuroimage.2008.12.020
http://dx.doi.org/10.1080/02699930341000374
http://dx.doi.org/10.1080/02699930341000374
http://dx.doi.org/10.3758/BF03194917
http://dx.doi.org/10.3758/BF03194917
http://dx.doi.org/10.1027/1618-3169/a000023
http://dx.doi.org/10.1037/0022-3514.37.6.811
http://dx.doi.org/10.1037/0022-3514.37.6.811
http://dx.doi.org/10.1037/0022-3514.81.6.989
http://dx.doi.org/10.1037/0022-3514.81.6.989
http://dx.doi.org/10.1111/j.1467-9280.2006.01785.x
http://dx.doi.org/10.1037/0033-295X.114.1.152
http://dx.doi.org/10.1037/0033-295X.114.1.152
http://dx.doi.org/10.1006/jmla.2002.2864
http://dx.doi.org/10.1006/jmla.2002.2864
http://dx.doi.org/10.1037/0003-066X.35.2.151
http://dx.doi.org/10.1016/j.concog.2003.12.003
http://dx.doi.org/10.1016/j.concog.2003.12.003

	Abstract
	Hypotheses testing model
	The pre-decisional stage
	The decisional stage
	The post-decisional stage

	Alternative accounts
	Fluency attribution model
	Uncertainty reduction model


	Meta-analysis of familiarity and recognition effect on preferences
	Method
	Meta-analytic technique
	Discussion

	Experiment 1
	Method
	Results
	Discussion

	Experiment 2
	Method
	Results
	Discussion

	Experiment 3
	Method
	Results
	Discussion

	General Discussion
	Affect or something else?
	Future directions
	Summary

	REFERENCES

