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A B S T R A C T

Whether fear conditioning can take place without contingency awareness is a topic of continuing debate and
conflicting findings have been reported in the literature. This systematic review provides a critical assessment of
the available evidence. Specifically, a search was conducted to identify articles reporting fear conditioning
studies in which the contingency between conditioned stimuli (CS) and the unconditioned stimulus (US) was
masked, and in which CS-US contingency awareness was assessed. A systematic assessment of the methodolo-
gical quality of the included studies (k = 41) indicated that most studies suffered from methodological lim-
itations (i.e., poor masking procedures, poor awareness measures, researcher degrees of freedom, and trial-order
effects), and that higher quality predicted lower odds of studies concluding in favor of contingency unaware fear
conditioning. Furthermore, meta-analytic moderation analyses indicated no evidence for a specific set of con-
ditions under which contingency unaware fear conditioning can be observed. Finally, funnel plot asymmetry and
p-curve analysis indicated evidence for publication bias. We conclude that there is no convincing evidence for
contingency unaware fear conditioning.

1. Introduction

Classical conditioning is one of the oldest and most established
procedures within psychology. In this procedure, two different stimuli,
the conditioned stimulus (CS) and the unconditioned stimulus (US), are
paired, resulting in conditioned responses (CRs) to the CS (Pavlov,
1928). A variant, the fear conditioning procedure, involves the pairing
of usually an initial neutral CS with an aversive US (e.g., an electric
shock) (Lonsdorf et al., 2017). Established CRs involve a range of dif-
ferent behaviors related to fear, such as elevated skin conductance re-
sponses, potentiated startle responses, subjective distress, and avoid-
ance behavior. The fear conditioning procedure is regarded as an
important model for the etiology of anxiety and fear-related disorders
(Mineka and Zinbarg, 2006; Rachman, 1991; Vervliet et al., 2013).

The processes underlying classical conditioning, including fear
conditioning, are often seen as simple and automatic. For example, in
the Encyclopedia of Human Behavior, classical conditioning is in-
troduced as a “natural phenomenon of reflexive learning” (Ploog, 2012,
p. 484). However, these assumptions have been repeatedly challenged
by prominent authors in the conditioning field, who have highlighted
that the reflexive system is an unlikely explanation of several findings
with classical learning procedures, such as the role of contingency ra-
ther than contiguity, preparatory rather than reflexive conditioned

responses, the involvement of inferential reasoning, and effects of
verbal instructions (Dawson and Furedy, 1976; Grings, 1973; Lovibond
and Shanks, 2002; Mertens et al., 2018; Rescorla, 1988). Yet some of
the most influential contemporary models about human learning and
memory maintain that classical conditioning can take place entirely
through automatic learning processes (Amodio, 2018; LeDoux, 2014;
Squire, 2004). One of the strongest and most persistent assumptions
about classical (including fear) conditioning is that it can take place in
the absence of awareness of the CS-US contingency (which is one of
several features of automaticity; see Bargh, 1994; McNally, 1995;
Moors and De Houwer, 2006).

The idea that fear conditioning can take place without contingency
awareness was introduced early in the literature (Diven, 1937;
Haggard, 1943; Lacey and Smith, 1954). However, other studies
quickly followed, challenging these findings and demonstrating that
fear conditioning only occurs when participants are able to verbalize
the CS-US contingency (indicating CS-US contingency awareness)
(Chatterjee and Eriksen, 1960, 1962, Fuhrer and Baer, 1965, 1969).
Still, the question remains largely unresolved: many empirical reports
and reviews have argued that fear conditioning does not occur in the
absence of CS-US awareness (Brewer, 1974; Dawson and Furedy, 1976;
Lovibond and Shanks, 2002; Mitchell et al., 2009), while a comparable
series of empirical reports and theoretical papers have argued that it
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does occur without awareness (Öhman and Mineka, 2001; Schultz and
Helmstetter, 2010; Sevenster et al., 2014; Weike et al., 2007). This
status of the debate may be attributed to methodological and (meta-)
theoretical issues that complicate the evaluation of the evidence. We
will first provide a brief overview of these issues, and they will serve as
a benchmark for our systematic review below.

1.1. Methodological problems regarding contingency unaware fear
conditioning

1.1.1. Masking procedures
Studies investigating unaware fear conditioning usually employ

some type of masking procedure to prevent the development of con-
tingency awareness. Most commonly, the CS-US contingency is masked
by interfering with the perception of the CS (e.g., backward masking,
continuous flash suppression). If perception of the CS is successfully
suppressed, it can be argued that the CS-US contingency is also masked
(although perception of CS may not be completely suppressed on all
feature levels and pseudo-random trial-order can be used to develop
partial knowledge of the CS-US contingency; see Sections 1.1.1.3 and
1.1.4). Alternatively, other procedures (e.g., a distractor task, instruc-
tion manipulations) can be used to manipulate participants’ attention
for the contingencies and mask the CS-US contingency, without inter-
fering with the perception of the CS. However, there are potential
limitations to these masking procedures.

1.1.1.1. Suboptimal parameters. The effectiveness of a masking
procedure depends on whether the parameters of the procedure are
well adjusted. For instance, in backward masking, a briefly presented
stimulus (often between 10−50ms) is followed by a mask (e.g., a grey
pattern) to prevent development of awareness of the masked stimulus.
However, when the stimulus presentation or the interval between the
stimulus and mask are too long, most participants will be able to
perceive the stimulus (Vermeiren and Cleeremans, 2012). Similarly, a
distractor task (e.g., a n-back task in which participants are asked to
report information in a trial that was presented n-trials earlier) may be
ineffective if the task is too easy or too hard. Hence, masking
procedures require adequate parameters to ensure that they are
effective, otherwise a substantial portion of the sample will develop
awareness.

1.1.1.2. Individual differences. Individual differences between
participants (e.g., regarding eye-sight, working memory capacity,
motivation, and attention) may result in less effective masking
procedures. For instance, stimuli presented for 33ms in a masking
task may be imperceptible for some participants but clearly visibly for
others (Pessoa et al., 2006). Likewise, 2-back tasks (which require
participants to report a stimulus presented 2 trials ago) may not be
challenging for participants with high working memory capacity.
Neglecting such inter-individual differences can result in contingency
awareness in part of the sample despite using a masking task. Similarly,
intra-individual differences, such as variations in motivation and
attention (which can, of course, also vary between participants), can
render masking procedures less effective. For example, in continuous
flash suppression, participants are presented a static stimulus to one eye
and a series of rapidly changing stimuli to the other eye, resulting in the
suppression of the static stimulus from awareness. However, if
participants do not maintain eye fixation, the suppression effect can
break (Faivre et al., 2014). Hence, inter-individual (i.e., between
participants) and intra-individual (i.e., within participants)
differences should be taken into account to ensure that masking
procedures are effective. To ensure unawareness, task parameters
may be adjusted individually (i.e., for each participant) and
dynamically (i.e., throughout the experiment).

1.1.1.3. Presence of other stimulus dimensions. Another potential

problem is that participants sometimes use another visual feature
(e.g., object size) to broadly categorize masked stimuli. As such,
masking procedures may be successful to prevent awareness of
stimuli on one feature level, but not the broader classification of
stimuli along other perceptual dimensions (Gayet et al., 2019;
Gelbard-Sagiv et al., 2016). This may result in a misclassification of
participants as unaware, even though they can discriminate stimuli.

1.1.1.4. Solutions. Masking procedures should be used carefully and
effectively to ensure that most participants in the sample do not develop
awareness. Particularly, to ensure that participants are and remain
unaware of stimuli, researchers should use (a) a masking technique; (b)
set appropriate parameters for the masking technique (most optimally
individually and dynamically adjusted); and (c) ensure that participants
cannot use other perceptual dimensions to discriminate between
stimuli.

1.1.2. Awareness measures
Given the limitations of masking procedures, manipulation checks

(i.e., measures of contingency awareness) are required to select parti-
cipants who are unaware of the contingencies. Such measures include
post-experimental questionnaires, visual discrimination tasks, and trial-
by-trial US expectancy ratings. However, these awareness measures
also have a number of the previously described limitations (Lovibond
and Shanks, 2002; Shanks and St. John, 1994).

1.1.2.1. Insensitive awareness measures. Awareness measures should be
sufficiently sensitive to detect contingency awareness, but this can be a
problem, for instance, with post-experimental questionnaires. Due to
the passage of time, participants may forget relevant information (e.g.,
the hair color of a face presented earlier), resulting in
underperformance on the awareness measure (for such a
demonstration see Dawson and Reardon, 1973). Besides avoiding
long time-lags, awareness measures should be sufficiently powered. In
a review of awareness measures used in implicit learning research,
Vadillo et al. (2016) found that behavioral tasks (such as visual
discrimination tasks) usually relied on a limited number of trials,
resulting in a loss of power and erroneous conclusions of absence of
awareness. Hence, it is important to ensure that awareness measures
are not affected by factors that may reduce their sensitivity, such as
time delays and underpowered tests.

1.1.2.2. Irrelevant awareness measures. Awareness measures should
measure knowledge that may indicate (partial) contingency
awareness. For instance, as described above, participants may use a
different perceptual dimension to discriminate between stimuli than the
one the researchers had in mind. If researchers do not assess knowledge
that the participants actually used (e.g., “I saw a long, slim object”) by
asking a question that is too specific or irrelevant (e.g., “Did you see a
snake?”), they may erroneously conclude that participants were
unaware of the relevant information. This point also relates to
controlling for trial-order effect (see Section 1.1.4 below).

1.1.2.3. An appropriate awareness criterium needs to be set. When criteria
for awareness are too strict, a high number of participants who are
(partially) contingency aware may be classified as ‘contingency
unaware’. For example, Schultz and Helmstetter (2010) classified
participants as contingency unaware when US expectancy ratings (on
a 100-point scales) for CS- (i.e., the CS not paired with the US) were
rated more than 25 and/or US expectancy ratings for CS+ (i.e., the CS
paired with the US) were rated as less than 75. This resulted in 8 out of
10 participants in the masking condition being classified as unaware.
However, using a more lenient criterion of rating US expectancy for CS-
as more than 50 and/or US expectancy for CS+ as more less 50, only 4
out of 10 participants were classified as contingency unaware. Hence,
an appropriate contingency awareness criterium should be set to
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account for possible partial awareness of the contingencies.

1.1.2.4. Regression-to-the-mean. Shanks (2017) reframed these
problems relating to awareness measures as a regression-to-the-mean
problem. That is, selecting contingency unaware participants on the
basis of an awareness measure is a type of extreme group selection
(particularly when the masking procedure is not effective, resulting in
fewer participants demonstrating the desired awareness level). As such,
regression-to-the-mean dictates that participants demonstrating
extreme performance on one measure (e.g., no contingency awareness
in the awareness test) will tend to show less extreme performance on
another measures (i.e., reliable discrimination of the outcome of
interest in a fear conditioning procedure). This problem is always
present (unless awareness measures and outcome measures are
perfectly correlated) and it is particularly pronounced when the
masking procedure is not fully effective and when the awareness
measure and the outcome of interest are weakly correlated. It can be
further noted that awareness measures are typically quite unreliable
(Vadillo et al., 2019), which introduces an upper bound for any
correlation with these measures (Novick, 1966). Hence, imperfect
correlations and regression to the mean are to be expected in all
studies addressing unaware processes.

1.1.2.5. Solutions. According to Shanks (2017, one solution to the
problem of poor awareness measures and regression-to-the-mean is to
use multiple awareness measures. The second awareness measure can
be used to independently eliminate bias in the first awareness measure.
Furthermore, a second measure can confirm the sensitivity and validity
of the first measure. Hence, taken together, measures of awareness
should be sensitive and relevant, an appropriate criterium needs to be
set, and regression-to-the-mean should be accounted for. A practical
solution for these problems is to use two independent measures of
awareness.

1.1.3. Researcher degrees of freedom and HARKing
Another challenge for research on contingency unaware fear con-

ditioning is flexibility in the selection, pre-processing, and analysis of
the data. Such ‘garden forking paths’ (Gelman and Loken, 2013) or
‘researcher degrees of freedom’ (Simmons et al., 2011) increase the risk
of finding false-positive results. For instance, fear conditioning studies
commonly measure at least one psychophysiological response (e.g., skin
conductance response, fear potentiated startle, or heart rate) and one or
several subjective measures (e.g., ratings of US expectancy or CS eva-
luations). Furthermore, skin conductance, the most commonly used
outcome measure in fear conditioning, can be scored in different ways
(e.g., relative increases using a baseline or trough-to-peak scoring of
responses) and in different time intervals (e.g., across the duration of CS
presentation or scoring responses in the first and second time interval of
CS presentation) (Pineles et al., 2009). Finally, participants are often
excluded in fear conditioning research for insufficient data quality.
There is a wide range in criteria for excluding participants and these are
often not implemented consistently (Lonsdorf et al., 2019). Such flex-
ibility in the analysis of data, without appropriate error control, can
inflate the risk of false-positive findings (Gelman and Loken, 2013;
Simmons et al., 2011).

The problem of flexibility of data processing can be further ex-
acerbated by cherry picking results across multiple conditions or
moderators and flexibility in the interpretation of those obtained re-
sults, a practice known as Hypothesizing After the Results are Known
(or HARKing) (Kerr, 1998). For instance, when a hypothesis (such as
whether or not fear conditioning can occur without contingency
awareness) is tested under multiple conditions and with multiple out-
come measures, without clear a priori specification of predicted mod-
erators, a researcher could discover an effect in any of the conditions or
for any of the measures and selectively present this finding as predicted
beforehand. Such practices, in combination with publication bias

favoring positive results (see Section 1.2.2), can inflate the number of
spurious findings in the literature (De Groot, 2014; Forstmeier et al.,
2017; Kerr, 1998).

1.1.3.1. Solutions. There are ways to mitigate the problems of
researcher degrees of freedom and HARKing, such as preregistration
of data-analyses plans and hypotheses (Krypotos et al., 2019; van’ t
Veer and Giner-Sorolla, 2016), but these practices have not yet been
routinely been used in fear conditioning research (Lonsdorf et al.,
2019). Without pre-specified data-analysis steps and hypotheses, it is
difficult to scrutinize whether or not results have been influenced by
flexible interpretation and researcher degrees of freedom. Because
spurious findings are, per definition, unreliable, a simple (though
potentially conservative1) decision rule is that inconsistent results
across measures and/or conditions might suggest that the results have
been potentially influenced by researcher degrees of freedom and/or
HARKing.

1.1.4. Trial-order effects
One final potential problem is trial-order effects, which could par-

tially account for the evidence found in favor of unaware fear con-
ditioning. That is, often pseudo-random trial orders are used in fear
conditioning research to prevent multiple successive CS-US trials
(usually maximally two).2 This practice introduces a predictable trial
order. That is, after an unreinforced trial, the probability of a sub-
sequent reinforced trial is higher (and vice versa; how much precisely
depends on the reinforcement rate and the constraints of the pseudo-
random trial order). When participants pick up this contingency, they
can anticipate the US without necessarily needing to identify the CS.
Indeed, several studies (Sevenster et al., 2014; Singh, Dawson et al.,
2013; Wiens et al., 2003) have indicated that trial-order effects can
account for apparent instances of contingency unaware fear con-
ditioning.

1.1.4.1. Solutions. When a pseudo-random trial order is used, the
effects of trial-order on conditioned responses can be investigated by
comparing non-alternating trials (i.e., CS+ following CS+ and CS-
following CS-) to alternating trials (i.e., CS+ following CS- and vice
versa). For alternating trials, trial-order effects will result in reliable
discrimination (i.e., expectancy of the US for the CS+ compared to the
CS-), due to the previous trial, even when participants are completely
unaware of the CS-US contingency. To test for contingency unaware
fear conditioning, statistical analyses can focus on non-alternating
trials. For these trials, participants cannot correctly anticipate (non-)
reinforcement on the next trial, and thus evidence for contingency
unaware fear conditioning on non-alternating trials cannot be due to
trial-order effects.

1.2. Other potential problems with the evidence for contingency unaware
fear conditioning

1.2.1. Disagreement about moderators of unaware fear conditioning
Theoretical papers have outlined a number of conditions under

which unaware fear conditioning is thought to be reliably observed.
Particularly, some researchers have argued that unaware fear

1Whether or not this decision rule is indeed conservative depends on to what
extent the described effects in the literature are reliable. Some authors have
argued that most reported research findings reflect false-positive results due to
researcher degrees of freedom and HARKing (Ioannidis, 2005; Simmons et al.,
2011) and recent replication initiatives in psychology indicate that replicability
of research findings is problematic (Klein et al., 2014; Open Science
Collaboration, 2015). Therefore, our decision rule may not be that conservative.

2 Pseudo-random trial orders are used in fear conditioning research to prevent
long streaks of reinforced or unreinforced trials, which tend to produce the
Gambler’s fallacy phenomenon (McAndrew et al., 2012).
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conditioning can only be observed with certain outcome variables (i.e.,
fear potentiated startle, amygdala activity; Hamm and Weike, 2005),
with certain procedural parameters (i.e., delay conditioning; Weike
et al., 2007), and for certain classes of stimuli (i.e., evolutionary fear-
relevant stimuli such as angry male faces and pictures of snakes and
spiders; Soares and Öhman, 1993). As of yet, these claims are based on
a small number of studies and the results are not necessarily consistent
(see Lipp, Kempnich et al., 2014; Lovibond et al., 2011; McNally, 1987).
Hence, the evidential basis for these proposed moderators is limited and
requires further evaluation.

1.2.2. Publication bias
Publication bias is a well-known problem that can result in the

misrepresentation of the robustness and reliability of effects reported in
scientific literature (Bakker et al., 2012; Rosenthal, 1979). There are
several reasons why the literature on contingency unaware fear con-
ditioning might be affected by publication bias. First, the question of
whether fear conditioning can occur without awareness relates to in-
fluential ideas about the organization of emotions (i.e., elicitation of
emotions requires minimal processing; Damasio, 1994; James, 1884;
Zajonc, 1980), memory (i.e., distinction between implicit and explicit
memory systems; Squire, 2004), and the etiology of psychopathology
(i.e., unaware associations drive maladaptive fear responses; Mineka
and Öhman, 2002). These ideas are not uncontested (e.g., Hofmann,
2008; Lazarus, 1982; Moors et al., 2017; Shanks and Berry, 2012), but
they remain influential. Articles reporting demonstrations of unaware
fear conditioning may have been published more easily because they
are in accordance with the predictions of these influential theories (Lee
et al., 2013). A second reason why the literature may be affected by
publication bias is that demonstrations of an effect are more easily
published than negative findings (Coursol and Wagner, 1986; Levine
et al., 2009). Third, samples sizes in fear conditioning research are often
small, which leads to imprecise and inflated effect size estimates
(Button et al., 2013). Finally, a fourth reason that may have contributed
to publication bias is that demonstrations of unconscious learning may
be perceived as exciting, novel, and unusual results, which are more
likely to get published (Nosek et al., 2012; Yong, 2012). Hence, the
literature on contingency unaware fear conditioning may be sub-
stantially biased, which may have resulted in a misrepresentation of the
robustness of this phenomenon.

1.3. Goals of the present systematic review and meta-analysis

This systematic review and meta-analysis will provide an overview
of the available evidence from studies with healthy participants in
which contingency awareness was manipulated using a masking pro-
cedure in a differential fear conditioning paradigm (for a detailed list of
our inclusion criteria see Section 2.2). Particularly, based on the
aforementioned problems of the available evidence for contingency
unaware fear conditioning, the aim of this review is threefold. First, we
will assess the extent to which articles on this topic are affected by the
methodological problems described above (i.e., poor masking metho-
dology, inadequate awareness measures, researcher degrees of freedom,
and trial-order effects). Second, using meta-analytical tools (i.e., mod-
erator analyses), we will investigate whether there are conditions or
measures under which contingency unaware fear conditioning can be
consistently observed. Finally, we will investigate whether there is
evidence for publication bias in this literature.

2. Method

For the current meta-analysis, PRISMA-guidelines were followed
(Moher et al., 2015). In case of deviations of these guidelines, this is
explicitly acknowledged.

2.1. Protocol, registration, and materials availability

The protocol for this systematic review and meta-analysis was not
publicly registered in a repository. Relevant datafiles (i.e., overview of
the search strategy, extracted information from the studies, and the R
script for the meta-analysis) are provided through the Open Science
Framework (OSF) through the following link: https://osf.io/dy4ac/

2.2. Literature search and inclusion criteria

Relevant articles were identified by a systematic search on three
digital databases (PubMed, PsycINFO, and Web of Science3; conducted
January 13th, 2019), by including relevant articles from a recent sys-
tematic review on a closely related topic (i.e., on peripheral physiolo-
gical responses towards subliminally presented negative affective sti-
muli, including subliminal CS presentations; van der Ploeg et al., 2017),
and by snowballing through the reference lists of relevant recent pub-
lications (Schultz and Helmstetter, 2010; Sevenster et al., 2014; Singh
et al., 2013). An overview of the results of our search strategy is pro-
vided in Fig. 1.

The identified studies were screened according to several selection
criteria to determine their inclusion in the meta-analysis. In an initial
screening, based on title and abstract conducted by the first author and
a graduate student volunteer, studies were selected that used a fear
conditioning procedure and a sample of healthy human participants
(i.e., no studies with either non-human animals or patients were in-
cluded). Subsequently, full-texts of the relevant articles were screened
for further inclusion in the systematic search and meta-analysis.
Particularly, using the participants, interventions, comparisons, and
outcomes (PICO) framework (Huang et al., 2006), our inclusion criteria
were as follows:

(1) Participants: Only studies on healthy human participants were in-
cluded.

(2) Interventions: Studies had to use a fear conditioning procedure (i.e.,
a procedure in which a CS and US are paired and using an aversive
stimulus as the US). Studies on eyeblink conditioning, evaluative
conditioning, and other classical conditioning procedures were ex-
cluded, even though the role of awareness is contested with these
classical conditioning procedures as well (see Bar-Anan et al., 2010;
Corneille and Stahl, 2018; Weidemann et al., 2016). Furthermore,
we only included studies that attempted to mask the presentation of
the CSs or the CS-US relationship during the acquisition phase. That
is, several studies focused on whether conditioned fear can be ex-
pressed unconsciously, not on whether conditioned fear can be
acquired unconsciously. As such, these studies did not employ
masking procedures during the initial conditioning phase, but only
during a subsequent test phase to assess unconscious expression of
conditioned fear (e.g., Öhman and Soares, 1993). Because the focus
of our meta-analysis is on whether conditioned fear can be acquired
in the absence of awareness, these studies were excluded.

(3) Comparison group: Only studies that used a within-subjects differ-
ential fear conditioning paradigm (i.e., using a CS paired with the
US, CS+, and a CS not paired with the US, CS-) were included.

(4) Outcomes: We only included studies that focused specifically on
fear conditioning. Particularly, studies had to include a physiolo-
gical outcome typically measured in fear conditioning studies (e.g.,
skin conductance responses, fear potentiated startle, heart rate).
One exception to this were the studies by Raes and colleagues (Raes
and De Raedt, 2011; Raes, De Raedt et al., 2009; Raes, Koster et al.,
2010). They used reaction times in a spatial cueing task. Because

3 Search terms: unconscious OR inattentive OR unmindful OR unobservant
OR unaware AND fear conditioning. Limited to English language and published
after 1970 until now. The searches were executed on January 12th 2019.
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these studies met all other criteria (i.e., healthy participants, use of
a differential fear conditioning procedure, and a masking proce-
dure) and because performance in a reaction time task can be
considered to be fairly outside of voluntary control, these studies
were also included in the systematic review and meta-analysis.4

(5) Time: We only included studies published after 1970 for several
reasons. First, there is a lack of standardization with regard to the
collection, scoring, and analysis of psychophysiological responses
prior to 1970. Especially practices regarding measuring electro-
dermal activity (i.e., skin conductance) became more standardized
following the publication of guidelines (Fowles et al., 1981; Lykken
and Venables, 1971). Second, the use of parametric tests and re-
porting of test statistics is generally lacking in earlier papers. Third,
more standardized procedures for assessing awareness were estab-
lished with the seminal publications by Michael Dawson and col-
leagues (Dawson, 1970; Dawson and Biferno, 1973; Dawson and
Reardon, 1973).

(6) For the meta-analysis and moderator analyses, we only included
studies that reported the required test statistics (i.e., the F- or t-
statistic) to calculate the effect size (see Section 2.5). Some studies
merely stated whether an effect was significant or not (without the
exact p-value or test statistics). Because effect size estimates could
not be extracted without this information, these studies were ex-
cluded from the meta-analysis. However, we did include these

studies into the systematic review to assess the quality of these
studies.

We identified a final sample of k =41 different studies (retrieved
from 34 different published articles).

2.3. Data extraction and coding

We screened the selected articles for the crucial statistical test de-
monstrating fear conditioning without awareness. Usually this was a t-
test or a F-test comparing fear responses to the CS+ and CS- at the end
of a fear conditioning phase for participants who did not demonstrate
awareness on the awareness tests. Alternatively, the comparison was
between CS+ and CS- trials that were not detected by participants. The
extracted test statistics were further transformed to obtain the crucial
effect size estimate (see Section 2.5).

Furthermore, we coded the identified articles on the following three
features. First, we coded the outcome measure. Most of the articles
reported several outcome measures. In this case, we selected the out-
come measure that was, according to the article, the most sensitive to
unaware fear conditioning. We selected only one outcome measure
because datapoints in meta-analyses have to be independent and be-
cause commonly one outcome measure was identified in the articles as
being more sensitive to unaware fear conditioning than the other out-
come measures. Selecting one effect size per study is accepted practice
in meta-analyses (Quintana, 2015), and it is especially justified in this
context given that it may be theoretically argued that certain outcome
variables may be insensitive to contingency unaware fear conditioning

Fig. 1. Flow chart for the literature search.

4 The results of our systematic review and meta-analysis (see below) were
comparable when the studies by Raes and colleagues were excluded from the
dataset.
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(Sevenster et al., 2014; Weike et al., 2007). In one article, we were
unable to extract the crucial test statistic of the outcome measure of
interest (fear potentiated startle) and we selected another outcome
measure that was sensitive to unaware fear conditioning instead (heart
rate) (Hamm and Vaitl, 1996).

Second, we coded whether the studies used evolutionary fear-re-
levant or fear-irrelevant CSs. There is some debate about what stimuli
precisely constitute evolutionary fear-relevant stimuli. In order to ac-
commodate the claims from most articles and to ensure sufficient sta-
tistical power, we coded spider pictures, snake pictures, and angry faces
as evolutionary fear-relevant stimuli (Mallan et al., 2013; Öhman,
2009) and geometric figures, grey patterns, sounds, odors (perfumes),
and neutral faces as evolutionary fear-irrelevant (see Table 1 for a
precise description of the stimuli in the different studies).

Finally, we coded whether studies used a trace or a delay fear
conditioning procedure. Trace conditioning procedures were identified
as procedures having a temporal gap between CS offset and US onset
(i.e., the trace interval). Delay conditioning procedures were defined as
studies that presented the US either during CS presentation or im-
mediately at CS offset.

Data extraction and coding was done by the first author.

2.4. Study quality assessment

The identified studies were systematically assessed regarding the
extent to which they are affected with the methodological issues de-
scribed above (i.e., poor masking procedures, poor awareness measures,
researcher degrees of freedom, and trial-order effects). Quality assess-
ment was done independently by the first author and a graduate student
volunteer using a scoring sheet (see the Supplementary Materials). For
each of the four methodological problems, studies were coded as ad-
dressing the issue adequately (1) or inadequately (0). Cohen’s kappa
was calculated on the initial ratings as an indication for the interrater
reliability of the quality assessment (Cohen, 1960).

2.5. Meta-analytic procedures

As described previously, the test of interest was whether partici-
pants show conditioned fear responses in conditions that prevented or
controlled for the awareness of the CS-US contingency. Most typically,
this involved a t-test or a F-test comparing fear responses to the
CS+ and CS- for unaware participants or undetected trials (compared
within the same participants; hence paired sample t-tests or repeated
measures ANOVAs). Effect sizes were calculated on the basis of this test
statistic. Particularly, F-statistics were transformed to t-statistics (√F).
Thereafter, Cohen’s d was calculated using the following formula:
Cohen’s d = t/√n. This way of calculating Cohen’s d is usually not re-
commended because it does not allow a direct comparison between
between-subjects and within-subjects experiments (i.e., because it takes
into account the correlation between the repeated measures in a within-
subjects design; Lakens, 2013; Morris and DeShon, 2002). Nevertheless,
this was considered adequate here because all studies under con-
sideration and, more generally, nearly all studies within the human fear
conditioning literature, usually compare fear responses to the CS+ and
CS- within participants (for comparable argumentation to use this effect
size in the context of human experimental research see Cracco et al.,
2018; Hirst et al., 2018). Cohen’s d was further transformed into Hedges
g to account for biased estimates of this Cohen’s d with small sample
sizes using the following formula:

=Hedges g Cohen s d
n

* 1 3
4* 1

1'

(1)

The corresponding variance was calculated using the following
formula (Cracco et al., 2018; Hirst et al., 2018):Ta
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The extracted effect sizes were analyzed using the Metafor package
in R using a restricted likelihood random-effects model (Viechtbauer,
2010). A random-effects model was used to account for methodological
variability between the studies (Hedges and Olkin, 1985; Raudenbush,
2009). Moderator analyses were executed on the extracted effect sizes
using either type of outcome measure (skin conductance, other mea-
sures), conditioning procedure (trace or delay conditioning), and type
of CS (fear-relevant of fear-irrelevant) as a factor. As a measure of
consistency of the results of studies included in the meta-analysis we
report I2 (Higgins et al., 2003).

3. Results

3.1. Study characteristics

Table 1 provides a compressed overview of the most important
procedural characteristics of the studies included in the meta-analysis.
The Supplementary Materials provide a more extensive overview table
of the procedural details of the included studies. Out of the 41 identified
studies, 16 concluded that unaware fear conditioning cannot take place
without contingency awareness, whereas the other 25 studies con-
cluded that unaware fear conditioning can (under some conditions)
take place. Overall, sample sizes in the relevant conditions (i.e., under
masking conditions) were quite small (median N=28; range=6–144)
and often a substantial number of participants needed to be excluded
because they demonstrated contingency awareness, resulting in even
smaller samples (median N=18; range=6–65). Skin conductance
responses were by far the most commonly used outcome measure (used
in 35 studies). The most commonly used measure of contingency
awareness was a post-experimental questionnaire (PEQ; 25 studies),
followed by US expectancy ratings (18 studies) and visual discrimina-
tion tasks (VDT; 14 studies).

3.2. Study quality assessment

The number of studies affected by the four previously described
methodological problems is provided in Table 2. As can be seen, a
substantial portion of the studies suffered from methodological pro-
blems, limiting their interpretability. It may be noted that interrater
reliabilities concerning the quality of awareness measures and control
of trial-order effects were (near) perfect. However, interrater reli-
abilities for the assessment of the masking methodology and researcher
degrees of freedom were weaker, indicating that assessment of these
methodological features was less straightforward. Discrepancies in the
assessment (27 out of 164 or 16.46 % of all coded methodological
features) were resolved through discussion.

To investigate how the presence of these problems affected the
conclusion of the studies (contingency unaware fear conditioning: yes
or no), we calculated a sum score of the number of methodological
problems accounted for. Hence, a score of four indicates that all de-
scribed methodological problems were taken into account, whereas a
score of zero indicates that none of the methodological problems were

accounted for. Fig. 2 shows the relationship between this sum score and
the number of studies providing evidence for contingency unaware fear
conditioning. As can be seen, a higher sum score (i.e., higher metho-
dological quality) was related to a lower proportion of studies de-
monstrating evidence for contingency fear conditioning, χ2(4)= 11.24,
p = .024, indicating that reports of contingency unaware fear con-
ditioning are based mostly on methodologically weaker studies.

3.3. Meta-analysis and moderator analyses

Studies for which the effect size could be extracted (k =30) were
further analyzed using a random-effects model. The forest plot of the
meta-analysis is provided in Fig. 3. The overall meta-analytic effect size
was Hedges g =0.49 (95 % CI [0.35, 0.62]), which can be considered
medium. The heterogeneity (i.e., percentage of variability in the effect
size estimates attributable to heterogeneity among the true effects) was
fairly low (I2= 24.64 %; Q(29)= 39.96, p = 0.085) (Higgins et al.,
2003), indicating fairly low variability between the effects of the dif-
ferent studies. Note, however, that the informational value of this meta-
analysis and effect size estimate is limited by the low methodological
quality of most studies.

The limited heterogeneity in the meta-analysis indicates that sig-
nificant moderators of the heterogeneity in effect sizes are unlikely
(Viechtbauer, 2010). This was confirmed by moderator analyses. None
of the included moderators significantly accounted for the hetero-
geneity in the meta-analysis (type of outcome measure: Q(1)= 0.06,
p = 0.814; conditioning procedure: Q(1)= 0.99, p = 0.320; type of
CS: Q(1)= 0.48, p = 0.490). These results indicates that, based on the
current set of included studies, there is no supporting evidence for the
idea that contingency unaware fear conditioning takes place under a
specific set of conditions.

3.4. Publication bias

3.4.1. Egger’s regression test
Publication bias was first assessed using Egger’s regression test

(Egger et al., 1997). This test addresses whether there is a systematic
relationship between the size of the observed effects and their standard
error (i.e., whether there is an asymmetry in the funnel plot; see Fig. 4).
A systematic relationship (i.e., funnel plot asymmetry) is indicative for
publication bias. The Egger’s test for the included studies was sig-
nificant, z= 2.84, p = .005. An estimated number of 10 studies were
missing on the left side of the funnel plot (see Fig. 4). A trim-and-fill
procedure corrected the observed average effect in the meta-analysis to
Hedges g =0.33 (95 % CI [0.17, 0.49]). However, the trim-and-fill
procedure is considered to be an insufficient procedure to fully correct
for publication bias (Carter et al., 2019). That is, it only corrects for
publication bias based on observed effect size and not based on whether
an effect was significant (see Simonsohn et al., 2014). Therefore, pub-
lication bias was further examined using a p-curve analysis.

3.4.2. P-curve analysis
The distribution of the significant p-values of the included studies

was examined using a p-curve analysis. P-curve analysis was developed
by Simonsohn et al. (2014) and provides a way to evaluate the presence

Table 2
Overview of the number of studies affected by the described methodological problems and initial interrater reliability of the assessment.

Methodological problem Number (%) of studies affected Interrater reliability (Cohen’s κ) Cohen’s κ 95 % CI Approximate significance

Weak masking methodology 17 (41.46 %) 0.42 [0.21, 0.63] .001
Poor awareness measure 20 (48.78 %) 0.85 [0.70, 1] < .001
Potential researcher degrees of freedom 15 (36.59 %) 0.40 [0.12, 0.69] .007
Trial-order effects uncontrolled 38 (92.68 %) 1 [1, 1] < .001
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of publication bias using exclusively significant results reported in the
literature. A p-curve analysis plots the distribution of different sig-
nificant p-value levels (i.e., .01, .02, .03, .04, and .05). This p-curve
follows a known distribution when the null hypothesis is true and with
different population effect sizes. When the null hypothesis is true, the
distribution of p-values is flat, with all different p-values being equi-
probable (i.e., the chances of observing a p-value of .01, .05, or .99 are
identical). When the null-hypothesis is false and there is a certain effect
size in the population, smaller p-values (i.e.,< .025) are more likely
than larger p-values (i.e., between .025 and .05). When the literature is
affected by publication bias, the p-curve will deviate from these ex-
pected patterns. Particularly, when papers reporting effects with p-va-
lues smaller than .05 are preferentially reported, p-values of these pa-
pers will tend to cluster more closely towards “larger” significant p-
values (i.e., just below the conventional alpha level of .05), particularly
when the true population effect size is close to zero.

The results of the p-curve analysis are shown in Fig. 5. As input for
the p-curve analysis, the test statistics on which the meta-analysis was
based (i.e., t- or F-test statistics) were used (see above and the data files
provided through the OSF page associated with this article). A binomial
test indicated that there were no more “smaller” (i.e.,< .025; n= 9)
than “larger” (i.e.,> .025; n=11) significant p-values, p = .748, in-
dicating a lack of evidential value in the literature on unaware fear
conditioning. In contrast, a binomial test assessing the flatness of the
curve (i.e., flatter than 33 % power; green line in Fig. 5) indicated
statistical significant support for a lack of evidential value (i.e., the
observed curve was flatter than the 33 % power curve), p = .023.
Hence, a p-curve analysis indicates that the evidential value for una-
ware fear conditioning is compromised and is likely affected by pub-
lication bias.

4. Discussion

We reviewed studies investigating whether fear conditioning can
occur without awareness of the CS-US contingency. The results indicate
that the majority of the available studies were affected by methodolo-
gical problems. In fact, we found that better methodological quality of a
study is related to lower odds of reporting evidence for contingency
unaware fear conditioning. Furthermore, moderator analyses did not
provide evidence for the hypotheses that unaware fear conditioning is
more evident for fear measures other than skin conductance responses,
is stronger with fear-relevant CSs instead of fear-irrelevant CSs, or is
stronger with delay than trace conditioning procedures. Finally, ana-
lyses for publication bias revealed evidence for potential bias in the
literature on unaware fear conditioning. Particularly, a funnel plot

asymmetry test and a p-curve analysis both indicated that the literature
on contingency unaware fear conditioning is affected by publication
bias. Taken together, these three systematic assessments of the litera-
ture indicate that convincing support for the idea that fear conditioning
can occur without contingency awareness is currently lacking.

This conclusion may come as a surprise to researchers who are
sympathetic to the idea of contingency unaware fear conditioning. For
instance, it may be argued that contingency unaware fear conditioning
only occurs under some specific conditions and that this meta-analysis
with a high number of studies investigating unaware fear conditioning
under suboptimal conditions is not informative about those conditions.
Furthermore, researchers may argue that there are good theoretical
reasons for why contingency unaware fear conditioning should occur.
We consider these two arguments here before acknowledging the lim-
itations of our systematic review and summarizing our conclusions.

4.1. Are there conditions under which unaware fear conditioning occurs?

As mentioned, moderator analysis provided little support for the
idea that unaware fear conditioning consistently occurs under certain
conditions. However, due to the limited number of available studies, we
made a coarse classification of the procedural properties and outcome
measures of the different studies, potentially obscuring certain findings.
Perhaps there was insufficient power to detect effects with the mod-
erator analyses (i.e., an insufficient number of studies investigating
unaware fear conditioning under the right circumstances). Though
these possibilities cannot be excluded, there are some problems with
this reasoning.

First, there is little consistency in the procedures to investigate
contingency unaware fear conditioning. The number of different pro-
cedures is nearly as large as the number of different labs (see Table 1). If
there was indeed one specific set of conditions under which unaware
fear conditioning can be consistently observed, it would be expected
that different research groups would eventually converge towards using
the same procedure. This, however, has not happened even after more
than 80 years of research (see the Introduction). Instead, different labs
have developed their own procedures to investigate unaware fear
conditioning. This argues against the idea that there is one set of spe-
cific conditions under which unaware fear conditioning can be con-
sistently observed (see the variety of procedures to mask the CS-US
contingency in Table 1).

Second, as indicated in the Introduction, there is a substantial risk
that the literature on contingency unaware fear conditioning is filled
with false-positive results because fear conditioning studies usually
collect many different outcome measures, which can be pre-processed
in different ways, and there are different and flexible criteria for the
inclusion or exclusion of participants (Lonsdorf et al., 2019; Ney et al.,
2018). Multiple ways of analyzing the data allows chance capitaliza-
tion, which inflates the risk of finding false positive results (Murayama
et al., 2014; Simmons et al., 2011). These practices, which have been
fairly common in the psychological science literature until recently
(Nelson et al., 2018), may have inflated the evidence for contingency
unaware fear conditioning and may have introduced spurious (i.e., non-
replicable) moderators for the effect. Hence, the proposed conditions
under which contingency unaware conditioning occurs are potentially
based on unreliably findings. Preregistration and registered reports are
required in the research about the conditions under which unaware fear
conditioning can occur to ensure that the results cannot be influenced
by such flexible statistical decisions and interpretation of the results
(Krypotos et al., 2019; van’ t Veer and Giner-Sorolla, 2016).

Finally, the proposed moderators for the conditions under which
unaware fear conditioning can occur have rarely been tested directly.
Often, proposals of moderators are based on the observations of an
effect in one study and not in another study (e.g., observing con-
tingency unaware fear conditioning in a study with fear-relevant sti-
muli but not in a study with fear-irrelevant stimuli). This type of

Fig. 2. Stacked bar chart of the number of studies according to their metho-
dological quality. A higher number indicates better methodological quality (i.e.,
more methodological issues taken into account). The numbers in the bars re-
flected the number of individual studies within each category.
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inference is problematic because the difference in statistical significant
results (i.e., significant unaware conditioning in one study but not in
another study) does not necessarily indicate that the direct comparison
of the two conditions would yield statistical significant results (Gelman
and Stern, 2006; Nieuwenhuis et al., 2011). Of the reviewed studies,
only three studies have tested the effect of stimulus type directly (fear-
relevant vs fear-irrelevant) (Esteves, Parra et al., 1994; Lipp et al., 2014;
Öhman and Soares, 1998), two have tested the effect of trace vs delay
conditioning (Knight et al., 2006; Weike et al., 2007), and none of the
studies have directly compared the different outcome measures with
each other (such as with a multivariate ANOVA). These numbers of
studies indicate that the proposals of moderators for contingency una-
ware fear conditioning are based on limited empirical evidence. Fur-
thermore, the evidence is not necessarily consistent (e.g., Lipp et al.,
2014). Hence, the proposal that contingency unaware fear conditioning
occurs under a set of specific conditions requires more and more reli-
able research.

4.2. Are there theoretical reasons to presuppose contingency unaware fear
conditioning?

Some theorists and researchers have argued that contingency una-
ware fear conditioning is an evolutionary old capacity that has been
preserved in humans and demonstrated in non-human animals that
most likely do not possess awareness (Öhman and Mineka, 2001; Olsson
and Öhman, 2009). As such, contingency unaware fear conditioning in
humans is expected on the basis evolutionary continuity (i.e., the pre-
served capacity to acquire fear based on conditioning experience; which

Fig. 3. Forest plot of the 30 studies investigating fear conditioning in the absence of CS-US contingency awareness.

Fig. 4. Funnel plot of the studies included in the meta-analysis. Black dots in-
dicate observed studies and white dots indicate imputed studies correcting for
funnel plot asymmetry.

Fig. 5. P-curve of the significant results demonstrating fear conditioning in the
absence of CS-US contingency awareness.
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does not require awareness in non-human animals and thus not in
humans either). However, this assumption may need to be recon-
sidered. That is, within the animal cognition literature, awareness has
been a difficult concept to address. For instance, the famous principle of
parsimony (or: Morgan’s Canon) in animal cognition states that “In no
case is an animal activity to be interpreted as the outcome of the exercise of a
higher psychical faculty, if it can be fairly interpreted as the outcome of the
exercise of one which stands lower in the psychological scale” (Morgan,
1903, p. 59). However, this principle has been contested since its
conception (Fitzpatrick, 2008), and it has been considerably challenged
in recent years by new findings regarding animal cognition. These
findings indicate that some animals share more cognitive functions with
humans than initially assumed, including basic reasoning, object per-
manence, and awareness (e.g., Blaisdell et al., 2006; Murphy et al.,
2008). Hence, the fact that non-human animals can become fear con-
ditioned is not necessarily an argument in favor of contingency una-
ware fear conditioning in humans. Non-humans animals may learn in
an analogue fashion to humans, indicating the evolutionary continuity
of (advanced) cognitive functions supporting learning rather than
supporting the possibility of contingency unaware fear conditioning.

Another theoretical argument is based on the organization of the
brain. Particularly, fear conditioning has been closely tied to the
amygdala, a brain structure that is thought to be part of the “evolu-
tionary old” brain which has few connections with evolutionary more
recent brain structures such as the prefrontal cortex. Because higher
cognitive functions, such as awareness, are tied to the evolutionary
more recent brain structures, the argument has been made that fear
conditioning must take place without the cognitive functions served by
these brain structures (e.g., Öhman and Mineka, 2001; Tamietto and de
Gelder, 2010). However, this neurocognitive model of fear conditioning
has also been substantially revised in recent years. Particularly, it has
been shown that there are substantial connections between the amyg-
dala and prefrontal brain regions (Stein et al., 2007) and interventions
relying on prefrontal regions, such as verbal instructions, appear to
modulate defensive reflexes previously related to amygdala activity
(e.g., fear potentiated startle; Mertens and De Houwer, 2016) and
amygdala activation directly (Phelps et al., 2001). Furthermore, mul-
tiple brain areas are implicated in fear conditioning besides the
amygdala (Fullana et al., 2016). Hence, the brain model in which fear
conditioning is supported specifically by the amygdala and takes place
independently of higher cortical regions is most likely too simplified
(Pessoa and Adolphs, 2010).

Finally, whether or not awareness is necessary for fear conditioning
depends on the exact definition one uses for awareness. According to
deterministic views, human behavior is a direct result of the combi-
nation of genetic and environmental factors, and awareness is only an
epiphenomenon or consequence (but not cause) of the unaware pro-
cessing of this information. This is a philosophical argument, which is
difficult to definitely (dis)prove (Brass et al., 2019; Locke, 1995).
However, in human cognition, tremendous progress has been made
regarding the research on awareness, indicating that it serves important
functions for rapid and flexible adaptation to the environment
(Dehaene, 2001; Desender and Van den Bussche, 2012). Such findings
make the idea that awareness is only an epiphenomenon less likely.
Consequently, the idea that awareness plays an important role in Pav-
lovian conditioning cannot simply be dismissed on the basis of de-
terministic theoretical views, and in fact corresponds with the devel-
oping insights that awareness supports important cognitive functions.
Furthermore, even if awareness is entirely epiphenomenal, it could still
be a reliable indicator of the underlying causal neural process(es).

4.3. Limitations of the systematic review and meta-analysis

Several limitations of this review should be noted. First, for a large
number of studies (11 out of 41), the required test statistics for calcu-
lating effect sizes were not available and were therefore not included in

the overall meta-analysis, moderator analyses, and publication bias
analyses. It is not known whether the exclusion of these studies in-
troduces a bias in the outcomes of these analyses.

Second, data extraction and study coding was done solely by the
first author. This lack of independent coding may compromise the
quality and reliability of the data extraction and coding. Note however
that the extracted information is made available through the OSF
(https://osf.io/dy4ac/). The extracted information may be checked by
interested readers there.

Third, we did not attempt to include unpublished studies in this
meta-analysis. This was not attempted because some of the most pro-
minent and productive authors in this research area (e.g., Arne Öhman,
Michael Dawson) are no longer actively involved in research, which
would have limited the number of unpublished studies that could be
obtained. The impact of potential publication bias was partly addressed
by the use of a funnel plot asymmetry test and p-curve analysis.
Furthermore, our systematic review and meta-analysis did not include
data from regular fear conditioning studies, in which also often a sub-
stantial portion of the sample fails to discover the CS-US contingency.
These studies could provide additional information regarding the role
of contingency awareness in fear conditioning and the conditions under
which contingency unaware fear conditioning may occur. A drawback
of regular fear conditioning studies is, however, that they typically do
not attempt to prevent the development of contingency awareness and
the included measures of contingency awareness are not very elabo-
rated, thereby limiting their methodological quality and informational
value regarding contingency unaware fear conditioning (see above).

Fourth, the protocol of this meta-analysis was not preregistered on a
public repository (e.g., Prospero). Importantly, the quality assessment
of the studies was added during the review process of this paper. As
such, the extracted effect sizes and conclusions of the studies were al-
ready known to the first assessor during the assessment of the quality of
the studies. This could have potentially biased the results. However, the
risk of bias was partially mitigated by having the quality assessment
done by two independent raters and initial inter-rater reliabilities
ranged between fair and excellent (Fleiss et al., 2003), which renders
systematic rater biases less plausible.

Fifth and final, this systematic review specifically focused on whe-
ther fear conditioning can take place without contingency awareness.
Therefore, it does not provide information on whether other types of
classical conditioning (e.g., evaluative conditioning; eyeblink con-
ditioning) and other processes (e.g., perception; habituation; sensiti-
zation) take place without awareness. Furthermore, awareness is one
feature of automaticity of cognitive processes. This systematic review
and meta-analysis does not address whether other attributes of auto-
maticity (e.g., involuntary, capacity-free, controllability; see Bargh,
1994; McNally, 1995; Moors and De Houwer, 2006) apply to fear
conditioning.

4.4. Conclusions

The evidence for unaware fear conditioning was evaluated. A sys-
tematic review of the available studies indicated that many studies are
affected by methodological problems, and that the presence of such
methodological problems is negatively related to the strength of evi-
dence in favor of contingency unaware fear conditioning. Furthermore,
moderator analyses indicated no evidence for conditions under which
contingency unaware fear conditioning can be reliably observed.
Finally, two tests for publication bias indicated evidence that the lit-
erature on contingency unaware fear conditioning is affected by the
preferential reporting of positive results. Given these methodological,
theoretical, and literature-wide problems, we conclude that there is
currently no convincing evidence for contingency unaware fear con-
ditioning in humans.
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