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ABSTRACT

When people consider an arbitrary number prior to generating a numeric estimate, their estimate is typically biased toward that number. This phenomenon is called
anchoring and has been described as one the most robust phenomena in judgment and decision making. However, the literature on anchoring has been plagued by
numerous blatant contradictions, one of which is characterized by opposing statements regarding the question of when subliminal anchors work (i.e., under time
pressure vs. when people take their time). We address this inconsistency by replicating two studies using high-powered direct replications and preregistration based
on the “replication recipe” (Brandt et al., 2014). We could not find any evidence of subliminal anchoring in either of the two replications.

When numeric estimates are biased toward a previously considered
numeric value, an anchoring effect has occurred. This phenomenon has
received remarkable attention ever since Tversky and Kahneman
(1974) described it. Numerous theories have been proposed (e.g.,
Frederick & Mochon, 2012; Mussweiler & Strack, 1999a), many mod-
erators have been investigated (for an overview, see Furnham & Boo,
2011), and classical effects have been successfully replicated with very
large effect sizes (e.g., Klein, Ratliff, Vianello, Adams and Bahnik,
2014). The limits and mechanisms of anchoring are still being in-
vestigated, though (Frech, Loschelder, & Friese, 2020; Lewis, Gaertig, &
Simmons, 2019). One unresolved issue concerns the question whether
an individual needs to consider an anchor to become biased or whether
mere perception (without deliberate processing) of anchors is sufficient
(e.g., Mussweiler & Englich, 2005).

1. Subliminal anchoring

Subliminal anchoring is a special case of anchoring in which an
anchor is not processed but presented subliminally. The anchor is not
explicitly mentioned and subsequently considered by the respondent as
in other paradigms that typically feature the comparative question “Is it
more or less than X?” To our knowledge, there are only two published
studies that have investigated subliminal anchoring. Both studies found
subliminal anchoring effects. However, the conditions that have been
proposed to be necessary for subliminal anchoring are contradictory.
Mussweiler and Englich (2005) provided the first published evidence of
subliminal anchoring. As part of their cover story, they asked
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participants to concentrate and take their time in arriving at an estimate.
During this period of concentration, the anchor was presented. By
contrast, Reitsma-van Rooijen, Daamen, and L. (2006) reported that
subliminal anchoring works only when participants are under time
pressure, which is the opposite of what Mussweiler and Englich sug-
gested.

Neither paper provided a thorough theoretical account for why (no)
time pressure should be essential or how subliminal anchors actually
work because both were rather exploratory approaches. The selective
accessibility model of anchoring (e.g., Mussweiler & Englich, 2005;
Mussweiler & Strack, 1999b) can be applied to subliminal anchoring
because it uses priming as one of its mechanisms. However, given the
recent failure to replicate one of its key findings (Harris et al., 2019)
and its contradictory predictions in some domains, it does not seem to
provide a clear theoretical account of subliminal anchoring. For ex-
ample, ego depletion is predicted either to increase (Banker, Ainsworth,
Baumeister, Ariely, & Vohs, 2017) or to decrease (Francis, Milyavskaya,
Lin, & Inzlicht, 2018) the strength of anchoring on the basis of the se-
lective accessibility model, but there was no effect at all in a registered
report (Roseler, Schiitz, Baumeister, & Starker, 2020). Based on the
arguments provided for the positive or negative effect of ego depletion
on the strength of anchoring, stronger effects (less time leads to
stronger susceptibility to situational cues; e.g., Banker et al., 2017) and
weaker effects (more time leads to more consideration and stronger
priming; e.g., Francis et al., 2018) can be predicted for the presence of
time pressure versus the absence of time pressure in subliminal an-
choring. With the present paper, we are attempting to clarify the
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contradiction with respect to time pressure between the two contra-
dictory studies so that new models can account for the role of time
pressure.

If one of these studies cannot be replicated, the contradiction will be
solved. Thus, we conducted high-powered preregistered replications of
the two subliminal anchoring studies. We report how we determined
our sample size, all data exclusions, all manipulations, and all measures
in the study (Simmons, Nelson, & Simonsohn, 2012).

2. Study 1: replication of Mussweiler and Englich (2005), Study 2

Mussweiler and Englich (2005) demonstrated anchoring effects
when participants concentrated on a computer screen for 1 min and
anchors were subliminally presented 10 times for 33 ms each time and
masked with symbols (e.g., $8§?#[£#). High and low anchors influenced
the estimate of the mean temperature in Germany (Study 1) and the
price of a middle-class car (Study 2). Apart from anchors and the target
question, the only other difference between Mussweiler and Englich's
Studies 1 and 2 was the prime detection task in Study 2, in which
participants tried to recognize the subliminally presented anchor. Study
2 showed that participants could not recognize subliminal anchors even
when participants knew the anchors existed and wanted to recognize
them. We conducted a high-powered, preregistered, close replication of
Study 2 in which participants estimated the average price of a middle-
class car.

2.1. Method

As in the original study, in the current study, participants were
presented with a question (the average price of a middle-class car) and
were then asked to focus on flickering letters (among which the anchor
was presented) and subsequently to provide an estimate regarding the
target question. We determined the anchors based on a pretest. The
high anchor was 40,000 € and the low anchor was 10,000 € (anchors in
the original study were 30,000 € and 10,000 €; the data from the
pretest is available online, https://osf.io/8bqmy/). Afterwards, parti-
cipants completed a funneled debriefing and a prime detection task. We
used the funneled debriefing method to test for participants' awareness
of the primes, which included seven awareness check questions and
finally revealed the purpose of the experiment (Mussweiler & Englich,
2005, p. 136)." In the prime detection task, participants were told about
the subliminal anchors and were asked to guess the numbers presented
in 10 trials (either 10,000 or 40,000). After each trial, participants in-
dicated which number the believed to have seen by pressing a button on
the keyboard. The result was used to test whether their performance
was better than chance and whether the presentation was actually
subliminal. The presented numbers were randomized such that the high
anchor (40,000) was presented five times, and the low anchor (10,000)
was presented five times. For an overview of the procedure of the ex-
periment and the anchoring task see Fig. 1. In a personal correspon-
dence, the first author of the original study revealed that the original
materials were no longer available (the original study was conducted
more than 14 years ago). We thus designed our study to resemble the
original study as closely as possible using the details described in the
original publication. We preregistered the replication before data col-
lection using the replication recipe (Brandt et al., 2014).

1 The seven items that we took from Mussweiler and Englich (2005) were “(1)
did you notice anything special in this study? (2) what do you think this study
was about? (3) did you notice anything special with the fixation string? (4) did
you notice that presentation of this letter string was interrupted? (5) do you
have any idea of what the interruptions consisted? (6) in fact, the fixation letter
string was interrupted by the very brief presentation of numbers. Were you able
detect these numbers? (7) please write down the numbers you detected. (p.
136)”
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2.1.1. Planned sample size

To facilitate a power analysis, we pooled the effect sizes of the
original Studies 1 and 2 (which differed only with respect to the target
question) and found a mean effect of d =0.69 (N =76, 95%
CI = [0.23, 1.16], Npinose = 94) of subliminal anchoring. The present
study was conducted as part of a research class and thus the target
sample size was also chosen for practical reasons. We decided to collect
data from N = 160 participants (more than two times the sample size of
Mussweiler and Englich's studies 1 and 2 or 3.8 times the sample size of
Mussweiler and Englich's study 2), which would yield 1 - B > 0.99 for
d = 0.69 (original effect size) and 1 - f > 0.80 for d = 0.40 (mean
effect size for a variety of anchoring effects).

2.1.2. Deviations from the original study

Our study deviated from the original study in several ways. (a) We
could not conduct the study in a lab, but we instructed participants to
do the experiment in a calm working environment. Participants were
recruited among psychology students by announcing and advertising
the study over students' networks. Some students completed the study
in the University computer lab, some did the study at home.
Participants were unaware of the goals of the study. After completion of
the study, participants who participated at home were informed how to
determine their monitors refresh rate and asked to report it - as this was
essential to conduct the study as planned. All participants reported a
refresh rate of 60 Hz. In the computer laboratory refresh rates were
likewise 60 Hz.

(b) To achieve our target sample size, we recruited not only students
but also nonstudents. (c) We did not reward participants as had been
done in the original study by giving participants 6 € (Study 1) or an ice
cream cone (Study 2) after the study. However, those participants had
probably not been told about the ice cream beforehand, and the pro-
vision of the cone was not linked to performance. Thus, not providing a
reward can be viewed as a minor deviation in terms of replication
closeness. (d) As in the original study, we conducted a small pretest to
determine the high and low anchor values. The mean estimate of the
price of a middle class car was M = 23,026.32 € (SD = 6441, N = 19),
which is why we chose 10,000 and 40,000 as anchors. (e) We decided
to document whether the participants were students to see if there was
a difference between students (i.e., the participants in the original
study) and nonstudents.

2.1.3. Exclusion criteria

In Mussweiler and Englich's (2005) Studies 1 and 2, the published
exclusion criteria were ambiguous. They gave two reasons for the ex-
clusions. (a) A participant who recognized all 10 subliminal anchors in
the prime detection task was removed from the sample because it could
not be guaranteed that the subliminal anchor presentation had worked.
(b) Two participants who “indicated their suspicion about the flickering
of the letter string” (p. 136) were also removed. In our preregistration,
we specified this exclusion criterion as an answer of “yes” to Funnel
Debriefing Question 4, that is, “Did you notice the flickering?” While
collecting our data, however, we noticed that this exclusion criterion
resulted in one third of the sample being excluded (in the original
study, it resulted in only 2 of 44 = 4.5%). Furthermore, we noticed that
excluding somebody because he or she noticed that there was flickering
was problematic because participants were explicitly told about the
flickering in the original instructions: “To remind them to keep focus,
the letter string would flicker regularly” (Mussweiler & Englich, 2005,
p- 135). We thus deviated from our preregistration and instead ex-
cluded participants who answered yes to Funnel Debriefing Question 6,
which was, “There were numbers interspersed with the letters. Could
you tell what the numbers were?” This change led to far fewer exclu-
sions (see results) but did not change the results of the hypothesis test
and manipulation check.
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Fig. 1. Procedure of our Study 1 and the anchoring task.

2.1.4. Definition of a successful replication

We defined the replication attempt as successful if both of the fol-
lowing criteria were met: (a) The effect of the subliminal anchors was
significantly larger than 0, and (b) the effect was not significantly
smaller than the original effect [for the sake of precision, we pooled
Mussweiler & Englich's, 2005 effect sizes from Studies 1 and 2,
d = 0.69].

2.2. Results

2.2.1. Achieved sample size

A total of 183 participants completed the experiment. Six partici-
pants were excluded because they reported all 10 subliminal anchors
correctly; 64 participants would have been excluded because they no-
ticed the flickering on the screen (for a discussion, see the Method
section); 12 participants were excluded because they said they had
recognized the subliminal anchors. Of the remaining 165 participants,
80 had been presented with the high and 85 with the low anchor; 93
were women, 67 men, and 3 diverse; 136 were students. The mean age
was M = 24.12years (SD = 6.95years). The achieved power for
d = 0.69 (pooled original effect size) was thus 1 - B > 0.999.

2.2.2. Manipulation check and hypothesis test

In the prime detection task, participants' performance was better
than chance, that is, they detected significantly more than 5 of 10
primes (M = 5.73, SD = 1.66), t(164) = 5.63, p < .001, d = 0.440.
This indicates that anchors were not presented subliminally to all par-
ticipants. However, the estimates in the high anchor condition
(M = 19,374.03, SD = 24,112.77, N = 80) were not significantly
higher than the estimates in the low anchor condition (M = 24,384.96,
SD = 41,229.61, N = 85), t(135.03) = —0.96, p = .830 (one-tailed),
d = —0.148. This effect was significantly smaller than the pooled ori-
ginal effect (d = 0.69). The combined effect (i.e., the pooled original
effect and the replication effect) was d = 0.12 (N = 241) and not sig-
nificant, either, p = .37 (two-tailed).

2.3. Exploratory analyses

All further analyses were not preregistered and were conducted for
exploratory purposes only. Beware of the high probability of false po-
sitives and false negatives given the high number of exploratory ana-
lyses and the relatively small sample size.

2.3.1. Excluding outliers

There were five outliers in both the high and the low anchor group
(Max = 300,000, Zy.x = 8.19). In an analysis that was not pre-
registered, we applied an exclusion criterion that is common in an-
choring research, that is, we excluded values that were three standard
deviations above or below the mean estimate (e.g., Chaxel, 2014, p.
47). The estimates in the high anchor condition (M = 20,763.89,
SD = 11,136.08, N = 65) were not significantly larger than the esti-
mates in the low anchor condition (M = 21,100.00, SD = 9949.01,
N =71), t(128.82) = —0.18, p = .573 (one-tailed), d = —0.032.

2.3.2. Susceptibility to anchoring and prime detection task

Mussweiler and Englich (2005) tested for a correlation between the
susceptibility to the subliminal anchor (i.e., absolute difference be-
tween the estimate and anchor) and the number of correctly recognized
primes in the prime detection task. As in the original study, we did not
find a correlation, r(134) = 0.049, p = .572 (two-tailed). This result
was not sensitive to including or excluding the outliers.

2.3.3. Strength of anchoring effects and detection of the flickering

A large proportion of participants detected the flickering (55 of 165
participants). We tested for whether anchoring effects were stronger or
weaker for these participants than for those who did not detect the flick-
ering. The interaction between the anchor (low vs. high) and flickering
detection (yes vs. no) was not significant, F(1,132) = 0.76, p = .386. This
result was not sensitive to keeping or removing the outliers.

2.3.4. Participant age

By including nonstudents, our sample's mean age was most likely
higher than the mean age from the original study (but Mussweiler &
Englich, 2005, reported no demographic data). It is possible that the
optimal calibration of the subliminal anchor's presentation time further
depends on participants' age. We thus tested for whether age was cor-
related with the number of correctly recognized subliminal anchors in
the prime detection task, but we found a very small and nonsignificant
correlation, r(161) = —0.152, p = .053 (two-tailed).

2.4. Discussion
Our high-powered, preregistered, close replication of Mussweiler

and Englich (2005) may have been miscalibrated because the anchors
were not necessarily presented subliminally. It is, however, surprising
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that participants recognized the anchors that were presented for 33 ms
because the exposure times for subliminal primes are usually up to
500 ms (Elgendi et al., 2018, p. 23). Moreover, there was no effect, and
mean estimates in the high anchor condition were even lower than in
the low anchor condition. Due to ambiguous reports in the original
study, we changed one preregistered exclusion criterion but found that
whether or not the participants recognized the flickering had no impact
on the strength of the anchoring.

To sum up, due to the extremely high power, the anchoring effect
should have occurred if it indeed existed. We interpret the fact that
there was no sign of anchoring—even after we excluded outliers and
controlled for whether participants saw the flickering—as inconsistent
with the claim that subliminal anchoring exists.

Two claims in favor of subliminal anchoring can be made at this
point. (1) Subliminal anchoring might only occur under time pressure.
(2) Due to the partly supraliminal presentation of the anchors and the
partly uncontrolled test environment, Study 1 may not provide a strict
test of the subliminal anchoring hypothesis: If some people saw the
anchor, their awareness might have led them to over correct their es-
timate because they felt manipulated (e.g., Wilson, Houston, Etling, &
Brekke, 1996, p. 400). Study 2 addresses both problems by introducing
a condition with time pressure and reducing the presentation time of
the anchors to 17 ms instead of 33 ms.

3. Study 2: replication of Reitsma-van Rooijen et al. (2006)

Our results are not the first to call into question Mussweiler and
Englich's (2005) claim about the existence of subliminal anchors. One year
after Mussweiler and Englich's study came out, Reitsma-van Rooijen et al.
(2006) published results of an experiment on subliminal anchoring and
reported that subliminal anchoring occurred only under time pressure. In
their experiment, which was slightly different from the one by Mussweiler
and Englich, participants were first exposed to the subliminal anchors (10
vs. 90) for only 17 ms (instead of 33 ms in the study by Mussweiler &
Englich, 2005) and then asked to provide an estimate of the probability of
the recurrence of a pestilence of the lungs in India within a year. Partici-
pants were asked/not asked to provide their answer quickly. Anchoring
occurred only in the condition in which participants had to give their an-
swer quickly. Our null findings from the replication of Mussweiler and
Englich's Study 2, in which participants were asked to take their time, are
consistent with the findings of Reitsma-van Rooijen and Daamen. Together
this suggests that subliminal anchoring occurs only under time pressure. We
thus conducted a high-powered, preregistered, close replication of the study
by Reitsma-van Roijen and Daamen.

3.1. Method

In the present study, just as in the study by Reitsma-van Rooijen et al.
(2006), participants were greeted and then asked to complete demographic
questions (gender, age, and whether they were students). Then they were
told that this study was about how people make estimates and that “we
knew from experience that participants were able to give the correct an-
swer, when they followed their first impression” (Reitsma-van Rooijen
et al., 2006, p. 383). They were introduced to the letter task, which required
them to say whether a random letter combination consisted of more lower
or more upper case letters. Anchors were subliminally presented for 17 ms
during the letter task (high anchor: 90, low anchor: 10). After the letter task,
they were asked to provide an estimate of the probability of the recurrence
of a pestilence of the lungs in India within a year. See Fig. 2 for an overview
of the procedure. One difference was that participants who had completed
the study in our lab were given candy. Furthermore, we preregistered the
replication before data collection using the replication recipe (Brandt et al.,
2014).

3.1.1. Letter task and presentation of anchors
In the original study, there was an exercise to familiarize participants
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Letter Task (15 trials)
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Fig. 2. Procedure of Study 2.

with the letter task. As this exercise was not described and we were unable
to obtain information from the authors, we created a new one using the
description in the publication: Participants completed five trials of the very
same task that they would encounter later, except that there were no sub-
liminal anchors. In the letter task, (a) two crosses (“XX”) were presented for
500 ms in the center of the screen, (b) then the anchor (low anchor: 10; high
anchor: 90) was presented for 17 ms (this was omitted in the exercise), (c)
the two crosses were presented for 17 ms, (d) the letter combination was
presented for 1500 ms, and then (e) the question appeared “Were there
more upper or lower case letters?” until participants gave their answer by
pressing either A (upper) or L (lower) on the keyboard. After 15 trials,
participants saw the message “This was the last letter combination; please
make the probability estimate [please give your answer quickly]” for
5000 ms. Afterwards, participants typed their estimate. The request for a
quick answer was omitted from the no-time-pressure condition.

3.1.2. Letter task stimuli

The original study used Chicago font, plain, 14 pt., 4.5 mm high from a
0.5m viewing distance. Because Chicago font is no longer used on con-
temporary computers, we used a similar sans serif font that is common
across most computers, namely, Tahoma. We made sure that letters were
4.5 mm high and were viewed from a 0.5 m viewing distance in the lab. We
also excluded upper case and lower case letters that were likely to be
confused, such as ¢/C, k/K, and v/V. A list of all the letters we used can be
found online (see links in the open practices section). In the original study,
there were 15 letter combinations, and “there were as many capital letters
as lower case letters added over the letter combinations” (Reitsma-van
Rooijen et al., 2006, p. 383). Due to a lack of further information, we
decided that all letter combinations would have a 4:2 or 2:4 ratio of up-
per:lower case letters. Using pseudo-random numbers, we generated 8
combinations with a 4:2 ratio and 8 combinations with a 2:4 ratio. Each
participant saw 15 of these 16 combinations. For the exercise, we created 2
times 3 combinations using the same ratios.

3.1.3. Planned sample size

The original effect sizes were d = —0.284 for the no-time-pressure
condition and d = 0.867 for the time-pressure condition. A total of 62
participants (15 or 16 participants per cell) completed the original study. As
the authors of the original study found that there was no effect in the no-
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time-pressure condition, we predicted an interaction effect size of f = (d1-
d2)/4 = (0.867-0)/4 = 0.21675. Because achieving 95% power
(Nmin = 279) was not possible for practical reasons, we aimed for 80%
power and thus a target sample size of N = 170, which was still more than
two times the original sample size.

3.1.4. Deviations from the original study

We deviated from the original study in several ways. (a) We did not
present the question for 5000 ms but for as long as participants needed
to type in their estimate and click on the “next” button (Mdn,sponse
ime = 18.3655). (b) We designed a new exercise and new stimuli for the
letter task. (c) We asked for demographic data (i.e., gender, age, and
student status). (d) We applied preregistered exclusion criteria. (e)
Finally, due to the SARS-CoV-2 pandemic, we collected some of our
data online rather than in the lab.

3.1.5. Exclusion criteria

As percentages have to be between 0 and 100, all participants who
estimated a number below 0 or above 100 were excluded. Second, if
participants did not concentrate on the letter combinations, they missed
the subliminal anchor that was presented before the letters. Thus, not
being able to report the correct letter combination was an indicator of
careless responding. This is why we excluded participants if they pro-
vided wrong answers in 12 or more of the 15 letter task trials. The five
trials from the exercise were not considered.

3.1.6. Definition of successful replication

We considered the replication attempt successful when (a) the in-
teraction effect size was significantly larger than f = 0 and (b) the in-
teraction effect was not significantly smaller than f = 0.22 (i.e., the
original study's interaction effect size).

3.2. Results

3.2.1. Achieved sample size

Due to the Coronavirus pandemic, which changed everyday life around
the world, we had to stop recruitment in our laboratory and continue the
survey online (thereby deviating from the preregistration). A total of 111
participants were administered the original version in our labs, whereas 59
participants took the online version; 175 participants completed the ex-
periment (see links in the open practices section). No participant was ex-
cluded because of estimated probabilities larger than 100%. No participant
was excluded due to too few correct responses in the letter task. Three
participants were excluded because they recognized that the experiment
was about anchoring or subliminal perception. The remaining sample was
reduced to the target sample size of N = 170, and 80% power was thus
achieved. Participants consisted of 121 women, 48 men, and 1 diverse; 114
were students. Their mean age was M = 31.97 years (SD = 17.19 years).

3.2.2. Manipulation check

To test whether asking participants to give the answer quickly ac-
tually made participants provide the answer quickly, we analyzed
whether estimates in the time-pressure condition were faster than in the
no-time-pressure condition. We therefore log-transformed the estimates
as we had preregistered. Participants in the no-time-pressure condition
gave slower estimates (Mno rime pressure = 9:94, SDno time pressure = 0.50,
Nro time pressure = 79) than participants in the time-pressure condition
(Miime pressure — 9.74, SDiime pressure = 0.56, Niime pressure — 9, t
(167.94) = 2.47, p = .007 (one-tailed), d = 0.378.

3.2.3. Hypothesis test

A 2 (time pressure: no vs. yes) X 2 (anchor: low vs. high) ANOVA
revealed no main effect of the anchor, F(1, 166) = 1.04, p = .310,
f = 0.079. Time pressure did not have an effect on the estimate, either,
F(1, 166) = 0.06, p = .810, f = 0.019. Whereas we hypothesized a
Time Pressure X Anchor interaction, no such effect was present, F(1,
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Table 1

Descriptive Statistics for the Probability Estimate used in the Hypothesis Test.
Anchor Time pressure M SD N
Low (10) Absent 17.82 17.82 44
High (90) Absent 22.17 21.12 35
Low (10) Present 17.96 20.92 53
High (90) Present 20.21 22.60 38
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Fig. 3. Nonsignificant interaction between time pressure and subliminal anchor
for estimating the probability of a lung pestilence in India. Note. Error bars
represent 95% confidence intervals.

166) = 0.11, p = .743, f = 0.025, 95% CI = [0, 0.155]. This interac-
tion effect was significantly smaller than the original effect of
f=0.867. Contrary to the original effect, post hoc analyses revealed
that the anchoring effect was descriptively stronger in the no-time-
pressure condition (dno time pressure = 0.226, 95% CI = [—0.221,
0.672], p=.333, two-tailed Vs. dime pressure = 0.104, 95%
CI = [—-0.314, 0.520], p = .631, two-tailed). The data for the hypoth-
esis test are presented in Table 1 and Fig. 3.

3.2.4. Exploratory analyses

All further analyses were not preregistered and were computed for
exploratory purposes only. Beware of the high probability of false po-
sitives and false negatives given the high number of exploratory ana-
lyses and the relatively small sample size.

We checked whether participants in the online version had been less
concentrated by comparing the scores of the letter task between the
data from the lab and the online data. The mean letter task score was
higher for the participants in the lab (M., = 13.61, SDj,, = 1.40,
Nijap = 111) than for the online participants (Monine = 13.52,
SDniine = 1.30, Nopiine = 59), but the difference was not significant, t
(126.06) = 0.40, p = .687 (two-tailed), d = 0.061. Raw and log-trans-
formed response times for the probability estimates and demographics
did not differ between the participants in the lab and the online par-
ticipants (all ps > 0.109, see https://osf.io/jsg65/ for exact results).

We expanded the ANOVA reported for the hypothesis by the online
versus offline factor in order to determine whether the interaction effect
was stronger for the offline version than for the online version. The three-
way interaction of anchor (low vs. high), time pressure (no vs. yes), and
experiment version (offline vs. online) was not significant, F(1,
162) = 2.08, p = .151, f = 110. Conducting the letter task analysis and the
expanded ANOVA for student status revealed only a main effect of the
probability estimate, that is, nonstudents gave higher estimates on average.

To test whether the letter task influenced the strength of the
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anchoring effect, we correlated the absolute difference between the
estimate and the anchor with the letter task score. The correlation was
almost zero, r(168) = 0.015, p = .845 (two-tailed).

3.3. Discussion

In our high-powered, preregistered, close replication of Reitsma-van
Rooijen et al. (2006), we could not replicate the subliminal anchoring
effect that they reported for participants who had to provide their es-
timates quickly. If anything, the pattern we found was actually the
opposite of the hypothesized one because descriptively, the anchoring
effect was stronger in the condition where time pressure was absent.
Moreover, we found that the time-pressure manipulation significantly
decreased response times for the probability estimate, which is a ma-
nipulation check that was not provided in the original study. We can
alleviate concerns about the quality of the data as we were able to show
that participants completed the tasks conscientiously (e.g., very high
scores in the letter task) even in the online sample.

Two issues have to be noted, however. First, unlike Reitsma-van
Rooijen et al. (2006), we did not conduct a pilot study to check that
participants were unable to perceive the anchor. Although we would
not expect differences between Dutch and German people with respect
to their perception thresholds, our sample included nonstudents and
was older. We found no correlation between age and the score in the
prime detection task, which is why we do not view this deviation as a
disadvantage. Again, note that the analyses yielded no differences be-
tween the offline student sample and the online mixed sample.

The more severe issue might be the fact that we deviated from our
preregistration by ending recruitment in our lab and switching to an online
version of the experiment. This put the (lack of) incentive back in line with
the original study, however (in the original study, no incentive was re-
ported, whereas participants in our lab were given candy). Because the
experiment was hosted online anyway (and the participants in the lab sat in
front of a computer screen), none of the code had to be changed. For the
online sample, we were unable to check for whether the computer screen's
refresh rates were at least 60 Hz, however, nor could we cover any numbers
presented in the individual rooms where participants took the experiment.
Although it is highly recommended (Plant, 2016), we could not test whe-
ther the presentation time matched the determined time. Moreover, online
recruitment meant that nonstudents could take part in the experiment. In
the original study, only students from Leiden University participated. Al-
though subliminal priming has generally shown to be possible in using web-
browser technology (e.g., Crump, McDonnell, & Gureckis, 2013, Study 7)
the subliminal priming effects could be smaller in the online sample.

As our sample size was approximately three times the original
sample size, and as the sample size of the online version was as large as
the original study, we computed exploratory analyses to determine that
the location of the experiment and the student or nonstudent status did
not matter for outcome of the hypothesis test.

4. General discussion

In two high-powered, preregistered, close replications, we found no
evidence for subliminal anchoring. The quality of the data was determined
to be high, and thus, the failed replication attempts cannot be blamed on
suboptimal data. We openly addressed all deviations from the original
studies as well as from our preregistration, and we conducted exploratory

Table 2
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analyses to ensure that they had no relevant impact. Results from the three
original studies and our replications are presented in Table 2.

4.1. Subliminal anchoring and incidental environmental anchoring

Subliminal anchoring can be considered similar to another specific kind
of anchoring: incidental environmental anchoring (IEA; Critcher & Gilovich,
2008, p. 242). In IEA (e.g., Brewer & Chapman, 2002; Critcher & Gilovich,
2008; Wilson et al., 1996), anchors are presented as numbers that are part
of the target stimulus such as the likelihood of a “fictitious college line-
backer registering a sack in the conference playoff game” with jersey
number 54 in the low anchor condition (vs. 94 in the high anchor condition;
Critcher & Gilovich, 2008, Study 1). These two specific kinds of anchoring
are similar in that they do not include the classical comparative question of
anchoring (“Is it more or less than X?”), and for both, priming has been
suggested as an explanation (Brewer & Chapman, 2002, p. 76, for IEA;
Mussweiler & Englich, 2005, p. 135, for subliminal anchoring). Interest-
ingly, IEA could not be replicated either (e.g., Edmonds, 2017; Klein et al.,
2018), and previous results have been interpreted as a possible result of
questionable research practices (Shanks, Barbieri-Hermitte, & Vadillo,
2020). However, the recent failures to replicate IEA (Klein et al., 2018;
Shanks et al., 2020) did not attempt to address the replicability of sub-
liminal anchoring.

It is important to mention that these two specific forms of anchoring are
not linked theoretically, nor has previous research identified them as
comparable, and they both lack a theoretical basis as they have been stu-
died in a rather exploratory fashion. For example, Critcher and Gilovich
(2008) stressed that they did not aim to “distinguish between the different
theoretical accounts in the anchoring literature,” but they instead intended
to “document the existence” of IEA (p. 243). Differences between IEA and
subliminal anchoring could thereby have been crucial for replication, which
is why we consider the present replication attempt necessary. For example,
Mussweiler and Englich (2005) argued that the repeated presentation used
in subliminal anchoring (10 times over 60 s in their studies) but not in IEA
may “increase anchor accessibility above the critical threshold” (Mussweiler
& Englich, 2005, p. 141). Note that in our studies, the anchors were pre-
sented in the center of the screen 10 times in Study 1 and 15 times in Study
2. Another difference that could have been crucial was participants'
awareness of the source of the primed information, which is given in IEA
but not in subliminal anchoring. “If people are aware of the source of the
primed information, they are more likely to try to avoid being influenced by
it, which often results in an overcorrection” (Wilson et al., 1996, p. 400). In
line with this, it seems possible that IEA does not work due to respondents’
awareness of the anchor - but subliminal anchoring could have effects.

The fact that both of these special kinds of anchoring could not be
replicated now corroborates the assumption that deliberately con-
sidering the anchor as a potential value is essential (see also Mochon &
Frederick, 2013) for anchoring to occur.

4.2. The possibility of false-positive effects in the original studies

The two failed replication attempts give rise to the question of why the
original studies found effects. With only three reported p-values, there is too
few data for a reliable p-curve analysis (Simonsohn, Nelson, & Simmons,
2014, p. 544; see also Carter, Schonbrodt, Gervais, & Hilgard, 2019).
However, a look at the three exact p-values reveals that the original findings
are not indicative of a very robust effect: The values reported by Mussweiler

Sample Sizes and Cohen's ds for the Subliminal Anchoring Effect in the Original and Replication Studies.

Study Time pressure Original N Original d Replication N Replication d
M&E 2005, Studies 1 & 2 Absent 76 0.690 165 —0.148
R&D 2006 Absent 30 or 32 —-0.28 79 0.226

R&D 2006 Present 32 or 30 0.867 91 0.104

Note. Cell sample sizes for R&D 2006 are N = 30 for one group and N = 32 for the other group, but the study did not report which N corresponded to which group.
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and Englich (2005) are p = .041 (Study 1, p. 136) and p = .050 (Study 2, p.
137). Reitsma-van Rooijen et al. (2006) reported p = .025 (p. 384) for the
interaction effect between anchor (high vs. low) and time pressure (absent
vs. present). Obtaining multiple p-values in this range is extremely unlikely
both under the HO (i.e., when p-values are uniformly distributed) and under
the H1 (i.e., when the distribution of p-values is right-skewed; Simonsohn
et al., 2014). Thus, these results might very well be due to chance or
questionable research practices such as selective reporting.

4.3. Is the effect of subliminal anchors undetectably different from zero?”

The original studies were likely to have been false-positives and we did
not find an effect in our replication studies. Does this mean that, our results
suggest that the subliminal anchoring effect is undetectably different from
zero? A method to answer this question is the small-telescopes approach
proposed by Simonsohn (2015). The logic behind this approach is that we
can conclude that there is no evidence for the phenomenon if we have taken
a closer look (e.g., in the analogy of astrophysicists searching for planets, we
must have “used a bigger telescope” in our study) than previous research —
but still did not find anything. In that approach, the null-hypothesis is ac-
cepted if the replication effect size is significantly smaller than “a small
effect”. A small effect is computed as the effect size for which the original
study would have had only 33% power (i.e., d330,; Simonsohn, 2015, p. 4).

In the case of subliminal anchoring, we computed d33o; on the basis of
Mussweiler and Englich (2005, Studies 1 and 2) because their sample size
exceeds the one from Reitsma-van Rooijen et al. (2006) and because the
pooled effect size of the experimental conditions of Reitsma-van Rooijen
et al. (2006) is not significantly different from zero. The small effect that we
derived on the basis of the small telescopes framework and Studies 1 and 2
from Mussweiler and Englich (2005) was d339 = 0.250, N = 76. The con-
fidence interval of our pooled subliminal anchoring effect was dose,
a = [—0.210, 0.224] and thus significantly different from d334; (see Fig. 4).
Therefore, we conclude that there is no evidence for the existence of sub-
liminal anchoring. Note that these analyses were exploratory, they were
added as a result of a reviewer's suggestion. We recommend future research
to make a priori sample size considerations on the basis of the small tele-
scope approach. Given our sample, we cannot exclude that subliminal an-
choring could lead to very small effects. Minimum effect sizes for subliminal
anchoring given our pooled sample size (N; = 180, N, = 153, one-tailed
test) are dosg; = 0.362 and dggo, = 0.274.

4.4. Limitations

The most severe limitations of our replication studies are the deviations
from the original studies. Although our replications were as close as possible
to the original studies, this does not mean that there were no deviations.
While designing our studies, we noted that Reitsma-van Rooijen et al.
(2006) reported many more details than Mussweiler and Englich (2005).
Closeness could thus be established more easily for the second replication
study. Note moreover that the original materials were no longer available.
Guaranteeing closeness was furthermore impeded by ambiguous or missing
descriptions. For example, Mussweiler and Englich (2005) did not clarify
what they meant when they stated that participants “indicated their sus-
picion about the flickering of the letter string,” nor did they identify the size
of the letters on the screen. Reitsma-van Rooijen et al. (2006), on the other
hand, had not described what exercise they used to familiarize participants
with the letter task. In both cases, the closeness between our replications
and the original studies is impossible to determine. A final factor limiting
the closeness of replication was the Covid-19 pandemic that forced us to
close our labs and continue our second replication as an online study al-
though it had been designed as a laboratory study. Only 111 of 160 par-
ticipants in study 2 (replication of Reitsma-van Rooijen et al., 2006) con-
ducted the study in a controlled laboratory environment, the rest

2We thank an anonymous reviewer for pointing us to the approach.
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participated online. This was still about two times the sample size of the
original study and there were no differences between the online and the
offline sample (e.g., the letter task scores were almost identical, response
times did not differ) which makes us confident that form of participation
did not make a difference.

In a recent discussion about replicator's degrees of freedom (Yeager,
Bryan, & O'Brien, 2019), some replicators have been accused of exploiting
researcher degrees of freedom (Wicherts et al., 2016) to produce non-
significant results. We used the replication recipe preregistration template
(Brandt et al., 2014) and sought to ensure that we did not exploit researcher
degrees of freedom. This included methods of data analysis. The analytic
choices had been made prior to data analysis, and the models were not
complex (t-tests and ANOVA). The analysis code for the experiments and R
scripts were written before we conducted the experiments. All changes in
the code are highlighted. We furthermore highlighted all exploratory ana-
lyses, such as the small-telescopes approach. We recommend future re-
search to take this approach into consideration for the determination of the
necessary sample size.

4.5. The future of (Subliminal) anchoring

Instead of moving forward and building on existing bricks, we re-
solved a contradiction between two findings by showing that neither of
them could be replicated. There is currently no convincing evidence of
the existence of subliminal anchoring.

We believe that replication studies are necessary for the progress of
anchoring research: We provide evidence that points to questionable re-
search practices in subliminal anchoring research, which dovetails with
findings by Shanks et al. (2020) regarding incidental environmental an-
choring). Although we do not doubt the existence of classical anchoring
effects, we advise researchers to use p-curve analyses and direct replications
(e.g., Simonsohn et al., 2014) to test for the robustness of specific kinds of
anchoring or moderators of anchoring. Accordingly, we advise future re-
search to make use of preregistration (e.g., by using the template provided
by van 't Veer & Giner-Sorolla, 2016; for examples of preregistered an-
choring studies see Frech et al., 2020; Lewis et al., 2019). The non-replic-
ability of anchoring effects in some paradigms might not be obvious to
researchers when they try to create new models. Thus, the identification of
non-replicable findings and the resolution of contradictions in the literature
are necessary for the new models not to be wrong a priori.

Open practices

e All materials including the, analysis scripts, (translated) ques-
tionnaire files, stimulus generation code, and the data sets are
available online at https://osf.io/96de2/. All analyses have either
been preregistered or marked as exploratory. We highlighted all
deviations from the preregistration and the analysis script. All pre-
registrations and all studies that we conducted on subliminal an-
choring were reported. We encourage other researchers to use our
data and materials or to conduct different replication studies to
clarify the contexts in which subliminal anchoring can occur.

® Preregistration of Study 1: https://osf.io/8urxv

e Postcompletion registration of Study 1: https://osf.io/acykd

® Preregistration of Study 2: https://osf.io/qxwhv

® Postcompletion registration of Study 2: https://osf.io/gh52k

Contributions

o The first author developed the research questions, drafted the ana-
lysis scripts, and programmed the studies.

e The first and second authors oversaw the project and drafted the
manuscript.

e All authors designed and conducted Study 1 and the respective
preregistration.

o All authors revised and approved the final manuscript.
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Fig. 4. Small telescopes analysis of subliminal an-
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