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Abstract

Anchoring, the assimilation of numerical estimates toward previously considered numbers, has
generally been separated into anchoring from self-generated anchors (e.g., people first thinking of
9 months when asked for the gestation period of an animal) and experimenter-provided anchors
(e.g., experimenters letting participants spin fortune wheels). For some time, the two types of
anchoring were believed to be explained by two different theoretical accounts. However, later re-
search showed crossover between the accounts. What now remains are contradictions between past
and recent findings, specifically, which moderators affect which type of anchoring. We conducted
three replications (𝑁 total = 657) of seminal studies on the distinction between self-generated and
experimenter-provided anchoring effects where we investigated the moderators need for cognition,
cognitive load, and forewarning. We found no evidence that either type of anchoring is moderated
by any of the moderators. In line with recent replication efforts, we found that anchoring effects
were robust, but the findings on moderators of anchoring effects should be treated with caution.
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1 Introduction

What is the freezing point of vodka? And are there more or fewer than nine African states in the
UN? These two seemingly unrelated questions are examples of two different kinds of anchoring
questions. That is, both have shown anchoring effects (Epley & Gilovich, 2001; Tversky & Kahne-
man, 1974), which occur when people’s estimates are biased toward previously considered anchors
(0°C as the freezing point of water; nine African states), but the two have usually been explained
by different mechanisms. Anchoring researchers have hypothesized that most people estimate the
freezing point of vodka by memorizing the freezing point of water (self-generated anchor) and ad-
justing away from it because they know that vodka freezes at colder temperatures. In doing so, they
fail to adjust far enough, and their estimates are thereby biased toward the self-generated anchor.
This has been referred to as insufficient adjustment model (e.g., Epley & Gilovich, 2001). However,
when experimenter-provided anchors are present, people do not adjust away from the anchor but
instead engage in hypothesis-consistent testing, that is, they generate reasons in favor of the anchor
while simultaneously priming numeric values that are close to the anchor. This process has been
referred to as selective accessibility (e.g., Mussweiler & Strack, 1999a).

2 Contradictory Findings from Past Research

The insufficient adjustment model and the selective accessibility model are the two most prominent
anchoring models. Insufficient adjustment was the first explanation for anchoring effects (e.g.,
Tversky & Kahneman, 1974, p. 1228), whereas selective accessibility was proposed later and made
prominent by Mussweiler and Strack (1999a, 1999b). Noting that little attention had been paid
to the insufficient adjustment account, Epley and Gilovich (2001, 2004, 2005, 2006, 2010) ar-
gued extensively that insufficient adjustment accounts for anchoring effects that are caused by self-
generated anchors, and selective accessibility accounts for effects that are caused by experimenter-
provided anchors. In their experiments, Epley and Gilovich showed that things such as cognitive
load, need for cognition, or forewarnings affect adjustment from self-generated anchors but not
adjustment from experimenter-provided anchors. Notably, the direction of adjustment was known
for self-generated anchors but not for experimenter-provided anchors in Epley and Gilovich’s ex-
periments (i.e., people were aware that the anchor was too high or too low for the self-generated
anchors). By showing that the motivation to be accurate leads to more adjustment away from an-
chors only when the direction of adjustment is known but regardless of the type of anchor, Simmons
et al. (2010) made a case that insufficient adjustment accounts for experimenter-provided anchors,
too. And later, Chaxel (2014) showed that selective accessibility accounts for self-generated an-
chors, too. Thus, by 2014, the distinction between the two kinds of anchors that had been fostered
by a decade of research had to be dropped again. According to this logic, the moderators that Epley
and Gilovich investigated should also moderate experimenter-provided anchoring effects as long
as the direction of adjustment is known. Despite their theoretical relevance, the moderators that
Epley and Gilovich investigated have received little attention since Simmons et al.’s (2010) findings.

Moreover, recent findings have challenged the view that two different theories are needed to
explain the two kinds of anchors: First, Harris et al. (2019) failed to replicate a "signature test for
the operation of selective accessibility mechanisms" (Abstract), and Bahník (2021) showed that an-
chors do not activate information that is consistent with the anchor (see also Frederick & Mochon,
2012 for criticism of the selective accessibility mechanisms). Additionally, in Epley and Gilovich’s
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(2010) Study 2a, susceptibility to self-generated anchors was correlated with need for cognition
(but susceptibility to experimenter-provided anchors was not). However, research testing the relia-
bility of susceptibility to anchoring scores (e.g., Röseler, 2021; Röseler et al., 2019; Schindler et al.,
2021) has found extremely low values (i.e., average interitem correlations close to zero). Thereby,
despite the findings reported by Epley and Gilovich (2006, Study 2a), variables such as need for
cognition cannot be correlated with anchoring.

Table 1: Summary of Findings Regarding the Relationship Between Self-Generated and
Experimenter-Provided Anchors

No difference between anchor types EP + SA and SG + IA
- Simmons et al. (2010): Insufficient ad-
justment is valid for both types of anchors as
long as the direction of adjustment is known

- Chaxel (2014): Selective accessibil-
ity is valid for both types of anchors

- Harris et al. (2019) and Bahník (2021): the se-
lective accessibility model is problematic

- Epley and Gilovich (2001, 2004, 2005, 2006): Self-
generated anchors are moderated by need for cognition,
forewarning, monetary incentives, cognitive load, head
movement, arm flexion, and alcohol consumption

Notes: EP = experimenter-provided, SG = self-generated, SA = selective accessibility, IA = insuffi-
cient adjustment.

3 Resolving the Contradictions

Epley and Gilovich’s findings have been fundamental for the development of the insufficient ad-
justment model of anchoring and are highly cited (e.g., 1328 citations of the 2006 paper according
to Google Scholar in April 2024). Yet, they strongly contradict more recent work. The aim of
this research is to bring clarity to the contradictions surrounding self-generated and experimenter-
provided anchors: How can two mechanisms be responsible for the two types of anchoring if
there is no evidence for one of them (i.e., selective accessibility)? Why is there no published
evidence that moderators of self-generated anchoring effects also affect experimenter-provided an-
choring? We chose to begin by conducting close replications of three seminal studies from Epley
and Gilovich’s research in which an intervention affected susceptibility to self-generated anchors
but not experimenter-provided anchors. We chose studies that could be conducted online as all of
them were conducted between June 2020 and March 2022 during the COVID-19 pandemic. We
report all studies in the order in which they were conducted. Note that Studies 2 and 3 began at
the same time, but the recruitment of participants for Study 3 took longer.

• Study 1 is a replication of Epley and Gilovich (2006, Study 2a) and investigated the moderator
need for cognition.

• Study 2 is a replication of Epley and Gilovich (2006, Study 2c) and investigated the moderator
cognitive load.

• Study 3 is a replication of Epley and Gilovich (2005, Study 2) and investigated the moderator
forewarning.
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All available study materials and data sets can be found online (https://osf.io/prwu6). We
invite other researchers to reanalyze our data or to conduct studies using our materials and to
replicate the results. We report how we determined our sample sizes, all data exclusions (if any),
all manipulations, and all measures in the studies (Simmons et al., 2012). In all studies, we used
SoSci Survey (Leiner, 2019) to program the studies, and we used R (R Core Team, 2023) and the
packages cocor (Diedenhofen & Musch, 2015), data.table (Dowle & Srinivasan, 2024), dplyr (Wick-
ham et al., 2023), ggplot2 (Wickham, 2016), gridExtra (Auguie, 2017), lmerTest (Kuznetsova et
al., 2017), lubridate (Grolemund & Wickham, 2011), MBESS (Kelley, 2023), metafor (Viechtbauer,
2010), psych (Revelle, 2024), pwr (Champely, 2020), reshape (Wickham, 2007), and xlsx (Drag-
ulescu & Arendt, 2020) to analyze the data. An overview of the main results is provided in Figure 1.

Study 3 (Forewarnings)

Study 2 (Cognitive load)

Study 1 (Need for Cognition)

−0.5 0.0 0.5 1.0 1.5 2.0
Cohen's d

Type

Original

Replication

Figure 1: Overview of effects of moderators on adjustment from self-generated
anchors in original and replication studies

Notes: Evaluation of results according to LeBel et al.’s (2019) terminology is no signal – in-
consistent. All tests for replication studies were preregistered. Code to reproduce this figure:
https://osf.io/pe5kn

4 Study 1: Replication of Epley and Gilovich, 2006, Study 2a (Need for Cognition)

4.1 Method

Need for cognition is defined as "the tendency for an individual to engage and enjoy thinking" (Ca-
cioppo & Petty, 1982, p. 116). In terms of anchoring and adjustment, more thinking corresponds
to more adjustment away from the anchor and thus less susceptibility to anchors. If insufficient
adjustment occurs for self-generated anchors but not for experimenter-provided anchors, only the
former should be correlated with need for cognition. To test whether need for cognition is nega-
tively correlated with susceptibility to self-generated anchors and uncorrelated with susceptibility
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to experimenter-provided anchors, we conducted a preregistered close replication of Epley and
Gilovich (2006, Study 2a).

We used Epley and Gilovich’s descriptions to create new materials because the original ones were
not available. The entire study (hypothesis, procedure, materials, analysis script) was preregistered
(https://osf.io/8k9nt) using the replication recipe (Brandt et al., 2014).

4.1.1 A Priori Sample Size Determination

The original effect size of the difference in susceptibility to self-generated anchors between peo-
ple who scored high versus people who scored low in need for cognition was 𝑑 = 0.49, CI 95%
[0.039, 0.936]. The main effect of need for cognition on susceptibility to experimenter-provided an-
chors was not reported. The effect size for the interaction between need for cognition and anchor
type was 𝜂2 = .05. In the original study, only people with need for cognition scores in the upper and
lower quintiles were used. We conducted a simulation to see which correlations this effect would
apply to if the data had been collected from people with a normal distribution of need for cognition
values instead of the extreme quintiles. We planned to collect data from 𝑁 = 240 participants so
that the statistical power for detecting the correlation between self-generated anchors and need for
cognition (𝑟 = .16) would be 80%. We aimed to achieve 80% power only for practical reasons.
When self-generated anchoring items are used in past studies, many participants who do not think
of the intended self-generated anchor must be excluded (e.g., Epley & Gilovich, 2006, p. 314; more
than 10% of all participants, Röseler et al., 2020, p. 8). The simulation and power analyses are
available online (https://osf.io/n2gtu).

4.1.2 Materials

Need for cognition was measured with the validated German version of the need for cognition
scale by Bless et al. (1994). To measure the susceptibility to anchoring, we had to deviate from
the original experiment to some degree: There were four self-generated anchoring items and four
experimenter-provided anchoring items, the latter of which were taken from Jacowitz and Kahne-
man (1995). Unfortunately, the original study did not disclose which four of the 15 items (Jacowitz
& Kahneman, 1995, p. 1163, Table 1) they used. Thus, we chose items that we believed would
work well with a German sample instead of a U.S. sample. Due to the strict exclusion criteria for
self-generated anchoring items (i.e., participants must know the self-generated anchor and must
indicate that they had thought of it when giving their estimate), we chose eight items, at least
four of which had to remain after the exclusion criteria were applied. These items were a com-
bination of items that were translated or adapted from the original study (four items), items that
were taken from Röseler et al. (2020; three items), and a newly created item (one item). An
overview of all items and their respective source, type, anchor, and true value are available online
(https://osf.io/9dnez).

4.1.3 Procedure

Participants were greeted and told that the purpose of the experiment was to test their general
knowledge. Due to difficulties in recruiting participants, we added non-monetary incentives for
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participation for 74% of the final sample (all students were offered course credit but only later par-
ticipants were offered feedback on the correct values for the general knowledge questions). After
we collected demographic data, participants completed the need for cognition scale. Experimenter-
provided anchoring items were presented with fixed anchors and comparative questions (e.g., Are
there more or fewer than 127 African members in the UN?). For each item, participants answered
the comparative question (more or less/fewer), gave their estimate (How many African members
are there in the UN?), and—for exploratory purposes—indicated how sure they were about their
estimate on a 10-point scale with labeled extremes (not at all, very much). For self-generated
anchoring items, participants only gave estimates. The anchoring items were presented on two
subsequent pages (one for each type). Then, participants were asked whether they knew the val-
ues that they were supposed to use for the self-generated anchoring questions (e.g., the average
human body temperature) and whether they thought of the value when giving their estimate (e.g.,
the lowest temperature measured in a living human). Finally, for exploratory purposes, participants
were asked whether they knew or had heard about anchoring effects and whether they had thought
about anchoring effects when completing the study. An overview of the procedure is provided in
Figure 2.

4.1.4 Design

For the experimenter-provided anchoring items, we manipulated whether participants were given
high or low anchors. To minimize programming efforts for the questionnaire and the analyses,
participants were given anchors that were either high-high-low-low or low-low-high-high for the
four experimenter-provided anchoring items. All participants gave estimates for all 12 anchoring
items. There were no further manipulations. Need for cognition was not manipulated as it is
relatively stable over time (Bruinsma & Crutzen, 2018).

4.1.5 Statistical Analyses

As per the preregistered analysis script, susceptibility to anchoring was computed as the absolute
difference between anchor and estimate (absolute adjustment) for all items. Absolute adjustment
was standardized (i.e., mean-centered and scaled) by item and aggregated anchor type. Means
were computed by anchor type to operationalize the susceptibility to anchoring.

Participants were excluded if (a) the need for cognition scale had not been answered or (b)
they did not know or think of the intended self-generated anchors for at least five out of the eight
self-generated anchoring items. Single scores were excluded if (a) they corresponded to the correct
value or (b) their absolute standardized (by item) absolute adjustment was 𝑍 > 3.

4.1.6 Deviations From the Original Study

We decided to deviate from the original study in some respects because of the COVID-19 pandemic,
insufficient reporting in the original study, and some other practical reasons. For example, our study
was conducted in Germany, requiring us to translate the anchoring questions and think of new ones.
For example, few German people know when Washington was elected president, which is an item
used by Epley and Gilovich. Moreover, we refrained from using the original anchor of 30 miles/hr
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Figure 2: Procedure Used in Study 1

for the maximum speed of a housecat because the actual maximum speed of a house cat is about
30 miles/hr (new anchor: 37.28 miles/hr or 60 km/hr). Another deviation was that we used all the
need for cognition scores instead of just the extreme quintiles. This choice was made possible by
our larger sample size and more diverse sample. And we used more self-generated anchoring items
(eight items for which there had to be at least four estimates instead of only four items) due to strict
exclusion criteria. Compensation, type of instructions (e.g., the purpose of the experiment), age,
gender, and control questions were not reported in the original study, and thus, we used common
standards from the field of anchoring research. We believe that all of these changes were necessary
for the study to work. An overview is provided in Table 2.
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4.1.7 Deviations From the Preregistration

The original analysis script for the study had been preregistered, but there were errors and code
that did not work as intended. Therefore, we decided to deviate from the preregistration in some
cases. All differences between the preregistered and final analysis scripts are highlighted. Both R
scripts are available online.

(a) The processing of variables had to be refined because the initial codes resulted in the incor-
rect recognition of some values (e.g., 100.00 was recognized as 100000). (b) We excluded values
that were nonsensical (e.g., 0 m for the height of the second highest mountain, fewer than 7 sides
for the die with the most sides). (c) One of the self-generated anchoring items was the height of the
second highest mountain, which required participants to know the height of Mount Everest (i.e., the
highest mountain). At the same time, one experimenter-provided anchoring item was the height of
Mount Everest, which required participants not to know the height of Mount Everest. We excluded
the latter item from our analyses. (d) Outlier exclusions (i.e., exclusion of mean estimates by type
of anchor for values that lay ±3 SD away from the mean estimate) led to extremely inaccurate val-
ues not being excluded (e.g., -73°C for the minimum body temperature of a living human, 89,000
m for the second highest mountain). We changed the code to exclude outliers on an item-by-item
basis instead. (e) We changed the test for the need for cognition hypothesis to be one-tailed and
thus match the hypothesis written in the preregistration and in the original study.
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Table 2: Methodological Differences Between the Original Study and our Replication Study 1

Study feature Epley & Gilovich, 2006,
2a

This study Reason for change

Language of questionnaire English German German participants
Type of sample Only college students College students and non-

students
Heterogeneous sample
should increase NFC vari-
ance and thereby the effect
size

Compensation Not reported Course credit and feedback Facilitate participant re-
cruitment

Type of instructions Not reported Test of general knowledge Original materials were not
available

Type of study Study was conducted on
site

Online study COVID-19, larger sample

Further variables that were
collected

Not reported Age, sex, educational sta-
tus, profession

Original materials were not
available

Need for Cognition Need for Cognition Scale
by Cacioppo and Petty
(1982)

Need for Cognition Scale
by Bless et al. (1994)

German participants

Preselection of participants Only participants with
extreme NFC scores
answered anchoring ques-
tions

All participants answered
anchoring questions re-
gardless of their NFC score

More efficient; more ac-
curate estimation of effect
size because no quintile
split was applied

Experimenter-provided an-
chor

Four items that were not
specified any further (there
were 15 items in the
source; Jacowitz & Kahne-
man, 1995)

Choice of four
experimenter-provided
items from the source
(Jacowitz & Kahneman,
1995)

Original materials were not
available

Self-generated anchor Four items Four items from the orig-
inal study plus four addi-
tional items

Participants who did not
think of or did not know
the anchor would have had
to have been excluded

Exclusion criteria Not reported Did the participants think
of the anchor? Were esti-
mates outliers (|Z| > 3)?

To prevent distortion by
participants who did not
think of the anchor or
whose estimates were un-
realistic

Units of anchor items Feet, Fahrenheit, mph Converted to meters, Cel-
sius, km/h

German participants

Exploratory items Not reported Asked participants whether
they were familiar with an-
choring and whether they
thought about it while fill-
ing out the questionnaire

Exploratory

Notes: NFC = Need for Cognition.

4.2 Results

4.2.1 Sample

Between July 18, 2021 and September 17, 2021, a total of 462 participants clicked on the link to
the experiment of which 303 completed the study and were not excluded by our exclusion criteria.
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The mean age was 44.49 years (two missing values), and there were 210 female participants and
93 male participants. In order to achieve a large variance in need for cognition, we tried to recruit
nonstudents. There were 46 psychology students and 34 students studying other subjects in the
sample. As we exceeded our planned sample size, the achieved power for detecting the correlation
between self-generated anchors and need for cognition (𝑟 = .16) was 87.60% and correlations of 𝑟
≥ .142 could be detected with 80% power.

4.2.2 Data Quality Checks

The internal consistency of the need for cognition scale was in line with our expectations, 𝛼 = .89,
16 items, 𝑁 = 303 (Bless et al., 1994, 𝛼 = .86). Values ranged from 20 to 109 (𝑀 = 80.09, 𝑆𝐷 =

14.86, 𝑁 = 303; lowest and highest possible values were 16 and 112, respectively). Also in line
with previous research (Röseler et al., 2019; Schindler et al., 2021), the internal consistencies
of the experimenter-provided anchoring items and self-generated anchoring items were very low
(𝛼experimenter-provided = −.25, three items, 𝑁min = 303; 𝛼self-generated = .10, eight items, 𝑁min = 115).
Anchoring effects were significant for all three experimenter-provided anchoring items (all ds ≥
0.89). To our knowledge, previous research did not test for whether there were actually any an-
choring effects for the self-generated anchoring items. We checked for whether the estimate was
significantly different from the true value in the direction of the anchor, which was the case for two
of the eight items.

4.2.3 Hypothesis Tests

The correlation between susceptibility to self-generated anchors and need for cognition was not
significantly different from zero and positive, 𝑟 (301) = .050, 95% CI [−1, .14], 𝑝 = .809 (one-tailed),
and the correlation between susceptibility to experimenter-provided anchors and need for cognition
was not significantly different from zero, 𝑟 (301) = −.011, 𝑝 = .849 (two-tailed).

4.3 Discussion

We conducted a close replication of Epley and Gilovich (2006, Study 2a) to test whether need for
cognition was correlated with susceptibility to self-generated anchoring items but not with suscep-
tibility to experimenter-provided anchoring items. Despite the fact that we made changes that we
believed were necessary for the study to work, there were no correlations between need for cogni-
tion and susceptibility to anchoring.

A notable deviation is the difference in items. Epley and Gilovich chose four out of the 15 items
reported by Jacowitz and Kahneman (1995) but did not report the exact items. If the hypothesis
might not have been true for some items, we believe that they should have justified their choice. If
anything, we believe that the choice of items may have increased the chances to replicate the effect
as we translated the items to German language and culture. For example, we took the "Mount
Everest" or the "Telephone" items from Jacowitz and Kahneman (1995). These items should work
for German participants like they work for North American participants (see https://osf.io/9dnez)
for the complete table of items. Figure 8 also provides an overview of the item-specific associations
with all moderators. In fact, the largest positive and negative effects are for new items (election
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Figure 3: Scatterplots for the Relationship Between Need for Cognition and
Susceptibility to the Two Types of Anchors

Notes: For the sake of transparency, we included outliers in these plots. Code to reproduce figure:
https://osf.io/wzhmyhttps://osf.io/pe5kn

year of the German chancellor Gerhard Schröder and Number of Bundesländer in the BRD before
the reunion with the DDR).

As the original correlation between susceptibility to self-generated anchoring items and need
for cognition had a very wide confidence interval (95% CI [0.039, 0.936]), a very large sample size
would be necessary to show that the nonsignificant correlation was smaller than the original cor-
relation. However, as our sample size was about 3.7 times the original sample size (𝑁original =

81, 𝑁replication = 303), we do not think that there was enough evidence in favor of a correlation.
Note that we did not consider only extreme values in need for cognition, which necessarily led to a
smaller expected correlation (𝑟 = .16), but we did account for this fact in our a priori determination
of the necessary sample size. Importantly, anchoring effects in our study were relatively small for
experimenter-provided anchoring items as only two out of four items displayed anchoring effects.

We also analyzed the openly available data from Yoon et al. (2021) where (among others) original items such as "the
year the Boston Tea Party occurred", were used. We found that even for an American sample, this original item did not work
as most people did not think of the correct self-generated anchor (declaration of independence) and 75% of all values were
beyond the interval of 1776 and 1773 (https://osf.io/y2mr9, slide 13).
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The self-generated anchoring items were even less effective, although we do not know of previous
studies that had tested for anchoring effects with this type of anchor. We do not think that signifi-
cant anchoring effects are necessary to test the hypothesis. On the contrary, very large effect sizes
might even attenuate the role of individual differences (Hedge et al., 2018).

5 Study 2: Replication of Epley and Gilovich, 2006, Study 2c (Cognitive Load)

5.1 Method

To test whether susceptibility to self-generated anchors would be found to be positively correlated
with cognitive load, we conducted a preregistered (https://osf.io/b7nt8) close replication of Epley
and Gilovich (2006, Study 2c). We hypothesized that cognitive load leads to smaller absolute ad-
justment from self-generated anchors but has no effect on absolute adjustment from experimenter-
provided anchors.

5.1.1 A Priori Sample Size Determination

We sought to replicate the original effect of 𝑑 = 0.66, 95% CI [0.230, 1.083] reported by Epley
and Gilovich (2006). The original study had a sample size of 𝑁 = 94 participants, 46 of whom
belonged to the experimental group. We determined our sample size using the small telescopes
approach (Simonsohn, 2015). Following this approach, "if the true effect is zero, a replication
needs 2.5 times as many observations as the original study to have about 80% power to reject d33%"
(Simonsohn, 2015, p. 565). Accordingly, our target sample size was 235 participants.

5.1.2 Materials

For the experimenter-provided anchors, Epley and Gilovich used nine not further specified items
from the 15 items reported by Jacowitz and Kahneman (1995, p. 1163, Table 1). Five of these
items required upward adjustment from the anchor, and four required downward adjustment. For
our study, we selected nine items from the original source (Table 5, Items 13 to 22). We chose
items that were as neutral as possible, meaning that they were not US-specific and therefore more
likely to work with German participants. We made small adjustments to Items 13, 15, 16, 19, and
20, to facilitate estimations for our German participants (e.g., "Election year of German chancellor
Schröder" instead of "Number of Lincoln’s presidency"; see Table 5). As in the original study, we
also chose five items that required upward adjustment and four items that required downward ad-
justment.

For the self-generated anchors, we used four items from the original study (see Table 5, Items
23, 24, 26, 28), adapted three of the original items (Table 5, Items 22, 29, 30), and added two
new items (Table 5, Items 25, 27) so that the items would work with a German sample instead of a
US-American one. An overview of all items is available online (https://osf.io/ktjc4).
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5.1.3 Procedure

Participants were asked to participate in an online survey that would test their common knowledge
and were instructed to answer the questions that appeared on their screen. After they had given
consent to participate, they were asked to provide basic socioeconomic data. In the experimental
group, we induced cognitive load by asking participants to memorize an eight-letter string before
asking them to answer one of the items from our lists of experimenter-provided anchoring ques-
tions and self-generated anchoring questions (see Table 5, Items 13 to 30). Then, they were asked
to type in the eight-letter string they had to memorize. This procedure was repeated for all items.
The order of the anchoring items and letter strings was not randomized. Participants in the control
group were also asked to memorize the eight-letter strings, but the retrieval question immediately
followed the memorization so that there was no additional cognitive load when they answered the
anchoring questions.

In both groups, each anchoring question was followed by a control question ("When answering
this question, did you think of XX as a reference value?") to ensure that participants were thinking
of the intended anchor. At the end of the survey, each participant was asked if they had tried to
memorize the eight-letter strings or if they had used another method of retrieval. The wording of
the question ensured that the participants understood that there would be no repercussions if they
answered honestly ("The following question is solely used to interpret your answers in the scientific
context of the study, so please answer honestly. There will be no repercussions, no matter what
your answer is. Did you answer the questions about the eight-letter strings without any help/aid
and did you rely solely on your own memory? Yes. No."). Finally, the participants were able to
request course credit. An overview of the procedure is provided in Figure 4.

5.1.4 Statistical Analyses

To test our hypotheses on cognitive load, we followed the analysis plan from the original study and
conducted a 2 × 2 (anchor type: self-generated vs. experimenter-provided) × 2 (cognitive load:
yes vs. no) ANOVA and used independent-samples t tests to compare the z-transformed means. To
determine whether the t test showed a significant group difference, we used the standard p < .05
criterion.

We computed the absolute amount of adjustment by determining the absolute difference be-
tween the anchor value and a participant’s generated estimate. We then computed the mean ad-
justment and mean z-scores for all anchor items.
Additionally, we tested for anchoring effects by testing whether the mean estimates (per question)
were significantly different from the anchor in the direction of the true value.

We excluded participants’ responses if the participant gave the exact answer to the anchoring
question, if their answer was off by more than three standard deviations in any direction, or if
the participant answered "no" to the control question about their knowledge of the anchor (see
Procedure).
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Figure 4: Procedure Used in Study 2

5.1.5 Deviations From the Original Study

Due to the COVID-19 pandemic, this replication was conducted online. As participants were Ger-
man, we had to change some of the items (e.g., "Election year of German chancellor Schröder"
instead of "Number of Lincoln’s presidency") or create new ones. A comprehensive list of deviations
from the original study is presented in Table 3.
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Table 3: Methodological Differences Between the Original Study and our Replication Study 2

Study feature Epley & Gilovich, 2006,
2c

This study Reason for change

Language of questionnaire English German German participants
Type of sample Only college students College students and non-

students
Heterogeneous sample
should increase the effect
size

Type of study Study was conducted on
site

Online study COVID-19, larger sample

Compensation Not reported Course credit or none Facilitate participant re-
cruitment

Type of instructions Not reported Test of general knowledge Original materials were not
available

Additional variables that
were collected

Not reported Age, sex, educational sta-
tus, profession

Original materials were not
available

Letter strings/Cognitive
Load

Eight-letter strings Memorization of
experimenter-provided
eight-letter strings

Eight-letter strings from
the original study were un-
known

Order of presentation The order of presentation
of the two types of ques-
tions was counterbalanced

The order of presentation
was the same for each par-
ticipant

Presenting the questions in
a counterbalanced order
would be too complex

Experimenter-provided an-
chor

Nine items, which were
not specified any further
(there were 15 items in the
source; Jacowitz & Kahne-
man, 1995);

Choice of nine
experimenter-provided
items from the source
(Jacowitz & Kahneman,
1995)

Original materials were not
available

Self-generated anchor Nine items Four items from the orig-
inal study plus five ad-
ditional items (two com-
pletely new items, three
adapted from the original
items)

German participants have
different common knowl-
edge than American par-
ticipants; Participants who
did not think of the anchor
might have to be excluded

Exclusion criteria Not reported Participants had to think of
the anchor; outliers were
removed

Otherwise, there would
be distortion from partici-
pants who did not think of
the anchor; outliers would
have distorted effect size
estimates

5.1.6 Deviations From the Preregistration

We had planned to recruit 235 participants for our replication, but at the end of testing on March
22nd, 2022, only 183 people had participated. We did not deviate from the preregistration in any
other regard. Despite the smaller-than-planned sample size, the statistical power for the original
effect size (𝑑 = 0.66) was 99.75% (𝑑min > 0.369), and the power for the interaction effect (𝜂2 =
.03) was 81.16%.
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5.2 Results

5.2.1 Sample

Our sample consisted of 183 participants (123 women, 58 men, 2 other) of which 127 were stu-
dents. Their ages ranged from 18 years to 65 years, with a median age of 24 years.

5.2.2 Data Quality Checks

In a one-sided t test, anchoring effects were present for seven out of nine experimenter-provided
anchoring items (see Table 5, Items 13, 14, 15, 17, 18, 20, 21) and six out of nine self-generated
anchoring items (see Table 5, Items 23, 24, 26-29). Note that the test in Table 5 is more sophisti-
cated than the preregistered one-sided t test because the test we used also required that the mean
adjustment values were not in the direction opposite the anchor.

5.2.3 Hypothesis Tests

The first hypothesis was that cognitive load does not have an effect on experimenter-provided
anchor questions. A Welch two-sample t test revealed that cognitive load did not have a signif-
icant effect on experimenter-provided anchors, t(180.79) = 0.75, p = .451, 𝑑 = −0.112, 95% CI
[−0.402, 0.178], and participants’ adjustment scores were similar in the two conditions (𝑀no cognitive load =

0.05, 𝑆𝐷no cognitive load = 0.44, 𝑁no cognitive load = 90, 𝑀cognitive load = 0.00, 𝑆𝐷cognitive load = 0.47, 𝑁no cognitive load =

93; see also Figure 5). The second hypothesis predicted that cognitive load would lead to less ad-
justment from the anchor for self-generated anchoring items. This was not the case, 𝑡 (176.58) =
-1.34, 𝑝 = .908, 𝑑 = 0.198, 95% CI [−0.093, 0.488]. The interaction between forewarning condition
and anchor type in the 2 × 2 repeated-measures ANOVA was also not significant, 𝐹 (1, 362) = 2.18,
𝑝 = .141, 𝜂2 = .006, 90% CI [.000, .026].
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Figure 5: Effects of Cognitive Load on Adjustment from Experimenter-Provided
and Self-Generated Anchors

Notes: Code to reproduce this figure: https://osf.io/g29w8

5.3 Discussion

In our replication of Epley and Gilovich (2006, Study 2c), we tested whether adjustment from
self-generated but not experimenter-provided anchors decreased when participants experienced
cognitive load. We deviated from the original study in that we had to create new items for the
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German (instead of US-American) participants. Difficulties in recruiting participants resulted in a
final sample size of 𝑁replication = 183 (𝑁 target = 235, 𝑁original𝑠𝑡𝑢𝑑𝑦 = 94), but statistical power was still
>99% for the original effect of cognitive load on adjustment from self-generated anchors. Accord-
ing to our simple test of anchoring, anchoring occurred for 13 out of 18 items. Most importantly, we
could not replicate the original finding that cognitive load affected adjustment from self-generated
anchors but not from experimenter-provided anchors.

6 Study 3: Replication of Epley and Gilovich, 2005, Study 2 (Forewarning)

6.1 Method

In their Study 2, Epley and Gilovich (2005) found that warning participants that their adjustments
from anchors were insufficient led to increases in adjustments from self-generated anchors but not
from experimenter-provided anchors. We conducted a preregistered (https://osf.io/f5sj8) replica-
tion of this study.

6.1.1 A Priori Sample Size Determination

As effect sizes were not reported in the paper, we calculated them on the basis of the reported
results. The t test for the self-generated anchors yielded Cohen’s 𝑑 = 1.24, CI 95% [0.558, 1.894],
whereas the t test for the experimenter-provided anchors yielded 𝑑 = 0 (we assumed a null effect
because the t test was reported as nonsignificant with t < 1; Epley & Gilovich, 2005, p. 207). The
interaction effect was 𝜂2 = .17, 90% CI [.033, .319]. To determine the necessary sample size, we
used the small telescopes approach (Simonsohn, 2015). When applied to the present replication
study, the approach indicated that we needed 120 participants (2.5 multiplied by the original 48
participants). The final sample size exceeded 𝑁 = 120, so we tested for whether the results differed
when they were based on the first 120 participants versus the entire sample.

6.1.2 Materials

The anchoring items (six self-generated and six experimenter-provided anchoring items) for mea-
suring susceptibility to anchor values were presented in the replication study. Most of these items
differed from the items used in the original study. Two items, one self-generated and one experimenter-
provided, were taken from the original study. The reasons for the deviations were that we adapted
the items to the German culture and language and the fact that some of the items did not show
significant anchoring effects in our Study 1 reported above. Items that could not be adapted were
replaced by newly created ones. Details about the items used in the original and replication studies
and their respective source, type, anchor, and true value are listed in a separate table available
online (https://osf.io/dwm82, file name: Anchoring_items; see also Table 5).

6.1.3 Procedure

The study was conducted online. The introductory text of the online study and the recruitment
text both stated that general knowledge and estimation questions were the subjects of the study.
We recruited participants by contacting other universities in Germany (Bavaria), social media, and
private acquaintances. The introductory text in the questionnaire explained that the study would
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take about 10 min. Course credit was offered as a non-monetary incentive, and participants had the
option to receive feedback from the study. After participants provided informed consent, they were
randomly assigned to the condition with or without forewarning. In the forewarning condition,
participants were informed that research had demonstrated that judgments are strongly influenced
by the information that first comes to mind. The example from the original study was retained:
For example, real estate agents’ estimates of a house’s value are influenced by the value of the
previously inspected house. Participants were told that it is suspected that individuals begin from
the value that first occurs to them and subsequently fail to sufficiently adjust away from that value.
The instructions, similar to the ones used in the original study were: In the following, you will be
asked some questions. Either certain values will be given or you will have a certain value in your
mind. Please try not to be influenced by these numbers. Participants were asked to avoid using any
auxiliary sources, and they were reassured that it did not matter if they were not sure about the
answer. All instructions and questions were translated into German.

The experimenter-provided anchoring items were asked first, followed by the self-generated an-
choring items. For all experimenter-provided anchoring items, the first question was whether the
true value was above or below the given anchoring value (e.g., whether the Rhine is shorter or
longer than 2,000 km). Participants could choose between "more/greater/longer" or "less/smaller
/fewer/shorter." Subsequently, they were asked to enter their estimated value in an open field.

The self-generated anchoring items were presented afterwards. After all items has been pre-
sented, the participants were asked whether they knew the expected anchor value (e.g., whether
they knew the average body temperature of a human being) and whether they had this value in
mind when they gave their estimate (e.g., Did you think of approximately 36/37 degrees Celsius
when you made your estimate?).

At the end of the questionnaire, questions about demographic variables regarding gender, age,
and occupation were asked. Finally, as an exploratory question, the participants were asked whether
they knew what anchoring effects were. An email address for questions was given, and participants
had the option to provide their email address for participation in future studies. An overview of the
procedure is provided in Figure 6.
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Figure 6: Procedure Used in Study 3

6.1.4 Design

The present study used a 2 (anchor type: self-generated vs. experimenter-provided) × 2 (forewarn-
ing: yes vs. no) design. Unlike in the original study, participants were not all given the same anchor
values for the experimenter-provided anchoring items but were randomly assigned to different ver-
sions of the questionnaire with high and low anchor values. To simplify the programming, four
versions of the questionnaire were created: In the first version, high anchor values were specified
for the first three experimenter-provided anchoring items and low anchor values for the follow-
ing three experimenter-provided anchoring items (high-high-high-low-low-low). This version was
available once with and once without forewarning. For the other two versions of the questionnaire,
the first three experimenter-provided anchoring items were presented with low anchor values, and
the following three with high anchor values (low-low-low-high-high-high). A distinction was also
made between items with and without forewarning for this order of anchoring values. Thus, there
were four versions of the questionnaire in total. The self-generated anchoring items were identical
for all participants. The order of the 12 items was not randomized.
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6.1.5 Statistical Analyses

As for the previous replication studies, we first calculated the absolute difference between anchor-
ing value and estimate (absolute adjustment). Absolute adjustment was standardized (i.e., mean-
centered and scaled) by anchor type. Means were computed by anchor type to operationalize the
susceptibility to anchoring. Estimates were excluded item wise (a) if participants did not know the
intended self-generated anchor or did not have the value in mind during their estimation, (b) if they
specified the true value, or (c) if their standardized absolute adjustment was 𝑍 > 3. Participants
were included in the analyses if they answered at least one experimenter-provided anchoring item
and one self-generated anchoring item.

6.1.6 Deviations From the Original Study

Due to the COVID-19 pandemic, insufficient reporting in the original study, and practical reasons,
the replication study differed from the original one in some respects. Just like the other replication
studies described earlier, the study was conducted in Germany. This is why instructions, anchoring
items, and other questions were translated into German and adapted to the German culture and
general knowledge. Likewise, units were converted to the German standard (e.g., miles to kilome-
ters). The original study was carried out at a Boston train station, but due to the pandemic, we
chose to conduct the study online. Other information, such as type of sample, compensation, and
type of demographic data collected, was not reported in the original study. Additional details about
the deviations are given in Table 4.
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Table 4: Methodological Differences Between the Original Study and Replication Study 3

Study feature Epley & Gilovich, 2005,
Study 2

This study Reason for change

Language of questionnaire English German German participants
Type of sample Unknown College students and non-

students
Sufficient participants

Compensation Some candy Course credit Sufficient participants
Type of study Study was conducted in a

Boston train station
Online study COVID-19, larger sample

Type of instructions Spoken Written form, similar in-
structions

Online study did not allow
for spoken words

Personal data Not reported Three individual-related
pieces of data (age, sex,
profession) were collected

We did not know which
kinds of individual-related
data were collected in the
original study

Experimenter-provided an-
choring items

6 items (from Jacowitz &
Kahneman, 1995)

1 item from origi-
nal study, 5 different
items (see extra file)
- As neutral as possi-
ble, not US-specific
- Adapted to German cul-
ture

- German students have lit-
tle US-specific knowledge
- Items that were not signif-
icant in our previous repli-
cation study were changed

Experimenter-provided an-
chors: Variation of anchor
values

Every participant received
the same anchor values

Participants were ran-
domly given high or low
anchor values

To test for whether anchor-
ing effects occurred: com-
parison of adjustment from
two different directions

Self-generated anchors 6 items: 2 items from
previous research from
Epley and Gilovich; Ep-
ley and Gilovich (2001,
2004), 4 other items (self-
generated)

1 item from original
study used, 5 different
items (see extra file)
- As neutral as possi-
ble, not US-specific
- Adapted to German cul-
ture

- German students have lit-
tle US-specific knowledge
- Items that were not signif-
icant in our previous repli-
cation study were changed

Order of self-generated
and experimenter-
provided anchor questions

Order was counterbal-
anced

Order was fixed (first
experimenter-provided,
then self-generated)

The original study found
no influence of the order of
anchor types on any of the
reported results

Exploratory question None Question about whether
the phenomenon of "an-
choring effects" was known

Exploratory

Exclusion criteria No details about outlier ex-
clusion

Item-based exclusion if
participants deviated more
than 3 SD from the average
item estimate

Other distortion of the re-
sults by extreme answers

Data analysis Not specified Linear mixed-effects model
(lme4 R-package)

6.1.7 Deviations From the Preregistration

Instead of the planned 120 participants, our sample size comprised 171 participants. We included
all data in the analysis to increase the statistical power, but we tested whether including only the
first 120 participants would have yielded different results. Concerning the analysis script, we made
small adjustments. In the sample description part, we added one function to determine the actual
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sample size. Moreover, we conducted a power analysis for the original effect size and a sensitivity
analysis for the given sample size. In the hypothesis testing section, we added one line each for
the self-generated and experimenter-provided anchors to provide descriptive statistics (M, SD) re-
garding anchor susceptibility grouped by forewarning condition. We made another small change in
this section so that the Cohen’s d output would be presented to 3 or more decimal places. Another
addition consisted of an effect size calculation with CIs for the ANOVA. Coding of temperature es-
timates was corrected as the preregistered functions did not work due to the participants using a
mix of commas and points as decimal symbols. Finally, we carried out exploratory analyses. We
tested whether the hypotheses would have been confirmed if the items that did not show significant
anchoring effects had been excluded. Another issue was that some participants were already aware
of anchoring effects before the study, as the exploratory question we asked at the end of the study
had revealed. We therefore examined whether adjustment increased when these individuals were
included in the group with forewarning. A final supplement was a graph showing the days of the
study on the x-axis and the number of participants on the y-axis.

6.2 Results

6.2.1 Sample

The study took place between January 19, 2022 and February 3, 2022. During this period, 220
participants completed the online questionnaire, of which 49 had to be removed due to our ex-
clusion criteria. Our final sample comprised 171 participants, 94 of whom were forewarned about
anchoring effects, and 77 who were not. The mean age was 26.98 years (one missing value), and
of all participants, 114 were women, 56 were men, and one was diverse. Regarding participants’
professions, the largest part of the sample (𝑁 = 105) reported that they were university students,
52 were employed, five were in vocational training, one was a high school student, one was unem-
ployed, and the other seven selected the category "other."
As we exceeded our planned sample size of 120 participants, the power we achieved for the t test
of the self-generated anchoring items was > 99.99%, and mean differences of d > 0.384 could be
detected with 80% power. For the interaction between forewarning condition and anchoring type,
we also achieved a power of > 99.99%.

6.2.2 Data Quality Checks

All six experimenter-provided anchoring items produced significant anchoring effects (all d ≥ 0.60),
that is, there was a significant difference between the estimates given after considering high anchors
and those given after considering low anchors. As in Study 2, we checked for the self-generated
anchoring items if the absolute level of adjustment was smaller than the adjustment necessary to
estimate the true value. We found significant anchoring effects only for three out of the six self-
generated anchoring items (Table 5, Items 37, 41, and 42). In total, 75% of all anchoring items
showed significant anchoring effects, a finding that was lower than the expected 80%.

6.2.3 Hypothesis Tests

One-tailed independent-samples t tests revealed that adjustment in the forewarning condition was
not significantly greater than in the control condition for the experimenter-provided (𝑀no forewarning =
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−0.04, 𝑆𝐷no forewarning = 0.48, 𝑁no forewarning = 77, 𝑀 forewarning = 0.04, 𝑆𝐷forewarning = 0.51, 𝑁no forewarning =

94), t(165.71) = −0.996, p = .160, 𝑑 = 0.153, 95% CI [−0.149, 0.455], or for the self-generated
anchoring items (𝑀no-forewarning = −0.06, 𝑆𝐷no-forewarning = 0.51, 𝑁 forewarning = 77, 𝑀 forewarning =

0.01, 𝑆𝐷forewarning = 0.53, 𝑁 forewarning = 94), t(165.39) = −0.78, p = .219, 𝑑 = 0.120, 95% CI [−0.182, 0.421].
The interaction between forewarning condition and anchor type in the 2 × 2 repeated-measures
ANOVA was also not significant, 𝐹 (1, 169) = 0.016, 𝑝 = .899, 𝜂2 < .001, 90% CI [.000, .008] (see also
Figure 7).
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Figure 7: Effects of Forewarnings on Adjustment from Experimenter-Provided
and Self-Generated Anchors

Notes: Code to reproduce this figure: https://osf.io/qvud5

6.3 Discussion

In our replication of Epley and Gilovich (2005, Study 2), we tested whether adjustment from self-
generated but not experimenter-provided anchors increased when participants were forewarned
about misleading anchors. We deviated from the original study in that we used both high and low
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anchors for experimenter-provided anchoring questions so that we could check whether anchoring
actually occurred with classical tests, in that our study was conducted online, and the forewarning
was written and not spoken.

Estimates for high anchors were significantly higher than estimates for low anchors for all six
items (all d > 0.60). Adjustment from self-generated anchors was insufficient for only three out of
the six items. Most importantly, neither absolute adjustment from self-generated anchors nor abso-
lute adjustment from experimenter-provided anchors was moderated by forewarning. Using only
the items that displayed anchoring effects did not change this. Note that having a written instead
of a verbal forewarning may have contributed to the manipulation not working. Thus, we deem
the replication an informative failure: There is evidence against the hypothesis that forewarning
moderates adjustment from self-generated anchors.

7 Mini Meta-Analysis

To assess the difference between self-generated and experimenter-provided anchoring items across
all three replication studies, we conducted a mini meta-analysis (e.g., Goh et al., 2016) using a
random-effects multilevel model for all correlations between the respective moderators and ab-
solute adjustment. Correlations were nested in studies. We tested for moderator effects of the
moderator/study and anchor type (self-generated vs. experimenter-provided) and their interac-
tion. The overall effect size was 𝑟 = −.024, 95% CI [−.074, .025], 𝑝 = .333, 𝑘 = 42, 𝑁 total [402, 649].
There was no effect of any of the moderators, Q(5) = 4.57, p = .471, and no residual heterogeneity,
Q(36) = 32.33, p = .644,I2 = −.113. An overview of all correlations between absolute adjustment and
0-1 scores is provided in Figure 8 and Table 5. Note that correlations of absolute adjustment scores
and moderators were similar to those between 0-1 scores and moderators, r(40) = .816, p < .001.
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Number of Bundesländer in the BRD before the reunion (10, SG)

Number of female professors at the University of Koblenz−Landau (178, EP)

Freezing point of mercury (−38.9°C, SG)

Length of the Danube (2850 km, EP)

Year the second European explorer landed in America (1497, SG)

Population of Kiel (247548, EP)

Height of the tallest Sequoia tree (112 m, EP)

Number of sides of the dice with the most sides (120, SG)

Second highest mountain (8611 m, SG)

Number of African member states in the United Nations (54, EP)

Amount of meat eaten per year by a German (57 kg, EP)

Year the World Trade Center was opened (1973, SG)

Number of members in the United Nations (193, EP)

Freezing point of vodka (71°C, SG)

Daily birth rate in Germany in 2020 (2112, EP)

Freezing point of vodka (−28.9°C, SG)

Population of Wiesbaden (278609, EP)

German population in 1921 (62 million, SG)

German population in 1880 (45 million, SG)

Duration of Mercury's orbit around the sun (88 Earth days, SG)

Boiling point of water on Mount Everest (75°C, SG)

Year the telephone was invented (1861, EP)

Lowest recorded human body temperature (13.7°C, SG)

Height of Mount Everest (8848 m, EP)

Distance between Berlin and Munich (504 km, EP)

Year the first Christmas was celebrated (336, SG)

Length of the Rhein (1233 km, EP)

Duration of Mars' orbit around the sun (687 earth days, SG)

Maximum speed of a house cat (48 km/h, EP)

Beer consumption per person 2020 (94.6 l, EP)

Duration of an elephant's pregnancy (22 months, SG)

Height of Mount Everest (8,848 m, EP)

Election year of Konrad Adenauer (1949, SG)

Boiling point of water on Mount Everest (71°C, SG)

Highest body temperature recorded in a desert iguana (47°C, SG)

Highest recorded human body temperature (46.5°C, SG)

Speed of a greyhound (80 km/h, EP)

Number of states in the European Union in 1995 (15, SG)

Election year of German chancellor Schröder (1998, SG)
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Figure 8: Correlations Between Absolute Adjustment (left, preregistered) and
01-Scores (right, exploratory) With Moderators for All Items

Notes: EP = experimenter-provided anchor (grey background), SG = self-generated anchor (blue
background). Absolute adjustment represents the absolute difference between anchor and estimate.
0-1 scores are 0 if the true value was estimated and 1 if the anchor was estimated. Scores that do
not include 0 and are between 0 and 1 suggest that anchoring occurred and are bold. Scores above
1 indicate overadjustment. Scores below 0 indicate adjustment in the wrong direction. Numbers
in parentheses represent the correct answer. Error bars represent 95% confidence intervals. Higher
correlations indicate more adjustment and less anchoring given high values for need for cognition,
the presence of cognitive load, or the presence of a forewarning. Outliers ±3 SD were excluded.
Code to reproduce this figure: https://osf.io/6vhmu
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Table 5: 01-Scores and Correlations With Moderators for all Anchoring Items

No. Study Item n 01-score r (moderator, absolute
adjustment)

r (moderator, 01-score)

1 Need for Cognition Height of
Mount Ever-
est (8,848 m,
EP)

284 0.925 [0.888, 0.962] 0.067 [-0.05, 0.182] 0.018 [-0.098, 0.134]

2 Need for Cognition Number of
African mem-
ber states in
the United
Nations (54,
EP)

293 0.612 [0.547, 0.677] -0.045 [-0.159, 0.07] -0.03 [-0.144, 0.085]

3 Need for Cognition Year the tele-
phone was in-
vented (1861,
EP)

296 1.376 [1.166, 1.586] -0.01 [-0.124, 0.104] -0.054 [-0.167, 0.06]

4 Need for Cognition Maximum
speed of a
house cat (48
km/h, EP)

299 0.995 [0.843, 1.148] 0.04 [-0.074, 0.152] 0.068 [-0.045, 0.18]

5 Need for Cognition Lowest
recorded
human body
temperature
(13.7°C, SG)

267 0.363 [0.334, 0.392] 0.005 [-0.116, 0.124] 0.005 [-0.116, 0.124]

6 Need for Cognition Second high-
est mountain
(8611 m, SG)

223 3.296 [2.561, 4.031] -0.047 [-0.177, 0.085] -0.007 [-0.139, 0.124]

7 Need for Cognition Number of
sides of the
die with the
most sides
(120, SG)

135 0.244 [0.202, 0.286] -0.054 [-0.221, 0.116] -0.054 [-0.221, 0.116]

8 Need for Cognition German pop-
ulation in
1921 (62
million, SG)

246 1.669 [1.552, 1.785] 0.011 [-0.114, 0.136] 0.009 [-0.116, 0.134]

9 Need for Cognition Election year
of German
chancellor
Schröder
(1998, SG)

113 0.962 [0.861, 1.064] 0.218 [0.034, 0.387] 0.212 [0.028, 0.381]

10 Need for Cognition Year the
second Euro-
pean explorer
landed in
America
(1497, SG)

253 15.102 [12.185, 18.019] -0.076 [-0.198, 0.047] -0.081 [-0.202, 0.043]

11 Need for Cognition Boiling point
of water on
Mount Ever-
est (71°C,
SG)

261 0.47 [0.396, 0.544] 0.087 [-0.034, 0.207] 0.061 [-0.061, 0.181]

12 Need for Cognition Freezing
point of
vodka (71°C,
SG)

191 0.874 [0.736, 1.012] -0.004 [-0.146, 0.138] 0.037 [-0.106, 0.178]

13 Cognitive Load Length of
the Danube
(2850 km,
EP)

157 1.263 [1.164, 1.362] -0.085 [-0.239, 0.072] -0.067 [-0.221, 0.091]

14 Cognitive Load Height of
Mount Ever-
est (8,848 m,
EP)

176 0.682 [0.627, 0.738] 0.035 [-0.114, 0.182] 0.019 [-0.129, 0.166]
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15 Cognitive Load Amount of
meat eaten
per year by a
German (57
kg, EP)

182 0.733 [0.681, 0.784] -0.024 [-0.168, 0.122] -0.024 [-0.168, 0.122]

16 Cognitive Load Distance be-
tween Berlin
and Munich
(504 km, EP)

178 1.204 [1.118, 1.29] 0.036 [-0.112, 0.182] 0.04 [-0.108, 0.186]

17 Cognitive Load Height of
the tallest
Sequoia tree
(112 m, EP)

181 0.741 [0.682, 0.799] -0.057 [-0.202, 0.089] -0.057 [-0.202, 0.089]

18 Cognitive Load Number of
members in
the United
Nations (193,
EP)

179 0.506 [0.44, 0.573] -0.014 [-0.16, 0.133] 0.046 [-0.101, 0.192]

19 Cognitive Load Number of
female pro-
fessors at the
University
of Koblenz-
Landau (178,
EP)

181 1.046 [0.971, 1.12] -0.121 [-0.262, 0.025] -0.125 [-0.266, 0.022]

20 Cognitive Load Population of
Kiel (247548,
EP)

180 0.311 [0.174, 0.448] -0.067 [-0.211, 0.08] -0.03 [-0.175, 0.117]

21 Cognitive Load Maximum
speed of a
house cat (48
km/h, EP)

177 0.380 [0.339, 0.422] 0.076 [-0.073, 0.221] 0.021 [-0.127, 0.168]

22 Cognitive Load Election year
of Konrad
Adenauer
(1949, SG)

175 2.064 [1.58, 2.549] 0.069 [-0.08, 0.215] 0.077 [-0.072, 0.223]

23 Cognitive Load Highest
recorded
human body
temperature
(46.5°C, SG)

176 0.720 [0.685, 0.756] 0.112 [-0.037, 0.256] 0.112 [-0.037, 0.256]

24 Cognitive Load Boiling point
of water on
Mount Ever-
est (75°C,
SG)

176 0.695 [0.540, 0.850] 0.023 [-0.125, 0.171] -0.019 [-0.166, 0.129]

25 Cognitive Load Highest body
temperature
recorded in a
desert iguana
(47°C, SG)

180 1.251 [1.039, 1.463] 0.111 [-0.036, 0.253] 0.095 [-0.052, 0.238]

26 Cognitive Load Freezing
point of
vodka (-
28.9°C, SG)

157 0.503 [0.424, 0.581] 0.005 [-0.152, 0.162] -0.017 [-0.173, 0.14]

27 Cognitive Load Number of
Bundesländer
in the BRD
before the
reunion (10,
SG)

162 0.825 [0.771, 0.88] -0.134 [-0.282, 0.021] -0.134 [-0.282, 0.021]

28 Cognitive Load Duration of
an elephant’s
pregnancy
(22 months,
SG)

164 0.404 [0.337, 0.472] 0.063 [-0.091, 0.214] 0.054 [-0.1, 0.206]
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29 Cognitive Load Duration of
Mercury’s
orbit around
the sun (88
Earth days,
SG)

168 0.534 [0.424, 0.645] 0.021 [-0.131, 0.171] -0.07 [-0.219, 0.082]

30 Cognitive Load Year the first
Christmas
was cele-
brated (336,
SG)

142 2.501 [2.125, 2.877] 0.04 [-0.126, 0.203] 0.04 [-0.126, 0.203]

31 Forewarning Population of
Wiesbaden
(278,609, EP)

165 0.73 [0.645, 0.815] 0.009 [-0.144, 0.162] 0.062 [-0.091, 0.213]

32 Forewarning Speed of a
greyhound
(80 km/h,
EP)

148 0.783 [0.63, 0.936] 0.136 [-0.026, 0.291] 0.095 [-0.068, 0.252]

33 Forewarning Length of the
Rhein (1233
km, EP)

163 0.449 [0.342, 0.557] 0.047 [-0.107, 0.2] -0.067 [-0.218, 0.088]

34 Forewarning Daily birth
rate in Ger-
many in 2020
(2,112, EP)

160 0.355 [0.223, 0.487] 0.004 [-0.151, 0.159] 0.031 [-0.125, 0.185]

35 Forewarning Beer con-
sumption per
person 2020
(94.6 l, EP)

162 0.465 [0.123, 0.807] 0.062 [-0.093, 0.214] 0.074 [-0.081, 0.225]

36 Forewarning Year the tele-
phone was in-
vented (1861,
EP)

168 1.376 [1.077, 1.675] 0.058 [-0.094, 0.208] 0.059 [-0.094, 0.208]

37 Forewarning Lowest
recorded
human body
temperature
(13.7°C, SG)

167 0.386 [0.348, 0.424] 0.044 [-0.109, 0.194] 0.044 [-0.109, 0.194]

38 Forewarning Year the
World Trade
Center was
opened
(1973, SG)

161 0.939 [0.828, 1.051] -0.02 [-0.174, 0.135] -0.009 [-0.163, 0.146]

39 Forewarning German pop-
ulation in
1880 (45
million, SG)

165 1.29 [1.203, 1.377] 0.013 [-0.14, 0.165] 0.002 [-0.15, 0.155]

40 Forewarning Freezing
point of mer-
cury (-38.9°C,
SG)

158 0.41 [0.22, 0.599] -0.1 [-0.253, 0.057] 0.045 [-0.111, 0.2]

41 Forewarning Duration of
Mars’ orbit
around the
sun (687
earth days,
SG)

167 0.085 [-0.049, 0.218] 0.056 [-0.097, 0.206] -0.043 [-0.193, 0.11]

42 Forewarning Number of
states in the
European
Union in
1995 (15,
SG)

147 0.868 [0.779, 0.958] 0.156 [-0.007, 0.31] 0.145 [-0.018, 0.299]
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Notes: EP = experimenter-provided anchor, SG = self-generated anchor. Values in parentheses
represent correct answers. Values in brackets represent 95% confidence intervals. 0-1 scores are
0 if the true value was estimated and 1 if the anchor was estimated. Scores that do not include 0
and are between 0 and 1 suggest that anchoring occurred and are bold. Scores above 1 indicate
overadjustment. Scores below 0 indicate adjustment in the wrong direction. Higher correlations
indicate more adjustment and less anchoring given high values for need for cognition, the presence
of cognitive load, or the presence of a forewarning. Outliers ±3 SD were excluded.

8 General Discussion

We conducted preregistered replications of three seminal findings on moderators of self-generated
and experimenter-provided anchoring. In cases where anchors were varied between participants
(e.g., one low and one high anchor was used per anchoring item), anchoring effects were large.
Self-generated anchoring items are characterized by the same value consistently coming to par-
ticipants’ minds, and anchors can thereby not be manipulated. We tested whether adjustment
from self-generated anchors toward correct values was insufficient and found that 15/21 anchoring
items displayed what we would consider anchoring effects. In the other cases, people adjusted in
the "wrong" direction (i.e., away from the true value instead of toward the true value), adjusted
until they arrived at the true value, or adjusted too far). Evidence of openly available datasets using
original items from Epley and Gilovich suggests that their items should not be used to investigate
adjustment from self-generated anchors (e.g., most Americans do not think of the declaration of
independence when asked about the year the Boston Tea Party occurred; https://osf.io/y2mr9).
Most importantly, none of the moderators (need for cognition, cognitive load, forewarning) were
associated with adjustment from anchors.

A prominent deviation of our studies is that all replication studies were conducted online
whereas the original studies were not. There is currently no way to test whether this has affected
the quality of the data and we believe that it did not: First, anchoring effects were as large and
heterogeneous as usual, which they may not have been if participants acted differently from the
original settings. Generally, anchoring effects do not differ between on-site and online studies (e.g.,
Röseler & Schütz, 2022, Table 3, p. 22). Second, it is unlikely that all moderators would have
been affected equally. For example, need for cognition is a personality trait and measured with a
validated scale und thus unlikely to be affected by this type of variation. Moreover, the general
level of cognitive load could differ between online and laboratory settings (in both possible ways),
but we do not see a reason why forewarning should work better in a laboratory than in an online
study. Third, to actually compare data between the original and replication studies, the original
study’s datasets would be needed. As the original studies have been conducted approximately 20
years ago, no data is available.

Historically, the distinction between the two types of anchors led to a debate spanning 13
years: Epley and Gilovich reconciled the insufficient adjustment model and the selective acces-
sibility model of anchoring in 2001 by suggesting that one had to be applied to self-generated
anchoring items and the other to experimenter-provided anchoring items. Afterward, Simmons et
al. (2010) and Chaxel (2014) revoked these findings, suggesting that both accounts were valid
for both types of anchors. Note that recent findings have suggested that the selective accessibility
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model is invalid (Bahník, 2021; Harris et al., 2019). Our results support this idea as none of our
three replication studies revealed any evidence that there is a difference between adjustment from
experimenter-provided and self-generated anchors. Both types of anchors provoked anchoring ef-
fects, both adjustment scores were unreliable, and neither score was correlated with any of the
moderators we investigated (i.e., need for cognition, cognitive load, forewarning).

Note that our results do not suggest that none of Epley and Gilovich’s findings on moderators can
be replicated (e.g., p-curve analysis indicated overall high power; https://osf.io/c6x4q). We chose
to replicate the findings on three specific moderators (i.e., need for cognition, cognitive load, and
forewarning) because all of them could easily be measured or manipulated, and the global COVID-
19 pandemic prevented us from using manipulations that required participants to be observed in
the lab. Additional moderators consist of nodding versus shaking one’s head, arm movement (flex-
ion vs. tension), financial incentives, and alcohol consumption. Although we cannot say whether
our null findings can be generalized to these moderators, we believe that given our studies’ higher
degree of transparency and an overall larger sample size, reports of differences between modera-
tors of experimenter-provided and self-generated anchors should generally be taken with a grain
of salt. We also do not expect moderators to be associated with adjustment from experimenter-
provided anchors if the direction of adjustment is known as there is overwhelming evidence against
the hypothesis that these scores are more reliable (Röseler et al., 2022). To further clarify the role
of potential moderators of anchoring effects, we think that Simmons et al.’s (2010; monetary in-
centives for accuracy) and Chaxel’s (2014; priming selective accessibility) findings on moderators
should be replicated, too. For example, the former add to other findings that monetary incentives
decrease anchoring (e.g., Epley & Gilovich, 2005; LeBoeuf & Shafir, 2009; Meub et al., 2013) but
are inconsistent with null findings (e.g., Enke et al., 2021; Li et al., 2021; Wilson et al., 1996).
Thereby, we encourage adherence to transparently described experimental procedures such as ours
or that of other researchers (e.g., Cheek & Norem, 2022; Mayer & Rebholz, 2024) to minimize
variation and to beware of compatibility of incentives (Hertwig & Ortmann, 2001). Overall, there
is hardly any doubt that anchoring effects are large and robust. But apart from this general finding,
anchoring research is no exception to research that has problems with replicability (e.g., Bahník,
2021; Harris et al., 2019; Röseler et al., 2020; Röseler et al., 2021; Röseler et al., 2019; Shanks et
al., 2020). We recommend that anchoring researchers put greater emphasis on the replicability of
previous findings as this could have saved us 13 years of researching and debating.
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Appendix

Study 1: Exploratory Tests

To allow for comparisons between adjustments away from different anchors for different items,
we computed standardized adjustment scores by dividing the difference between estimate and
anchor by the difference between true value and anchor. Scores for all questions and their
correlations with cognitive load along with correlations of absolute adjustment and cognitive
load are displayed in Figure 8 and Table 5.

Moreover, we tested whether offering the inclusion of participants who were recruited with
non-monetary incentives to the participants affected the results. Due to having too few partic-
ipants, we provided later volunteers with feedback about their susceptibility to anchoring and
the accuracy of their estimates (non-monetary incentive). The need for cognition scores in the
sample that received incentives was significantly higher, 𝑡 (153.42) = 2.27, 𝑝 = .024 (two-tailed;
𝑀no incentive = 77.03, 𝑆𝐷no incentive = 13.66, 𝑁no incentive = 80; 𝑀incentive = 81.19, 𝑆𝐷incentive = 15.14,
𝑁incentive = 223). Susceptibility to anchoring did not differ between the samples (both 𝑝 > .201).
As both of the susceptibility to anchoring scores were unreliable, their correlation was very
low, too, 𝑟 (301) = .060, 𝑝 = .298 (two-tailed). The correlations between susceptibility to the
experimenter-provided anchoring items and need for cognition and susceptibility to the self-
generated-anchoring items and need for cognition did not differ, 𝑧 = 0.78, 𝑝 = .435 (two-tailed;
Pearson & Filon, 1898). Furthermore, neither type of anchoring was related to whether people
knew or thought about anchoring effects during the experiment (both 𝑝 > .274). Detailed results
can be obtained via the analysis script (https://osf.io/wzhmy/).

As no exclusion criteria were reported in the original study, we re-ran our analyses without
excluding participants. Still, despite leverage points, correlations between need for cognition and
adjustment from self-generated anchors (𝑟 [301] = −.100, 𝑝 = .042, one-tailed) and adjustment
from experimenter-provided anchors (𝑟 [301] = −.011, 𝑝 = .846) were close to zero. Note that
excluding the middle quintiles obviously did not render the effects significant, either (see
analysis script for exact results, https://osf.io/wzhmy/).

Due to the gender imbalance, we tested whether gender affected the relationship between
NFC and anchoring. Correlations between adjustment from self-generated anchors were
𝑟female (208) = .047, 95% CI [−.089, .181] and 𝑟male (91) = .056, 95% CI [−.149, .257]. This is in line
with meta-analytical findings (e.g., Röseler & Schütz, 2022, Table 2, p. 21).

Finally, we divided the difference between anchor and estimate by the difference between an-
chor and true value per person and per item. This additional procedure leads to an already
standardized 0–1 score instead of an absolute adjustment score that has to be 𝑧-transformed be-
fore aggregation (e.g., Yoon et al., 2021, p. 14). 0–1 scores are 0 if the true value was estimated
and 1 if the anchor was estimated. The results this procedure yielded did not differ from those
that we obtained with the preregistered tests.

39

https://osf.io/wzhmy/
https://osf.io/wzhmy/


L. Röseler et al. – Need for Cognition, Cognitive Load (Replication). JCRE (2024-8)

Study 2: Exploratory Tests

For exploratory purposes, we included a question about whether participants prevented them-
selves from experiencing cognitive load on the letters task, for example, by writing down the
letter strings instead of memorizing them. A total of 11 participants indicated that they had
done so. Excluding these participants did not affect the results, as the interaction was still not
significant, 𝐹 (1, 296) = 1.82, 𝑝 = .179.

To assess the cognitive load manipulation, we analyzed the memory task. Participants correctly
reproduced 43% of all letter strings (𝑆𝐷 = 0.30%, 𝑁 = 93). Performance declined slightly over
the 18 items, 𝑟 (16) = −.484, 𝑝 = .042, and was reliable, 𝛼 = .91. Participants’ adjustment scores
were not correlated with the number of memorized letter strings (𝑟sg [91] = −.176, 𝑟ep [91] = .067).

To test if the effects were dependent on our exclusion criteria, we tested them again but without
applying our exclusion criteria. This led to the inclusion of 3 more participants and a total sample
size of 𝑁 = 186. Cognitive load was still not associated with adjustment from experimenter-
provided anchors, 𝑑 = −.105, 95% CI [−0.393, 0.183], or adjustment from self-generated anchors,
𝑑 = 0.060, 95% CI [−0.228, 0.347].

As in Study 1, we computed adjustment scores by dividing the difference between the estimate
and anchor by the difference between the true value and anchor. These 0–1 scores for all ques-
tions and their correlations with cognitive load along with the correlations between absolute
adjustment and cognitive load are presented in Figure 8 and Table 5.

Study 3: Exploratory Tests

To test whether our analyses were distorted by poorly functioning anchoring items, we repeated
our tests using only the items with significant anchoring effects. Being forewarned still did not
significantly increase adjustment for the self-generated anchoring items (𝑀no-forewarning = −0.07,
𝑀forewarning = 0.03, 𝑆𝐷no-forewarning = 0.74, 𝑆𝐷forewarning = 0.65, 𝑡 (151.13) = −0.98, 𝑝 = .164,
𝑑 = 0.155, 95% CI [−0.150, 0.459]).

Some participants already knew about anchoring effects, which might have had a similar
effect as the forewarning introduction in our study. Therefore, we combined the people
who were forewarned or already knew about anchoring effects and compared them with
the other participants. There was still no significant difference in the adjustments for the
experimenter-provided (𝑀no-forewarning = −0.07, 𝑀forewarning = 0.04, 𝑆𝐷no-forewarning = 0.42,
𝑆𝐷forewarning = 0.53, 𝑁no-forewarning = 54, 𝑁forewarning = 117, 𝑡 (126.16) = −1.409, 𝑝 = .081, 𝑑 = 0.153,
95% CI [−0.149, 0.455]) or for the self-generated anchoring items (𝑀no-forewarning = −0.04,
𝑀forewarning = −0.01, 𝑆𝐷no-forewarning = 0.50, 𝑆𝐷forewarning = 0.53, 𝑁no-forewarning = 54,
𝑁forewarning = 117, 𝑡 (108.28) = −0.280, 𝑝 = .390, 𝑑 = −0.120, 95% CI [−0.182, 0.421]).

Because our sample size exceeded our targeted sample of 120 participants even after we
removed participants on the basis of the exclusion criteria, we reran the statistical analyses
with only the first 120 participants for comparison. The smaller sample yielded no remarkable
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differences in results. Therefore, we used the total sample to achieve higher power.

As in Studies 1 and 2, we computed standardized 0–1 scores by dividing the difference between
estimate and anchor by the difference between true value and anchor. Scores for all questions
and their correlations with forewarning along with correlations between absolute adjustment and
forewarning are presented in Figure 8 and Table 5.
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Transparency and Openness Statement

This report is an exhaustive report on all data available from research projects related to the
replication of studies with self-generated and experimenter-provided anchors of which LR was
the principal investigator. This includes not only null findings or unexpected findings but also
studies that are considered to have failed, with careful explanation of the circumstances of the
failure (e.g., experimental error, failed manipulation check). We carefully explain the contexts in
which these data were collected and whether the data were connected to published studies (e.g.,
dropped experiments). As suggested by Simmons et al. (2012), we report how we determined
our sample size, all data exclusions (if any), all manipulations, and all measures in the study. All
materials are available online (https://osf.io/prwu6).

• Instructions to reproduce the reported results: https://osf.io/qmkn6

• Study 1

– Preregistration: https://osf.io/8k9nt

– Materials: https://osf.io/9dnez

– Raw Data: https://osf.io/4d8vj

– Processed Data: https://osf.io/gvp9n

– Differences between the original study and our replication: https://osf.io/xayzt

• Study 2

– Preregistration: https://osf.io/b7nt8

– Materials: https://osf.io/ktjc4

– Raw Data: https://osf.io/egtm2

– Processed Data: https://osf.io/g29w8

– Differences between the orginal study and our replication: https://osf.io/hb57n

• Study 3

– Preregistration: https://osf.io/f5sj8

– Materials: https://osf.io/dwm82

– Raw Data: https://osf.io/xezqv

– Processed Data: https://osf.io/xdqn8

– Differences between the original study and our replication: https://osf.io/rmusg
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