'.) Check for updates

Research Article

aps

ASSOCIATION FOR
PSYCHOLOGICAL SCIENCE

Extremeness Aversion Is a Cause

of Anchoring

000

Joshua Lewis' "/, Celia Gaertig
The Wharton School, University of Pennsylvania

Abstract

Psychological Science

1-15

© The Author(s) 2018

Atticle reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/0956797618799305
www.psychologicalscience.org/PS

®SAGE

, and Joseph P. Simmons

When estimating unknown quantities, people insufficiently adjust from values they have previously considered, a
phenomenon known as anchoring. We suggest that anchoring is at least partially caused by a desire to avoid making
extreme adjustments. In seven studies (N = 5,279), we found that transparently irrelevant cues of extremeness influenced
people’s adjustments from anchors. In Studies 1-6, participants were less likely to adjust beyond a particular amount
when that amount was closer to the maximum allowable adjustment. For example, in Study 5, participants were less
likely to adjust by at least 6 units when they were allowed to adjust by a maximum of 6 units than by a maximum of 15
units. In Study 7, participants adjusted less after considering whether an outcome would be within a smaller distance of
the anchor. These results suggest that anchoring effects may reflect a desire to avoid adjustments that feel too extreme.
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When estimating unknown quantities, people insufficiently
adjust from values they have previously considered, a phe-
nomenon known as anchoring (Tversky & Kahneman,
1974). Although anchoring effects are among the most
well-established phenomena in all of psychology, we still
do not possess a complete understanding of why they
occur. Consider two leading theories.! According to the
theory of effortful adjustment (Epley & Gilovich, 2000),
people sequentially adjust from anchor values, entertaining
values that are increasingly distant from the anchor until
they reach a value that is plausible enough to select. By
this process, smaller anchors would cause estimates to
settle at the lower end of the range of estimates that a
person considers to be plausible, thereby producing an
anchoring effect. According to the theory of scale distor-
tion (Frederick & Mochon, 2012), considering a small
anchor makes large values feel even larger by comparison,
thus biasing estimates toward the anchor. For example,
while 1,000 pounds might seem like a reasonable estimate
of a giraffe’s weight in the absence of an anchor, the con-
sideration of a small anchor (e.g., 15 pounds) may make
1,000 pounds seem unreasonably large.

In this article, we propose an additional explanation
for why adjustments from anchors are often insufficient:
extremeness aversion. Research suggests that when

people are uncertain, they are averse to making extreme
choices or judgments (e.g., Simonson, 1989; Simonson
& Tversky, 1992; Teigen, 1983).? To our knowledge, no
one has yet shown, or even suggested, that extremeness
aversion may at least partially explain insufficient
adjustment from anchor values.?

In our research, we have found that the presence of
an anchor makes estimates far from the anchor feel
more extreme (see Study S1 in the Supplemental Mate-
rial available online). This suggests that people may
succumb to anchoring not because they effortfully
adjust to the first plausible value they encounter, nor
because considering a smaller anchor makes larger val-
ues seem even larger, but simply because people want
to avoid providing an estimate that feels too extreme.
If this hypothesis is true, then people’s estimates will
be affected not only by the anchors themselves, but
also by how extreme adjustments from these anchors
are perceived to be. Thus, manipulations that change
the perceived extremity of adjustments should also
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change how far people adjust their final estimates from
anchors.

We report seven studies (N = 5,279) that examined
whether increasing the perceived extremity of adjust-
ments compels people to give estimates that are closer
to the anchor. In Studies 1-6, we made adjustments feel
more or less extreme by manipulating the maximum
amount by which participants could adjust from an
anchor when making their judgment. These experi-
ments relied on the intuition that an estimate that is,
say, 5 units away from an anchor is more likely to feel
extreme when participants can adjust by a maximum of
5 units than when they can adjust by more than 5 units
(e.g., 14 units). In Study 7 and Study S3 in the Supple-
mental Material, we manipulated the perceived extrem-
ity of adjustments by asking participants, right before
they made their own estimate, to indicate whether the
true answer would be within either a small or a large
distance of the anchor. In all of our studies, our manip-
ulations of perceived extremity were transparently ran-
dom, using the last digit of participants’ mobile phone
numbers. Our studies allowed us to examine whether
people’s anchored estimates are influenced by an aver-
sion to making extreme adjustments.

Studies 1-5

Because the methods and results of Studies 1-5 are simi-
lar, we describe them all at once. To enhance clarity, we
report in our Method section only the critical features of
each study. Additional details, such as the precise word-
ing of comprehension checks and the inclusion of
exploratory measures, are reported in the Supplemental
Material (see the Appendix for a full table of contents of
the Supplemental Material). We preregistered all of our
studies (see the Open Practices section) and posted our
materials and data here: https://osf.io/8rbvz/.

Method

Participants. We conducted each of these studies on
Amazon’s Mechanical Turk (MTurk). In Studies 1 and 5,
participants received $1 for completing the study, and in
Studies 24, participants received $0.60. Participants in
Studies 2-5 could earn additional money for accurate
prediction performance. We decided in advance to col-
lect data from 400 participants in Studies 1-3, 600 in
Study 4, and 1,200 in Study 5. Across our studies, we
preregistered different rules for excluding participants on
the basis of past participation, duplicate responses, and
performance on our comprehension check questions
(see the Supplemental Material for details). We followed
these rules exactly, except in Study 3, in which a pro-
gramming error allowed 6 participants to incorrectly add

5 to the final digit of their mobile phone numbers. We
excluded those participants, but including them does not
change the statistical significance of our results. After
these exclusions, our final sample sizes for Studies 1-5
were 345, 392, 369, 590, and 1,165 participants, respec-
tively. The samples averaged 32-38 years of age, and
were 28%-50% female.

Procedures. In all five studies, participants were asked
to provide an estimate after considering an informative
anchor value. In Study 1, participants were shown a
series of products and their prices. For each one, they
indicated how much a different version of that product
would have to cost to make them indifferent between the
two versions. For example, on one trial, participants were
shown a pair of running shoes priced at $75 and were
told that they could be delivered to them in 1 day. They
were then asked how much they would be willing to pay
for the same running shoes if they were delivered in 2
weeks instead of 1 day. On this trial, $75 served as the
anchor. In Study 2, participants forecasted what a com-
pany’s stock price would be in a week, after considering
the anchor of its current stock price. Finally, in Studies
3-5, participants estimated the total points scored in
upcoming National Basketball Association (NBA) games,
after considering the anchor of an expert prediction
(obtained from historically wise sports betting markets).
In all studies, participants made judgments of many dif-
ferent stimuli, and each one was presented on the screen
one at a time, in a random order. Table 1 provides exam-
ples of each prediction task, as well as additional details
about each study.

In each study, we manipulated how far participants
were allowed to adjust their estimates from the anchor
values, and we did so in a way that was transparently
random. At the beginning of each survey, we asked par-
ticipants to input the last digit of their mobile phone
number and then, depending on the study, to add 5
(Studies 2-4) or 6 (Studies 1 and 5) to it. For example,
a participant in Study 5 with a last digit of 9 would com-
pute the sum of 9 and 6 and enter the number 15. After
reading about the judgment task, participants were
informed that this number would determine the maxi-
mum amount by which they would be allowed to adjust
from the anchor values, hereafter referred to as the mauxi-
mum allowable adjustment. For example, a participant
in Study 5 with a last digit of 0 and facing an anchor
(expert prediction) of 200 points scored would have to
forecast the total points scored in that NBA game to be
between 200 — (0 + 6) = 194 and 200 + (0 + 6) = 200,
whereas a participant with a last digit of 9 would have
to forecast the total points scored to be between 200 —
(9 + 6) =185 and 200 + (9 + 6) = 215. To ensure that par-
ticipants understood both how their maximum allowable


https://osf.io/8rbvz/
https://journals.sagepub.com/doi/suppl/10.1177/0956797618799305
https://journals.sagepub.com/doi/suppl/10.1177/0956797618799305
https://journals.sagepub.com/doi/suppl/10.1177/0956797618799305
https://journals.sagepub.com/doi/suppl/10.1177/0956797618799305
https://journals.sagepub.com/doi/suppl/10.1177/0956797618799305

o0

“UONEBIDOSSY [[eqoyseg [BUONEN = VN “Aojeio[dxo oq 01 paroisigorard arom woat jo
7 Inq ‘g uey) 1oyes swal 0T Ao[dwod 01 sjuedpnied payse om ‘T Apnig u "AjoAnoadsar ‘syuswisnipe 9[qeMO[[E WNWIXEW 1$98IE] PUE ISI[[EWS ) 01 papuodsariod yormym ‘¢ pue () jJo susip ise[ oy yim syuedonred
10§ sjusunsnipe a[qeAo[[e wnwixew o) Jo sojdwexa apraord am ‘o[qel siy) ul szoquinu suoyd 1oyl Jo uSIP ISe] oY) JO SIS 93 UO sjuawnisnipe oajqeamoqe wnwixew syuedonied pauruioep A[IENIgqIe o 910N

‘177 01 T6T WOIJ I0UYMAUE JOMSUE UL JAIS

JO NSIp 18P

JuowISNIpe S[(EMO[[E WNWIXEW PIUTINSP A[LIENIQIY

SWOdINO
aseard os ‘syutod ¢T Jo wnwixew e Aq umop <1 9 6 onm a1 01 .
30 dn vondrpard saradxe oy 1Snfpe Ued NOx sitod 90z ajqrssod (OWES SIY) UT 2100$
:uonorpard oo wm.oi v 0T 0} 2UIqUIOD SWEd) YIog VAN S
71 01 007 WOIj dIOYMAUE JIOMSUE UL DAIS 1odxyg o X Q Ix syutod [e101 Auetl MOH
aseald os ‘syurod 9 jo wnwixew e Aq umop 9 ) 0 mcouuﬁm&
10 dn uvopnorpaid sirodxo oy 1snfpe ued Nox 103 0T°08
‘072 01 6T WOIJ 2IoYMAUL JOMSUE UE JAIS SWOoING
asea[d os ‘syutod 1 Jo wnwrxew e Aq umop Al < 6 onn oy o)
10 dn wonorpaid srodxo ot Isnfpe ued nox siutod 90z a[qrssod ¢OWES SIY) UT 21008
:uondrpard oo wn.m,u . 6 0} 2UIqUIOD SWEd) YIoq VAN 1%
"T1Z 01 TOZ WOt U.HDQECN Jomsue ue Uzm ﬁDQNm St 28O se I qu_OQ 101 Auewa MOH
aseald os ‘syutod ¢ jo wnwIxew € AQ UMOp @ S 0 suondtpaid
J0 dn wonorpad sjrodxa a1 Isnipe ued nox 10J 05°0$
‘072 PUB 76T U22MID( JOMSUE UE JAIS
asea[d os ‘syutod 1 Jo wnwirxew e Aq umop Al < 6 SWOOINO
10 dn wonorpaid sirodxo ot Isnfpe ued nox siutod 90z Pexe o JOWES SIY) Ul 21008
:uonorpad Sunoipoid Al 0} 2UIqUIOD SWEd] 1og VAN ¢
"T1Z PUE 107 U99M19( JOMSUE UE JAIS 1odxy ' .@. i siutod [ej01 Auew MOF
aseald os ‘syutod ¢ Jo wnwIxew € Aq UMOp < < 0 10J 05'0$
10 dn wonorpard sjrodxa a1 isnipe ued nox
CCSOT$
PUE ¢C°/0T§ UDOMID(| JOMSUE UE dAIS aseald SWOMNO
0s ‘SIE[OP $1¢ JO WNWIXEW € AC UMOp IO 7 s 6 CC18TY 10BX2 217} JO ¢189 wdooF
dn 2o1d 32038 JuSKINd AU Isnipe Ued Nox 220ud ¥oo1s ¢ 0¢ uIyIm A Je ¢ UoIe]N ‘ABpII] UO 2q SIO0IS z
"CC'08T$ PUE SC0/[§ UsomIaq JOMSUE UE SIS uaIIND) sunorpaid 2oud o031s SINGT 1A TeyM
asea[d 0s ‘SIE[[OP ¢ JO WNWIXEW € A UMOD < S 0 10J §T°0%
J0 dn 2011d 30038 JULIIND 217} ISNIPE ULd NOX
"uBIS IB[[OP 9Y) INOYIM ‘SIB[[OP 2[0UYM UT ) ¢sa0ys Jo ared 1oy Ang o)
‘08¢ PUB 0$¢ USOMID( JOMSUE UB JAIS ISEI[J ot ? 6 €98 v saoys Aposf Aenba o 01 noA 10§ o Aed o1
Suruuny Sosnuo( ON 8 0] 2ABY ¢ S20US SuIuumny jo ssouSuIIA !
"ugIs Ie[[Op 92Ul INOYNM ‘SIE[[Op d[OyM Ul JO 2oUd 2oud ap pnom 1eyMm ‘o¢ 1500 o
‘TL$ PUB (S USOMID( JOMSUE UB JAIS ISEI[J 9 9 0 V SO0US Sutuuny Je) UsAlD
suononnsul ojdwexy juounsnipe ppe o oqunu Joydoue Qwoyds Swol Jo uonsonb ojdwrexy urewop Apnig
S[qeMO[[E JoquinN suoyd orduwexy OAIUADU]  JoqUINN juowispn(
WNWIXEA swedonred

C—T SoIpnig UT SIULUNSN(PY 2[qeMO[[Y WNWIXEN put ‘suonsand) ojduwrexy ‘surewo( juowdpn( T 9[qe],



Lewis et al.

adjustment was determined and that all participants’
maximum allowable adjustments were determined by
the same method, we asked them to complete compre-
hension checks (see the Supplemental Material for
details). This method of manipulating maximum allow-
able adjustments ensured that participants would not
draw different inferences about the correct answer from
the amounts they were given (Grice, 1975; see Ariely,
Loewenstein, & Prelec, 2003, and Hoeffler, Ariely, &
West, 20006, for use of a similar manipulation).

The studies offered varying incentives to participants
for correct responses. Study 1 offered no incentive,
Study 2 offered participants a bonus of $0.25 for each
stock price prediction that was within $0.50 of the actual
price, Study 3 offered participants a bonus of $0.50 for
each total points prediction that was exactly correct,
and Studies 4 and 5 offered participants a bonus of $0.50
and $0.10, respectively, for each estimate that was as
close as possible to the truth given how much the par-
ticipant was allowed to adjust. This “close-as-possible”
incentive scheme was extremely conservative, incentiv-
izing profit-maximizing participants to disconfirm our
hypothesis, because adjusting the anchor by 6 points or
more offered participants a higher probability of win-
ning the bonus if the maximum allowable adjustment
were 6 than if it were 15. To make this concrete, imagine
you are a participant facing an anchor of 200, and you
believe that the teams are most likely to score a total of
205 points. If you were allowed to adjust by only 6, up
to 2006, then an answer of 206 would pay out if the teams
scored at least 206 points. Even though you believe that
205 is the most likely outcome, you should choose 206
if the teams’ probability of scoring more than 205 is
greater than their probability of scoring exactly 205, as
would almost certainly be the case. If, however, you
were allowed to adjust by 15 points, then any answer
between 206 and 214 would pay out only if your predic-
tion were exactly correct. In this case, you may as well
stay with your best guess of 205 (unless you want to try
your luck with a faraway guess of 215 or larger). We
attempted to make this incentive scheme extremely clear
to participants, particularly in Study 5, when we included
detailed comprehension checks pertaining to the incen-
tive scheme before participants made their estimates
(see the Supplemental Material for details).

In all studies, the survey ended by asking partici-
pants to report their gender and age.

Results

Analysis plan. These analyses tested whether partici-
pants were more reluctant to make large adjustments
when their maximum allowable adjustment was smaller.

In all studies, we regressed the dependent measures
on the last digit of participants’ mobile phone numbers,

using ordinary least squares (OLS). In Study 1, we also
included a covariate indicating which of the two prod-
uct versions they judged, in accord with our preregistra-
tion. Each participant who fully completed the study
contributed many observations to the data set, one for
each of the judgments that they made. In all regression
analyses, we included fixed effects for each prediction
question, and we clustered standard errors by partici-
pant to account for the nonindependence of observa-
tions within participant.

Main analyses. Following our preregistrations, we con-
structed two dependent measures to assess the magni-
tude of participants’ adjustments. One is a binary variable
indicating whether or not participants adjusted by at least
the maximum amount allowed for those with the smallest
allowable adjustments (i.e., those whose mobile phone
numbers ended in 0). Thus, in Studies 1 and 5, this vari-
able indicated whether or not participants adjusted by at
least 6 units, and in Studies 2-4, this variable indicated
whether or not participants adjusted by at least 5 units.
The other dependent measure assessed participants’
absolute adjustments from the anchor value, winsorized
at the maximum amount by which those with the smallest
allowable adjustments (i.e., those whose mobile phone
numbers ended in 0) were allowed to adjust. Thus, in
Studies 1 and 5, any adjustment greater than 6 was set
equal to 6, and in Studies 2-4, any adjustment greater
than 5 was set equal to 5.

Extremeness aversion predicts that people would be
less likely to adjust by at least 6 units when they were
allowed to adjust by a maximum of 6 units than when
they were allowed to adjust by a maximum of 15 units.
More formally, this hypothesis predicts that participants
who were allowed to adjust by a smaller amount (i.e.,
those with smaller mobile phone digits) would be less
likely to adjust by at least 6 units than those who were
allowed to adjust by a larger amount (i.e., those with
larger mobile phone digits). Figure 1 shows that this
hypothesis was supported in all five studies and on both
measures of adjustment. For example, in Study 5, par-
ticipants were less likely to adjust by at least 6 points
when they were allowed to adjust by up to 6 points
(44%) than when they were allowed to adjust by up to
15 points (57%). Using the winsorized adjustment mea-
sure, we found that Study 5 participants adjusted less
when they could adjust by up to 6 points (M = 3.90) than
when they could adjust by up to 15 points (M = 4.306).

Study 6

The results of Studies 1-5 support our extremeness
aversion account of anchoring, which predicts that
people will be reluctant to make adjustments that feel
extreme. The results are inconsistent with the
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effortful-adjustment account, which posits that people
will stop effortfully adjusting from the anchor once they
reach a plausible value, and thus does not predict that
people’s estimates will be affected by the maximum
amount by which they are allowed to adjust. However,
unlike the effortful-adjustment account, the scale-
distortion account could potentially explain these find-
ings if participants were anchored to the end points of
the range of allowable estimates. For example, if a par-
ticipant in Studies 1-5 decided to adjust upward from
the provided anchor and then also became anchored to
the maximum allowable estimate, then a larger maxi-
mum allowable estimate may lead the participant to
make a larger estimate, resulting in a larger adjustment
from the anchor. To eliminate this possibility, we con-
ducted Study 6, in which we elicited estimates on a
multiple-choice scale that displayed the same range of
estimates to all participants, manipulating only the avail-
ability of radio buttons underneath the scale.

Method

Participants. We conducted Study 6 on MTurk. Partici-
pants received $0.80 for completing the study and could
earn additional money (between $0 and $1.10) for accu-
rate prediction performance. We decided in advance to
collect data from 1,200 participants, and we followed our

preregistered rules for excluding participants on the basis
of past participation, duplicate responses, and perfor-
mance on our comprehension check questions (see the
Supplemental Material for details). After these exclusions,
our final sample size was 1,186. The sample averaged 34
years of age and was 39% female.

Procedure. As in Studies 3-5, participants estimated the
total points scored in upcoming NBA basketball games,
after considering the anchor of an expert prediction
(obtained from historically wise sports betting markets).
Participants made 11 judgments, and each one was pre-
sented on the screen one at a time, in a random order
(see Fig. 2 for examples).

As in our previous studies, we manipulated how far
participants were allowed to adjust from the expert pre-
diction, and we did so in a way that was transparently
random. At the beginning of the survey, we asked partici-
pants to provide the last digit of their mobile phone num-
bers and to then add 5 to it. For example, a participant
with a last digit of 9 would compute the sum of 9 and 5
and enter the number 14. After reading about the judg-
ment task, participants were informed that this number
would determine the maximum amount by which they
would be allowed to adjust from the expert prediction.

In Study 6, we wanted to ensure that the bounds of
the response scale would not differ across conditions.

Tuesday, April 3, 7:00pm Eastern Time
Toronto Raptors at Cleveland Cavaliers

Expert prediction: The Toronto Raptors and the Cleveland Cavaliers will combine to score 223 total points.

Response scale for participants whose last phone number digit was 0 and whose maximum allowable adjustment was 5:

How many total points will both teams combine to score in this game?

209210211 212213 214 215 216 217 218 219 220 221 222223 224 225 226 227 228 229 230 231 232 233 234 235 236 237

O0OO0OO0O0O0OO0O0OOO0O0

Response scale for participants whose last phone number digit was 9 and whose maximum allowable adjustment was 14:

How many total points will both teams combine to score in this game?

209210211 212213 214 215 216 217 218 219 220 221 222223 224 225 226 227 228 229 230 231 232 233 234 235 236 237

OC0O000O0O0O0O0OOOOOOOOOOLOOOOOOOLOOOO

Fig. 2. Example of the extremeness manipulation in Study 6, when the last digit of a participant’s phone number was 0 (top) or 9 (bottom).
The numbers displayed on the response scale were held constant across conditions, and so only the availability of radio buttons differed

between conditions.


https://journals.sagepub.com/doi/suppl/10.1177/0956797618799305

Extremeness Aversion Is a Cause of Anchoring

So, in contrast to Studies 1-5, all participants in Study
6 made their estimates on a multiple-choice scale that
displayed all of the possible estimate values that were
available to participants who had the largest maximum
allowable adjustment (i.e., all estimate values that were
within 14 points of the expert prediction; see Fig. 2).
However, whereas all of these estimate values were
visible to all participants, the availability of the radio
buttons underneath those estimate values depended on
each participant’s maximum allowable adjustment. Spe-
cifically, a radio button was displayed under each avail-
able estimate value but not under the unavailable
estimate values. For example, a participant facing an
expert prediction of 223 with a last digit of 9 (and
hence, a maximum allowable adjustment of 14) would
have radio buttons available and visible for the full
range of estimates, between 223 — (9 + 5) = 209 and
223 + (9 + 5) = 237. In contrast, a participant with a last
digit of 0 (and hence, a maximum allowable adjustment
of 5) would see estimate values for the same range of
estimates as the participant with a last digit of 9 (i.e., from
209 to 237), but the radio buttons would be visible and
available only for estimates between 223 — (0 + 5) = 218
and 223 + (0 + 5) = 228 (see Fig. 2; Study S2 in the
Supplemental Material shows that this manipulation
was successful in altering the perceived extremity of
various estimates). Because all participants saw the
same range of estimate values regardless of their maxi-
mum allowable adjustment, any effect of our manipula-
tion could not be due to participants being anchored
to different scale end points.

As in Studies 1-5, to ensure that participants under-
stood both how their maximum allowable adjustment
was determined and that all participants’ maximum
allowable adjustments were determined by the same
method, we asked them to complete a comprehension
check. Specifically, we asked them, “How do we deter-
mine by how much participants can adjust the expert
predictions?” and they had to select the correct answer—
“All participants can adjust the expert prediction up or
down by a maximum of 5 points plus the last digit of
their phone number”—from a set of four choices. If
they answered correctly, they could move on with the
survey. If they answered incorrectly on their first or
second attempt, we reminded them of the instructions
and gave them another opportunity to answer correctly.
If participants answered the question incorrectly a third
time, they were prevented from continuing with the
study.

To ensure that participants would still be motivated
to provide an estimate as close as possible to their
preferred estimate, even when their preferred estimate
was beyond their maximum allowable adjustment, we
paid participants according to how close their estimate

was to the true total points scored. Specifically, we paid
a bonus of $0.01 for estimates that were 10 points from
the true total point scored, $0.02 for estimates that were
9 points from the true total points scored, and so on.
Thus, participants earned $0.10 for estimates that were
exactly correct.

The survey ended by asking participants to report
their gender and age.

Results

Following our preregistration, we constructed two
dependent measures to assess the magnitude of par-
ticipants” adjustments. One was a binary variable indi-
cating whether or not participants adjusted by at least
5 points (the maximum allowable adjustment for those
whose mobile phone numbers ended in 0). The other
dependent measure assessed participants’ absolute
adjustments from the anchor value, winsorized at 5
points.

Extremeness aversion predicts that participants who
were allowed to adjust by a smaller amount (i.e., those
with smaller mobile phone digits) would be less likely
to adjust by at least 5 points than those who were
allowed to adjust by a larger amount (i.e., those with
larger mobile phone digits). This hypothesis was sup-
ported for both measures of adjustment (ps < .001; see
Fig. 3 for a depiction of the results). For example, par-
ticipants were less likely to adjust by at least 5 points
when they were allowed to adjust by up to 5 points
(19%) than when they were allowed to adjust by up to
14 points (39%). Using the winsorized adjustment mea-
sure, participants adjusted less when they could adjust
by up to 5 points (M = 2.49) than when they could
adjust by up to 14 points (M = 3.01). These results fol-
low perfectly from the extremeness aversion theory of
anchoring and, because all participants were exposed
to the same range of estimate values, are not easily
explained by the scale-distortion theory of anchoring.

Study 7

In Study 7, we wanted to further ensure that our results
could not be caused by participants being anchored to
different minimum or maximum allowable estimates,
and we also wanted to examine whether our findings
generalize to circumstances in which we do not impose
limits on participants’ response options. To accomplish
this, we manipulated the perceived extremity of adjust-
ments without altering participants’ maximum allowable
adjustments. Before participants estimated the number
of hits in an upcoming baseball game, we asked them
whether the correct answer would be within a certain
distance of an anchor, and we manipulated this distance
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to be small or large using the last digits of participants’
mobile phone numbers. We predicted that participants
would adjust by a smaller amount when they were
asked, before making their estimate, whether the cor-
rect answer was within a smaller distance from the
anchor.

Method

Participants. We conducted Study 7 on MTurk. Partici-
pants received $0.80 for completing the study and could
earn additional money (between $0 and $0.90) for accu-
rate prediction performance. We decided in advance to
collect data from 1,500 participants, and we followed our
preregistered rules for excluding participants on the basis
of past participation, duplicate responses, performance
on our comprehension check questions, and the time at
which they started the survey (see the Supplemental
Material for details). Also, following our preregistration,
we excluded participants whose final phone number
digit was equal to 0, because we thought it might be
confusing for participants to be asked whether the cor-
rect answer was within 0 of the anchor value. (It turned
out that including these participants would have increased
the significance of our results.) After these exclusions,
our final sample size was 1,232. The sample averaged 37
years of age and was 42% female.

Procedure. Participants estimated how many hits would
be accumulated in upcoming Major League Baseball
games after considering an expert prediction as an anchor
(obtained from a statistical model based on historically
wise sports betting markets). Participants made 9 judg-
ments, and each one was presented on the screen one at
a time, in a random order (see Fig. 4 for examples).
Instead of manipulating how far participants were
allowed to adjust their estimates from the expert predic-
tion, we used a different manipulation of perceived
extremity. Specifically, before participants made each
estimate, we asked them whether they thought the true
number of hits would be within a certain distance of the
expert prediction, and we varied this distance using the
last digit of their mobile phone numbers (see Fig. 4). For
example, given an expert prediction of 18 hits, a partici-
pant whose last phone number digit was 1 was asked,
“Do you think that the total number of hits in this game
will be within 1 hit of the expert prediction (18 hits), or
not?” A participant with a last digit of 9 was instead
asked, “Do you think that the total number of hits in this
game will be within 9 hits of the expert prediction (18
hits), or not?” To enable this manipulation, we asked
participants to provide the last digit of their mobile
phone numbers at the beginning of the survey. After
reading about the judgment task, participants were told

how this number would determine the range of hits
around the expert prediction that they would consider
before they made their estimates.

To ensure that participants understood how we
would determine the range of hits that they would con-
sider, that this range was uninformative, and that it did
not influence what values they were allowed to estimate,
we asked them to complete comprehension checks (see
the Supplemental Material for details). To motivate par-
ticipants to make accurate estimates, we paid them a
bonus of $0.10 for each game in which they correctly
predicted the number of hits. The survey ended by ask-
ing participants to report their gender and age.

Results

Following our preregistration, we defined our depen-
dent variable as the absolute adjustment from the
expert prediction, winsorized at the 98th percentile of
adjustments for each game. Extremeness aversion pre-
dicts that participants who had previously considered
a smaller range around the expert prediction before
making their estimate (i.e., those with smaller mobile
phone digits) would adjust the expert prediction by less
than those who had previously considered a larger
range around the expert prediction (i.e., those with
larger mobile phone digits). As shown in Figure 5, this
hypothesis was supported (p < .001). For example, par-
ticipants adjusted less when they had previously con-
sidered a range of 1 point around the expert prediction
(M = 2.82) than when they had previously considered
a range of 9 points around the expert prediction (M =
4.03). In Study S3, we replicated these results using
transparently uninformative anchors (see the Supple-
mental Material).

General Discussion

In seven studies, we found that transparently irrelevant
cues of extremeness influence people’s adjustments
from anchors. In Studies 1-6, we found that participants
were less likely to adjust beyond a particular amount
when that amount was closer to the maximum allow-
able adjustment. In Study 7, we found that participants
adjusted less after considering whether an outcome
would be within a smaller distance of the anchor.
Importantly, we observed these results even though
participants knew that these cues of extremeness were
uninformative and that other participants observed dif-
ferent cues. Moreover, we observed these results in
different domains, with both informative and transpar-
ently uninformative anchors (Study S3) and under dif-
ferent incentive schemes, including an incentive scheme
that should have motivated participants to disconfirm
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Monday, April 9, 7:05pm Eastern Time
Cincinnati Reds at Philadelphia Phillies

Probable starting pitcher for the Reds: Cody Reed
Probable starting pitcher for the Phillies: Ben Lively

Expert prediction: 18 total hits.

Anchoring question for participants whose last phone number digit was 1:

Do you think that the total number of hits in this game will be within 1 hit of the expert
prediction (18 hits), or not?

O | think the total number of hits will be within 1 hit of the expert prediction
O | do not think the total number of hits will be within 1 hit of the expert prediction

Anchoring question for participants whose last phone number digit was 9:

Do you think that the total number of hits in this game will be within 9 hits of the expert
prediction (18 hits), or not?

O | think the total number of hits will be within 9 hits of the expert prediction
O | do not think the total number of hits will be within 9 hits of the expert prediction

Participants in all conditions were then asked to give their exact prediction:

What is your prediction of how many hits there will be in this game?

Fig. 4. Example of the extremeness manipulation in Study 7, when the last digit of a participant’s

phone number was 1 (top) or 9 (bottom).

our hypothesis. Taken together, these findings suggest
that extremeness aversion may cause anchoring in a
wide range of contexts.

Theoretically, the argument that extremeness aversion
causes anchoring rests on the assertion that, all else
equal, people will be less willing to make estimates
beyond a certain point when that point is judged to be
more extreme. This account makes specific, falsifiable
predictions. For example, it predicts that anchors will be
most influential when they increase the perceived
extremity of the values that would be estimated in the

absence of an anchor. This account is also more parsi-
monious than existing theories of anchoring. For exam-
ple, unlike theories of effortful adjustment, extremeness
aversion does not assume that people always adjust
sequentially away from anchor values, nor does it assume
that people always stop once they reach a plausible
value. And, unlike scale distortion, extremeness aversion
does not assume that anchors always change which
value on a numerical scale seems to correspond to a
given stimulus and thus more easily predicts that anchor-
ing effects will occur even for people who are very
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Study 7: Average Amount of Adjustment

S
—
= 8
= =
=
=
Q =
£s
q;E
—
D n
Z2
=
=z <

2.7~

1 2 3

4

(N=1,232)

b=0.158, SE=0.024, p < .001
I I I I I
5 6 7 8 9

Range Considered Around Expert Prediction
(Last Digit of Mobile Phone Number)

Fig. 5. Results of Study 7: average amount of adjustment (winsorized at the 98th percentile
of adjustments for each game) as a function of the range considered around the expert
prediction. Each error bar represents £1 clustered standard error. The line of best fit was
calculated by regressing the winsorized adjustment on participants’ last digits. Data and R
code for this figure are available at https://osf.io/8rbvz/.

familiar with the relevant scale, as is usually the case for
experts (e.g., Mussweiler, 2001; Northcraft & Neale, 1987;
Russo & Schoemaker, 1989). According to the extreme-
ness aversion account, anchoring effects occur simply
because the presentation of an anchor makes values far
away from the anchor seem more extreme and values
close to the anchor seem less extreme (see Study S1).

Despite the relatively strong assumptions made by
scale distortion and effortful adjustment, they cannot
easily account for the results herein. First, consider
effortful adjustment. This theory posits that people stop
effortfully adjusting when they reach the nearest plau-
sible value to the anchor but posits no effect of the
anchor on the range of plausible values itself. Thus, it
does not predict that a maximum allowable adjustment
would exert any influence on people’s estimates. To
account for our results, effortful-adjustment theorists
would have to add assumptions to their account that
would make it nonfalsifiable. For example, they would
have to assume that all of our manipulations of per-
ceived extremity somehow altered how big or effortful
each sequential adjustment was.

Scale distortion also struggles to parsimoniously
account for our results. First, consider that in Studies 1-6,
we always manipulated the extremity of estimates to the
same extent both above and below the anchor. Accord-
ing to scale distortion, it is unclear whether a larger
maximum allowable adjustment would make estimates
feel larger (because of the contrast with a smaller mini-
mum allowable estimate) or smaller (because of the

contrast with a larger maximum allowable estimate).
Thus, this account does not predict how (or whether)
participants’ mental scales would have been distorted by
our manipulations. Second, in Studies 6 and 7, we more
effectively ruled out the possibility of scale distortion
explaining our results by removing the need to remind
participants of the minimum and maximum allowable
estimates. In Study 6, we did so by eliciting estimates
on a multiple-choice scale that displayed the same range
of estimate values in all conditions, manipulating only
the availability of radio buttons underneath the scale.
In Study 7, we eliminated any mention of minimum or
maximum allowable estimates, while allowing partici-
pants to make estimates on an unbounded scale. In both
studies, the results supported the extremeness-aversion
account and not the scale-distortion account.

Although neither effortful adjustment nor scale dis-
tortion can fully explain our results, these processes
may operate alongside extremeness aversion to deter-
mine how anchors influence judgments in some con-
texts. For example, scale distortion may be a cause of
anchoring in sequential judgments (Mochon & Frederick,
2013), while effortful-adjustment processes may affect
how incentives influence anchoring effects (Simmons,
LeBoeuf, & Nelson, 2010).

In sum, our results suggest that anchoring effects are
at least partially caused by extremeness aversion, and
people’s conservative adjustments from anchors may
often reflect a Goldilocks-like desire to make adjust-
ments that seem neither too big nor too small.
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Appendix

Table A1 displays the contents of the Supplemental Material available online.

Table A1l. Table of Contents of the Supplemental Material

Section Pages
Supplement 1: Study S1 1-4
Supplement 2: Study S2 5-8
Supplement 3: Study S3 9-11
Supplement 4: Participants and Demographics in Studies 1-7, and S1-S3 12
Supplement 5: Data Exclusions in Studies 1-7 13-14
Supplement 6: Comprehension Checks in Studies 1-7, S2, and S3 15-20
Supplement 7: Exploratory Questions in Studies 1-7, and S3 21-22

Action Editor

Timothy J. Pleskac served as action editor for this article.

Author Contributions

J. Lewis and C. Gaertig designed and ran the studies. J. Lewis
analyzed the data. J. Lewis, C. Gaertig, and J. P. Simmons
wrote the manuscript. All the authors approved the final
manuscript for submission.

ORCID iDs

Joshua Lewis
Celia Gaertig

https://orcid.org/0000-0002-9114-2711
https://orcid.org/0000-0002-5444-4999

Acknowledgments

We thank the Wharton Behavioral Laboratory, the Wharton
Baker Retailing Center, and the Wharton Risk Center.

Declaration of Conflicting Interests

The author(s) declared that there were no conflicts of interest
with respect to the authorship or the publication of this
article.

Funding

This work was supported by the Wharton Behavioral Labora-
tory, the Wharton Baker Retailing Center, and the Wharton
Risk Center.

Supplemental Material

Additional supporting information can be found at http://
journals.sagepub.com/doi/suppl/10.1177/0956797618799305

Open Practices

000

All data and materials have been made publicly available via
the Open Science Framework and can be accessed at https://

osf.io/8rbvz/. The design and analysis plans for the experi-
ments were preregistered at http://AsPredicted.org and can
be accessed at the following links:

Study 1: https://aspredicted.org/2tw73.pdf
Study 2: https://aspredicted.org/52ta8.pdf
Study 3: https://aspredicted.org/pu3tp.pdf
Study 4: https://aspredicted.org/7hd6a.pdf
Study 5: https://aspredicted.org/tx79j.pdf
Study 6: https://aspredicted.org/ev7ab.pdf
Study 7: https://aspredicted.org/sp3rv.pdf
Study S1: https://aspredicted.org/uq9fa.pdf
Study S2: https://aspredicted.org/7mu3q.pdf
Study S3: https://aspredicted.org/th5x3.pdf

The complete Open Practices Disclosure for this article can
be found at http://journals.sagepub.com/doi/suppl/10
.1177/0956797618799305. This article has received the badges
for Open Data, Open Materials, and Preregistration. More
information about the Open Practices badges can be found
at http://www.psychologicalscience.org/publications/badges.

Notes

1. Researchers have proposed other mechanisms for anchoring,
such as selective accessibility (Strack & Mussweiler, 1997) and
numerical priming (Wilson, Houston, Etling, & Brekke, 1996).
However, we did not focus our discussion on these mechanisms
because findings reported by Frederick and Mochon (2012) and
Mochon and Frederick (2013) persuasively indicate that selec-
tive accessibility and numerical priming are not the primary
drivers of anchoring effects. These theories are also unable to
account for all of the results reported in this article.

2. Extremeness aversion may arise because moderate values are
perceived to be safer and/or because people expect uncertain
quantities to have moderate values (Bar-Hillel, 2015; Teigen,
1983). Although these expectations may usually be correct, we
found evidence for extremeness aversion even when participants
were incentivized to give extreme answers (Studies 4 and 5) and
when the anchors were transparently uninformative (Study S3).
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3. In this article, we use the term adjustment to refer to the dis-
tance between an anchor and the final estimate, and we use the
verb adjust to refer to the process of arriving at a final estimate,
even if that process was not one of effortful adjustment. To refer
to an effortful-adjustment process, we use the term effortful
adjustment or sequential adjustment.
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