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The advice less taken: The consequences of
receiving unexpected advice

Tobias R. Rebholz* Mandy Hiitter’

Abstract

Although new information technologies and social networks make a wide variety
of opinions and advice easily accessible, one can never be sure to get support on a focal
judgment task. Nevertheless, participants in traditional advice taking studies are by
default informed in advance about the opportunity to revise their judgment in the light
of advice. The expectation of advice, however, may affect the weight assigned to it. The
present research therefore investigates whether the advice taking process depends on the
expectation of advice in the judge-advisor system (JAS). Five preregistered experiments
(total N =2019) compared low and high levels of advice expectation. While there was
no evidence for expectation effects in three experiments with block-wise structure, we
obtained support for a positive influence of advice expectation on advice weighting in
two experiments implementing sequential advice taking. The paradigmatic disclosure
of the full procedure to participants thus constitutes an important boundary condition for
the ecological study of advice taking behavior. The results suggest that the conventional
JAS procedure fails to capture a class of judgment processes where advice is unexpected
and therefore weighted less.
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1 Introduction

Sometimes it is easy to get support from other people; at other times it can be difficult to
find someone who is competent or willing to give advice. Decision problems generally
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do not come with all the necessary details to be solved outright. Instead, decision-makers
usually engage in building the relevant information bases themselves. As social beings,
we often turn to others for their help when we feel uncertain about something. Although
new information technologies and social networks make a wide variety of opinions and
advice easily accessible, advice taking is still fraught with a high degree of uncertainty.
Uncertainty about the information sampling process, whether it concerns the competency
of potential advisors or the likelihood of getting any support at all, adds to the uncertainty
of the decision problem.

Advice taking is typically studied in the dyadic judge-advisor system (JAS; Bonaccio &
Dalal, 2006). As introduced by Sniezek and Buckley (1995), the judge (or advisee) is first
asked to give an initial estimate about the unknown true value of a stimulus item. Thereafter,
he or she is to render a final estimate in the light of passively presented or actively sampled
pieces of information from one or multiple advisors (e.g., Fiedler et al., 2019; Hiitter &
Ache, 2016; Soll & Larrick, 2009). That is, there is little uncertainty with regard to the
information sampling process: Participants are fully aware that they will get the opportunity
to revise their initial estimate in the light of external support later in the experiment. This
paradigmatic feature is generally neglected in JAS-type studies (for reviews see Bonaccio
& Dalal, 2006; Rader et al., 2017).

Research on the effects of unsolicited advice has approached the paradigmatic sampling
uncertainty from a decision autonomy perspective. Goldsmith and Fitch (1997) found that
autonomy concerns are driven by the degree of (explicit) solicitation of advice. In turn,
advice taking intentions (Van Swol et al., 2017; Van Swol et al., 2019) and behaviors are
affected (Brehm, 1966; Fitzsimons & Lehmann, 2004; Gibbons et al., 2003; Goldsmith
& Fitch, 1997). However, differences in expectation of advice do not necessarily impose
differences with respect to decision autonomy: Advice can be equally (un)solicited with or
without expecting to receive it. In unsolicited advice taking research, by contrast, being
aware of either the opportunity to explicitly solicit advice or the possibility of receiving
unsolicited advice, the judge generally expects advice (Gibbons et al., 2003). We thus deem
our study of the role of advice expectation complementary to this line of research.

The research at hand posits that an ecological approach to advice taking should take the
uncertainty about the external information sampling process into account. To this end, we
systematically investigate the effects of advice expectation on quantitative judgment. We
thereby assume that the expectation of advice is inextricably linked to the expectation of an
opportunity to revise initial judgments. In the following, we elaborate on our perspective
of advice taking making a distinction between expected and unexpected advice on the one
hand, and between revisable and non-revisable judgments on the other hand (see Bullens &
van Harreveld, 2016, for a review on reversible vs. irreversible decisions).
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1.1 The Role of Expectation in Advice Taking

Participants who are aware of taking part in an advice taking experiment are naturally aware
of the fact that their initial estimates will not be taken as their final say about a particular
estimation problem. Essentially, it is very likely that this knowledge about the experimental
procedure influences the cognitive processes involved in forming initial and final judgments
and thereby the generated estimates and behaviors in those experiments. Put differently, the
advance procedural information induces a certain mindset that may influence the impact
of advice based on two complementary mechanisms. The first mechanism concerns the
generation of initial judgments. Under the expectation that additional evidence can be
acquired and incorporated, initial estimates may be made in a provisional manner (see
Onkal et al., 2009, for similar influences of the expected source of advice). That is,
participants may not apply the same scrutiny to both estimation stages. If one expects to
receive additional information, one may not invest as much time and effort to come up with
a precise, high-quality estimate, but rather make a rough guess. We assume that someone
who invested lots of effort into coming up with an estimate will adopt advice less readily
than someone who gave a rough, provisional estimate.

Additionally, the weighting of advice may depend on an assimilative versus contrastive
mindset. Ongoing mental tasks should trigger relatively more assimilative processing as
compared to tasks that were already completed. That is, we deem the expectation of
advice to increase the likelihood that it is accepted as a relevant piece of information that
can inform the final judgment. Initial support for our assumptions stems from previous
research that has documented stronger assimilative effects of the prime on the target in an
evaluative priming paradigm when the processing of the prime was not completed (e.g.,
by categorizing it as positive or negative before the target is presented; Alexopoulos et
al., 2012). Thus, keeping the mental task incomplete leads to stronger priming effects.
We believe that similar effects can be expected for the processing of advice in the JAS.
As long as participants have not finalized their judgment, they are relatively more open to
integrating additional information than when they provided an estimate that they consider
final. Expecting advice thus increases the likelihood that advice is included in the universe
of pieces of information relevant to form a final judgment.

By contrast, once the mental task was completed and people came up with their final
estimate, being presented with a piece of advice may evoke a tendency to defend their own
position rather than to adapt it towards the advice. The JAS paradigm thereby relates to
research into decision revisability, and thus, cognitive dissonance (Festinger, 1957). If a
revision opportunity was not expected, cognitive dissonance may arise (Knox & Inkster,
1968). In research on non-revisable discrete choice, for instance, it was found that the
positive aspects of the chosen option remain particularly accessible (e.g., Knox & Inkster,
1968; Liberman & Forster, 2006), in line with the notion that one’s views are restructured
to be consistent with a decision’s outcome (Bullens et al., 2011). If the same effect occurs
in the advice taking paradigm, participants with lower expectation of a revision opportunity
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should reduce post-decisional dissonance by assigning a higher likelihood to their initial
estimate being correct. Indeed, previous research shows that greater weight is assigned to
judgments of higher quality (Yaniv & Kleinberger, 2000) and to more competent judges
(Harvey & Fischer, 1997), especially if it is the self who is perceived higher in expertise
(Harvey & Harries, 2004). Reduced weighting of unexpected advice would accordingly be
the result of an efficient means to cope with potentially dissonant feelings about the initial,
supposedly non-revisable judgment.

1.2 Expectation Effects on Weighting, Accuracy, and Internal Sam-
pling

In line with this reasoning, we expect advice taking to differ between expectation conditions
as follows: Weighting of advice is lower in the condition with relatively lower expectation
of advice than in the conventional JAS-type condition with relatively higher expectation
of advice (Hypothesis 1) due to corresponding instructions. Because advice weights are
generally rather small (Harvey & Fischer, 1997; Yaniv & Kleinberger, 2000), this differ-
ence may be sufficiently large (and detectable) only in advice distance regions for which
comparably high advice weighting and higher variance can be expected (Moussaid et al.,
2013).

As summarized in the notion of the wisdom-of-the-crowd, higher weighting implies an
accuracy advantage for the final estimate, not only with advice of high quality but also with
advice from non-expert peers due to the sheer increase of the information base (Davis-Stober
et al., 2014; Soll & Larrick, 2009). Therefore, the decline in judgment error from initial
to final estimation is expected to be attenuated by lower expectation of advice (Hypothesis
2). This assumption is contingent on the reduced weighting of unexpected advice (see
Hypothesis 1).

Our reasoning also inspires a minor prediction regarding the quality of the initial esti-
mate, beyond its provisional nature (as argued above). Initial estimates are generated by
aggregating various internal viewpoints from internal (Thurstonian) sampling (Juslin &
Olsson, 1997; Sniezek & Buckley, 1995; Thurstone, 1927). Internal samples may con-
tain, for instance, sequentially recalled memories or self-constructed feedback (Fiedler &
Kutzner, 2015; Henriksson et al., 2010; Stewart et al., 2006). One may thus argue that
internal sampling is in the same manner affected by advice expectation as external sam-
pling. In particular, internal samples drawn under the expectation of advice may integrate
broader perspectives than internal samples generated without expecting to receive advice
from another person (see also Trope & Liberman, 2010). Importantly, the Thurstonian
notion relies on random or quasi-random internal sampling (Fiedler & Juslin, 2006). In line
with the law of large numbers, we thus expect both less extreme (Hypothesis 3a) and less
noisy (Hypothesis 3b) initial estimates when advice is expected.!

1We preregistered undirected versions of these hypotheses for Experiments 1 and 3. The here discussed
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In sum, our aim is to test whether initial estimation and advice weighting, and thereby
also the judgment accuracy, depend on the expectation of advice. If support for these
hypotheses was found, previous results obtained from JAS-type experiments would have to
be reassessed, because indices of advice taking would be inherently biased in conventional
JAS paradigms. For instance, “egocentric discounting” (i.e., the propensity to weight one’s
own judgment more strongly than advice) is observed in large parts of the advice taking
literature (Harvey & Fischer, 1997; Yaniv & Kleinberger, 2000). If the expectation of advice
indeed artifactually inflates advice weighting in JAS-type experiments, the egocentrism
issue would be even more severe than assumed.

2 General Method

We report how we determined our sample sizes, all data exclusions (if any), all manipula-
tions, and all measures? for all experiments. All experiments were preregistered. Unless
stated otherwise, sample size, manipulations, measures, data exclusions, and analyses ad-
here to the preregistration. Preregistration documents, materials, surveys, data, analysis
scripts, and the online supplement are publicly available at the Open Science Framework
(OSF; https://osf.io/bez79).

Across five experiments, we implemented slight variations of the general JAS procedure.
For each item, participants provided initial point estimates, received a single piece of advice
(presented alongside their own initial estimate) and were given the opportunity to provide
a final, possibly revised estimate. The operationalization of advice expectation varied
across experiments but was either low or high by means of instruction. There are three
dependent variables of interest, the weight of advice (WOA), judgment error (JE), and
the (extremity and variance of the) initial estimates. For all experiments, we conducted
multilevel modeling for all dependent variables (Baayen et al., 2008; Bates et al., 2015).
All models comprise random intercepts for participants and items which were fully crossed
by design. Expectation condition was included as a contrast-coded fixed effect, with lower
expectation coded as —0.5 and higher expectation as 0.5, for the random intercepts to capture
effects in both conditions (Judd et al., 2017). The fixed effect of condition thus indicates
the consequences of conventionally high expectation of advice in the JAS. Significance
was assessed at the 5% level via one-sided (where justified) p-values computed based on
Satterthwaite’s (1941) approximation for degrees of freedom in linear models (Luke, 2017);
and based on Wald Z-testing in nonlinear models (Bolker et al., 2009). Additionally,
Bayes factors comparing the expectation model against the null using the default settings of

directed version was preregistered only for Experiment 4.

2We measured level of construal (Trope & Liberman, 2010) in the first two experiments by means of a short
version of the Behavioral Identification Form (Vallacher & Wegner, 1989) in Experiment 1 and the Navon
(1977) task in Experiment 2. As we neither found treatment effects on “general mindset abstractness” (Kriiger
et al., 2014) nor on perceptual level of construal (as operationalized by “global dominance;” Liberman &
Forster, 2009), the analyses will not be discussed for the sake of brevity.
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Makowski et al.’s (2019) bayestestR package are reported to resolve the inconclusiveness
of potential null effects.

The measure of our major concern, the amount of advice weighting, is typically calcu-
lated as the ratio of judgment shift and advice distance (Bonaccio & Dalal, 2006). We used
the most common formalization of Harvey and Fischer (1997) such that advice weighting
was measured in percentage points:3

WOA; = ———— 4 100, 1
P A 1By %
where FEj;, IE;;, and Aj;; indicate the final and initial estimates and advice, respectively, on
a given item j in a given participant i. As the WOA is highly sensitive to outliers, we relied
on Tukey’s (1977) fences to identify and remove outliers on a trial-by-trial basis. For testing
of Hypothesis 1, we fitted the following linear multilevel model:

WOA;; = Bo + a/f + a/f + ﬁlExpectationij +&jj, 2)

where subindex 7 and superscript P refer to participants, subindex j and superscript S
to stimulus items, S to fixed effects, @ to random effects such that Var (af ) = 0'}2, and
Var (a/l‘.9 ) = Gsz, and ¢ to the overall error term. The same formal notation applies to all
models throughout.

The WOA distributions were thereupon descriptively explored beyond their measures of
central tendency. This is expedient with reference to the findings of Soll and Larrick (2009)
who disclosed important systematics in WOA dependent on the level of data aggregation.
Specifically, an actual W-shaped distribution of WOA — advice taking consisting of a
mixture of strategies including (equal weights) averaging and choosing (the advisor or the
self) — is often analytically concealed by focusing on mean differences.

We applied the same statistical criteria as for WOA to identify and remove judgment
outliers on a trial-by-trial basis for the calculation of judgment error.# For both initial and
final estimates, judgment error in percentage points was formally defined as:3

T; - Estimate,-j,|
T;

JE;; = 100, 3)
where T'; corresponds to the j-th item’s true value, |.| denotes the absolute value function,
and

IEl'j, t=-0.5

4
FE,']', t=0.5 @)

Estimate, =

3Multiplying the ratio-of-differences formula with a fixed constant of 100 for reporting reasons was only
preregistered for Experiment 5 but does not affect the statistical significance of the results.

“The statistical significance of the main results was neither affected by removing outliers on the level of
judgment nor on the level of judgment error.

5Deviating from the preregistrations and multiplying the judgment errors with a fixed constant of 100 for
reporting reasons does not affect the statistical significance of the results.
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depending on at which point in time ¢ the error is evaluated. Hypothesis 2 can accordingly
be tested by adding a time-series interaction to the respective expectation model:

_ P, S ; ]
JEj = Bo+ @; +a; + BiExpectation;; + Bt + B3Expectation;;  t + Eir ®)

For the «a coefficients to capture random effects of both points in time — in the same vein
as for both levels of advice expectation as discussed above — ¢ was contrast-coded with the
initial judgment phase as —0.5 and the final one as 0.5 (Judd et al., 2017).

To account for extensive differences in truth (e.g., the highest true value in the stimulus
sets for Experiments 1 to 3 as introduced below was 34,000, whereas the lowest one was
0.48), initial estimates were normalized as follows prior to analyzing them:

IE;;
NIE; = —

J

(6)

(Moussaid et al., 2013). In line with the extremity/noise foundation of Hypotheses 3a and
3b, no exclusion criteria were applied to the normalized initial estimates. Following the
recommendations of Lo and Andrews (2015), instead of transforming the response itself, a
generalized multilevel model with log-link on the Gamma distribution was implemented to
account for positively skewed estimates. Accordingly, the model for testing of Hypothesis
3a can be written as:

NIE; = exp (,80 +al + aJS. + B1Expectation;; + Sij) , (7

where exp(.) denotes the exponential function. Explicit testing of the variance part (Hy-
pothesis 3b) was preregistered for the fourth experiment to be based on a Fligner-Killeen
(median) test of variance homogeneity on the log-transformed values. This test does not
allow for one-sided hypothesis testing but is comparably robust against departures from
normality (Conover et al., 1981). Both extremity and noise results were corroborated by
two-sample Kolmogorov-Smirnov testing (not preregistered). That is, compound testing of
both hypotheses took place by usage of the complete distributional information to check
whether the normalized initial estimates follow the same sampling distributions in both
expectation conditions.

3 Experiment 1

Experiment 1 was designed to delineate the juxtaposition of the condition with the con-
ventional full expectation of advice and a less informed group of participants that does not
expect to receive advice. There were no further restrictions on the advice stimuli. This
allowed us to explore typically reported patterns of advice taking over the entire distance
scale, that is, the inverse U-shaped relation between WOA and advice distance that peaks in
the region of intermediately distant advice values with its corresponding effects on judgment
accuracy (Schultze et al., 2015).
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3.1 Method
3.1.1 Design and Participants

A 2 (advice expectation: yes vs. no) x 2 (judgment phase: initial vs. final) x 2 (dissonance
measure: administered vs. not administered) mixed design with repeated measures on
the second factor was implemented. The experiment was conducted online with the link
distributed via the general mailing list of the University of Tiibingen. In compensation for
a median duration of 20.08 minutes (/QR = 7.50), participants could take part in a raffle
for five €20 vouchers of a German grocery chain. More accurate estimates (+25% around
the true value) were rewarded with additional raffle tickets. Participants were informed that
their participation is voluntary, and that any personal data will be stored separate from their
experimental data. At the end of the experiment, they were debriefed and thanked.

We conducted a-priori power analyses to determine the required sample sizes in all five
experiments. Power analyses focused on Hypothesis 1, that is, on detecting treatment effects
on WOA. For the first experiment, we based our calculation on repeated measures ANOVA
designs (Faul et al., 2007). Detecting a small effect (d = 0.30) with sufficient power (1-8 =
0.80) required collecting data of at least 188 participants. Based on our expectations about
the exclusion rate, we preregistered collecting data of 209 participants. At that point, the
exclusion rate turned out to be more than twice as high than expected (21% vs. 10%). We
therefore did not stop recruiting participants until we had reached a sample of size N = 250
to make up for the additional exclusions. After applying the preregistered exclusion criteria,
we ended up with a final sample of N =200 (123 female, 76 male, 1 diverse). Their median
age was 25 years (IQR =7.25).

3.1.2 Materials and Procedure

Participants were asked to estimate the Product Carbon Footprint (PCF) in kilograms of
carbon dioxide equivalents (kg-CO2e), a classic measure to quantify the ecological life cycle
efficacy of products.® For that purpose, they were presented with pictures of products most
of which were taken from the database of Meinrenken et al. (2020; https://carboncatalogue.
coclear.co). In order to introduce a higher variability in product categories, additional
stimulus items from other sources were included as well. To calibrate participants, they
were provided with background knowledge and went through a practice phase of three trials
with feedback about the true values at the beginning of the experiment. Moreover, only
those 16 of 50 products for which the participants of a pretest” performed best on median

6Given that our estimation task was bounded by zero from below, it involved a proportionally higher
chance for over- as opposed to underestimation (positive skew) — not necessarily of the true value but relative
to the total sample mean. Extremity (Hypothesis 3a) is accordingly characterized by higher estimate values
due to the interplay of the law of large numbers and the positive skew in the underlying judgment domain.

"The pretest was conducted online via the general mailing list of the University of Tiibingen. We collected
PCF estimates and confidence intervals of N = 107 participants (73 female, 33 male, 1 diverse) on 50 items
(plus three items on practice trials). Participants’ median age was 24 years (/IQR = 4.00). The pretest data and
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were used to ensure the existence of a wise crowd.

Between-participants manipulations of advice expectation required a blocked design.
Participants were asked to provide all initial point estimates as well as lower and upper
bounds building an 80% confidence interval for the full set of items in the first block. In
the second block, they received a single piece of advice (i.e., “the judgment of a randomly
selected previous participant”) presented alongside their own initial estimate and were asked
to give a final, possibly revised estimate and confidence. Stimulus items were presented in
the same order across blocks, which was randomized across participants. Participants in the
conventional JAS-type condition were informed about the revision phase in which they will
be provided with advice prior to the initial estimation block. By contrast, participants who
did not expect to receive advice were informed that they will estimate the PCF of products
in the first block of the experiment without further notice of the second block. Only upon
completing the initial judgment phase, the opportunity to adjust their initial estimate given
a single piece of advice in a second judgment phase was revealed to them. In order to
provide ecological advice, the median estimates and interquartile ranges from the pretest
determined the location and spread of the truncated (at the admissible response range from
0.001 t0 999999.999) normal distributions from which the artificial advisory estimates were
drawn.

After the practice phase, we administered an instructional manipulation check. Partic-
ipants were asked to indicate how often they will make an estimate for a certain product.
Those who responded incorrectly (18.40%) were excluded from the analysis as preregis-
tered. Many participants misunderstood the question and responded with the total number
of items to be judged (i.e., 16), or completely unrelated values (e.g., 10). We nevertheless
carried out exclusions as planned in Experiment 1 (and results do not change if we deviate
from the preregistration), but we clarified instructions and did not preregister to carry out
exclusions based on instructional manipulation checks in later experiments.

3.2 Results

A summary of the fixed effects of the multilevel models for Experiment 1 is given in Table 1.
Means and standard deviations by expectation condition are presented in Table 2. The full
models and model comparison statistics can be found in Table S1 of the online supplement.

3.2.1 WOA

We excluded trials with a WOA < —77.17 and WOA > 137.25 (Tukey, 1977). In total, we
excluded 142 of 3200 trials (4.44%). For testing of Hypothesis 1 that advice weighting is
lower for participants who did not expect to receive advice, we fitted the multilevel model
of WOA on contrast-coded advice expectation as defined in Equation 2. The fixed effect of

materials can be found on the OSF repository.
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TaBLE 1: Fixed effects (and standard errors) of multilevel models of weight of advice (WOA),
judgment error (JE), and normalized initial estimates (NIE) on contrast-coded advice expec-
tation for all five experiments. The full models and model comparison statistics can be found
in the online supplement.

Predictor Expt. 1 Expt. 2 Expt. 3 Expt. 4 Expt. 5

WOA By Intercept 31.33 ##* 3992 k3009 *Hk 20.69 ok 5476 FHk

(1.45) (1.41) (1.82) (1.28) (2.59)
B1 Expectation —0.99 -1.63 4.62 ** 229 *F¥k (23
(2.70) (2.28) (1.60) (0.66) (1.65)

JE  Bo Intercept 02.74 *¥% 121.50 *** 7358 Hk* 4340 **k* 5589 F**
(4.41) (6.00) (2.15) (2.88) (1.93)
B1 Expectation 4.31 -7.36 1.65 -0.24 -0.73
(4.70) (6.30) (1.90) (0.40) (1.28)

P2t —26.77 *¥* 4761 *Fx _10.71 #** 478 *k*x 86T *H*
(2.43) (3.12) (1.88) (0.40) (0.28)
B3 Expectation —2.98 5.46 -0.44 —0.38 —0.32
*1t (4.86) (6.24) (3.77) (0.80) (0.56)

NIE po Intercept 2775 wEER 402 FRE 280 FEE (.65 FFE (.49 Rk
(0.46) (0.67) (0.64) (0.05) (0.04)
B1 Expectation 1.09 0.68 * 1.15  *** 1.00 1.01
(0.22) (0.12) (<0.01) (0.01) (0.07)

Note. Two-sided p-values with * p < .05, ** p < .01, *** p < .001.

expectation thus indicated the consequences of receiving expected advice. Advice expecta-
tion had no significant effect on participants” WOA (8; = —0.99, 95% CI [-6.28, 4.30], SE
=2.70,d =-0.03, 1(198.31) =-0.37, p = .643, BF 19 = 0.131).

3.2.2 Accuracy

We merged the two block-separated hypotheses about judgment error from the preregis-
tration into one joint accuracy shift hypothesis (Hypothesis 2). We excluded 15.94% of
trials based on either normalized initial or final estimates being outliers (Tukey, 1977) and
fitted the multilevel model as defined in Equation 5. The significant reduction in judgment
error from initial to final estimation (8, = —26.77, 95% CI [-31.54, —22.01], SE = 2.43, d
=—0.28, #(5151.88) = -11.01, p < .001) indicated collectively beneficial advice weighting
as expected. The negative trend did however not significantly interact with expectation
(B3 =-2.98, 95% CI [-12.51, 6.54], SE = 4.86, d = —0.03, #(5151.88) = -0.61, p = .270,
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and normalized initial estimates (NIE) by expectation condition in all five experiments.

Phase Expectation Expt. 1 Expt. 2 Expt. 3 Expt. 4 Expt. 5
WOA low 31.84 40.77 36.62 19.43 54.33
(34.16)  (37.87)  (37.23) (2549)  (39.62)
high 30.68 39.14 41.41 21.93 54.83
(34.04) (38.46)  (39.27) (26.92)  (38.31)
JE  initial low 100.07 142.99 77.11 46.11 61.46
(105.34)  (185.98)  (60.13) (24.90)  (27.00)
high 106.37 134.65 78.97 46.70 60.98
(117.52) (178.42)  (65.47) (25.04)  (26.85)
final low 74.79 92.65 66.62 41.51 52.95
(71.25)  (95.08)  (42.81) (25.22)  (28.02)
high 78.11 89.77 68.05 41.73 52.16
(74.42)  (90.10)  (43.19) (25.37)  (28.59)
NIE low 14.24 3191 10.64 0.76 1.01
(90.42)  (266.89)  (56.46) (0.82) (2.41)
high 10.36 11.26 26.72 0.76 1.13
(74.28)  (74.18)  (462.50)  (0.86) (3.16)

BF1p = 0.049). Hence descriptively, the decline in judgment error from initial to final
estimation was stronger with expectation of advice as expected, but this difference fell short
of statistical significance.

3.2.3 Initial Belief Formation

Normalized initial estimates were modeled by multilevel gamma models with log-link
as defined in Equation 7 (Lo & Andrews, 2015). We did not exclude any outliers to
capture the hypothesized extremity/noise patterns in initial estimation. The fixed effect of
contrast-coded advice expectation failed to reach statistical significance (8 = 1.09, 95% CI
[0.74,1.61],d=0.03, SE=0.22,t=0.46, p = .677, BF o = 0.020; Hypothesis 3a).8 Neither

did Fligner-Killeen testing of variance homogeneity, E'lzow =4.37, E'gl.gh =3.65, 2, (1) =

8In line with the reporting conventions for nonlinear models with log-link, we report exponentiated
coeflicients here and in the following. The coefficient of contrast-coded expectation thus being significantly
different from 1 corresponds to a rejection of the null hypothesis of equally extreme initial estimates across
expectation conditions. Coefficients on the original scale of the model in Equation 7 can be retrieved by
taking the log of the reported values.
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2.46, p = .117 (Hypothesis 3b), nor two-sample Kolmogorov-Smirnov testing, D = 0.03, p
=.350, support differences in initial belief formation.

3.2.4 Post-hoc Analyses

Dissonance Thermometer. About half of the participants received parts of the so-called
dissonance thermometer, a self-report measure of affect that asks participants to reflect on
their current feelings on 7-point scales (Devine et al., 1999; Elliot & Devine, 1994), between
initial and final judgment. The dissonance thermometer (contrast-coded with presence as
0.5 and absence as —0.5) significantly interacted with our expectation manipulation (53 =
—11.84, 95% CI [-22.18, —-1.50], SE = 5.28, d = -0.35, 1(196.16) = -2.24, p = .026, BF|o =
10.909; online supplement, Table S2, left panel). As such, reflecting on their feelings made
participants in the low-expectation condition take significantly more advice (81 = 12.81, 95%
CI[5.59, 20.04], SE = 3.69, d = 0.38, 1(195.98) = 3.48, p = .001; Table S2, middle panel).
Essentially, the dissonance thermometer is criticized for not only measuring, but most likely
also reducing dissonance (Martinie et al., 2013). Hence, if cognitive dissonance was indeed
induced by the alleged non-revisability of initial judgments in the low-expectation group,
it might have been reduced by filling out the dissonance thermometer, in turn, increasing
advice weighting. In contrast, there was little evidence for an effect of the dissonance
thermometer in the high-expectation condition (81 = 0.98, 95% CI [-6.42, 8.37], SE =
3.77, d = 0.03, 1(196.34) = 0.26, p = .796; Table S2, right panel). We thus accounted
for this influence by considering the dissonance thermometer as an additional factor in the
following analyses.

Adyvice Distance. The effect of expectation on WOA was descriptively opposite to our
hypothesis (8, = —1.28, 95% CI [-6.45, 3.89], SE = 2.64, d = —-0.04, #(196.16) = -0.49, p
= .687; Table S2, left panel). However, advice taking is typically found to vary with the
distance of advice from a participant’s initial beliefs (e.g., Hiitter & Ache, 2016; Schultze
et al., 2015). In particular, weighting is most pronounced for advice of “intermediate
distance” as categorized by Moussaid et al. (2013) and flattening out for both closer and
more distant values (Figure 1). The same advice distance region was characterized by most
pronounced differences in WOA across expectation conditions. This visual impression was
confirmed by building multilevel models that took the advice distance categorization from
the literature into account (online supplement, Table S3): For participants who did not fill
out the dissonance thermometer, weighting of unexpected advice of intermediate distance
was significantly lower (B¢ = 7.06, 95% CI [0.68, 13.43], SE = 3.25,d = 0.21, (3009.72) =
2.17, p = .015, BF19 = 0.113). Given that participants received ecological advice from the
pretest, significantly reduced advice weighting should have impaired judgment accuracy
(Davis-Stober et al., 2014; Soll & Larrick, 2009). Nevertheless, we found no significant
attenuation of the reduction in judgment error (814 = —19.57, 95% CI [-45.95, 6.80], SE =
13.46, d =-0.22, 1(5137.13) = -1.46, p = .073, BF 1y = 0.004).
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Ficure 1: Scatter plots and local polynomial regression fits (incl. 95% confidence bands)
for WOA by advice distance as a function of advice expectation in the condition without the
dissonance thermometer (N = 98) of Experiment 1. The area enclosed by the thin dashed
vertical lines indicates advice of intermediate normalized distance (Moussaid et al., 2013).
Plotting is truncated for outliers of WOA (Tukey, 1977) and normalized advice distance larger
than 3.

3.3 Discussion

In the data set that considers all levels of advice distance, we did not obtain evidence for
an influence of advice expectation. This was shown to be partly due to the influence of
the dissonance thermometer. Moreover, the exploratory post-hoc analysis for advice of
intermediate distance provides good reasons for a distance-qualified investigation of the
proposed expectation effects on advice weighting. For advice of intermediate distance,
there was a significant reduction in advice weighting of around seven percentage points in
the low-expectation condition. Unfortunately, as assessed by means of simulation (Green
& MacLeod, 2016; see also below), this post-hoc test lacked power (1-5 = 0.59, 90% CI
[0.56, 0.62]). These limitations will be addressed in Experiment 2.

4 Experiment 2

In Experiment 2, we focused on the intermediate distance region which typically exhibits
highest WOA. That is, advice was neither too close nor too distant from a participant’s initial
estimate. Experiment 2 was thus designed to enable a confirmatory, sufficiently powered
version of the post-hoc analysis of Experiment 1.
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4.1 Method
4.1.1 Design and Participants

A 2 (advice expectation: yes vs. no) x 2 (judgment phase: initial vs. final) mixed design
with repeated measures on the second factor was implemented. The experiment was again
conducted online, and the link was distributed via the general mailing list of the University
of Tiibingen. In compensation for a median duration of 22.71 (IQR = 9.79) minutes,
participants could take part in a raffle for five €10 vouchers of a German bookstore chain
and receive course credit. More accurate estimates (+25% around the true value) were
rewarded with additional raffle tickets. Moreover, one tree per complete participation was
donated to the Trillion Tree Campaign (https://trilliontreecampaign.org). Participants were
informed that their participation is voluntary, and that any personal data will be stored
separate from their experimental data. At the end of the experiment, they were debriefed
and thanked.

We assumed a smaller effect size of d = 0.25 in Experiment 2 due to regression to the
mean for replications on the one hand (Fiedler & Prager, 2018), and the reduced variation
in advice distance and hence supposedly less diagnostic external information on the other
hand. Moreover, we utilized data from the preceding experiment to conduct a-priori power
analysis for multilevel modeling by means of simulation (Green & MacLeod, 2016). Based
on 1000 iterations, sufficient power (95% confidence that 1- > 0.80) required at least N =
284 participants. The experiment was preregistered to automatically stop recruitment when
the last required participant with valid data reached the final page. As further participants
could have entered and start working on the experiment at that point, a sample of size N =
292 (209 female, 81 male, 2 diverse) was eventually recruited. Those participants’ median
age was 23 years (IQR = 8.00).

4.1.2 Materials and Procedure

The procedure of Experiment 2 resembled Experiment 1 with three exceptions. First, the
critical instructions in the low-expectation condition mentioned the existence of a second
part of the experiment without providing specific information on the task. Second, we
omitted the dissonance thermometer. Third, the experiment focused on the region of advice
distance where the exploratory post-hoc analyses of Experiment 1 revealed significant
treatment effects on WOA. The critical region of intermediate distance corresponds to the
region for which advice weighting is typically reported to peak if examined dependent
on advice distance (Hiitter & Ache, 2016; Moussaid et al., 2013; Schultze et al., 2015).
The mechanism attempted to generate an intermediately distant value from a truncated
normal distribution as specified by the pretest parameters for a maximum of 1000 times.
This corresponds to an alleged drawing of advisors from a hypothetical pretest sample of
corresponding size. If no congenial advisor could be drawn, that is, no intermediately
distant advice value could be generated upon reaching this threshold, a fallback mechanism
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randomly generated an intermediately distant value without drawing from the distributions
as defined by the pretest parameters. Participants who received fallback advice at least
once (6.07%) were preregistered to be not counted towards the final sample size and to be
excluded from the analysis.

4.2 Results

A summary of the fixed effects of the multilevel models for Experiment 2 is given in Table 1
with the corresponding means and standard deviations by expectation condition as presented
in Table 2. The full models and model comparison statistics can be found in Table S4 of
the online supplement.

4.2.1 WOA

We excluded trials with a WOA < —-100.81 and WOA > 172.27 (Tukey, 1977). In total,
we excluded 82 of 4672 trials (1.76%). The fixed effect of expectation indicated the
consequences of receiving unexpected advice. The effect was descriptively opposite to our
prediction, that is, expected advice was slightly less taken, but this effect failed to reach
statistical significance (81 = —1.63, 95% CI [-6.11, 2.84], SE = 2.28, d = —0.04, 1(290.29)
=-0.71, p=.763, BF 1y = 0.109).

4.2.2 Accuracy

The lack of an effect of advice expectation on advice weighting once more anticipates the
results of the judgment accuracy analysis. We excluded 17.79% of trials based on either
normalized initial or final estimates being outliers (Tukey, 1977). The significant reduction
in judgment error from initial to final estimation (58, = —47.61, 95% CI [-53.73, —41.50],
SE =3.12,d =-0.33, 1(7336.50) = -15.26, p < .001) did not depend on advice expectation
(B3=5.46,95% CI [-6.77, 17.69], SE = 6.24, d = 0.04, 1(7336.50) = 0.88, p = .809, BF | =
0.093). Although the sign of the interaction is consistent with the WOA effects of opposite
direction than expected, the results do not support Hypothesis 2.

4.2.3 Initial Belief Formation

Normalized initial estimates were modeled by multilevel gamma models with log-link (Lo
& Andrews, 2015). We did not exclude trials of normalized initial estimates to capture the
hypothesized extremity/noise patterns. The significant fixed effect of contrast-coded advice
expectation (81 = 0.68, 95% CI [0.49, 0.96], SE=0.12,d =-0.13,t=-2.20, p =.014, BF 1o
=0.162) was evident in favor of treatment effects on (mean) initial belief formation. Initial
estimation was more extreme with lower expectation of advice as expected (Hypothesis 3a).
Moreover, the Fligner-Killeen test indicated significantly higher variance (“noise”) in the
initial estimates of the low-expectation group (5'120 , =4.606, Egl.gh =3.75, )(%K (1)=15.68,p <
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.001; Hypothesis 3b). The results were corroborated by two-sample Kolmogorov-Smirnov
testing which suggested significant differences in the sampling distributions of the groups’
initial estimates (D = 0.06, p < .001).

4.2.4 Post-hoc Analysis Beyond the Means

Once more, there was no evidence for an WOA effect of practical importance. If so, it would
have even been in the opposite direction. This second descriptive reversal led us to explore
this null effect more deeply. It is possible that factually distinctive advice taking behavior
was concealed by focusing on mean differences. For instance, egocentric discounting is
a consequence of taking the means across a mixture of averaging and choosing strategies
(Soll & Larrick, 2009). While many people actually follow the normative rule of equal
weights averaging (Mannes, 2009), a non-negligible amount of people prefers to choose
one of both sources of information (WOA = 0 or WOA = 100).

The reverse pattern from the aggregate analysis of Experiment 2 also materialized on the
disaggregate level (Figure 2). Unexpectedly, there was a slightly higher share of trials where
advice was not used at all in the high-expectation condition and a relatively left-skewed
averaging distribution centered at equal weighting in favor of the low-expectation group.
Overall, however, the characteristic W-shaped WOA distributions were fairly congruent
across advice expectation conditions. Under the conditions of the post-hoc analysis of
Experiment 1, by contrast, the expectation effect is accrued by a reduction in the propensity
to stick to one’s initial judgment (WOA = 0) in favor of a relatively more left-skewed
averaging distribution in the high-expectation group. Across all experiments, there was
least evidence for the hypothesized effect of advice expectation on WOA in Experiment 2.

4.3 Discussion

Evidence from the post-hoc analysis of Experiment 1, which indicated significant treatment
effects on the weighting of advice of intermediate distance, could not be corroborated. There
1s no additional support for an effect on WOA of practical importance given presence versus
absence of advice expectation. The null effects on WOA may be due to our modification
of the traditional paradigm which implemented initial and final estimates in two blocks
in order to enable the between-participants manipulation of advice expectation. Although
Experiment 2 lent support to advice expectation effects on internal sampling (Hypotheses
3a and 3b: more extreme and more noisy initial estimates in the low-expectation group), this
effect failed to extend to external sampling in the second estimation phase. This limitation
will be addressed in Experiment 3 that dissolves the blocked design.

The circumstances of Experiment 2 allow some speculation as to why the effect on
WOA was descriptively opposite to our prediction both on the aggregate as well as on
the disaggregate level. This outcome may be attributed to the incentives announced for
participation, namely, the donation of trees. Thereby, we may have inadvertently recruited
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Ficure 2: Gaussian kernel density plots of WOA (outliers excluded) as functions of advice
expectation in all five experiments. The bandwidth is chosen according to Silverman’s (1986)
rule of thumb. For Experiment 1, the conditions which yielded positive results post-hoc (i.e.,
without the dissonance thermometer, N = 98, and for advice of intermediate distance) are
shown.

a sample which held relatively high believes about their own competencies for the life
cycle assessment of consumer products compared to the average recipient of our invitation.
Such an eco-conscious sample is supposedly less reluctant to advice on the given judgment
domain (i.e., PCF) such that participants’ advice taking behavior may be less sensitive to
our manipulation. Therefore, we switched to monetary compensation in Experiment 3.

S Experiment 3

The blocked design which was necessary to implement between-participants manipulations
in the previous two experiments is a nontrivial component of the original paradigm. For
instance, participants may have had doubts as to whether the values marked as initial
estimates in the final judgment phase were actually their own, thereby affecting their advice
taking behavior (Soll & Mannes, 2011). This could explain why we only obtained a
significant treatment effect on initial estimates in Experiment 2. Moreover, the blocked
design may be incompatible with the notion of ongoing mental tasks. Specifically, the
succession of initial estimates might force participants to mentally close the preceding task
in order to focus on the current one, thus not affecting the assimilative processing between
expectation conditions. These issues were addressed by switching to a within-participants
manipulation and thereby to a sequential version of the paradigm in Experiment 3.
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5.1 Method
5.1.1 Design and Participants

This experiment implemented a 2 (advice expectation: high vs. low) x 2 (judgment phase:
initial vs. final) within-participants design with repeated measures on both factors. This
time, participants were recruited via Prolific (https://prolific.co). Median monetary com-
pensation amounted to £5.75 per hour for an experiment with median duration of 17.43
minutes (/OR = 4.41). Additionally, participants could take part in a raffle for three £10
Amazon vouchers. More accurate estimates (+25% around the true value) were rewarded
with additional raffle tickets. Participants were informed that their participation is voluntary,
and that any personal data will be stored separate from their experimental data. At the end of
the experiment, they were debriefed, thanked, and redirected to Prolific for compensation.

Although the within-participants operationalization of advice expectation may make
the manipulation particularly salient (i.e., changing from trial to trial), somewhat smaller
effects (d = 0.125) on the dependent measure are expected from a less extreme difference
on the probabilistic dimension (see below). A-priori power simulation was based on the
data from Experiment 2. Due to the more powerful within-participants design, at least N =
109 participants were required to reach sufficient power (95% confidence that 1-8 > 0.80).
Whereas advice was provided on a fixed set of 16 items per participant in Experiments 1 and
2, it was provided on random 16 of 20 items per participant in Experiment 3. Therefore, we
preregistered to aim for 20% more data than needed (N = 131) to guarantee sufficient power.
Based on our expectations about the exclusion rate, we preregistered collecting data of 150
participants. Prolific eventually recruited 151 participants. After applying the preregistered
exclusion criteria, we ended up with a final sample of N = 119 participants (57 female, 58
male, 4 diverse). Their median age was 24 years (IQR = 7.50).

5.1.2 Materials and Procedure

In Experiment 3, advice expectation was manipulated within-participants. For that purpose,
the block-structure present in Experiments 1 and 2 was resolved. For each item, participants
first gave their initial estimate, then received advice and gave their final estimate before
they continued on to the next item. Moreover, the operationalization of low and high
levels of expectation was less extreme than in the previous experiments. Participants were
informed that the probability of receiving advice on the next product will be “80% (i.e.,
very likely)” on nine high- versus “20% (i.e., very unlikely)” on eleven low-expectation
trials. This information was provided at the beginning of each trial. In fact, they received
advice of intermediate distance on eight of nine and eleven “advice trials,” respectively.
On the remaining four “no-advice trials,” neither did they receive advice, nor did they
get the opportunity to provide a final estimate. Instead, they directly continued with
initial estimation of the next product. Confidence ratings were elicited on extremum-
labeled (very unconfident to very confident) sliders to avoid confounding of the expectation
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manipulation with secondary probabilistic instructions. Advice was again of intermediate
distance (Moussaid et al., 2013).

The procedure was intended to reflect real-world uncertainty in judgment and decision
making in an ecological setup. To that effect, the global imbalance of advice and no-advice
trials was implemented to increase participants’ trust in the diagnosticity of the information
about advice probability, while ensuring a balanced set of advice trials per participant and
condition for the main analysis.® The assignment of products to advice versus no-advice
and high versus low-expectation trials was fully random. We added the next four best items
from the pretest to our selection of estimation tasks to include four no-advice trials on top
of the 16 advice trials per participant.

5.2 Results

A summary of the fixed effects of the multilevel models for Experiment 3 is given in Table 1
with the corresponding means and standard deviations by expectation condition as presented
in Table 2. The full models and model comparison statistics can be found in Table S5 of
the online supplement. Moreover, see Figure 2 for the WOA distributions.

5.21 WOA

We excluded no-advice trials and trials with a WOA < —-100.00 and WOA > 171.43 (Tukey,
1977). In total, we excluded 26 of 1904 advice trials (1.37%). We fitted the multilevel
model of WOA on contrast-coded advice expectation with —0.5 for low and 0.5 for high
expectation of advice. The fixed effect of expectation thus indicated the consequences of
higher advice expectation. WOA was now significantly reduced on low-expectation trials
(B1 =4.62,95% CI[1.48,7.76], SE = 1.60, d = 0.12, 1(1755.44) = 2.88, p =.002, BF 9 =
5.899). Moreover, the Bayes factor indicates moderate evidence for Hypothesis 1.

5.2.2 Accuracy

We excluded no-advice trials and 17.96% of advice trials based on either normalized initial
or final estimates being classified as outliers according to Tukey’s (1977) fences. The
significant reduction in judgment error from initial to final estimation (8, = —10.71, 95%
CI [-14.40,-7.02], SE = 1.88, d =-0.20, #(2971.45) = -5.69, p < .001) did not significantly
interact with expectation (53 =—-0.44, 95% CI [-7.82,6.94], SE=3.77,d =-0.01, 1(2971.45)
=-0.12, p = .454, BF 1y = 0.021).

9Extending Equation 2 by a fixed effect of trial number s =1, . . ., 20 and its interaction with contrast-coded
expectation (see also Equation 5), there is no significant effect of time on WOA in Experiment 3 (8 = —0.36,
95% CI [-0.75, 0.03], SE = 0.20, d =-0.01, #(1787.02) = —1.80, p = .072, BF 9 = 0.002) and Experiment 4
(Bs =—0.08, 95% CI [-0.24, 0.09], SE = 0.08, d = 0.00, 1(4477.05) = -0.90, p = .367, BF o < 0.001). That
is, there is no evidence for advice taking changing over the course of the two experiments. This suggests that
participants either did not notice the implemented mismatch in expectation versus outcome or construed it as
a merely less representative personal outcome of the communicated probabilities.
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5.2.3 Initial Belief Formation

Normalized initial estimates were modeled by multilevel gamma models with log-link
(Lo & Andrews, 2015). We neither excluded no-advice trials nor any outliers to capture
the hypothesized extremity/noise patterns. Opposite to our prediction, the fixed effect of
contrast-coded advice expectation indicated more extreme initial estimates on trials in which
advice was expected (81 =1.15,95% CI[1.14,1.15], SE < 0.01,d=0.04, t =81.66, p > .999,
BF 19 = 0.233). However, those judgment extremity results (Hypothesis 3a) of unexpected
direction could not be corroborated by the judgment noise results (Hypothesis 3b) as the
Fligner-Killeen test did not support differences in initial estimation variance (6'120 . = 4.26,
o~

Thigh = 4.46, )(%K (1) =0.47, p =.494). Moreover, a two-sample Kolmogorov-Smirnov test

did not allow rejecting the null of indifferent sampling distributions (D = 0.03, p =.603).

5.3 Discussion

The results of Experiment 3 indicate less (rather than more) extreme initial estimates on
low-expectation trials (Hypothesis 3a). However, due to conflicting evidence from vari-
ance (Hypothesis 3b) and distributional shape testing, we deem this analysis inconclusive.
Importantly, consistent with our expectation, on trials characterized by low expectation the
amount of advice weighting was significantly reduced in Experiment 3 (Hypothesis 1).
One reason why this effect may have failed to affect estimation accuracy (Hypothesis 2)
is that there was least relative improvement — and hence room for expectation effects —
in judgment error from initial to final estimation in Experiment 3: As derived from the
coeflicients of the JE-models in Table 1, relative accuracy improvement across both advice
expectation conditions was only 13.57% in Experiment 3 whereas it amounted to 25.22%
and 32.77% in Experiments 1 and 2, respectively.

Another explanation lies in the stimulus material used in the first three experiments.
Assessment of judgment accuracy largely depends on the true values of the items (see
Equation 3) and so do the results of the respective analyses. Admittedly, differences in laws
and (international) standards make the objective quantification of PCFs as selected for the
estimation tasks quite complex. In the database from which most products were taken, 70%
of the footprints were determined by using three different PCF standards (Meinrenken et
al., 2020). For another 21%, the standard used was not specified. Accordingly, stimulus
quality can be improved by switching to an easier, more tangible judgment domain with
less problematic objective ground truth. For instance, Galton (1907), who first documented
the wisdom-of-the-crowd phenomenon, analyzed the estimates of an ox’s weight made by
visitors of a country fair. We thus switched to a simpler, more accessible estimation task in
Experiment 4.
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6 Experiment 4

Experiment 4 constituted a higher-powered conceptual replication of Experiment 3 with
different stimulus material for which the ground truth was less problematic than for PCFs.
Thereby, we aim to provide generalized evidence for the existence of the hypothesized
expectation effect and extend it to practical relevance in terms of judgment accuracy.

6.1 Method
6.1.1 Design and Participants

The experiment realized a 2 (advice expectation: high vs. low) x 2 (judgment phase: initial
vs. final) within-participants design with repeated measures on both factors. The experiment
was again conducted online. Participants were recruited via the general mailing list of the
University of Tiibingen. In compensation for a median duration of 20.03 (/QR = 7.07)
minutes, participants could take part in a raffle for five €20 vouchers of a German bookstore
chain and receive course credit. More accurate estimates (+25% around the true value) were
rewarded with additional raffle tickets. Participants were informed that their participation is
voluntary, and that any personal data will be stored separate from their experimental data.
At the end of the experiment, they were debriefed and thanked.

We increased the threshold for sufficient power (95% confidence that 1- > 0.95), and
— anticipating regression to the mean for the replicated effect (Fiedler & Prager, 2018) —
based our simulations on a smaller effect size of d = 0.10. Power analysis resulted in N
= 243. However, we observed that the power simulation results became more unstable for
higher thresholds on a-priori power. Therefore, we preregistered to aim for 10% more data
than needed (N = 270) to guarantee sufficient power for Experiment 4. The experiment
was designed to automatically stop recruitment when the last required participant with valid
data reached the final page. As further participants could have entered and start working
on the experiment at that point, a sample of size N = 297 (180 female, 113 male, 4 diverse)
was eventually recruited.!© Participants’ median age was 23 years (/IQR = 8.00).

10To encourage English-speaking students to take part in the experiment, an English version was also
administered. The data of 25 additional participants can be found on the OSF repository but were not included
in the main analysis. Qualitatively, the results do not change if the analyses were carried out on the combined
sample. Moreover, one participant from the German version was excluded due to a technical error.
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6.1.2 Materials and Procedure

The procedure was identical to Experiment 3 except for the material used.!! Participants
were asked to provide estimates about the number of items in a pile of objects photographed
against a white background (the stimuli can be found on the OSF). Twenty objects were
chosen from several distinct categories: foods, toys, sanitary and household articles, and
natural products. For instance, participants were asked to judge the number of breakfast
cereals or thistles in a picture. The (integer) true values for those stimulus items ranged from
2,533 in the former example to 59 in the latter one. The exact number could not have been
determined by counting for any of the 20 items. As the new material was not pretested, we
could not use other persons’ estimates to generate ecological advisory estimates. Instead,
the advice values were randomly generated in accordance with the fallback mechanism of
the previous experiments.!? That is, intermediately distant values pointing in the direction
of the true value were randomly drawn from uniform distributions.

6.2 Results

A summary of the fixed effects of the multilevel models for Experiment 4 is given in Table 1
with the corresponding means and standard deviations by expectation condition as presented
in Table 2. The full models and model comparison statistics can be found in Table S6 of
the online supplement. Moreover, see Figure 2 for the WOA distributions.

6.2.1 WOA

We excluded no-advice trials and trials with a WOA < —100.00 and WOA > 171.43.13 In
total, we excluded 25 of 4752 advice trials (0.53%). We fitted the multilevel model of WOA
on contrast-coded advice expectation. The significant fixed effect of expectation once more
indicated that WOA is significantly reduced on low-expectation trials (8; = 2.29, 95% CI

1 addition to the confidence question, participants were asked to indicate satisfaction with each of their
estimates on extremum-labeled (very unsatisfied to very satisfied) sliders. This served a test of the cognitive
dissonance account. For instance, assigning a higher likelihood to the correctness of a judgment just because
it is perceived rather unlikely to change should be reflected in higher self-reported satisfaction. In contrast
with this notion, there were no treatment effects on satisfaction. However, many participants reported that
they were confused about the difference between confidence and satisfaction, so that the present results should
not be interpreted.

12While the multipliers for initial estimates were randomly drawn from the intervals [0.0001, 0.7000] and
[1.3000, 2.1000] to generate advice of intermediate distance in previous experiments, the lower bound of the
former interval was changed to 0.4333 in Experiments 4 and 5 to yield more ecological advisory judgments
of quantities.

13With the preregistered outlier detection according to Tukey’s (1977) fences, the exclusion criteria would
have been WOA < —51.46 and WOA > 88.24. With reference to Figure 2 and the results of Soll and Larrick
(2009) who found that advice taking consists of a mixture of averaging and choosing strategies, it would be
nontrivial to exclude trials which fall into one of those strategy categories. Instead, we applied the exclusion
criteria from Experiment 3. Analysis based on the exclusion criteria as preregistered does not change the
results qualitatively.
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[0.99, 3.59], SE = 0.66, d = 0.09, 1(4415.14) = 3.45, p < .001, BF19 = 9.369). The Bayes
factor is on the verge of indicating strong evidence for Hypothesis 1.

6.2.2 Accuracy

As preregistered, we excluded no-advice trials and 6.36% of advice trials based on either
normalized initial or final estimates being classified as outliers according to Tukey’s (1977)
fences.* The significant reduction in judgment error from initial to final estimation (83, =
—4.78, 95% CI [-5.56, —4.00], SE = 0.40, d = -0.19, #(8580.22) = -12.02, p < .001) did
not significantly interact with expectation (83 = —0.38, 95% CI [-1.94, 1.18], SE = 0.80,
d =-0.01, #8580.22) = -0.47, p = .318, BF19 < 0.001). Hence descriptively, the decline
in judgment error from initial to final estimation was attenuated by the absence of advice
expectation, but there still was decisive evidence against Hypothesis 2.

6.2.3 Initial Belief Formation

Normalized initial estimates were modeled by multilevel gamma models with log-link (Lo
& Andrews, 2015). We neither excluded no-advice trials nor any outliers to capture the
hypothesized extremity/noise patterns. The fixed effect of contrast-coded advice expectation
was not significant (8; = 1.00, 95% CI [0.97, 1.03], SE = 0.01, d = 0.00, t = 0.09, p =
537, BF1p = 0.013). The Fligner-Killeen test also did not indicate differences in initial
estimation variance (5'120W =0.56, A,i.gh =0.59, )(%K (1)=0.16, p =.686), and the two-sample
Kolmogorov-Smirnov test for differences in sampling distributions was insignificant as well
(D =0.02, p =.735). Hence, there was no evidence for treatment effects on initial belief

formation (see also Footnote 14).

6.3 Discussion

Experiment 4 replicated the main finding of Experiment 3 with respect to advice weighting
in a larger sample and with more power. Overall, we observed a strong reduction in
weighting of advice, which was only about half as high than in the (intermediate conditions
of) previous experiments. This outcome suggests that the amount of knowledge required
by the task exerts an influence on advice weighting. There is much less — or even no —
previous knowledge required for successfully completing a quantity estimation task than a
PCF estimation task.’> As a consequence, two mechanisms could explain generally lower
advice weighting. First, the task may have been perceived as less difficult than in the previous
experiments (Gino & Moore, 2007; Schrah et al., 2006). Second, it is very unlikely that

14This is less than half of the exclusion rates for all other experiments and most likely due to the participants
having more practice in number of items estimation tasks than PCF estimation tasks which negatively affects
the extremity/noise patterns of their estimates.

I5Empirical backing for this assumption can be derived from Table 2. On average, NIE in Experiment 4 is
much closer to 1 (indicating perfectly accurate initial judgment) than in the previous three experiments.
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participants assumed a previous participant (the advisor) could have been better equipped
to estimate the number of items (Harvey & Fischer, 1997; Sniezek & Buckley, 1995).

More important, the negative effect of unexpected advice on WOA (Hypothesis 1) is
also significant with the new material. Nevertheless, the effect was small (d = 0.09), so that
effects of advice expectation on accuracy (Hypothesis 2) were again not obtained. Therefore,
this experiment too fails to corroborate the practical relevance of advice expectation — at
least in terms of judgment accuracy from a wisdom-of-the-crowd perspective.

7 Experiment 5

The major difference between Experiments 1 and 2 on the one hand, and Experiments 3 and
4 on the other hand, concerns the block- versus trial-wise implementation of the estimation
tasks. However, we introduced an additional change that complicates the interpretation of
the differences between the two types of designs: a deterministic versus probabilistic ma-
nipulation of advice expectation. Therefore, this last experiment implements probabilistic
expectation in a blocked design to differentiate between the influences of sequencing and
extremity of expectation on our findings.

7.1 Method
7.1.1 Design and Participants

A 2 (advice expectation: high vs. low) x 2 (judgment phase: initial vs. final) mixed design
with repeated measures on the second factor was realized. Participants were recruited via
MTurk (https://www.mturk.com) with median monetary compensation (incl. up to $0.40
bonus) of $8.36 per hour for an experiment with median duration of 4.57 minutes (IQR =
2.37). More accurate estimates (+10% around the true value) were rewarded with $0.05
bonus payment each. Participants gave their informed consent and were debriefed and
thanked at the end of the experiment.

A-priori power simulation was conducted to detect treatment effects on WOA (Hypoth-
esis 1) of the size from Experiments 3 and 4 combined (d = 0.10). Based on 1000 iterations,
we preregistered collecting data of at least N = 1080 participants to reach sufficient power
(95% confidence that 1-8 > 0.80). The experiment was again designed to automatically
stop recruitment when the last required participant with valid data reached the final page.
A sample of size N = 1111 (486 female, 618 male, 7 diverse) with median age of 38 years
(IQR = 18.00) was eventually recruited.

7.1.2 Materials and Procedure

The procedure was similar to Experiment 2 with two major differences. First, we chose a new
judgment domain from which estimation tasks were drawn. Second, advice expectation was
manipulated in a probabilistic manner like in the within-participants designs in Experiments
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3 and 4. Participants were told that the study comprised two groups. The “advice group”
would be given advice and the opportunity to revise their initial judgment. The “solo
group” would not receive advice and only form one judgment that is final. Participants in
the high-expectation condition were told that the likelihood of being in the advice group
is “80% (i.e., very likely).” In the low-expectation condition, this probability was stated as
“20% (i.e., very unlikely).” In fact, all participants were assigned to the advice group to
obtain the measures required for hypothesis testing. To make sure that participants read
the relevant instructions, we preregistered spending less than five seconds on the respective
page as an exclusion criterion.

Participants’ task was to estimate the number of uniformly distributed, randomly colored
squares in eight pictures (the stimuli and stimulus generation script can be found on the
OSF,; true values ranged from 527 to 11062 squares). We did not measure confidence in
this experiment. As this task was again not very demanding in terms of knowledge (see
also Footnote 15), we presented the stimuli for a maximum of ten seconds in both blocks
to prevent the strong reduction in advice weighting as observed for quantity estimation in
Experiment 4. The same random uniform, intermediately distant values pointing in the
direction of the true value were provided as advice.

7.2 Results

A summary of the fixed effects of the multilevel models for Experiment 5 is given in Table 1
with the corresponding means and standard deviations by expectation condition as presented
in Table 2. For the sake of brevity, we will only discuss the results for WOA (Hypothesis
1) here. However, the full models and model comparison statistics for all three dependent
variables can be found in Table S7 of the online supplement. Moreover, see Figure 2 for
the WOA distributions.

As preregistered, we excluded trials with a WOA < —67.11 and WOA > 179.11. In
total, we excluded 274 of 8888 trials (3.08%). The multilevel regression of WOA on
contrast-coded advice expectation did not yield evidence for reduced weighting in the low-
expectation group (£; = 0.23, 95% CI [-3.01, 3.47], SE = 1.65,d = 0.01, #(1091.14) = 0.14,
p =.890, BFp = 0.045). The size of the descriptively positive effect is negligible, and the
Bayes factor even indicates strong evidence in favor of no differences in advice weighting
across expectation conditions.

7.3 Discussion

There is no difference in weighting of unexpected and expected advice despite the proba-
bilistic (i.e., less extreme) implementation of differences in expectation. Thus, the sequenc-
ing of judgments into blocks (Experiments 1, 2, and 5) versus trial-by-trial advice taking
(Experiments 3 and 4) seems to be responsible for inconsistencies across between- and
within-participants designs with respect to the weighting of unexpected advice in the results
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as reported thus far. Positive effects of expectation on weighting (Hypothesis 1) apparently
are restricted to more ecological sequential judgment and expectation.

8 General Discussion

We set out to answer the question of whether peoples’ judgment processes — specifically
their advice weighting — depend on the expectation of advice prior to initial belief forma-
tion. In fact, in conventional JAS-type experiments participants can generally be sure to
receive advice before providing a final, possibly revised judgment (for reviews see Bonaccio
& Dalal, 2006; Rader et al., 2017). On a methodological dimension, the present project
relates to the question of whether commonly reported levels of advice taking are bound
to paradigmatic features of the JAS. In other words, we were interested in whether advice
taking is robust towards variations in advice expectation.

We obtained support for the hypothesis that unexpected advice is less taken than ex-
pected advice (Hypothesis 1). For unexpected advice of intermediate distance as defined
by Moussaid et al. (2013), this effect was significant in the two sequential designs that
manipulated advice expectation within-participants (d = 0.12 in Experiment 3 and d = 0.09
in Experiment 4) as well as in the post-hoc analysis of Experiment 1 (d = 0.21). However,
two insignificant replications (d = —0.04 in Experiment 2 and d = 0.01 in Experiment 5)
and the corresponding Bayes factors (BF 1o = 0.113 in the post-hoc analysis of Experiment
1, BF1p = 0.109 in Experiment 2, and BFy = 0.045 in Experiment 5) constitute rather
strong evidence for a “reliable null effect” (Lewandowsky & Oberauer, 2020) of advice
expectation on weighting in blocked designs that implement expectation manipulations
between-participants.

Experiment 5 substantiated the null results’ independence of the extremeness of expecta-
tions. Instead, segmenting the estimation process into separate blocks apparently suppresses
expectation effects. At this point, we can only offer some speculations as to why this is
the case. First, the blocked design might counteract the notion of ongoing mental tasks.
Specifically, the succession of initial estimates might force participants to mentally close
the preceding task in order to focus on the current one, thus not affecting the assimilative
processing between expectation conditions. Second, blocked designs increase the temporal
distance between the final and initial judgments. Relative to the initial judgment, advice is
presented closer to the final judgment, potentially increasing the weight it receives in final
judgments (Hiitter & Fiedler, 2019). Thus, advice weighting in this version of the paradigm
may profit less from the expectation of advice.

All experiments failed to give a clear indication of treatment effects on judgment accu-
racy (Hypothesis 2). There was no evidence that the overall significant decline in judgment
error from initial to final estimation depends on advice expectation in any experiment. That
is, participants expecting advice do not benefit from their significantly increased weight-
ing of advice in Experiments 3 and 4. One reason may lie in the inherently problematic
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objective ground truth of product carbon footprints (Meinrenken et al., 2020) on which
the judgment accuracy analysis in Experiment 3 relies. For both experiments, however,
the generally small effects observed on the WOA counteract strong benefits in terms of
wisdom-of-the-crowd.

Overall, we did not obtain support for Hypotheses 3a and 3b (no effects in Experiments
1, 4, and 5; positive effects in Experiment 2; mixed effects in Experiment 3). Consequently,
there is currently no unequivocal evidence for effects of expecting advice on internal
sampling, that is, on the way in which initial estimates are generated by aggregating various
internal viewpoints (Juslin & Olsson, 1997; Sniezek & Buckley, 1995; Thurstone, 1927).

8.1 Limitations and Future Research

Our manipulation of advice expectation is naturally confounded with the expectation of an
opportunity to revise one’s estimate. Without an opportunity to revise their estimate, the
judgment presented to participants could hardly serve as advice. Likewise, revising one’s
judgment is most useful if new information (e.g., in the form of advice) is considered. The
present research thus cannot discern the effects of advice expectation proper and the mere
revisability of one’s estimate. Investigating this question requires an additional condition
in which participants merely expect to revise their judgments at a second stage and are then
surprised with advice. In such a condition, a post-decisional dissonance-based influence on
advice weighting should be eliminated (Knox & Inkster, 1968). If advice expectation proper
is responsible for the present effects, a difference should be observed between our high-
expectation condition and the mere-expectation-of-revision condition with lower weighting
of advice in the latter condition.

A fourth condition with high expectation of advice but low expectation of the opportunity
to revise one’s estimate would complete this more advanced design. Given that we found
no unambiguous evidence for expectation effects on the initial estimates, however, such an
additional condition likely provides insights only with respect to expectation effects on the
weighting of (supposedly) mere “post-decisional feedback™ (Zeelenberg, 1999). Advice
taking in such a scenario thus closely relates to the literature on (performance) feedback
acceptance. This opens up new research opportunities such as investigating the moderating
role of self-efficacy in advice taking (Nease et al., 1999). In return, the WOA in this
condition could enrich the literature with a well-studied behavioral measure of feedback
acceptance (Bell & Arthur, 2008; Ilgen et al., 1979).

In our derivation of the hypotheses tested in the present research, we discussed possible
mechanisms mediating the effect of our manipulation of advice expectation on advice
weighting. The present research, however, does not provide evidence in support of these
mechanisms. That is, the dissonance thermometer intended as a measure of cognitive
dissonance in Experiment 1 instead seemed to affect advice weighting in the low-expectation
condition.!® Therefore, we focused the present research on our ontological claim regarding

16]n line with the criticized potential of the dissonance thermometer to function as a coping mechanism
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the existence of the effect rather than its mediation by certain cognitive processes. Future
research should investigate the underlying mechanisms more carefully. Thereby, we would
also gain a better understanding of the factors that influence the size of the expectation
effect.

Theoretically, none of the delineated explanations requires dichotomous manipulations
of expectation as implemented in the present research. For instance, cognitive dissonance
is typically regarded as a continuum (Elliot & Devine, 1994). One might thus conceive
of expectation as a continuous, probabilistic dimension of psychological experience. Ac-
cordingly, experimenting with randomly generated probabilities of advice receipt would
be more informative (Cumming, 2014) and has the potential to enhance the ecology of
the experimental setting that covers a broader spectrum of advice expectation. However,
such an operationalization requires participants to memorize and use this information on
a trial-by-trial basis, increasing the attentional demands of the experiment. Moreover, the
analysis of the relationship between stated advice probability and advice weighting would
have to account for the fact that humans generally do not construe probability as a linear
dimension (Kahneman & Tversky, 1979).

Our experiments yielded first evidence for effects of advice expectation on a single
advice taking measure. However, advice taking may serve additional functions and thereby
extend to other measures. For instance, close advice may increase confidence and does
not necessarily result in an adaptation of one’s estimate, although it was assimilated to
one’s information base (Schultze et al., 2015). Thus, instead of restricting advice to
be of intermediate distance, future research should investigate whether the paradigmatic
expectation affects other dimensions of advice taking such as shifts in confidence or the
sampling of external information. It would be worthwhile investigating whether participants
would still actively sample unexpected advice (Hiitter & Ache, 2016). According to our
reasoning, we expect the effects documented for the WOA to extend to this measure, resulting
in smaller sample sizes when participants did not expect to be able to sequentially sample
advice.

8.2 Conclusion

Advice weighting can be reduced in situations in which it is unlikely that advice will be
available compared to situations in which people expect to receive advice. Theories of
advice taking should thus consider the role of advice expectation. Advice taking is likely
less effective — in terms of the normative rule of equal weights averaging (Mannes, 2009)
— if people are not prepared for it. As there is uncertainty about getting support in
many real-life judgment situations, we recommend interpreting observed levels of advice
weighting in light of the advice expectation conveyed by the experimental set-up.

(Martinie et al., 2013), this unidirectional confounding (see also online supplement, Table S2, middle vs. right
panel) actually constitutes evidence for post-decisional cognitive dissonance (Knox & Inkster, 1968) indeed
playing a role only in the low-expectation condition.
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