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Abstract

We study the anchoring effect in a computational model of group de-
liberation on preference rankings. Anchoring is a form of path-dependence
through which the opinions of those who speak early have a stronger in-
fluence on the outcome of deliberation than the opinions of those who
speak later. We show that anchoring can occur even among fully rational
agents. We then compare the respective effects of anchoring and three
other determinants of the deliberative outcome: the relative weight or so-
cial influence of the speakers, the popularity of a given speaker’s opinion,
and the homogeneity of the group. We find that, on average, anchoring
has the strongest effect among these. We finally show that anchoring is
often correlated with increases in proximity to single-plateauedness. We
conclude that anchoring can constitute a structural bias that might hinder
some of the otherwise positive effects of group deliberation.

Anchoring in group deliberation occurs when the opinions expressed early in the
process have more influence on the deliberative outcome than those expressed
later. Thus, when there is anchoring the order of speech matters. Anchor-
ing can be seen as a special case of a more general tendency of decision pro-
cesses, whether individual or collective, to be biased toward information that
is presented early (Tversky and Kahneman, 1974). This phenomenon is well
documented in social psychology and collective decision making (Tversky and
Kahneman, 1974; Mussweiler and Strack, 1997; Chapman and Johnson, 1999),
and appears to be both resilient and pervasive, with numerous illustrations in
a variety of domains (Chapman and Johnson, 1999; Epley and Gilovich, 2001;
McElroy and Dowd, 2007; Mussweiler et al., 2004; Mussweiler and Strack, 1989,
1999, 2001, 2005).

Anchoring can be problematic. To the extent that deliberation is central
to procedural explanations of democratic legitimacy (Habermas, 1984; Bohman
and Rehg, 1997; Peter, 2020), anchoring may provide an unfair and arbitrary
advantage to those who speak first. It can furthermore exacerbate other known
structural biases and negative outcomes of group deliberation, for instance po-
larization (Bramson et al., 2017; Dorst, 2023), the formation of spurious una-
nimity (Prentice and Miller, 1993), or hidden profiles, that is, when participants
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refrain from sharing relevant private information (Stasser and Titus, 2003). Fi-
nally, it can be seen as giving an unfair advantage to those with good argu-
mentative skills or strategic sophistication because they might tend to intervene
early in the discussion.

Several mechanisms have been proposed to explain anchoring, the majority
of which emphasize various forms of cognitive biases of the participants (Furn-
ham and Boo, 1997). Tversky and Kahneman (1974), for instance, explain it
as the result of decision makers’ failure to correctly adjust for the initial infor-
mation that they receive. Others explain it as resulting from confirmation bias
(Chapman and Johnson, 1999; Mussweiler and Strack, 1999).

These explanations leave open the question of whether anchoring could be
avoided if the decision makers were less prone to different forms of biases and,
in the limit, whether it could occur among fully rational individuals. Given
the pervasiveness of cognitive biases, answering these questions requires moving
away from the lab, toward studying theoretical models of rational deliberation.
Hartmann and Rafiee Rad (2020) have taken the first step in that direction, by
studying a computational model of deliberation where the participants repeat-
edly exchange and update probabilistic opinions. They observe that anchoring
can also emerge in such cases. Even fully rational agents with no shortcom-
ings in processing the evidence at hand still give more weight to the opinions
expressed early. Hartmann and Rafiee Rad conclude that anchoring should be
seen as a structural bias of deliberation, not necessarily as the result of some
failure of the individual participants.

This first evidence that anchoring can occur even among fully rational agents
also leaves open important questions. First is the question whether the effect
identified by Hartmann and Rafiee Rad is specific to deliberation on proba-
bilistic judgments, or also occurs when the participants exchange, update, and
ultimately aggregate preferences. The latter is important, because public de-
liberation is often aimed at supporting social choice (Miller, 1992; List, 2002;
Dryzek and List, 2003). In that case deliberation does not primarily bears on
individual and collective beliefs, but rather on preferences or value judgments.
This is what we study in this paper.

Second, although the findings reported by Hartmann and Rafiee Rad
strongly suggest that order of speech is an important determinant of the de-
liberative outcome, it leaves open the question of how strong that effect is in
comparison with other determinants like the relative social influence of the par-
ticipants, the popularity of certain opinions, or how homogenous the group is
in the first place. On average, does being an opinion leader matter more than
speaking early? Does anchoring still occur when the opinions expressed first are
only held by a small minority in the group? These questions are not addressed
at all by Hartmann and Rafiee Rad.

Finally, the observation that anchoring can occur among rational agents
raises the question of how this affects the otherwise very positive outlook on
deliberation that deliberative democrats often hold (Cohen, 1989a,b; Estlund,
1993, 1997; Manin, 1987). In particular, a number of contributions have pointed
out that deliberation on preference rankings might help increase proximity to



single-plateaued preferences, and thus avoid incoherent group preferences or
Arrowian impossibilities (List, 2002; Dryzek and List, 2003; List et al., 2012;
Farrar et al., 2010; Rafiee Rad and Roy, 2021). Is anchoring correlated with
increases in proximity to single-plateauedness? If yes, does this affect existing
arguments for deliberative forms of democracy?

This paper addresses these questions by building on the computational model
of deliberation on preference rankings presented by Rafiee Rad and Roy (2021).
We show that anchoring has, on average, a stronger effect on the deliberative
outcome than social influence, popularity of opinion, and, to a lesser extent,
homogeneity of the group. This further supports the idea that anchoring is
a structural bias of deliberation. We show furthermore that the increases in
proximity to single-plateauedness reported in Rafiee Rad and Roy are positively
correlated with anchoring, and assess the relevance of this finding for existing
arguments for deliberative democracy.

1 The Model

Our results are based on the model introduced in Rafiee Rad and Roy (2021).
This model consists of groups of agents who sequentially exchange opinions and
are, to different degrees, consensus-seeking in the sense that they are prone to
move toward the opinions expressed by others. We review the main points of
this model here, and mark the parameters we treat differently. We refer again
to Rafiee Rad and Roy for a more detailed presentation, including concrete
examples of deliberative processes.!

We consider groups between 3 and 99 participants that enter deliberation
holding certain preferences, represented by complete rankings and allowing for
indifference, over a set of three alternatives.? There are 13 such possible rank-
ings. Each participant is assigned one at the beginning of deliberation under
the impartial culture assumption (Tsetlin et al., 2003), viz., by drawing from a
uniform distribution.

Deliberation proceeds in rounds, each round being a sequence of steps. Each
step consists of one announcement and, possibly, preference updates. Only
one participant announces her preference at each step, and each participant
announces her preference exactly once in a round. The order of announcements
is fixed throughout deliberation.

At each step, each participant updates her preferences to move closer to the
one that has just been announced. The updates are modeled using distance
minimization. Upon hearing someone else’s opinion, an individual updates her
preference by moving to a ranking® that minimizes a weighted version of the

IThe code for the simulation and the replication data is available at:
https://doi.org/10.7910/DVN/AQRYIL

2We consider only the case of three alternatives for computational reasons. By doing so we
follow Rafiee Rad and Roy (2021). Abou Zeid (2021) reports on results regarding increases
in proximity to single-peakedness for five and six alternatives. For reasons explained in Sec-
tion 2.3, we conjecture that the findings reported here would replicate with more alternatives.

3If there is more than one ranking that minimizes the squared weighted distance, then the



squared distance between her ranking and the one just announced. Updates
can thus be seen as weighted two-person distance-based preference aggregations
(Eckert and Klamler, 2011). For robustness we compare the result obtained
using the Kemeny-Snell (KS; Kemeny and Snell (1962)), the Cook—Seiford (CS;
Cook and Seiford (1978)), and the Duddy—-Piggins (DP; Duddy and Piggins
(2012)) distances.*

The participants are thus taken to be rational in the sense that, to the extent
that they are prone to move towards the opinions of others, these moves are in
some sense minimal. Distance-based aggregation procedures have been charac-
terized axiomatically already by Kemeny (1959), who also argues that they are
most naturally seen as expressing willingness to reach consensus. Minimality (or
‘conservativeness’) is a standard requirement of rational attitude changes, both
in the case of beliefs (Makinson, 1993; Dietrich et al., 2016) and of preferences
(Griine-Yanoff and Hansson, 2009; Alechina et al., 2013).

While minimality constraints guide preference changes, the model is non-
committal regarding the rationality or even the propensity of being consensus-
seeking. This is captured by the fact that the participants minimize a weighed
version of the squared distance between rankings. Slightly more formally, when
participant ¢ announces her preferences, k’s preferences r, are updated to the
ranking 7} that minimizes the following:

e+ (s

where wyg; € [0,1] is the weight that k assigns to 4, and wy; = 1 — wy; is the
weight that k assigns to herself, relative to 1.

Different participants can be weighted differently by the others: the weight
that k assigns to 7 need not to be the same as the weight that k assigns to
another agent i’. If wy; = Wy, then k sees i as a peer and will be willing to
meet her “in the middle,” so to speak. The more weight k assigns to herself
compared to i, i.e., the lower the value of wy;, the less she will move towards 1.
In the limiting case where ¢ gets assigned zero weight, & will not update her
preferences at all when ¢ announces hers.

The participants can be assigned arbitrary weights between 0 and 1 by the
others.® Here we depart from Rafiee Rad and Roy (2021) who made the simpli-
fying assumption that each agent is “immodest” in the sense that they assign

participant picks one at random, with equal probabilities for each. See Abou Zeid (2021) for
a more detailed discussion of that point.

4See the Appendix of Rafiee Rad and Roy (2021) for more details about each of these
measures, including a discussion of their respective axiomatizations. For now, it is sufficient to
point out that the KS measure is essentially a Hamming distance, counting the number of pairs
of alternatives on which any two ranking differs. Its minimum value is 0, and its maximum
is 6, in one-unit discrete increments. The DP measure is structurally very similar but has
been designed to avoid some double-counting inherent in the KS measure when rankings are
assumed to be complete and transitive. It ranges from 0 to 4, again in one-unit increments.
CS, on the other hand, assigns numbers to alternatives according to their rank, i.e., in a similar
fashion as the Borda voting rule, c.f. Pacuit (2019), and the distance is calculated by adding
the absolute values of the rank differences for each alternative. Like DP, CS’s minimum value
is 0, and maximum value is 4.

5This assumption rules out possible correlations between weight assignments, e.g. captur-



at least as much weight to themselves as to any other, i.e., that wg; > 0.5 for
all ¢ and k. We consider the case of immodest agents again in Section 2.2. The
weight that others assign to each agent is drawn at random from an uniform
distribution at the beginning of the deliberation, and stays constant throughout
the process.

The extent to which participants are consensus-seeking is thus an exogenous
parameter that we vary across simulations. We do not assume that certain
weights, e.g. only strictly positive ones, are more rational than others. The
only case that this modeling of weights excludes is that of consensus-averse
participants, who would move away from the opinion of, say, someone they
deeply distrust. In Section 2.3 we discuss this assumption in more detail. For
now it is sufficient to stress that, in this paper, the propensity to update, and
the extent to which the participants update their preferences, are taken as an
“arational” parameters. If updates take place, however, they are rationally
constrained, in terms of minimal changes.

While weights can be non-uniform—different participants can have different
weights—we make the simplifying assumption that the weights are common:
that all participants agree on everyone else’s weight. Upon hearing 4’s opinion,
any other participant updates by giving the same weight to i’s opinion. Tech-
nically this means that for all agents ¢, k, and k', wy; = wgs;. For that reason,
in what follows we simply write w; for the weight that 7 gets assigned by (all)
others. Under this assumption, each w; can be seen as a measure of i’s relative
social influence in the group.

We take weights to be non-uniform but common because we are interested in
comparing the effect of order of speech with other determinants of the delibera-
tive outcome, one of them being the respective weights of the agents’ opinions.
Having all agree on everyone else’s weight allows us to identify more clearly those
agents who carry more weight in the group, i.e., those that have the strongest
relative social influence, and then to compare the impact of social influence on
the outcome of deliberation with the impact of speaking early. This simplifying
assumption furthermore allows to maximize the impact of the agents with high
weights on the deliberative process. If, as it turns out, order of speech still
trumps the impact of individual weights in that case, this speaks more strongly
for viewing anchoring as a structural bias of deliberation.

Deliberation proceeds for a fixed number of rounds. Rafiee Rad and Roy
already observe that, in this model, deliberation stabilizes rather quickly. After
three rounds, on average, the participants either reach consensus or stabilize on
rankings that are too close to one another to make any further move possible.
For that reason, deliberation is bounded to a relatively small number of rounds,
typically up to five, after which virtually all simulations have already stabilized.
Observe, however, that depending on the size of the group, five rounds can
consist of a large number of steps, since each participant speaks exactly once in
each round.

ing different levels of trust or distrusts for participants sharing certain preferences or other
characteristics. We thank the anonymous reviewers of this paper for pointing this out, but
leave the study of this case for future work.



At the end of deliberation, we measure two dependent variables: anchoring
and increase in proximity to single-plateauedness. Anchoring is measured in
two ways: a Boolean and a continuous one. The Boolean measure Minimum;;
takes the value of 1 for agent ¢ in a particular simulation j if there is no other
agent ¢’ for whom the collective ranking after deliberation, determined by pair-
wise majority voting, is strictly closer to i"’s initial ranking. The continuous
variable Distance;; measures the distance between speaker ¢’s initial ranking
and the collective ranking after deliberation. We compute both variables under
the three distance measures DP, KS, and CS. Distance;; is normalized by the
maximum of each measure (DP: 4; KS: 6; CS: 4), so that it ranges from zero to
one.b

Single-plateauedness is a property of preference profiles that generalizes the
classical notion of single-peaked preferences (Moulin, 1984). Formally, it is de-
fined as follows: a profile of preferences R is single-plateaued relative to a given
“ordering dimensions” > of the alternatives whenever, for each agent ¢ and
triple of alternatives a,b,c, such that a = b > c or ¢ > b > a, it is not the
case that i both strictly prefers a to b and ¢ to a. Single-plateaued preferences
are sufficient to avoid so-called Condorcet cycles, and intransitive group pref-
erences more generally. See Gaertner (2001) for an overview, Dryzek and List
(2003) for a prominent argument to the effect that deliberation can foster the
formation of single-peaked preferences, and Rafiee Rad and Roy (2021) for a
discussion of the importance of studying single-pleateauness in that context. In
the present paper we measure prorimity to single-plateauedness, which is calcu-
lated as the relative size of the largest sub-group that is single-plateaued with
respect to some ranking (Niemi, 1969; List et al., 2012). Increase in proxim-
ity to single-plateauedness is then calculated as the difference in proximity to
single-plateauedness before and after deliberation.

2 Results

We first report summary statistics indicating that anchoring indeed occurs in the
model. The first speakers have a considerably greater impact on the deliberative
outcome than the participants that get assigned highest weights by others. We
then turn to multivariate regression analyses. This allow us to study how the
strength of the anchoring effect depends on and compares to other determinants
of deliberative outcomes, such as group size or the proportion of participants
that share the preferences of the first speaker.

2.1 Summary Statistics

Figure 1 shows the average values of Minimum,;; (Panel (a)) and Distance;;
(panel (b)) by agent type and group size under the DP measure. We distinguish

SFor technical reasons, in Section 2, when calculating Distance;;, we drop observations
from model runs that yield incoherent group preferences. This applies to less than 0.001 % of
the observations.



between agents that speak first but do not have the highest weight (black solid
line), who have the highest weight but do not speak first (black dashed), who
speak first and have the highest weight (gray solid), and those who neither speak
first nor have the highest weight (gray dashed-dotted). Figure A-1 in Appendix
B shows similar results for the KS and CS measures.
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Notes: The figure plots the average distance between speakers’ original ranking and the
collective post-deliberation ranking by agent type and group size. Panel (a) plots the
average probability of having the lowest distance among all agents (ties allowed), i.e.,
the mean of Minimum;;. Panel (b) plots the average normalized distance between the
collective preference ranking after deliberation and an agent’s initial profile, i.e., the mean
of Distance;;. Both measures are calculated using the DP measure. We distinguish
between agents that speak first (blue), have the highest weight (red), speak first and have
the highest weight (green), and neither speak first nor have the highest weight (orange).

Figure 1: Average distance to original ranking by agent type and group size
(DP measure)

The first key result of Figure 1 is that speaking first carries a large advantage
that is relatively stable across groups of all sizes. Panel (a) shows that the
probability of the first speaker having the smallest distance of all agents is
about 54 % in small groups of three agents. In comparison, the probability for
agents who are neither the first to speak nor have the highest weight is 25.4 %
(remember that Minimum;; allows for ties). Since first speakers are randomly
selected among all speakers, the post-deliberation advantage results from their
speaking position. As group size increases, the mean of Minimum;; for first
speakers decreases somewhat and stabilizes around 35 %37 % for group sizes of
26 or more agents. This compares to a large-group mean of about 8 % for those
who are neither first speakers nor speakers with the highest weight. Panel (b)
shows similar patterns for the continuous distance measure. In large groups,
the mean distance between the initial ranking of first speakers and the collective
ranking after deliberation is about 24 %25 % (relative to the maximum), much
less than the 46 %—47 % observed for those who neither speak first nor have the
highest weight.

The second important finding is that being assigned the highest weight is
a major advantage in small groups, but this quickly disappears as group size
increases. Panel (a) shows that in groups of three, the agent with the high-
est weight has the smallest distance among all agents in 63.6% of all model



runs. This is even higher than the 54 % observed for first speakers. Already in
groups of seven, the advantage of having the highest weight halves to 32.2 %—
and is thus significantly smaller than that of the first speaker. Agents with
the highest weight then quickly become indistinguishable—in terms of their
mean Minimum;;—from agents who neither have the highest weight nor are
first speakers. Panel (b), using the continuous distance measure, confirms that
anchoring trumps individual weight in all but very small groups. In fact, the
relative advantage of the first speaker over agents with the highest weight is the
same as over others in groups of 31 or more agents.

The third key result from Figure 1 is that agents who happen to be the first
to speak and have the highest weight have greater advantages than the separate
effects of anchoring and weight would suggest. In other words, order of speech
and weight reinforce each other. This is most evident in large groups where
weight alone does not confer an advantage. Panel (a) shows that first speakers
who also happen to have the highest weight always have the lowest distance in
groups of 23 or more agents. Moreover, in those groups, the distance between
the initial and collective rankings is zero for first speakers who also have the
highest weight, as Panel (b) shows.”

2.2 Multivariate Regression Analyses

Regression equation. Our regression analysis focuses on Distance;;, calcu-
lated under the DP measure, as the key outcome variable. In additional ro-
bustness checks, we compute Distance;; under the KS and CS measures and
consider Minimum;; as an alternative outcome variable (see below).

Our baseline regression model is as follows:

Distancefj = a+ BFirst;; +yWeight;; + X;0 + GS;j + ;. (1)

First;; is a Boolean variable set to 1 when ¢ speaks first in run j. Weight, ; is also
a Boolean variable set to 1 when 7 has the highest weight in run j. The vector X
contains determinants of deliberative outcomes that vary at the model-run level,
such as preference similarity. GS; is a full set of dummy variables for group
size,® and u;; is an error term. We cluster standard errors at the level of model
runs to allow for arbitrary correlation within model runs. Our key parameter
of interest is /3, the effect of speaking first on Distance;;.

Baseline results. Table 1 shows the baseline regression results for the DP
measure. Column (1) regresses distance on the Boolean variables for speaking
first and having the highest weight. Conditioning on a full set of controls for
group size ensures that the parameters are only identified from comparisons

"It becomes very unlikely in large groups that the first speaker also has the highest weight.
Due to the large number of model runs, we still observe 30 such cases in groups of 99 agents.

8Results are identical if we add model-run fixed effects to eliminate any unobserved char-
acteristics at the model-run level. This is to be expected as order of speech and weight are
randomly assigned in the simulations.



within groups of the same size. The estimates confirm our result from Section 2.1
that order of speech trumps weight. Speaking first reduces the distance measure
by, on average, 21.7 percentage points (pp, relative to the maximum value). In
comparison, having the highest weight reduces the distance by only 2.4 pp, and
is thus much less important than speaking first, at least on average.

To assess the effect of weight more generally, we add a continuous variable
indicating each agent’s weight on a zero-to-one scale. The estimates in Col-
umn (2) suggest that the distance between the initial and the collective ranking
decreases by only 1.9 pp as weight increases from zero to one. Therefore, when
using this more general measure, we again find that the benefits of weight are
relatively small compared to speaking first.

(1) (2) (3) (4)

First speaker (0/1) —0.217*  —0.217"*  —0.2177*  —0.217**

(0.001) (0.001) (0.001) (0.001)
Highest weight (0/1) —0.024%** —0.024%*  —0.024***

(0.001) (0.001) (0.001)
Weight (0-1) —0.019***

(0.000)
Share w/ first speaker’s preferences —0.212%**
(0.009)
Preference similarity (standardized) —0.009***
(0.001)

Observations 3824.976 3,824,976 3,824,976 3,824,976

Notes: The dependent variable is Distance;;, calculated under distance measure DP. The variable,
which ranges from zero to one, measures the normalized distance between the collective preference
ranking after deliberation and an agent’s initial profile. All regressions include a full set of group
size indicator variables. Standard errors clustered at the level of a model run are in parentheses.
*** denotes statistical significance at the 1% level.

Table 1: Baseline results (DP measure)

Columns (3) and (4) consider the impact of group characteristics. Col-
umn (3) shows that a higher proportion of agents who share the first speaker’s
preferences reduces distance. In other words, all agents benefit if the first
speaker’s preferences are common in the group. Moving from a share of 0% to
100 % decreases distance by 21.2 pp on average. This effect looks large, but very
high proportions of agents sharing the first speaker’s preferences are unlikely in
large groups.? Column (4) illustrates that general preference similarity between
agents reduces the distance between initial and collective preferences after de-
liberation. We measure preference similarity using the Hirschman—Herfindahl
index (HHI).!1® We standardize the index so that it has a mean of zero and a
standard deviation of one. Column (4) indicates that a one-standard-deviation

9When averaged over all agents in our simulations, the average proportion of agents sharing
the first speaker’s preferences is 7.7 % with a standard deviation of 3.8.

10The HHI is defined as HHI; = llil(sé-)Q, where sé is the share of agents in model run j
that have preference profile I. There are 13 possible preference profiles. For sufficiently large



increase in preference similarity reduces distance for all agents by 0.9 pp on
average.

Overall, then, the effect of speaking first stands out among the determinants
of deliberative outcomes. Appendix Tables A-1 and A-2 replicate the baseline
results using the KS and CS measures, respectively. The results are similar
across all three measures. If anything, the anchoring effect becomes stronger
under the alternative distance measures.

Mediators of anchoring. Next, we investigate whether other agents or group
characteristics mediate the effect of speaking first. To this end, we add inter-
action terms between speaking first and these characteristics to the baseline
regression (1). Table 2 presents the interaction effects for the DP measure.

The first column adds an interaction term between speaking first and weight.
The regression confirms our results from Section 2.1 that the anchoring effect is
much larger when the first speaker also has the highest weight. The parameter
estimate on the interaction term implies that the reduction in distance for the
first speaker is 20.2 pp greater if she also has the highest weight in the group.
Thus, the anchoring effect doubles from —20.9 pp to —41.1 pp when the first
speaker and the speaker with the highest weight are the same.'!

Column (2) shows that the anchoring effect depends crucially on the weight
of the first speaker. According to the estimates, the impact of the first speaker
ranges from +4.2 pp for speakers with zero weight to —47.4 pp (4.2 +51.6 x 1)
for speakers with maximum weight. For agents with very low weight, being the
first to speak is thus not at all advantageous or even somewhat disadvantageous.
A natural explanation for this observation is that we allow for arbitrary weights.
Agents with weights close to zero have essentially no influence on the delibera-
tive outcome. For minimally large groups, it is virtually certain that someone
speaking later will have large enough weight to steer the group’s opinion her
way, canceling the relative advantage that the first speaker would otherwise have
had.

In contrast, the anchoring effect hardly varies with other agents’ preferences.
Column (3) shows that the anchoring effect is stronger, i.e., more negative, if the
proportion of other agents who share the first speaker’s preferences increases.
However, the interaction effect is small. Moving from a proportion of 0 % to 10 %
slightly decreases the impact of speaking first from —21.5 pp to —21.8 pp. In
contrast, speaking first has less effect if agents have similar preferences anyway.
A one-standard-deviation increase in preference similarity increases the impact
of speaking first from —22.0 pp to —21.6 pp. The anchoring effect is thus slightly

groups, the measure is bounded between 1/13 (if agents’ profiles are equally distributed across
profiles) and 1 (if all agents have the same profile). If the group size is less than 13, the lower
bound is one over the group size. When averaged over all agents, the mean value in our data
is 0.095 with a standard deviation of 0.022.

11 The overall effect of —41.1 refers to the difference in the distance measure between agents
who are first speakers and have highest weight, and those who have the highest weight but are
not first speakers. Compared to agents who neither are the first speaker nor have the highest
weight, the average difference is as high as 42.7 pp (—20.9 — 20.2 — 1.6).

10
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First speaker (0/1) —0.209***  0.042***  —0.215*** —0.220***
(0.001) (0.002) (0.002) (0.001)
x Highest weight (0/1) —0.202***
(0.002)
x Weight (0-1) —0.516***
(0.002)
x Share w/ first speaker’s preferences —0.028*
(0.016)
x Preference similarity (standardized) 0.004***
(0.000)
Highest weight (0/1) —0.016*** —0.024***  —0.024***
(0.001) (0.001) (0.001)
Weight (0-1) —0.009***
(0.000)
Share w/ first speaker’s preferences —0.210%**
(0.009)
Preference similarity (standardized) —0.010***
(0.001)
Observations 3,824,976 3,824,976 3,824,976 3,824,976

Notes: The dependent variable is Distance;j, calculated under distance measure DP. The variable, which
ranges from zero to one, measures the normalized distance between the collective preference ranking after
deliberation and an agent’s initial profile. All regressions include a full set of group size indicator variables.
Regressions add interaction terms between speaking first and (a) having the highest weight (Column (1)),
(b) the 0-1 weight continuum (Column (2)), (c) the proportion of agents sharing the first speaker’s prefer-
ences (Column (3)), and (d) our index of preference similarity (Column (4)). Standard errors clustered at
the level of a model run are in parentheses. *** and * denote statistical significance at the 1% and 10 %
level, respectively.

Table 2: Interactions between anchoring and other characteristics (DP mea-
sure)

less pronounced in more homogeneous groups.

Tables A-3 and A-4 in the appendix replicate the results for the CS and KS
measures, respectively. The results are similar across all three measures. The
only significant difference concerns the interaction between the first speaker
and the proportion of agents who share the first speaker’s preferences. This
interaction is significantly larger for the KS than for the DP measure, but not
statistically significant for the CS measure.

Agent position. So far, we have focused on the effect of speaking first, com-
paring it to all other positions. Figure 2 shows that it is not beneficial for agents
to speak earlier, unless they speak at the very beginning of deliberation. The
figure shows the effect of speaking at different positions on the distance between
the initial individual rankings and the final collective ranking. All effects are
measured relative to the last speaker. We focus on groups of 51 agents, but the

11



results for other group sizes are similar. Speaking first rather than last reduces
the distance by 21.7 pp. The second speaker still sees her distance measure
reduced by 10.5 pp on average. Speaking in third and fourth place is associated
with a small distance reduction of 4.8 pp and 1.5 pp, respectively. However,
after that, the order of speech does not affect the relative distance.
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Notes: The figure plots the effect of speaking at different positions on the distance between
original and collective ranking after deliberation under the DP measure. All effects are
measured relative to the last speaker and are estimated for groups of 51 agents. Point
estimates are marked by a dot. The vertical bands indicate the 95 % confidence interval
of each estimate.

Figure 2: Effect of speaking position on distance relative to last speaker (DP
measure)

Robustness checks. We report on two robustness checks. First, we consider
Minimum;; as an alternative outcome variable. Appendix Tables A-5 and A-
6 replicate our main regression tables and show that all our main results also
hold for the Boolean outcome measure. In particular, speaking first has a much
larger (positive) effect on Minimum,; than weight. Speaking first increases the
probability that there is no other agent for whom the collective ranking is closer
to her original one by 29.3 pp. Agents with the highest weight have, on average,
only a 3.9 pp higher probability. When an agent is both the first speaker and
the one with the highest weight, she has a 77.9 pp higher probability of having
the smallest distance in the group. So, just as for the continuous measure, the
status of the first speaker and their weight strongly reinforce each other.
Second, we restrict the weight that agents assign to others to at most 0.5, as
in Rafiee Rad and Roy (2021). Thus, we assume that agents are “immodest” in
that they give at least as much weight to themselves as to others.'? Appendix
Table A-7 shows, for all three distance measures DP, CS, and KS, regressions

12Tn Rafiee Rad and Roy (2021) this modeling choice was motivated by the fact that the
participants reach consensus almost universally when at least one of them gets assigned more
than 0.5 weight by the others. In those circumstances, the meta-agreement hypothesis, the
main object of study in Rafiee Rad and Roy (2021), is moot.
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of the continuous distance measure Distance;; on Boolean variables for the first
speaker, highest weight, and the interaction between the two (as in Column (1)
of Table 2). We again find that anchoring trumps weight and that the effects
of speaking first and weight strongly reinforce each other. However, the impact
of speaking first is less pronounced for immodest agents than for agents with
arbitrary weights. This is especially true for the DP measure, where speaking
first decreases the distance between collective and initial preference ranking by
“only” 4.7 pp. Nevertheless, the effect is five times as large as that of having the
highest weight. A plausible explanation for this effect is that immodest agents
are by definition less consensus-seeking and as such move less towards the opin-
ions of others, decreasing the overall impact of each individual announcement.

2.3 Discussion

The results just reported show that anchoring is both significant and robust in
the present model. Speaking first or, to a lesser extent, second provides a strong
advantage in that the result of deliberation will be, on average, closer to the
opinion of these participants than to the opinion of any other. The multivariate
regression analyses have allowed fine-graining this observation by comparing
the strength of the effect of the order of speech with relative weights, group
size, popularity, and homogeneity of opinions. As we have seen, anchoring is
the strongest among those possible determinants of the deliberative outcome.
The anchoring effect only slightly diminishes in groups that are already very
homogeneous prior to deliberation, i.e., where the participants already hold
very similar preferences.

This observation provides strong additional support for the idea, already
formulated by Hartmann and Rafiee Rad (2020), that anchoring is a structural
bias of deliberation. The effect stems from the structure of the deliberation
process itself, not necessarily from participants’ mistakes or cognitive biases.
The agents in this model indeed have no cognitive or computational limitations.
Furthermore, they are rational in that, to the extent that they are consensus-
seeking, they update their preferences by minimizing the distance between their
ranking and the one just announced. There is, finally, no random “noise” or
shocks in the model, which would capture mistakes or unexpected changes in
the participants’ preferences.

The fact that, in this paper, the order of speech is fixed throughout deliber-
ation might, at first sight, appear as a natural explanation of anchoring. There
are good reasons, however, to believe that this is not the main one. Even if, like
in Rafiee Rad and Roy (2021), the order of speech is reshuffled in each round, in
all but very small groups there will be a high number of announcements made,
one for each participant, before the next round starts and a new first speaker
can announce her preferences again. By then, the participants have already—
and cumulatively (see next paragraph)—moved towards the first and second
speakers. Reshuffling the order of speech would only result in someone who
had already moved closer to the opinion of the first and the second speaker an-
nouncing her preferences first in the next round. This new first speaker might
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still affect the deliberative outcome, but this effect will still be much smaller
than the effect of the original two announcements. The observation that order
of speech is trumped by weight only in groups of three participants can be seen
as indirect evidence for this.

A more plausible explanation of anchoring is that preference updates are
sequential or cumulative in this model. Indeed, the participants update their
preferences at each step in a round, i.e., after each separate announcement.
This means that the only “initial” ranking that gets announced is the very first
one. Each subsequent announcement is one of an updated ranking. The second
speaker will already have moved closer to the ranking of the first speaker before
announcing her (updated) preferences. What she announces is thus, in most
cases, not her initial preference, but a ranking that lies somewhere between
this initial ranking and one announced by the first speaker. This effects of the
first announcement compounds, so to speak, as the round continues. What the
third speaker announces has already been updated twice, and at that time, the
different rankings are close to each other, with a strong bias towards the first
ranking announced. The effect of the third and the subsequent announcements
is thus comparatively smaller.!3

Eliminating the order of speech altogether is an obvious, but in our view too
idealized, solution to anchoring. Instead of updating sequentially, the agents
could of course have been modeled as receiving all the rankings of the others
simultaneously, and as updating by moving to the ranking that minimizes the
average weighted distance from their own ranking. For agents with limited
attention and memory, however, to simultaneously consider all rankings appears
rather unrealistic, especially in large groups. In the idealized case where the
agents do not have such cognitive limitations, they would then be conceived
as waiting until all others have announced their opinions. We do not view
this as a plausible representation either. Given the pervasiveness and often
unconscious effect of social influence (Nolan et al., 2008), having the agents
stoically refraining from getting influenced by what they hear until everyone
has spoken seems an idealization that goes beyond assuming full rationality. In
other words, although patience is certainly a virtue that would be instrumental
in preventing anchoring, it is an open question whether it is also a feature of
fully rational agents.

More plausible solutions might be to restrict announcements to subgroups,
and possibly to reshuffle these groups after each round, or to introduce stochas-
ticity into the update process. The first idea here is to divide the participants
into smaller groups in each round, and have them deliberate sequentially as
above. The outcome of each round of deliberation within the subgroups would
of course remain anchored to the respective first speakers, but their influence on
the overall deliberative outcome would, we conjecture, become smaller as the
number of subgroups increases. This procedure would furthermore match more
closely some deliberative designs implemented, for instance, in deliberative pools

13Note that if this explanation is correct, then anchoring should also occur in cases where
the agents deliberate over larger sets of alternatives.
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(Fishkin and Luskin, 2005). The second idea is to model participants as updat-
ing their preferences only with some probability after each announcement, such
that this probability increases the longer they wait to update, and such that it
reaches 1 at the end of each round. This would generalize the current model by
allowing different degrees of resistance to social influence, ranging from the case
modeled here, where participants potentially update after every announcement,
to the other extreme case, where they wait until everyone has announced their
preferences. We conjecture that in this generalized model, anchoring would
decrease in direct proportion to the degree to which the participants are resis-
tant to social influence. However, we leave the systematic study of these two
solutions for future work.

Two modeling choices made in this paper deserve to be highlighted before
closing the section. First, the model we studied leaves out many aspects usually
associated with rational deliberation, most importantly the process of exchang-
ing reasons for and against certain judgments. For many deliberative theorists,
starting already with Habermas (1984), this aspect is central for an exchange
of opinions to count as a genuine deliberation. Of course, the model we study
here is consistent with such richer understandings of deliberation. However,
the question remains whether one could avoid anchoring by incorporating an
exchange of reasons in a richer model. We leave this for future work, but con-
jecture that the effect would not disappear: if the preference update process
remains the same, the reasons presented first in deliberation might carry more
weight than those presented later, and this in turn would be reflected by the
hypothetical reason-based preference changes.

Second, to the extent that the model might also be used to represent more
realistic deliberative scenarios, a number of idealizing assumptions about the
weights could be lifted. First, in the present model, the weights remain con-
stant throughout the deliberation. This rules out participants who might be able
to dynamically adjust the weight they assign to others. Various methods have
been proposed in related models to capture such changes, either endogenously
(Jackson, 2010, chap. 7) or exogenously (Hartmann and Rafiee Rad, 2020). Sec-
ond, weights are assigned to each participant independently, ruling out possible
correlations. Allowing for correlations in weight assignment could serve as a
proxy for group identity or partisanship. Participants could, for instance, asso-
ciate certain preferences with particular interest groups or political orientation,
and base their weight assignments on this rather than on the personal identity
of the speaker. Finally, by assuming that the weights take values between 0 and
1, we model participants as being consensus-seeking, or perhaps more strongly
put, as not being consensus-averse. Complete distrust can only be modeled here
by having a participant assign a weight of 0 to another, in which case the first
simply disregards the opinion of the second. Thus, the model cannot capture a
stronger form of polarizing dynamics where some participants want to distance
themselves from others and thus move away from them. Lifting these three
assumptions about the weight would certainly make the current model more
realistic, which in turn might provide possible explanations for concrete cases of
anchoring in deliberation. However, since the goal of the present paper was to
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investigate whether anchoring can be seen as a structural bias of deliberation,
i.e., whether it can occur in idealized contexts, we leave open here the concrete
implementation of these more realistic assumptions.

3 Anchoring and Increase in Proximity to
Single-Plateauedness

We now investigate whether anchoring is correlated with increases in proximity
to single-plateauedness. Rafiee Rad and Roy (2021) have already reported that,
in the present model, deliberation increases proximity to single-plateauedness
and, to the extent that the agents are minimally consensus-seeking, that this in-
crease goes together with the elimination of incoherent group preferences. These
results have been replicated and generalized to the case of 5 and 6 alternatives
by Abou Zeid (2021), who observes an even more widespread elimination of in-
coherent group preferences. The question we address in this section is whether,
and if so to what extent, this positive effect can be traced back to anchoring,
which we have just seen is both a significant and pervasive in the model. We
then discuss the consequences of our findings for the overall assessment of the
value of group deliberation.

3.1 Results

Recall that proximity to single-plateauedness is defined as the relative size of the
largest subgroup that is single-plateaued with respect to some ranking (Niemi,
1969; List et al., 2012). Increase in proximity to single-plateauedness is then
calculated as the difference in proximity to single-plateauedness before and after
deliberation. In the following, the unit of analysis is now a model run (rather
than an agent).

Figure 3 shows the average distance to strict single-peakedness (Panel (a))
and single-plateauedness (Panel (b)) before and after deliberation, across both
group size and weights. As already observed in Rafiee Rad and Roy (2021),
distance to (strict) single-peakedness is lower after deliberation for the CS and
DP measures than before, but slightly higher for the KS measure. The intuitive
explanation is that both CS and DP favor indifference when two opposed pairs
of strict preferences are being compared. This makes it significantly less likely
that the final profile is strictly single-peaked. Distance to single-plateauedness
is higher after deliberation than before for all three measures. The lower in-
crease observed for DP and CS has a similar explanation as in the strict case:
updating with either measure instead of KS results more frequently in complete
indifference, which is, by definition, not single-plateaued. All differences are
statistically significant in two-sided t-tests (not shown).

We study the relationship between anchoring and distance to single-
peakedness and single-plateauedness using the following regression equation:

Peak; = a + BAnchoring; + GS;j + uy. (2)

16



N nital @M OP [CJks []cCs M nital @M OP [CJks [JcCs

(a) Single-peakedness (b) Single-plateauedness

Notes: The figure plots the average distance to single-peakedness (Panel (a)) and single-
plateauedness (Panel(b)) before and after deliberation. The after-deliberation averages
are calculated separately for distance measures DP, KS, and CS.

Figure 3: Average distance to single-peakedness and single-plateauedness by
measure

Here, Peak; is the distance to single-peakedness at the end of the model run j,
Anchoring; is a measure of the strength of the anchoring effect in that rum,
GS; is a full set of group-size Boolean variables, and u; is an error term. We use
a similar regression framework to examine the effect of anchoring on proximity
to single-plateauedness. Anchoring; is defined as follows:

Distance,;

Anchoring, = — .
"9 max; (Distance;;)

Here Distance;; is the distance between the preference ranking and the final
profile for the first speaking agent. Thus, the anchoring measure ranges from —1
(when the distance of the first speaker is equal to the maximum distance in this
model run) to zero (when the distance of the first speaker is zero). We multiply
the ratio by —1 for ease of interpretation. As an alternative measure, we use a
Boolean variable that takes the value of 1 iff the first speaker’s distance equals
the minimum distance in a given model run.

Table 3 shows the results of estimating equation (2) under the DP measure.
Columns (1) and (2) show that anchoring is positively associated with distance
to single-peakedness. The coefficient estimate in Column (1) implies that dis-
tance to single-peakedness increases by 0.351 points as our continuous anchoring
measures move from —1 to zero. Column (2) shows that proximity to single-
peakedness is 0.225 points higher when the first speaker has the lowest distance
(compared to when she has not). These effect sizes are large relative to the sam-
ple mean of single-peakedness of 0.227 (standard deviation of 0.418). Similarly,
Columns (3) and (4) report strong positive associations between anchoring and
single-plateauedness.

Appendix Tables A-8 and A-9 show that anchoring and single-peakedness/
-plateauedness are also positively associated when using the KS and CS mea-
sures. Effect sizes are of comparable magnitude for the continuous anchoring
measure, but smaller for the Boolean one, especially for the KS measure. These

17



Single-peakedness Single-plateauedness

(1) 2) (3) 4)

Anchoring measure:

Continuous (—1-0)  0.351*** 0.514***
(0.004) (0.004)
Boolean (0/1) 0.225*** 0.234***
(0.003) (0.003)
Observations 74,971 74,992 74,971 74,992

Notes: The dependent variable is the distance to single-peakedness (Columns
(1) and (2)) and single-plateauedness (Columns (3) and (4)) under distance mea-
sure DP. All regressions include a full set of group-size indicator variables. Ro-
bust standard errors are in parentheses. *** denotes statistical significance at the
1% level.

Table 3: Anchoring and distance to single-peakedness & single-plateauedness
(DP measure)

results hold even if we add additional control variables for preference similar-
ity, the proportion of agents who share the preferences of the first speaker, and
single-peakedness/-plateauedness before deliberation (not shown).

3.2 Discussion: Anchoring and Coherent Aggregation

The analysis in the previous section shows that anchoring is an important deter-
minant of increase in proximity to single-plateauedness, and ultimately to the
efficacy of deliberation to steer away from incoherent group preferences. How
much is this a concern? For one thing, our result can be seen as showing that
anchoring in fact supports coherent aggregation. It indeed helps increase prox-
imity to single-plateauedness. So, as far as one focuses on avoiding incoherent
group preferences, anchoring does not appear to be a direct concern.

Anchoring, however, can indirectly affect our overall positive assessment
of deliberation and, in the end, outweigh the sheer avoidance of incoherent
group preferences. Here it is important to distinguish two different contexts of
collective decision making: those in which there is what Estlund (1997) calls
a “procedure-independent” standard for evaluating the outcome of deliberation
and voting, and those in which there is no such procedure-independent standard,
or in simpler terms, cases where there is a correct or right answer to the question
under deliberation, and those in which there is not.'*

If there is no procedure-independent standard, the value of deliberation is
procedural: it aims at supporting fairness and equal participation. In these
cases anchoring, as a structural bias, is problematic. Even if deliberation leads
to coherent group preferences, the results show that this might be partly due
to anchoring, which in turn introduces a form of arbitrary advantage to the

14Note that the first case need not imply that the participants are deliberating on empirical
questions or matters of fact. They could also be deliberating on value judgments (Rabinowicz,
2016).
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first and the second speaker. Anchoring furthermore opens the door to the
possibility of strategizing, by allowing one to increase or decrease the impact of
some opinions in the final verdict by changing the speakers’ positions within the
group. To the extent that the value of deliberation is procedural, it introduces
its own structural bias and thus makes its ability to avert incoherent group
preferences less important.

The situation is less clear-cut in cases where there are procedure-independent
standards, because weights might or might not track individual expertise. As-
suming that this expertise is difficult to recognize, i.e., that weights only poorly
track actual expertise, anchoring can diminish the epistemic value of the delib-
erative outcome. As we have seen, anchoring trumps weights on average. Recall,
however, that we have also observed that the effect of the order of speech and
weight mutually amplify each other. Speaking first and having a higher weight
ensures, on average, a stronger influence on the outcome than the expected
separate effect of each of these determinants. If those weights reliably track
expertise, one can use this fact to bolster the epistemic value of the deliberation
outcome. Assessing this in detail would, however, require to study thoroughly
the truthtracking and verisimilitude properties (Rabinowicz, 2016) of delibera-
tion as modeled here. We leave this for future work.

4 Conclusion

Anchoring appears to be a strong and pervasive aspect of deliberation, serious
enough to counterbalance some of its otherwise positive features. Both the sum-
mary statistics and the multivariate regression analyses show that speaking first
or second provides a comparatively strong influence on the deliberative outcome.
The regression analyses have also revealed that order of speech trumps relative
weight and popularity of opinion, two of the most obvious other determinants of
deliberation in the model. Furthermore, we observed that simultaneously being
the first speaker and having the strongest relative influence gives an advantage
beyond the separate effects of either aspects. In the last section, we then turned
to the relation between anchoring and increases in proximity to single-plateaued
preferences. We showed that the latter often goes hand in hand with the former.

These findings have broader consequences for the understanding of collec-
tive decision-making processes. On the one hand, the possibility of coherent
aggregation through the creation of single-peaked preferences removes a barrier
to collective decision making. This might help in redistributing responsibility
to its members (List et al., 2011). On the other hand, anchoring shows that
equal participation in the deliberation does not translate into equal influence
on its outcome. This is so even for rational agents who are not bound by any
hierarchical or power relations. This inequality in influence only results from a
structural bias that gives more influence to those who speak earlier, even if the
order of speakers is not under the control of any group member or an external
planner. As we have argued, this can overshadow other benefits of deliberation,
for instance, that it fosters coherent aggregation. This observation, in turn,
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opens the door to a more general study of how one can best balance these ad-
vantages and drawbacks of deliberation, and ultimately improve our democratic
decision-making practices.
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Appendix: Additional Tables

Baseline results for KS and CS measures

(1)

2)

(3)

(4)

First speaker (0/1) —0.246"*  —0.246""* —0.246"** —0.246™**

(0.001) (0.001) (0.001) (0.001)
Weight (0/1) —0.020*** —0.020***  —0.020***

(0.001) (0.001) (0.001)
Weight (0-1) —0.021%**

(0.000)
Share w/ first speaker’s preferences —0.271%**
(0.005)
Preference similarity (standardized) —0.011***
(0.000)

Observations 3,824970 3,824,970 3,824,970 3,824,970

Notes: The dependent variable is Distance;;, calculated under distance measure KS. The variable
indicates the normalized distance between the preference ranking and the final profile of an agent and
ranges from zero to one. All regressions include a full set of group-size indicator variables. Standard
errors clustered at the level of a model run are in parentheses. *** denotes statistical significance at

the 1% level.

Table A-1: Baseline results (KS measure)

(1)

(2)

(3)

(4)

First speaker (0/1) —0.293***  —0.293***  —0.293*** —(.293***

(0.001) (0.001) (0.001) (0.001)
Highest weight (0/1) —0.028*** —0.028"**  —0.028***

(0.001) (0.001) (0.001)
Weight (0-1) —0.028**

(0.001)
Share w/ first speaker’s preferences —0.306***
(0.007)
Preference similarity (standardized) —0.013***
(0.000)

Observations 3,824,979 3,824,979 3,824,979 3,824,979

Notes: The dependent variable is Distance;;, calculated under distance measure CS. The variable
indicates the normalized distance between the preference ranking and the final profile of an agent and
ranges from zero to one. All regressions include a full set of group-size indicator variables. Standard
errors clustered at the level of a model run are in parentheses. *** denotes statistical significance at

the 1% level.

Table A-2: Baseline results (CS measure)
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Interactions between anchoring and other characteristics

for KS and CS measures

(1)

(2) 3)

(4)

First speaker (0/1) —0.239***  0.007**  —0.250*** —0.251***
(0.001) (0.002) (0.001) (0.001)
x Highest weight (0/1) —0.169***
(0.002)
x Weight (0-1) —0.504***
(0.002)
x Share w/ first speaker’s preferences 0.051%**
(0.013)
x Preference similarity (standardized) 0.007***
(0.000)
Weight (0/1) —0.013*** —0.020***  —0.020***
(0.001) (0.001) (0.001)
Weight (0-1) —0.012**
(0.000)
Share w/ first speaker’s preferences —0.273%**
(0.005)
Preference similarity (standardized) —0.012%**
(0.000)
Observations 3,824,976 3,824,976 3,824,976 3,824,976

Notes: The dependent variable is Distance;;, calculated under distance measure KS. The variable indicates
the normalized distance between the preference ranking and the final profile of an agent and ranges from
zero to one. All regressions include a full set of group-size indicator variables. Regressions add interaction
terms between speaking first and (a) weight as a binary variable (Column (1)), (b) weight on the full 0-1
continuum (Column (2)), (c) the proportion of agents sharing the first speaker’s preferences (Column (3)),
and (d) our index of preference similarity (Column (4)). Standard errors clustered at the level of a model
run are in parentheses. *** denotes statistical significance at the 1% level.

Table A-3: Interactions between anchoring and other characteristics (KS mea-

sure)
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(1)

(2) 3)

(4)

First speaker (0/1) —0.284***  0.052***  —0.294***  —0.299***
(0.001) (0.002) (0.002) (0.001)
x Highest weight (0/1) —0.235***
(0.002)
x Weight (0-1) —0.689***
(0.003)
x Share w/ first speaker’s preferences 0.011
(0.018)
x Preference similarity (standardized) 0.007***
(0.000)
Weight (0/1) —0.019"** —0.028"*  —0.028"*
(0.001) (0.001) (0.001)
Weight (0-1) —0.015***
(0.001)
Share w/ first speaker’s preferences —0.307**
(0.008)
Preference similarity (standardized) —0.014***
(0.001)
Observations 3,824,979 3,824,979 3,824,979 3,824,979

Notes: The dependent variable is Distance;;, calculated under distance measure CS. The variable indicates
the normalized distance between the preference ranking and the final profile of an agent and ranges from
zero to one. All regressions include a full set of group size indicator variables. Regressions add interaction
terms between speaking first and (a) weight as a binary variable (Column (1)), (b) weight on the full 0-1
continuum (Column (2)), (c) the proportion of agents sharing the first speaker’s preferences (Column (3)),
and (d) our index of preference similarity (Column (4)). Standard errors clustered at the level of a model
run are in parentheses. *** denotes statistical significance at the 1% level.

Table A-4: Interactions between anchoring and other characteristics (CS mea-

sure)
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Boolean distance measure

(1) (2) (3) (4)

First speaker (0/1) 0.293***  0.293***  0.293***  (0.293***
(0.002)  (0.002)  (0.002)  (0.002)
Highest weight (0/1) 0.039*** 0.039***  0.039***
(0.001) (0.001) (0.001)
Weight (0-1) 0.030***
(0.001)
Share w/ first speaker’s preferences 0.358***
(0.006)
Preference similarity (standardized) 0.023***
(0.001)
Observations 3,825,000 3,825,000 3,825,000 3,825,000

Notes: The dependent variable is Minimum,;, calculated under distance measure DP. The Boolean
measure Minimum;; takes the value of 1 for agent ¢ in a particular simulation j if there is no other
agent for whom the collective ranking after deliberation, determined by pairwise majority voting,
is closer to the original ranking. All regressions include a full set of group-size indicator variables.
Standard errors clustered at the level of a model run are in parentheses. *** denotes statistical
significance at the 1% level.

Table A-5: Baseline results for Boolean distance measure (DP measure)
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(1) (2) (3) (4)

First speaker (0/1) 0.275***  —0.204***  0.283***  0.293***
(0.002)  (0.002)  (0.003)  (0.002)
x Highest weight (0/1) 0.484**
(0.004)
x Weight (0-1) 0.992%**
(0.004)
x Share w/ first speaker’s preferences 0.141%**
(0.026)
x Preference similarity (standardized) 0.001
(0.001)
Highest weight (0/1) 0.020%** 0.039***  0.039***
(0.001) (0.001)  (0.001)
Weight (0-1) 0.010***
(0.001)
Share w/ first speaker’s preferences 0.351%**
(0.006)
Preference similarity (standardized) 0.023***
(0.001)
Observations 3,825,000 3,825,000 3,825,000 3,825,000

Notes: The dependent variable is Minimum;;, calculated under distance measure DP. The Boolean
measure Minimum;; takes the value of 1 for agent ¢ in a particular simulation j if there is no other agent
for whom the collective ranking after deliberation, determined by pairwise majority voting, is closer to
the original ranking. All regressions include a full set of group-size indicator variables. Regressions add
interaction terms between speaking first and (a) weight as a binary variable (Column (1)), (b) weight on
the full 0-1 continuum (Column (2)), (c) the proportion of agents sharing the first speaker’s preferences
(Column (3)), and (d) our index of preference similarity (Column (4)). Standard errors clustered at the
level of a model run are in parentheses. *** denotes statistical significance at the 1% level.

Table A-6: Interactions between anchoring and other characteristics for
Boolean distance measure (DP measure)
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Immodest agents

DP KS CS
(1) 2) 3)
First speaker (0/1) —0.047**  —0.150*** —0.167***

(0.001) (0.001) (0.001)
x Highest weight (0/1) —0.056"** —0.108"** —0.126"**
(0.003) (0.003) (0.004)

Highest weight (0/1) —0.009***  —0.020***  —0.026***
(0.001) (0.001) (0.001)
Observations 3,824,418 3,824,579 3,823,460

Notes: The dependent variable is Distance;j, calculated under distance
measure DP (Column (1)), KS (Column (2)), and CS (Column (3)). The
variable, which ranges from zero to one, indicates the normalized distance
between the collective preference ranking after deliberation and an agent’s
initial profile. All regressions include a full set of group-size indicator
variables. “Immodest” agents assign at least as much weight to themselves
as to others. Standard errors clustered at the level of a model run are in
parentheses. *** denotes statistical significance at the 1% level.

Table A-7: The effect of anchoring and weight with immodest agents
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Anchoring and single-peakedness & single-plateauedness
(KS and CS measures)

Single-peakedness Single-plateauedness

(1) 2) (3) (4)

Anchoring measure:

Continuous (—1-0)  0.228*** 0.301***
(0.006) (0.005)
Boolean (0/1) 0.036*** 0.009***
(0.004) (0.002)
Observations 74,971 74,992 74,971 74,992

Notes: The dependent variable is the distance to single-peakedness (Columns
(1) and (2)) and single-plateauedness (Columns (3) and (4)) under distance mea-
sure KS. All regressions include a full set of group-size indicator variables. Ro-
bust standard errors are in parentheses. *** denotes statistical significance at the

1% level.

Table A-8: Anchoring and distance to single-peakedness & single-
plateauedness (KS measure)

Single-peakedness Single-plateauedness

(1) 2) (3) 4)

Anchoring measure:

Continuous (—1-0) 0.289*** 0.564***
(0.004) (0.004)
Boolean (0/1) 0.111*** 0.137***
(0.004) (0.003)
Observations 74,971 74,992 74,971 74,992

Notes: The dependent variable is the distance to single-peakedness (Columns
(1) and (2)) and single-plateauedness (Columns (3) and (4)) under distance mea-
sure CS. All regressions include a full set of group-size indicator variables. Ro-
bust standard errors are in parentheses. *** denotes statistical significance at the

1% level.

Table A-9: Anchoring and distance to single-peakedness & single-
plateauedness (CS measure)
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Additional Figures
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Notes: The figure plots the average distance between speakers’ original ranking and the
collective post-deliberation ranking by agent type and group size. Panels (a) and (c) plot
the average probability of having the lowest distance among all agents (ties allowed), i.e.,
the mean of Minimum;;. Panels (b) and (d) plot the average normalized distance between
the collective preference ranking after deliberation and an agent’s initial profile, i.e., the
mean of Distance;;. Measures in the upper and lower panels are calculated using the
KS and CS measures, respectively. We distinguish between agents that speak first (blue),
have the highest weight (red), speak first and have the highest weight (green), and neither
speak first nor have the highest weight (orange).

Figure A-1: Average distance to original ranking by agent type and group size
(KS/CS measures)
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