SCIENCE ADVANCES | RESEARCH ARTICLE

SOCIAL SCIENCES

Political coherence and certainty as drivers
of interpersonal liking over and above similarity

Federico Zimmerman'?3, Gerry Garbulsky®, Dan Ariely®, Mariano Sigman'®, Joaquin Navajas’>*

Affective polarization and political segregation have become a serious threat to democratic societies. One stan-
dard explanation for these phenomena is that people like and prefer interacting with similar others. However,
similarity may not be the only driver of interpersonal liking in the political domain, and other factors, yet to be

Copyright © 2022

The Authors, some
rights reserved;
exclusive licensee
American Association
for the Advancement
of Science. No claim to
original U.S. Government
Works. Distributed
under a Creative
Commons Attribution
License 4.0 (CCBY).

uncovered, could play an important role. Here, we hypothesized that beyond the effect of similarity, people show
greater preference for individuals with politically coherent and confident opinions. To test this idea, we per-
formed two behavioral studies consisting of one-shot face-to-face pairwise interactions. We found that people
with ambiguous or ambivalent views were nonreciprocally attracted to confident and coherent ingroups. A third
experimental study confirmed that politically coherent and confident profiles are rated as more attractive than
targets with ambiguous or ambivalent opinions. Overall, these findings unfold the key drivers of the affability

between people who discuss politics.

INTRODUCTION

Opver the past decades, the mutual dislike and distrust between people
who hold different political opinions have been steadily increasing
(1-3). Research has shown that this hostility spills over to nonpolitical
domains, reducing cooperation in economic markets (4), hindering
relationship with close family members (5), biasing the selection of
romantic partners (6), and potentially contributing to the residential
segregation of society (7). In this context of division and rising ani-
mosity between fellow citizens, understanding the key factors that
predict interpersonal liking during political interactions has become
arelevant and urgent issue in social science.

The standard explanation for the observed hatred between dis-
agreeing individuals is that people show a preference for politi-
cally like-minded others (8, 9), a phenomenon known as “political
homophily” (10, 11). The idea underlying this effect is simple: Two
interacting individuals will like each other more if they share a larger
proportion of opinions (12). Previous research has shown that the
preference for similar people is prevalent in human social life and that
it biases judgements across multiple domains. For example, people be-
lieve that politically like-minded individuals are better at solving cog-
nitive tasks, even if those tasks have nothing to do with politics (13).
This suggests that simply sharing the same political opinions with
someone makes this person seem more knowledgeable and likeable.

However, while the liking-by-similarity effect stands as a largely
accepted truth in psychological science (14), other factors could also
play an important role, and assuming that liking is a univariate func-
tion of similarity may oversimplify the complexity of social interac-
tions in the political domain. In this work, we hypothesized that,
beyond the effect of similarity, interpersonal attraction depends on
two other variables: coherence and certainty.
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Beyond political homophily

We say that someone is politically coherent if that person holds
either all liberal or all conservative views across a wide range of issues.
For example, an individual who supports same-sex marriage and is
pro-choice on abortion (i.e., two traditionally liberal views) would be
more politically coherent than a pro-life person who supports same-
sex marriage (i.e., one conservative and one liberal view). Given a
perceiver who interacts with a target, we define the target’s “ingroup
coherence” as the number of opinions that are consistent with the
perceiver’s ideology minus the number of ideologically inconsistent
opinions. From the perspective of a liberal perceiver, ingroup co-
herence is computed as the number of liberal opinions held by the
target minus the number of conservative opinions. Conversely, from
the viewpoint of a conservative perceiver, the highest value of in-
group coherence is achieved when the target holds all conservative
and no liberal opinions. This variable, which has also been called
“ideological consistency” (15, 16), takes positive values for pairwise
interactions between political ingroups (e.g., two people with mostly
liberal views) and negative values for interactions between political
outgroups (e.g., one individual with mostly liberal views interact-
ing with one holding mostly conservative views). We also define
“attitude certainty” as the number of nonambiguous opinions held
by the target. For example, an individual with well-defined liberal
or conservative views on all issues would be more politically cer-
tain than someone who holds liberal or conservative opinions on
some issues but is uncertain about their political views on some
other topics.

While coherence and certainty are both related to the notion of
political extremity, they are conceptually different variables (17-19).
Extreme individuals tend to have ideologically consistent opinions
(high coherence) and are confident about their views (high certainty).
However, as previously noted (20), the reverse is not true: People
with all liberal (or conservative) opinions might not necessarily be
“extreme” as they could simply hold those views without being strong
partisans or ever engaging in extreme political action. Likewise, mod-
erate individuals might be so because they have low coherence (i.e.,
both liberal and conservative opinions), low certainty (i.e., some low-
confidence opinions), or a combination of both. The aim of this
work is to empirically disentangle the contributions of coherence
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and certainty to interpersonal attraction over and above the well-
established effect of political similarity.

Our first hypothesis is that people show greater liking for indi-
viduals with higher ingroup coherence. Previous studies suggest that
politically coherent individuals are more easily classified as proto-
typical ingroups or outgroups compared to those individuals having
some degree of ambivalence in their attitudes (21-24). On the basis
of previous findings demonstrating that people are attracted to pro-
norm deviants (25, 26), we reasoned that people should show greater
liking for ingroups who are relatively more coherent than themselves.
However, it remains unclear whether this hypothesized effect modu-
lates interpersonal liking above and beyond the effect of homophily.
We therefore empirically tested the hypothesis that, after accounting
for the influence of similarity, people should feel most attracted to
coherent ingroups and most repulsed by coherent outgroups.

The second hypothesis tested in this work is that people like indi-
viduals who are certain about their political opinions. Theoretical re-
search has previously proposed that people’s identification with social
groups is motivated by a need to reduce feelings of uncertainty about
themselves and that interacting with confident others can help validate
one’s own group affiliation (27, 28). Moreover, a vast literature has
shown that high-confidence individuals are perceived as more credible
(29), persuasive (30), and influential (31, 32) than people with low-
confidence opinions. On the basis of these observations, we hypothe-
sized that individuals with high political certainty are more likeable
than people with uncertain views and test whether this attraction to
confident others occurs at constant similarity and ingroup coherence.

Empirical approach

Our goal is to empirically test whether political coherence and certain-
ty modulate interpersonal liking above and beyond the well-known
effect of similarity. Given that these three quantities—similarity, co-
herence, and certainty—are intermingled in most experimental set-
tings, measuring the relative contribution of each variable to liking
is a challenging endeavor that remains unaddressed. A natural ap-
proach to solve these intrinsic confounds is by experimentally dis-
sociating these variables in artificial settings such as in the evaluation
of phantom profiles (33). However, previous research has shown that
these experimental manipulations usually do not extend to real inter-
actions (34, 35) and that they might artificially inflate the liking-by-
similarity effect (36).

Here, we opted for a different and complementary approach: We
capitalized on a recent program to run large-scale experiments with
live crowds (37-39). This unique setting allowed us to collect data
from thousands of individuals simultaneously performing a behav-
ioral task. Previous editions of this program studied whether humans
collaborate during a “zero-sum fallacy” game (37), the role of delib-
eration in the wisdom of crowds (38), and the factors that promote
consensus in polarized moral issues (39). With this setup (Fig. 1A,
right), we were able to increase sample size by two orders of magni-
tude compared to typical laboratory settings and collect data from a
large number of participants (Fig. 1B). In this way, we could observe
infrequent but naturally occurring dissociations between similarity,
coherence, and certainty while still measuring interpersonal liking
during real face-to-face pairwise interactions.

We performed our first study (study 1, N = 5038) in Argentina, a
country with long-standing political polarization both at the ideo-
logical (40) and affective (41) level. To test the replicability and exter-
nal validity of our observations, we performed a second independent
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study in Portugal (study 2, N = 838), a highly polarized country (42).
Last, we supplement these observational studies with an experiment,
performed in the United States (study 3, N = 400), where we direct-
ly manipulated the coherence and certainty expressed in the target’s
political statements and study the liking ratings induced by this ma-
nipulation. To anticipate our findings, all studies provided evidence
supporting the hypotheses that political coherence and certainty
modulated interpersonal liking above and beyond the effect of po-
litical similarity.

RESULTS

Testing the effect of political similarity on liking

We performed a classic behavioral experiment in a live crowd (Fig. 1)
and collected data from a large number of pairwise face-to-face
interactions (study 1: N = 5038; Fig. 1A, right). The experimental
design consisted of three phases (see “Experimental procedure” in
Materials and Methods for details). In the first phase (Fig. 1B), we
asked participants to read five statements and write down whether
they agreed or disagreed with each of them. Participants could also
choose a third option to opt out if they felt uncertain about their
opinion (Fig. 1B, right). Approximately half of the participants
(N =2632) responded to five political issues (e.g., “high school stu-
dents should be allowed to go on strike”), while the remaining others
(N =2406) responded to hedonic statements (e.g., “fried schnitzels
taste better than baked schnitzels”). While the two categories of state-
ments are evidently different (see the “Selection of the statements”
section in Materials and Methods), previous research had shown
that political divides sometimes extend to everyday likes (43). In
accordance with this finding, we observed that both types of state-
ments elicited similar levels of disagreement in the crowd [i.e., the
fraction of participants who selected “agree,” averaged across state-
ments, was 43.0% for politics and 43.3% for hedonic issues; chi-square
test for proportions, xz(l) =0.14, P=0.71; fig. S1].

In the second phase (Fig. 1C), participants were organized in
dyads and freely discussed for 5 min their opinions about the five
statements that they had just read. Dyads were always formed by
two participants receiving the same set of statements. The debates
were completely free and unstructured, but to make sure that all
opinions were interchanged, we requested participants to write down
the other person’s answers in their own sheet (see Materials and Meth-
ods for details). Last, in the third phase (Fig. 1D), participants rated
their partner in terms of whether they seemed nice, charming, intel-
ligent, candid, and physically attractive. As expected from the litera-
ture (44, 45), these five ratings were significantly correlated with each
other (Spearman correlation, r > 0.19, P < 4 x 1071,

To ensure that dyads were formed mostly by unacquainted indi-
viduals, we organized them across different rows (Fig. 1, A and B).
Since people tend to sit in a theater next to other people they know,
this manipulation led to a large proportion of interactions between
people who did not know each other before the experiment (88.0%).
We therefore set a strict criterion for data exclusion and discarded
all data proceeding from participants who were acquainted to each
other. We also confirmed that the matching between participants
across consecutive rows was consistent with a random procedure,
given the observed distribution of shared opinions (see fig. S2 and
Materials and Methods for details).

As expected from the literature (12), we found that liking in-
creased as a function of similarity (Fig. 1E) and that this effect was
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Fig. 1. Experimental setup. (A) We performed a large-scale behavioral experiment with a live crowd. The right panel shows a histogram with the sample sizes of
310 previous studies measuring the liking-by-similarity effect, as reported in (36). The dashed line depicts the sample size of study 1 (N = 5038). (B to D) The experiment
consisted of three phases. (B) Phase 1: Participants provided individual opinions about five statements by indicating whether they agreed or disagreed with each of them.
They also had a third alternative to opt out in case they were uncertain about their opinion. Statements were all about political or hedonic issues. (C) Phase 2: Participants
were organized into dyads and freely discussed their opinions for 5 min. (D) Phase 3: Participants completed a standard interpersonal attraction scale. (E) With this setup,
we replicated the well-established correlation between liking and similarity for both the political and hedonic condition.

present for both political and hedonic issues [linear mixed model;
see Materials and Methods for details; politics: B = 0.11 [0.07, 0.15],
SE = 0.02, #(2630) = 5.4, P= 9 x 107%, R? = 0.04; hedonics: p = 0.07
[0.03,0.11], SE=0.02, #(2404) = 3.4, P=8 x 10~%, R* = 0.07]. We also
observed, however, two differences between the political and hedonic
conditions. First, the fraction of variance explained by similarity was
larger in the hedonic domain (politics: R* = 0.04; hedonics: R* = 0.07),
suggesting that the liking-by-similarity model provides better fits to
liking ratings in the hedonic condition compared to the political con-
dition. Second, we found that liking ratings were generally higher in
people who discussed political issues compared to those who discussed
hedonic issues [politics: M = 3.96, SE = 0.02; hedonics: M = 3.80,
SE = 0.02; two-sample ¢ test, £(5036) = 6.4, P =2 x 10"'°]. This latter
finding is consistent with the idea, previously reported in the litera-
ture (46, 47), that the attraction between individuals depends on the
category and importance of the discussed items. We did not find
any evidence that the effect of similarity was more pronounced in
one condition or the other [interaction between similarity and a
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dummy variable coding for “politics,” B = 0.03 [-0.02, 0.09], SE = 0.03,
#(5035) = 1.1, P = 0.25].

Testing the effects of political coherence

and certainty on liking

After replicating the well-established correlation between liking and
similarity, we then addressed the key question of this study: Could
ingroup coherence and certainty also modulate interpersonal liking?
To answer this question, we focused on the data obtained from dyads
who discussed political issues. Political statements were framed in a
way such that three of them reflected a left-wing opinion and two of
them a right-wing opinion (Fig. 2A). A principal components anal-
ysis (PCA) applied on participants’ responses revealed that only one
dimension explained a significant proportion of the variance in the
data (37.0% of the variance, chance level: 20%, random permutation
test, P< 1 x 107) and that this dimension was consistent with the
left- versus right-wing nature of the statements (Fig. 2B). In an in-
dependent control study (see Materials and Methods for details), we

30f14

2202 ‘ST $8go100 U0 BI0°30US 105" MMM,/:SNY WO | papeo jUMoQ



SCIENCE ADVANCES | RESEARCH ARTICLE

. on't B Cc D
Agree Disagree know 1.00 =
p— J— —_ c §
— o I
1 O Q O 1 030 %J %0.75 T 5
- o g ok
520L ORO| B 2
o3 0.00 o Q20
5:Ql Q Op¢ ;. $ £
I = = & 0158 S 05 E5
w4 2 Q oL
Olr Ol O “ o =+
1 2 3 4 5 0 [] [] [] []
5 Q_ Q Q_ Statement Left-wing Right-wing e W Be AL RARRL RARRR
Statements Responses
Effect of ingroup coherence
*
E F G
42 I __0d}
g
g)4_0 Coherence =5 ' §
4 l — N 0Ob c oo
5 e N4
3.8 Coherence = 1 D
’ £
LLLRR LLLLL =
-0.1
5-4-32-10 12 3 45
| Coherence |
Most coherent Most coherent Incoherent COherem to
outgroup ingroup to coherent  incoherent
Effect of attitude certainty
*
H | J
4.0 __ o4
o
o
__% Certainty =5 §
= — N OO cce e
3.8 Certainty = 3 g)
LL?R? LLLRR Z
2 3 4 5 ’
| Certainty |
Used 3/5 Used 0/5 Uncertain  Certain to
opt-outs opt-outs to certain uncertain

Fig. 2. Analysis of interactions between people who discussed political statements. (A) In the political condition of study 1, three of the five statements were framed
as a left-wing opinion and the remaining two as a right-wing opinion. (B) Colors code the Spearman correlation coefficients between all pairs of statements based on partic-
ipants’agreement responses. (C) To ensure that the statements that we defined as endorsing a “left-wing” or “right-wing” opinion were actually perceived in that manner, we
asked participants to classify them in a separate control study (N = 35). The height of the bars depicts the probability that a participant judged a given statement as right-wing,
and vertical lines show the SE of proportion. (D) In the same control study, participants were shown six profiles of responses and were asked to infer their political orientation.
The inferred political orientation correlated with the balance of left- versus right-wing opinions endorsed in the profiles. (E) In study 1, we observed that interpersonal liking
increased as a function of ingroup coherence. (F) We selected dyads with different degrees of coherence in their opinions and asked whether liking ratings were non-reciprocal
(n=345 dyads). (G) Within those dyads, liking ratings provided by the less-coherent participants were higher than the ones provided by the relatively more-coherent indi-
viduals. Dots depict mean z-scored liking ratings, and bars show SEM (*P < 0.05). (H) Liking ratings increased as a function of attitude certainty. (I) We selected dyads with
different degrees of certainty in their opinions to study whether liking ratings were nonreciprocal (n = 678 dyads). (J) Within those dyads, ratings provided by the less-certain
participants were higher than the ones provided by the relatively more-certain individuals. Dots depict mean z-scored liking, and bars show SEM (*P < 0.05).

confirmed that these phrases were indeed perceived as reflecting a
stereotypical left- or right-wing opinion [i.e., “L” or “R,” respectively;
chi-square tests for proportions, x*(1) > 17.1, P < 3 x 10~; Fig. 2C].
We also observed that people inferred the political orientation of other
individuals based on the balance between the number of left- and
right-wing opinions that they endorsed [control study, p = 0.84 [0.77,
0.91], SE = 0.04, £(208) = 22.4, P= 3 x 10"/, R* = 0.7; Fig. 2D].

We quantified ingroup coherence (Fig. 2E) as the number of opin-
ions that are consistent with one’s own political leaning minus the
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ones that are consistent with the opposite political orientation (for
more details, see Materials and Methods). In accordance with our
first hypothesis, we found that interpersonal liking increased as a
function of ingroup coherence [B = 0.11 [0.08, 0.15], SE = 0.02,
#(2630) =5.7, P=1x 10°%, R* = 0.04; Fig. 2E]. One limitation of this
analysis is that simply showing a correlation between coherence and
liking does not inform us about whether this modulation occurs at
constant similarity. To tackle this issue, we focused on a key property
of ingroup coherence: its asymmetry. If liking is solely driven by
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similarity, then ratings should be approximately reciprocal given its
symmetric nature. However, if coherence also plays a role at constant
similarity, then ratings should be nonreciprocal, and we should ob-
serve that ambivalent individuals show greater liking for coherent
ingroups than vice versa (Fig. 2F). Our observations provided evi-
dence for the latter idea (Cohen’s d = 0.14, Wilcoxon test, z= 2.7,
P =0.007; Fig. 2G).

We then tested the second hypothesis of this work that attitude
certainty predicts interpersonal liking. Following a vast literature
using “opt-out paradigms” (48), we defined a variable called “cer-
tainty” as the number of opinions where participants did not choose
the opt-out option (see Materials and Methods for details). We found
that liking increased as a function of certainty [B = 0.07 [0.03, 0.11],
SE =0.02, #(2630) = 3.6, P = 3 x 10~*, R? = 0.04; Fig. 2H], and so we
asked whether this effect could still be present at constant similarity.
To answer this question, we selected dyads where one participant
had used the opt-out option more times than the other (Fig. 2I). We
found that, within these interactions, the relatively more-uncertain
individuals provided higher liking ratings to the more-certain par-
ticipants than vice versa (Cohen’s d = 0.08, Wilcoxon test, z = 2.2,
P =0.03; Fig. 2]). This suggests that interactions were nonreciprocal
and that certainty modulated liking above and beyond the symmetric
effect of similarity.

To formally measure the relative contribution of similarity, co-
herence, and certainty, we fitted a multivariate mixed-effects linear
regression model on liking ratings (Table 1; see Materials and Methods
for details). Our results indicate that the effect of coherence [ =0.10
[0.05, 0.14], SE = 0.02, #(2628) =3.9,P=1 x 10™¥] and certainty [B =
0.06 [0.02, 0.10], SE = 0.02, #(2628) = 2.8, P = 0.006] remained signif-
icantafter controlling for similarity [B =0.03 [-0.02, 0.09], SE = 0.03,
#(2628) = 1.3, P=0.19]. We also found that the proposed model (i.e.,
liking as a function of similarity, coherence, and certainty) provided
better fits to the data than a model based solely on similarity, as di-
agnosed by the Akaike Information Criterion (SAIC = 14.7). Con-
sistent with this observation, a likelihood-ratio test determined that
the extended model with two additional free parameters is justified
[x*(2) =18.7, P = 9 x 10™°]. In addition, we observed that the effects
of coherence and certainty were robust to the inclusion of demograph-
ic control variables [effect of age: B = —0.06 [-0.01, —0.02], SE = 0.02,

£(2053) = -2.8, P = 0.005; effect of gender: B = —0.04 [-0.08, 0.01],
SE =0.02, #(2053) = —1.8, P= 0.08].

One limitation of the nonreciprocities observed in Fig. 2 (G and J)
is that they cannot disentangle whether the effects are driven by qual-
ities of the perceiver or the target. To address this issue, we looked
at dyads where the perceiver had a constant level of coherence or
certainty and studied whether liking ratings were still modulated by
the target’s coherence or certainty while accounting for the influence
of similarity. Conditioning the data on dyads where the perceivers
had a level of coherence of three (e.g., someone with four liberal and
one conservative opinions; N = 511), we found that liking increased
with the target’s coherence after accounting for the influence of sim-
ilarity [B = 0.16 [0.04, 0.27], SE = 0.06, #(508) = 2.6, P = 0.01]. Criti-
cally, if we look at liking within a level of coherence of three in the
target and study whether the perceiver’s coherence modulates liking
above similarity, we do not find evidence for such an effect [ = 0.01
[-0.11, 0.13], SE = 0.06, #(523) = 0.21, P = 0.84].

Similarly, when we repeated this analysis conditioning the data
on dyads where the perceivers had a value of certainty equal to three
(e.g., someone with three liberal and two “do not know” answers,
N = 464), we found that liking increased with the target’s certainty
after accounting for the influence of similarity [B = 0.097 [0.003,
0.191], SE =0.048, t(461) = 2.0, P = 0.04]. The opposite procedure,
where we left constant the target’s certainty, showed that liking did
not increase with the perceiver’s certainty [B = —0.02 [-0.11, 0.08],
SE = 0.05, #(467) = —0.35, P = 0.73]. In line with these results, we ob-
served (using the entire dataset) that the perceivers’ coherence and
certainty did not significantly modulate interpersonal liking after
accounting for the influence of similarity and the target’s coherence
and certainty [perceiver’s coherence: p = 0.01 [-0.05, 0.07], SE = 0.03,
£(2626) = 0.42, P = 0.67; perceiver’s certainty: = —0.03 [-0.08, 0.01],
SE = 0.02, #(2626) = —1.6, P = 0.12]. These findings suggest that if
the perceiver’s coherence and certainty played a role in our data, their
influence is negligible compared to the effect given by those same
qualities in the target’s opinions.

Next, we fitted the proposed model to each individual item in the
interpersonal attraction scale to study which aspects of liking were
more influenced by each variable. We found that the main results
were strongly present in the two items where participants rated the

Table 1. Formal model comparison. Comparison between the full multivariate mixed-effects model of liking as a function of similarity, coherence, and
certainty and the restricted univariate model, where liking is a function of only similarity (i.e., coherence and certainty estimates are constrained to 0). Columns
show the standardized coefficient estimates + SEM, t values, and P values of each predictor. For each model, rows depict similarity (Eq. 5), coherence (Eq. 6),
certainty (Eq. 4), log-likelihood, and the AIC. In the last row, we display the statistics of the likelihood-ratio test, which shows that the full model provides a

significantly better fit to the observed data.

Study 1 Restricted model Full model

B t B t P
Similarity 0.108+0.020 5.37 9x10°® 0.034+0.026 1.31 0.19
COherence s S 0095 i0024 390 . . 1x10_4 e
Cenamty L 0058 J_r0021 276 . e 0006 e

Log-likeliho

Likelihood-ratio test
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charm and intelligence of their partner. The remaining three indi-
vidual items (niceness, candidness, and physical attractiveness) were
not significantly modulated by either similarity, coherence, or cer-
tainty (fig. S3).

Last, we studied whether the effects of coherence and certainty
were selective to the political domain. For this analysis, we focused
on participants discussing hedonic issues (N = 2406; Fig. 1B) and
projected the data onto the first principal component, which ex-
plained a significant proportion of the variance (27.3%, permutation
test, P < 1 x 107*). Once we defined these stereotypical responses,
we were able to define coherence, certainty, and similarity in exact-
ly the same way as we defined those variables in the political domain
(see Materials and Methods for mathematical definitions). In this
case, the multivariate model showed that coherence [ =0.01 [-0.04,
0.06], SE = 0.02, (2402) = 0.46, P = 0.65) and certainty [B = 0.01 [-0.03,
0.05], SE = 0.02, £(2402) = 0.46, P = 0.65] did not modulate liking
and that only the effect of similarity remained significant [ = 0.06
[0.01, 0.11], SE = 0.03, #(2402) = 2.5, P = 0.01]. We also observed
that the restricted model with one parameter provided better fits than
the extended multivariate model [log-likelihood ratio test: x2(2) =0.36,
P =0.83]. This analysis suggests that the effects of coherence and cer-
tainty may be specific to political interactions.

Replication in a different country
We sought to replicate our findings in a second study that took place
in a different country and language (study 2, N = 838). As in study 1,

we found that liking correlated with similarity [B = 0.10 [0.03, 0.17],
SE = 0.04, #(836) = 2.8, P = 0.005, R? = 0.05; Fig. 3A], coherence
[B=0.07 [-0.01, 0.13], SE = 0.04, #(836) = 1.8, P = 0.07, R* = 0.04;
Fig. 3B], and certainty [3 =0.11[0.04,0.18], SE=0.03, #(836) = 3.2,
P = 0.001, R* = 0.05; Fig. 3C]. We also found that the two non-
reciprocal effects found in study 1 (Fig. 2, F and I) were equally
strongly present in study 2 (permutation test, coherence: P = 0.02,
certainty: P = 0.02; Fig. 3D), including the observation that the
effect of certainty (Cohen’s d = 0.10) was smaller than the effect of
coherence (Cohen’s d = 0.14).

When we fitted the proposed model to the data obtained in study 2
(table S1), we found that the best-fitting coefficients overlapped with
the ones observed in study 1 [similarity: f = 0.06 [-0.03, 0.14], SE =
0.04, 1(834) = 1.3, P = 0.18; coherence: = 0.04 [-0.04, 0.12], SE =
0.04, £(834) = 1.0, P = 0.30; certainty: p = 0.10 [0.02,0.17], SE = 0.04,
t(834) = 2.7, P = 0.008; Fig. 3E]. In accordance with this result, the
AIC of the trivariate model was lower than the one based solely on
similarity [SAIC = 3.5, log-likelihood ratio test: x*(2) = 7.5, P= 0.02].
Last, we performed a quantitative model comparison analysis using
out-of-sample testing and found that the restricted model led to
poorer cross-validated performance compared to the unrestricted
model based on similarity, coherence, and certainty. This was ob-
served both in study 1 [paired f test on out-of-sample mean squared
error (MSE), £(9999) = 124.0, P< 1 x 1072%; paired ¢ test on out-of-
sample negative log-likelihood, £(9999) = 123.8, P < 1 x 10*; Fig. 3F,
top] and in study 2 [paired ¢ test on out-of-sample MSE, £(9999) = 19.7,
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Fig. 3. Empirical replication in a different country and language. (A to C) As in study 1 (Argentina), liking ratings obtained in study 2 (Portugal) correlated with simi-
larity (A), coherence (B), and certainty (C). Error bars show means + SEM, and we display the best-fitting line. (D) In study 1 (N =2632 individuals who discussed political
statements) and study 2 (N =838), we observed evidence that liking was nonreciprocal among dyads with different levels of coherence and certainty. Orange bars show
the difference in liking given by these two effects in study 1, and green bars show the same for study 2. Vertical lines show SEM. (E) The estimates of the multivariate mixed
model of liking as a function of similarity, coherence, and certainty are shown in orange for study 1 and green for study 2. Vertical lines show SEM. (F) We measured the
out-of-sample accuracy of the full mixed model versus the restricted liking-by-similarity model. Histograms show the difference in out-of-sample MSE (AMSE) of both
models, with negative values indicating evidence in favor of the proposed model. The height of the bars reflects probability density across 10,000 simulations with differ-
ent random splits of the data between equally sized training and testing sets (see Materials and Methods for details).
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P =5 x10"%; paired t test on out-of-sample negative log-likelihood,
£(9999) = 20.1, P = 4 x 10~%; Fig, 3F, bottom]. This empirical replica-
tion suggests that our results were not driven by the country-specific
political context associated with study 1.

The interplay between similarity, coherence, certainty,

and liking

Both studies showed that the effect of similarity on liking became
smaller, even nonsignificant, when coherence and certainty were
added to the model. To test for a potential model specification prob-
lem, we first studied whether multicollinearity played an important
role in the data. To address this concern, we looked at the R* value
of a regression of similarity on coherence and certainty. We ob-
served, however, no indication of severe multicollinearity in our
data as the variance inflation factor (VIF) was well below standard
thresholds used in the literature (regression of similarity on coher-
ence and certainty, study 1: R* = 0.44, VIF = 1.77; study 2: R* = 0.27,
VIF = 1.38) (49).

Another possibility is that the effect of similarity on liking was
reduced because it was mediated by coherence or certainty. For ex-
ample, if people who discussed with similar others were more likely
to debate with coherent ingroups, then similarity would have in-
creased coherence, and coherence might have influenced similarity.
In line with this idea, we found a significant reduction in the direct
effect of similarity after including coherence as a mediator, although
this effect was only significant in study 1 (total effect = 0.09 [0.05,
0.13], P < 2 x 107'%; direct effect = 0.04 [~0.01, 0.08], P = 0.15; indi-
rect effect = 0.05 [0.03, 0.08], P < 2 x 107'%) but not in study 2 (total
effect = 0.07 [0.00, 0.15], P = 0.07; direct effect = 0.05 [-0.03, 0.13],
P = 0.24; indirect effect = 0.02 [-0.01, 0.05], P = 0.28). This media-
tion model, where coherence but not certainty mediates the liking-
by-similarity effect (Fig. 4A), provided better fits to the data than a
model where certainty is the mediator of similarity (study 1: SAIC =
620; study 2: SAIC =91).

Yet another alternative is that, in our studies, people with more
coherent and certain opinions were more likely to interact with sim-
ilar others. In that model, coherence and certainty would influence
both similarity and liking, and the liking-by-similarity effect (Fig. 1E)
would have been confounded by the effects of coherence and certain-
ty on both variables (Fig. 4B). In line with this idea, a structural equa-
tion model suggested that this confounding variable model, where
coherence and certainty modulate both similarity and liking, pro-
vides better fits to the data than the previously described mediation

model (study 1: SAIC = 529; study 2: SAIC = 96). This result suggests
that the observed correlation between liking and similarity (Fig. 1E)
could have been mostly driven by the influence of two confounding
variables: ingroup coherence and certainty.

However, one main limitation in the abovementioned conclusion
is that the results presented so far rely on observational data, which
cannot rule out the possibility that a latent variable drove all these
effects. For example, given previous research showing that acquiescent
people are more likely to report not knowing about political matters
(50-52), we might be capturing the effect of acquiescence (which may
causally affect certainty) on liking. To address this “third variable”
problem, we performed a new study.

Experimental study

We performed a third study where we experimentally manipulated
the target’s coherence and certainty while measuring interpersonal
attraction and participants’ perceptions of the targets’ similarity,
coherence, and certainty (study 3). Our sample included N = 400
U.S. citizens recruited through Prolific (https://prolific.co/; see Mate-
rials and Methods for details) and was balanced in terms of ideology
(liberal/conservative) and gender (male/female).

Participants were presented with two putative Twitter users, each
expressing six political opinions in different tweets (Fig. 5). Opinions
were about six different issues: immigration, global warming, police
brutality, same-sex marriage, gun control, and coronavirus disease
2019 (COVID-19) vaccines (for a full description of each expressed
opinion, see Materials and Methods). Tweets were framed in a way
in which they could either express a liberal opinion (Fig. 5A), an am-
biguous opinion (Fig. 5B), or a conservative one (Fig. 5C). The pre-
sentation order of the two profiles, as well as their six opinions, was
randomly chosen for each participant. Immediately after reading the
six opinions of each user, participants rated whether they believed
that such person was similar to themselves as well as their political
coherence and certainty. Last, they completed a standard interper-
sonal attraction scale (44, 53, 54).

Participants were randomly assigned to two conditions in a
between-subjects design. In the first condition, they rated two ingroup
targets with different degrees of coherence in their attitudes. For ex-
ample, liberal participants were presented with one target holding
six liberal opinions (“high coherence”), while the other target had
four liberal and two conservative opinions (“low coherence”). Con-
versely, for conservative participants, the high-coherence target
had six conservative opinions, and the low-coherence target had

B
0.43 +£0.03 ™~
0.43 wyv Coherence 0.05 + 0.04 Coherence Similarity
0.05 + 0.04 0.30 + 0.03 ***
. . 0.05 +0.04 N
Similarity Liking lo.os +0.04
: Certaint - Likin
Certainty 0.10 + 0.04 ** Study 2 y 9
0.10 £ 0.04 **
Study 2

Fig. 4. Interplay between similarity, coherence, certainty, and liking. (A) Mediation (MED) model. We fitted a model where the effect of similarity on liking is mediated
by coherence while certainty directly predicts liking. This model provided better fits than a model where certainty is the mediator. (B) Confounding variable (CV)
model. We fitted another model where similarity and liking are both driven by coherence and certainty. This account would suggest that the liking-by-similarity
effect is confounded by the influence of coherence and certainty on both variables. In both panels, we display the best-fitting coefficients + SE, and asterisks indicate
the significance level of each estimate (**P < 0.01, and ***P < 0.001). Orange, study 1; green, study 2. Our observations are more likely under the CV model than under the
MED model.
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Fig. 5. Experimental manipulation of coherence and certainty. (A to C) We performed a study with participants from the United States (N = 400), where they rated two
putative Twitter users, each one expressing opinions on six different issues: immigration, global warming, police brutality, same-sex marriage, gun control, and COVID-19
vaccines. Tweets were written either as supporting a liberal opinion (A) (supporting gun control legislation), an ambiguous opinion (B) (uncertain about whether gun
control should be enforced), or a conservative one (C) (opposing gun control legislation). (D and E) Participants were pseudo-randomly assigned to two between-subjects
conditions: In one condition, they rated profiles with different levels of ingroup coherence at constant certainty, and in the other condition, the targets had different
levels of certainty at constant ingroup coherence. (D) In the first condition, the high-coherence target was rated more positively than the low-coherence one. (E) In the
second condition, the high-certainty target elicited higher liking ratings than the low-certainty profile. (F) Participants also rated the profiles in terms of whether they
believed that they were coherent, certain, and similar to themselves. They did so by rating their perceived similarity/coherence/certainty in their attitudes and in their
character. Error bars display the best-fitting coefficients (+ SE) of perceived similarity, coherence, and certainty on liking. Dark purple, perceived character similarity/
coherence/certainty; light purple, perceived attitude similarity/coherence/certainty.

four conservative and two liberal opinions. In the second condition,
participants rated two ingroup targets who had different degrees of
certainty in their attitudes. For example, liberal participants rated
one target with five liberal opinions and one conservative opinion
(“high certainty”), while the other target had four liberal and two am-
biguous opinions (“low certainty”). For conservative participants,
the high-certainty target held one liberal and five conservative opin-
ions, and the low-certainty target had four conservative and two am-
biguous opinions. This experimental design, hypotheses, and planned
analyses were preregistered at https://aspredicted.org/q7kr6.pdf.

First, we tested whether the experimental manipulation of the
target’s opinions elicited different ratings of interpersonal attraction.
We found that the high-coherence profile was rated as more attractive
than the low-coherence profile (high coherence: M = 3.47, SE = 0.07;
low coherence: M = 2.76, SE = 0.07; Wilcoxon signed-rank test, z = 7.3,
P=3x10""% Fig. 5D). We also observed higher liking ratings elicited
by the high-certainty target compared to the low-certainty target (high
certainty: M = 3.21, SE = 0.07; low certainty: M =2.94, SE =0.07; z=3.2,
P =0.002; Fig. 5E).

The second line of planned analyses involved evaluating whether
subjective perceptions about the target’s coherence and certainty in-
creased interpersonal attraction after accounting for the influence
of perceived similarity. We measured participants’ perceptions by
asking whether they believed that the targets were similar, coherent,
and certain in character (“perceived character similarity, coherence, or
certainty”) and in their attitudes (“perceived attitude similarity,
coherence, or certainty”). For both metrics, we found that a model in-
cluding similarity, coherence, and certainty (Fig. 5F) provided better
fits to liking ratings than a restricted model based only on perceived
similarity [character: SAIC = 205, X2(2) =209, P< 1 x 1073%; attitude:

Zimmerman et al., Sci. Adv. 8, eabk1909 (2022) 9 February 2022

SAIC =136, XZ(Z) =140, P< 1 x 107°%; see tables S2 and S3 for details].
After accounting for the influence of perceived similarity [character:
B =0.50 [0.45,0.55], SE = 0.03, £(796) = 19.0, P = 1 x 10~%; attitude:
B=0.44[0.38,0.51], SE = 0.03, #(796) = 14.1, P= 1 x 10~*°], we found
that the effect of perceived coherence [character: B = 0.35 [0.30, 0.40],
SE =0.03,#(796) = 12.8, P=2 x 10~*%; attitude: = 0.35 [0.29, 0.41],
SE=0.03, #(796) = 11.1, P=1 x 10 %] remained significant, as did
the effect of character certainty [character: = 0.08 [0.04, 0.13], SE =
0.02, (796) = 3.57, P=4 x 107%]. By contrast, attitude certainty be-
came nonsignificant [ = 0.05 [0.00, 0.10], SE = 0.03, #(796) = 1.82,
P=0.07].

The most noteworthy difference with respect to our previous
studies is that the effect of perceived similarity remained significant
after including perceived coherence and certainty as predictor vari-
ables (Fig. 5F). However, on the basis of the observation, replicated
in studies 1 and 2, that coherence and certainty concurrently mod-
ulated both similarity and liking (Fig. 4), we studied whether this
model also explained the variables collected in study 3. Consistent
with this idea, we found that the confounding variable model, where
perceived coherence and certainty increase both perceived similari-
ty and liking, explained the data better than the previously consid-
ered mediation model (character: SAIC = 2.0; attitude: SAIC = 15.0;
fig. S4). This provides further evidence suggesting that coherence
and certainty are not mediators of the liking-by-similarity effect.

Last, we examined whether these variables could be moderators
of the effect of similarity. A multivariate regression analysis in-
cluding those effects suggested that the interaction between similar-
ity and these variables is small and statistically nonsignificant. This
absent interaction was observed in study 1 [coherence: § = -0.02
[-0.06, 0.02], SE = 0.02, £(2626) = —0.85, P = 0.39; certainty: = 0.005
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[-0.037,0.046], SE = 0.021, #(2626) = 0.22, P = 0.83], study 2 [coher-
ence: f =-0.01 [-0.09, 0.06], SE = 0.04, #(832) = —0.35, P = 0.73; cer-
tainty: p = 0.00 [0.08, 0.08], SE = 0.04, #(832) = —0.01, P= 0.99], and
also in study 3 [coherence: = 0.00 [-0.04, 0.05], SE = 0.02, £(794) =
0.19, P = 0.85; certainty: B = 0.01 [-0.04, 0.06], SE = 0.02, #(794) =
0.43, P =0.66]. This finding indicates that coherence and certainty are
not moderators of the liking-by-similarity effect.

Summarizing, although study 3 was performed with a different
methodology and sample from the ones used in studies 1 and 2, the
data still show evidence that people are attracted to politically co-
herent and certain individuals. Moreover, this experimental study
suggests the existence of a causal effect of the target’s coherence and
certainty on interpersonal liking. Last, we observed that perceived
coherence and certainty explain ratings of interpersonal attraction
over and above the influence of perceived similarity.

DISCUSSION

These results indicate that liking in the political domain may not be
solely driven by homophily but by more complex notions of group
affiliation that are reflected by two variables: coherence and certainty.
The effect of the former quantity, i.e., coherence, indicates that peo-
ple favor individuals who clearly share their same political orienta-
tion (55) and may suggest that they penalize individuals not taking
sides (56). The modulation of liking by the latter variable, i.e., cer-
tainty, is in line with previous theory and evidence suggesting that
confidence serves as a modulator of social influence (57, 58). Our
data also reveal that the liking-by-similarity effect (Fig. 1E) might
be partially confounded by the effects of coherence and certainty
(Fig. 4 and fig. $4), which modulate both variables. Furthermore, our
findings suggest that symmetric rules might not fully explain inter-
personal liking in the political domain (Fig. 2, G and J).

While we emphasize that our samples might not be representative
of the general population (a caveat that applies to almost all psycho-
logical studies involving human participants), the claims presented
in this work are supported by converging evidence from quantita-
tive model comparison analyses (Table 1 and Figs. 3 and 4), the repli-
cation of our observational findings in a different language and political
context (Fig. 3 and table S1), and an experimental study where we
manipulated the variables of interest (Fig. 5). However, future re-
search should explore whether and how these effects generalize to
other settings, including participants from other populations.

From a theoretical perspective, this work has clear implications
for studies that aim to model the dynamics of social systems. Most
research in this growing field has worked under the reasonable as-
sumption that individuals interact in social networks with varying
degrees of homophily (59-62). Here, we show that liking ratings in
the political domain are better explained by an asymmetric model.
While our studies cannot directly speak about behavioral interac-
tions and actual patterns of affiliation, the observed results suggest
that like-attract-like rules might not be sufficient to explain feelings
of attraction between individuals. This is also consistent with the
finding that interaction rules based only on political similarity can-
not produce complex collective phenomena, such as the polariza-
tion of political attitudes (61).

Previous research has shown that politically ambivalent individ-
uals differ from people displaying clear opinions in both cognitive
and behavioral aspects. For example, they are more tolerant to am-
biguity (63), use more benevolent language (64), represent the world
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in a more complex and less clustered way (65), have more insight into
the correctness of their choices (66), and promote the construction
of consensus in polarized issues (39). Here, we add to this literature
by showing that individuals with ambivalence or uncertainty in their
political opinions are less likeable than people with coherent and
confident views.

One limitation of this work is that the effects of coherence and
certainty cannot be disentangled from the one given by participants’
political extremity (11, 17, 19). This is because our measurement in-
struments do not allow us to define two similar levels of coherence
or certainty with different extremity, or vice versa. Therefore, our
studies cannot establish whether the effects of coherence and cer-
tainty occur beyond the contribution of political extremity on liking.

Moreover, given that extreme individuals tend to be politically
coherent and certain, the findings reported in this work seem to be
at odds with previous research suggesting that people dislike strong
partisans (67, 68). However, as previously argued (20), people holding
politically coherent opinions may not necessarily be strong partisans,
as they simply could hold liberal or conservative views without being
supporters of any specific political party. Alternatively, the incon-
gruence between findings could stem from large methodological
differences between this work and previous research reporting the
phenomenon of partisan disdain. For example, some of these studies
asked participants to rate whether they like individuals “who fre-
quently talk about politics” without making any assumption about
whether the individuals express opinions with high or low coherence
(67). Future research should examine whether and how the negative
effect of partisanship on liking interacts with the observation that
coherence and certainty increase interpersonal attraction.

The effects of coherence and certainty on liking were strongly
present in ratings of perceived intelligence (fig. S3). Therefore, one
limitation of the results described in this work is that we cannot rule
out whether the more coherent and confident individuals were in-
deed relatively more intelligent than ambivalent and uncertain par-
ticipants. The data presented in study 3, which proceed from an
experimental study where we manipulated the target’s opinions, sug-
gest that this potential effect of actual intelligence does not fully ex-
plain the observed modulations by coherence and certainty.

To summarize, this research provides empirical evidence that po-
litical coherence and certainty predict interpersonal liking above and
beyond the well-established effect of attitude similarity. While in-
teraction rules based on individuals rewarding similarity have been
attributed as the main causes of the existence of echo chambers in
social media (9, 69) and the political segregation of societies (7), this
work suggests that such an assumption may oversimplify the com-
plexity of political interactions. Future research should examine
whether and how the asymmetric effects reported in this work re-
late to emergent phenomena such as the extremification of political
opinions (17), the polarization of beliefs (70), and the disappearance
of moderate views (15).

MATERIALS AND METHODS

Context

Study 1 took place on 24 October 2017 during a TEDx event in Buenos
Aires, Argentina (http://tedxriodelaplata.org/). Study 2 took place on
6 April 2019 during another TEDx event in Porto, Portugal (https://
tedxporto.com/). This was part of a program to perform experiments
with live crowds (http://tedxriodelaplata.org/tedxperiments). Previous
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editions studied the use of a competition bias in a zero-sum fallacy
game (37), the role of deliberation in the wisdom of crowds (38), and
the factors that promote consensus in polarized moral issues (39).

Participants

We collected data from 5727 participants in study 1 (57.3% female,
aged means + SD: 28.7 + 10.8 years) and 877 participants in study 2
(62.0% female, aged 37.0 + 11.4 years). Data were completely anon-
ymous, and participants gave written informed consent. The exper-
imental protocol was approved by the ethics committee of Centro
de Educacién Médica e Investigaciones Clinicas Norberto Quirno
(Buenos Aires, Argentina), protocol 435, version 5.

Materials

Research assistants handled one pen and one closed envelope con-
taining an A4 paper folded on the long edge. The answer sheet had
four pages. On page 1, participants were informed about their partic-
ipant number and reported their age and gender. The three phases
of the experiment were completed on pages 2, 3, and 4.

Studies 1 and 2: Experimental procedure

The speakers (author ].N. in study 1 and authors D.A. and M.S. in
study 2) announced that their section would involve a behavioral
experiment. Participants were informed that their participation was
completely voluntary and that they could simply withdraw their par-
ticipation at any time.

Phase 1: Individual opinions

Participants read five statements and were asked to report whether
they agreed, disagreed, or were uncertain about their answer (Fig. 1B).
In study 1, approximately half of the audience (52%) considered five
political statements, while the remaining participants were presented
with five hedonic statements. In study 2, all participants read five po-
litical statements. The order of presentation of the statements was
different for different dyads. In both cases, participants were given
2 min to complete this section.

Phase 2: Free discussion

In the second part of the experiment, participants freely discussed
their opinions in dyads. First, they were instructed to find the other
participant based on a numerical code presented on page 1. Answer
sheets were distributed across the auditorium in such a way that
dyads would be organized across consecutive rows. Participants were
instructed to freely discuss the five statements for 5 min. They were
explicitly told that there was no need to reach consensus or persuade
the other participant and that they should only exchange opinions.
To make sure that all opinions were interchanged during the discus-
sion, we asked participants to write down on their own paper all the
other person’s responses to the five statements.

Phase 3: Interpersonal attraction scale

On the last page of the answer sheet, participants were given 2 min
to complete five items using a five-point Likert scale (between “strong-
ly disagree” and “strongly agree”). The five items were as follows:
(i) She/he seemed nice; (ii) she/he seemed charming; (iii) she/he
seemed intelligent; (iv) she/he seemed candid; (v) she/he was phys-
ically attractive. Participants were explicitly instructed to not discuss
their answers to this scale and to reinsert the answer sheet in the en-
velope as soon as they completed the scale. In this page, participants

Zimmerman et al., Sci. Adv. 8, eabk1909 (2022) 9 February 2022

could also indicate whether they knew the other participant from
before the event. This allowed us to confirm that most interactions
were between people who did not know each other (study 1: 88.0%
and study 2: 95.4%).

Selection of the statements

To select the statements used in study 1, we wrote a total of 28 state-
ments and validated them in an online survey (N = 182) distributed
to undergraduate students at Universidad Torcuato Di Tella. Each
respondent to the survey considered 14 statements randomly selected
from that list and indicated whether they agreed, disagreed, or did
not know how to answer. They also indicated whether they believed
that each statement was about politics using a 10-point Likert scale.
We selected five political and five hedonic statements without a clear
majoritarian opinion. The probability to agree to the selected state-
ments was 43.7 + 1.6%. We also confirmed that the statements that
we refer to as “political” in study 1 were indeed perceived as more
political than hedonic statements [8.7 + 0.1 for political statements,
1.42 £ 0.06 for hedonic statements, two-sample f test, #(912) = 60.6,
P<1x107%].

We implemented the same selection procedure for study 2. Re-
spondents to the survey (N = 50) were recruited online through a
mailing list of previous participants of TEDxPorto. Each individual
completed a survey consisting of 20 statements. As in study 1, the
five selected statements did not have a clear majoritarian answer.
The probability to agree to the selected statements was 62.4 + 3.1%.

Selected statements

The five political statements used in study 1 (which was conducted in
Buenos Aires, Argentina) were as follows: (a) High school students
should be allowed to go on strike (“students”), (b) the government
should mandate a transgender hiring quota for public servants (“trans
quota”), (¢) the government should subsidize the broadcasting of
Argentine football matches (“football”), (d) national universities
should start charging a fee to those who can afford it (“universities”),
and (e) Argentina should sign bilateral trade agreements with the
United States (“USA”). Three of them were framed to support a left-
wing opinion (i.e., statements a, b, and c), whereas the remaining two
supported a right-wing opinion (i.e., statements d and e). The five
hedonic statements used in study 1 were as follows: (a) One should
choose to adopt a dog over a cat (“pet”), (b) everyone should use a
bidet if they have the possibility (“bidet”), (c) all good barbeques must
have blood sausages (“BBQ”), (d) baked schnitzels taste better than
fried schnitzels (“schnitzels”), and (e) it is better to go on holidays to
the mountains rather than to the seaside (“holidays”).

The five statements used in study 2 (which was conducted in Porto,
Portugal) were as follows: (a) The government should mandate a fe-
male hiring quota for public servants (“gender quota”), (b) everyone
should use public transportation instead of personal cars (“transport”),
(c) smoking should be forbidden in all public spaces (“smoking”),
(d) drug consumption should not be completely decriminal-
ized (“drugs”), and (e) universities should charge a fee to everyone
(“universities Porto”). As in study 1, three of the statements were framed
to support a left-wing opinion (i.e., statements a, b, and c), whereas the
remaining two supported a right-wing opinion (i.e., statements d and e).

Control study
To evaluate whether the selected statements were actually perceived as
supporting a stereotypical left-wing or right-wing political opinion,
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we performed a control study. Participants were undergraduate stu-
dents at Universidad Torcuato Di Tella recruited online (N = 35,
21 females, aged 18 to 24). The study had two parts. In the first part,
framed as a two-alternative forced choice, participants indicated
whether each of the five selected statements reflected a left-wing or
a right-wing opinion. In the second part, participants were told to
imagine the responses given by six individuals showing different re-
sponses to these statements. These profiles were presented in random
order, and participants were asked to infer the political position of
the target individuals by using a six-point Likert scale (with its two
extremes labeled as “left-wing extreme” and “right-wing extreme”).

Exclusion criteria

At the end of each event, we collected the papers as the participants
exited the auditorium. Data entry research assistants digitalized the
data using a computer. We discarded data from participants who
had not completed all three phases of the experiment and from
dyads who reported to have known each other from before the event.
Overall, we report results from N = 5038 participants in study 1
(2911 females, mean age + SD: 28.9 + 10.8 years, 52.2% who read po-
litical statements) and N = 838 participants in study 2 (523 females,
aged 36.9 + 11.3 years, all considering political statements).

Measuring the variability of opinions within the crowd

One possible concern about the experimental procedure is that dyads
were formed by physical proximity. Because participants sitting in
neighboring seats typically know each other, they could also poten-
tially share similar opinions. To reduce the chances of this happen-
ing, we asked people to organize in groups across different rows,
which led to a large fraction of interactions between people who did
not know each other from before the event (study 1: 88.0% and study 2:
95.4%). To test whether the assignment of dyads across consecutive
rows was random relative to the opinions provided by the crowd, we
performed a random permutation analysis. We created 10,000 syn-
thetic datasets by randomly shuffling the matching between dyads in
the crowd. We then computed the similarity of opinions for each
dyad and each simulation. From these 10,000 surrogates, we chose
the one with median similarity and compared it to our empirical ob-
servations. We found that the median synthetic and real data had over-
lapping distributions [real data: mean = 2.0, SD = 1.2, median = 2,
interquartile range (IQR) = 2; synthetic data: mean = 1.9, SD = 1.2,
median = 2, IQR = 2] with a negligible effect size (Cohen’s d = 0.15).
This suggests that the matching between individuals was similar to a
random procedure.

PCA of individual opinions

To test for possible correlations between the responses to the state-
ments, we performed a PCA. In study 1, we found that the first prin-
cipal component explained 37.0% of the variance of the political
opinions and 27.3% of the variance of hedonic responses. The sec-
ond principal component explained a small fraction of the variance,
which was, in both cases, close to chance level (19.1% for politics and
21.3% for hedonics; chance level, 20%). To measure the significance
level of these fractions, we performed a random permutation analysis.
This was done by randomly shuffling the matching between responses
to different statements and repeating this procedure in 10,000 sim-
ulations. We observed that only the first principal component ex-
plained a significant proportion of the variance, both for political
(P <1 x 10* for the first principal component and P > 0.9 for the
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second component) and hedonic (P < 1 x 10*and P=0.15) opinions.
A similar pattern was observed in study 2 (first principal compo-
nent: 27.0%, P < 1 x 10~% second principal component: 22.6%, P=0.5).
Hence, we projected the agree/disagree opinions to their first prin-
cipal component, which (in the political domain) was equivalent to
coding them as stereotypical left/right-wing answers.

Variables characterizing individuals
We coded left-wing answers (L) with a value of —1, right-wing answers
(R) with a value of +1, and the opt-out o t10n (“?”) with a value of 0.
We then defined the political position ) of participant j as
= i (M
where x(f) is the ith answer of participant j, and n = 5 is the number
of statements. This quantity could take any integer value between —5
and +5 (with more positive values indicating a position further to the
right) and reflects the signed difference between the number of right-
wing and left-wing opinions.
Similarly, we define the political orientation 8% of participant j
as the sign of his/her political position
o\ = sign(n(j)) )
If a participant provided more left-wing than right-wing answers,
we said that he/she was oriented to the left, and we coded that indi-
vidual with a value of —1. Conversely, if an individual gave more
right-wing than left-wing responses, then his/her political orientation
had a value of +1. .
We also defined the internal coherence k" of participant j as the
absolute value of his/her political position
e (3)
and his/her certainty £ as the number of responses where the par-
ticipant did not use the opt-out option

(J) Zn | x(J) (4)

Variables characterizing dyadic interactions
All the variables in Egs. 1 to 4 denote features of the responses
provided by participants and not the interaction between them. To
define the variables that characterize the interaction between par-
ticipants j and k, we used two supra-indexes: one denoting the par-
ticipant who rated (i.e., j, the first person) and one denoting the
participant that was being rated (i.e., k, the second person).
Following a vast literature suggesting that liking is primarily mod-
ulated by the number of shared opinions (36), we defined the simi-
larity $% ¥ between two individuals as

Z n
where H is the Heaviside step function, which takes a value of +1 for
positive arguments and is 0 otherwise. This definition ensures that
similarity only counts well-defined shared opinions (i.e., if both par-
ticipants are uncertain about a given statement, that does not count

as a shared opinion). However, our main results do not depend on
this specific definition of similarity (see the “Other definitions of

(l k) _ ( Ej) xl(_k)) (5)
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similarity” section below). Notice that S is a pseudo-metric given that
it is'}aositive [S(” 95 0 for all values of jand k] and symmetric [S(” b _
S%7] but does not satisfy the identi‘?’ of indiscernibles [S¥* = 0 does

not necessarily imply that xgj) = xf ) for all values of .
We defined the ingroup coherence C¥Mina dyadic interaction as
cliR — gi) z® (6)

This quantity takes positive values for interactions between indi-
viduals with the same political orientation [i.e., v = S(k)], negative
values for interactions between people with opposite political orien-
tations [i.e., v = - G(k)], and 0 otherwise. Moreover, this variable
increases in absolute value as the second person (i.e., the individual
being rated) becomes more internally coherent [i.e., k< becomes
larger]. Overall, this definition suggests that people may feel most
(least) attracted to ingroups (outgroups) who are clearly aligned with
their political orientation. This quantity is asymmetric [CV-® # ctk
and predicts that incoherent individuals should like coherent ingroups
more than vice versa.

From a mathematical viewpoint, ingroup coherence could be re-
garded as the interaction between the participant’s political ori-
entation [GU)] and the target’s political position [n(k)]. Hence, one
reasonable question is whether the effect of coherence remains sig-
nificant after including the main effects given by 6% and n®. We
observed that liking continued to be modulated by C?% ® [3=10.13
[0.09,0.17], SE = 0.02, #(2628) = 6.1, P=1 x 10~?] while controlling
for the main effects of 8% [p = 0.07 [0.03,0.11], SE = 0.02, #(2628) =
3.5, P=0.0005] and n® [B=-0.03 [-0.06, 0.01], SE = 0.02, #(2628) =
-1.3, P=10.20].

Other definitions of similarity

To further evaluate the validity of our main results, we tested whether
they were robust to other mathematical definitions of similarity. For
example, the definition in Eq. 5 only considers a match between
two opinions if neither of them used the opt-out options (i.e., agree-
ing to be uncertain was not counted as sharing the same opinion).
We found that if those cases counted toward similarity, then the re-
stricted model would still provide poorer fits to the data compared
to the proposed model (SAIC = 18.8). In addition, if we considered
that equal opinions increased similarity, opposite opinions decreased
similarity, and combinations including uncertain responses did not
change similarity, then the univariate model would still perform
worse than the one based on coherence and certainty (§AIC = 18.0).
Last, if a combination of an uncertain response with a well-defined
one counted half as much as a matching between well-defined re-
sponses, then this definition of similarity would also lead to worse
fits (SAIC = 21.6).

Linear mixed-effects regressions and model comparisons

We modeled liking ratings using linear mixed-effects regressions
where we added random terms for each dyad. The variables of inter-
est (i.e., similarity, coherence, and certainty) were standardized and
included as fixed effects. As our proposed model is an extension of the
univariate liking-by-similarity model, we performed likelihood-ratio
tests to evaluate whether the data were significantly better explained
by the multivariate model. In addition, to compare the goodness of
the fits, we used a cross-validation approach and measured the out-
of-sample accuracy of both models. To perform this analysis, we used
arandom 50/50 split of the data to define the training and testing
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sets. We fitted both models to the training set and then measured
the MSE and log-likelihood of the testing set. We repeated this pro-
cedure 10,000 times and compared the difference in out-of-sample
MSE and log-likelihood between the two models.

Structural equation models

We fitted different structural equation models where we included
different links between similarity, coherence, certainty, and liking
(Fig. 4 and fig. S4). To do this, we used the lavaan R package (71) and
reported coefficient estimates, SEs, and the P values for testing the
null hypothesis that each parameter is equal to zero. Model compar-
isons were done using the AIC. Causal mediation analysis was per-
formed using the mediation R package (72) and bootstrapping tests
where we ran 1000 iterations. We report coefficient estimates, 95%
confidence intervals, and the P values for testing the null hypothesis
that the effects are equal to zero.

Study 3: Experimental manipulation of coherence

and certainty

We performed a preregistered study where participants read the
opinions of two putative Twitter users then rated whether they be-
lieved that the person expressing those opinions was similar to them-
selves, their political coherence, and their political certainty. Last, they
completed a standard interpersonal attraction scale.

Each target expressed six opinions about different political issues
in the United States: immigration, global warming, police brutality,
same-sex marriage, gun control, and COVID-19 vaccines. Each pro-
file had a name (James/Robert for male targets; Patricia/Linda for
female targets) and was accompanied by an artificial face created
through the website of Generated Media Inc. (https://generated.photos/)
(73). Tweets were framed in a way in which they could either express
a liberal opinion, an ambiguous opinion, or a conservative one. The
content of these 18 tweets is displayed in table S4. The gender of the
two profiles and their order of presentation were randomly chosen
for each participant.

After reading all tweets of a given user, participants provided ratings
of perceived attitude similarity, coherence, and certainty. We asked
them to report, “To what extent do you feel that this person holds
(similar political views to yours/coherent political views/confident
political views)?” We also asked participants to indicate whether they
believed that the target was similar, coherent, and certain in character.
Specifically, they were asked, “To what extent do you feel that this per-
son is (similar in character to you/coherent in character/confident in
character)?” In both cases, participants provided their answers using
a five-point Likert scale (1: “not similar/coherent/confident at all”
to 5: “highly similar/coherent/confident”).

We then measured interpersonal liking through six items (Cronbach’s
0 =0.95): (1) I think she/he could be a friend of mine; (2) she/he
would perfectly fit into my circle of friends; (3) if I wanted to get things
done, I could probably depend on him/her; (4) how much do you
think you would like this person?; (5) how much would you want to
work with this person?; (6) how warm do you feel about this person?
Each item was completed using a five-point Likert scale (items 1 to 3:
from “I completely disagree” to “I completely agree”; items 4 to 6:
from “notatall” to “very much”). Our dependent variable (liking) was
computed as the mean rating across the six items.

Participants were pseudo-randomly assigned to two between-
subjects conditions. In condition 1 (n = 200), they rated two targets
who had different degrees of coherence in their attitudes. For liberal
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participants, one target had six liberal opinions (high coherence),
and the other target had four liberal opinions and two conservative
opinions (low coherence). Conservative participants assigned to this
condition rated one target with six conservative opinions (high co-
herence) and one target with four conservative opinions and two lib-
eral opinions (low coherence). In condition 2 (n = 200), participants
rated two targets who had different degrees of certainty in their opin-
ions. For liberal participants, one target had five liberal opinions and
one conservative opinion (high certainty), and the other target had
four liberal opinions and two uncertain opinions (low certainty). Con-
servative participants assigned to this condition rated one profile with
five conservative opinions and one liberal opinion (high certainty),
and the other target had four conservative opinions and two uncer-
tain opinions (low certainty).

We performed four planned analyses. Analysis #1 consisted of
comparing liking ratings in the high-coherence versus the low-
coherence condition. Analysis #2 was set to compare liking across
the high-certainty and low-certainty conditions. In both cases, we
performed a Wilcoxon signed-rank test for equal medians using a
5% significance level. Analyses #3 and #4 consisted of fitting linear
mixed-effects models on liking with three predictor variables: per-
ceived similarity, perceived coherence, and perceived certainty. While
analysis #3 was done with perceived attitude similarity/coherence/
certainty, analysis #4 was performed with perceived character similarity/
coherence/certainty. As preregistered, the regression clustered values
on participants by fitting random intercepts for each individual. We
tested for significance using a 5% significance level.

We collected data from N = 400 participants obtained through
Prolific (aged 26.5 + 8.5 years, 50% female/male, and 50% self-reported
as liberal/conservative). Sample size was estimated through a power
analysis based on data collected in a pilot experiment with N = 40
individuals recruited through the same platform and who did not
participate in study 3. We performed a Monte Carlo Power Analysis
procedure, where we constructed synthetic datasets by resampling
the pilot data with replacement. For a given sample size, we ran
1000 simulations and performed analyses #1 to #4 on each iteration.
Power was estimated as the fraction of times where we rejected the
null hypotheses on each individual test. On the basis of this procedure,
we estimated a power of more than 86% for all analyses (analysis #1:
99.9%; analysis #2: 99.5%; analysis #3: 86.8%; analysis #4: 99.4%).
This power analysis is available at the Open Science Framework
(https://osf.io/ayp4w/). The hypotheses of this study, its experimen-
tal design, and all planned statistical analyses were preregistered at
https://aspredicted.org/q7kr6.pdf.

SUPPLEMENTARY MATERIALS

Supplementary material for this article is available at https://science.org/doi/10.1126/
sciadv.abk1909

REFERENCES AND NOTES

1. L.Boxell, M. Gentzkow, J. Shapiro, Cross-Country Trends in Affective Polarization (2020).

2. S.lyengar, Y. Lelkes, M. Levendusky, N. Malhotra, S. J. Westwood, The origins
and consequences of affective polarization in the United States. Annu. Rev. Polit. Sci. 22,
129-146 (2019).

3. E.J.Finkel, C. A. Bail, M. Cikara, P. H. Ditto, S. lyengar, S. Klar, L. Mason, M. C. McGrath,
B.Nyhan, D. G. Rand, L. J. Skitka, J. A. Tucker, J. J. Van Bavel, C. S. Wang, J. N. Druckman,
Political sectarianism in America. Science 370, 533-536 (2020).

4. C.McConnell, Y. Margalit, N. Malhotra, M. Levendusky, The economic consequences
of partisanship in a polarized era. Am. J. Pol. Sci. 62, 5-18 (2018).

5. M. Keith Chen, R. Rohla, The effect of partisanship and political advertising on close family
ties. Science 360, 1020-1024 (2018).

Zimmerman et al., Sci. Adv. 8, eabk1909 (2022) 9 February 2022

6.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

S.R. Mallinas, J. T. Crawford, S. Cole, Political opposites do not attract: The effects
of ideological dissimilarity on impression formation. J. Soc. Polit. Psychol. 6, 49-75
(2018).

. J.R.Brown, R. D. Enos, The measurement of partisan sorting for 180 million voters.

Nat. Hum. Behav. 5, 998-1008 (2021).

. D. Centola, An experimental study of homophily in the adoption of health behavior.

Science 334, 1269-1272 (2011).

. A.Asikainen, G. Ifiguez, J. Urena-Carrion, K. Kaski, M. Kiveld, Cumulative effects of triadic

closure and homophily in social networks. Sci. Adv. 6, eaax7310 (2020).

. T.A.Diprete, A. Gelman, T. Mccormick, J. Teitler, T. Zheng, Segregation in social networks

based on acquaintanceship and trust. Am. J. Sociol. 116, 1234-1283 (2011).

. A.Goldenberg, J. Abruzzo, R. Willer, E. Halperin, J. Gross, Political homophily and

acrophily: Preferences for extreme responses to reports of police brutality
(2020); https://doi.org/10.31219/0sf.io/9xetr.

. D.Byrne, D. Nelson, Attraction as a linear function of proportion of positive

reinforcements. J. Pers. Soc. Psychol. 1, 659-663 (1965).

. J.Marks, E. Copland, E. Loh, C. R. Sunstein, T. Sharot, Epistemic spillovers: Learning others’

political views reduces the ability to assess and use their expertise in nonpolitical
domains. Cognition 188, 74-84 (2019).

. S.P.Mackinnon, C. H. Jordan, A. E. Wilson, Birds of a feather sit together: Physical

similarity predicts seating choice. Pers. Soc. Psychol. Bull. 37, 879-892 (2011).

. A.l. Abramowitz, The Disappearing Center: Engaged Citizens, Polarization, and American

Democracy (2010).

. Y. Lelkes, Mass polarization: Manifestations and measurements. Public Opin. Q. 80,

392-410(2016).

. L.Zmigrod, A. Goldenberg, Cognition and emotion in extreme political action: Individual

differences and dynamic interactions. Curr. Dir. Psychol. Sci. 30, 218-227 (2021).

. L. Zmigrod, P. J. Rentfrow, T. W. Robbins, The partisan mind: Is extreme political

partisanship related to cognitive inflexibility? J. Exp. Psychol. Gen. 149, 407-418 (2019).

. L. Zmigrod, P. J. Rentfrow, T. W. Robbins, Cognitive inflexibility predicts extremist

attitudes. Front. Psychol. 10,989 (2019).

L. Zmigrod, The role of cognitive rigidity in political ideologies: Theory, evidence,

and future directions. Curr. Opin. Behav. Sci. 34, 34-39 (2020).

A. Goldenberg, T. D. Sweeny, E. Shpigel, J. J. Gross, Is this my group or not? The role

of ensemble coding of emotional expressions in group categorization. J. Exp. Psychol.
Gen. 149, 445-460 (2020).

D.J. Ahler, G. Sood, The parties in our heads: Misperceptions about party composition
and their consequences. J. Theor. Polit. 80, 964-981 (2018).

M. S. Levendusky, N. Malhotra, (Mis)perceptions of partisan polarization in the American
public. Public Opin. Q. 80, 378-391 (2016).

L. Van Boven, P. J. Ehret, D. K. Sherman, Psychological barriers to bipartisan public
support for climate policy. Perspect. Psychol. Sci. 13, 492-507 (2018).

D. Abrams, J. Marques, N. Bown, M. Dougill, Anti-norm and pro-norm deviance

in the bank and on the campus: Two experiments on subjective group dynamics.

Gr. Process. Intergr. Relations 5, 163-182 (2002).

K. R. Morrison, D. T. Miller, Distinguishing between silent and vocal minorities: Not all
deviants feel marginal. J. Pers. Soc. Psychol. 94, 871-882 (2008).

M. A. Hogg, J. R. Adelman, R. D. Blagg, Religion in the face of uncertainty: An uncertainty-
identity theory account of religiousness. Pers. Soc. Psychol. Rev. 14, 72-83 (2010).

M. A. Hogg, J. Adelman, Uncertainty-identity theory: Extreme groups, radical behavior,
and authoritarian leadership. J. Soc. Issues 69, 436-454 (2013).

S.Sah, D. A. Moore, R. J. MacCoun, Cheap talk and credibility: The consequences

of confidence and accuracy on advisor credibility and persuasiveness. Organ. Behav. Hum.
Decis. Process. 121, 246-255 (2013).

R. E. Petty, P. Brifiol, Z. L. Tormala, Thought confidence as a determinant of persuasion:
The self-validation hypothesis. J. Pers. Soc. Psychol. 82, 722-741 (2002).

D. Bang, L. Aitchison, R. Moran, S. Herce Castanon, B. Rafiee, A. Mahmoodi, J. Y. F.F. Lau,
P.E. Latham, B. Bahrami, C. Summerfield, Confidence matching in group decision-
making. Nat. Hum. Behav. 1,0117 (2017).

P. Zarnoth, J. A. Sniezek, The social influence of confidence in group decision making.
J. Exp. Soc. Psychol. 33, 345-366 (1997).

A. J. Smith, Similarity of values and its relation to acceptance and the projection

of similarity. J. Psychol. 43, 251-260 (1957).

M. J. Sunnafrank, G. R. Miller, The role of initial conversations in determining attraction
to similar and dissimilar strangers. Hum. Commun. Res. 8, 16-25 (1981).

M. Sunnafrank, Attitude similarity and interpersonal attraction in communication
processes: In pursuit of an ephemeral influence. Commun. Monogr. 50, 273-284 (1983).
R. M. Montoya, R. S. Horton, J. Kirchner, Is actual similarity necessary for attraction?

A meta-analysis of actual and perceived similarity. J. Soc. Pers. Relat. 25, 889-922 (2008).
T. Niella, N. Stier-Moses, M. Sigman, Nudging cooperation in a crowd experiment. PLOS
ONE 11,e0147125 (2016).

130f 14

2202 ‘ST $8go100 U0 BI0°30US 105" MMM,/:SNY WO | papeo jUMoQ


https://osf.io/ayp4w/
https://aspredicted.org/q7kr6.pdf
https://science.org/doi/10.1126/sciadv.abk1909
https://science.org/doi/10.1126/sciadv.abk1909
https://doi.org/10.31219/osf.io/9xetr

SCIENCE ADVANCES | RESEARCH ARTICLE

38. J.Navajas, T. Niella, G. Garbulsky, B. Bahrami, M. Sigman, Aggregated knowledge
from a small number of debates outperforms the wisdom of large crowds. Nat. Hum.
Behav. 2,126-132 (2018).

39. J.Navajas, F. Alvarez Heduan, J. M. Garrido, P. A. Gonzalez, G. Garbulsky, D. Ariely,

M. Sigman, Reaching consensus in polarized moral debates. Curr. Biol. 29, 4124-4129.e6
(2019).

40. D.S.Brown, M. Touchton, A. Whitford, Political polarization as a constraint on corruption:
A cross-national comparison. World Dev. 39, 1516-1529 (2011).

41. M. Agrest, M. Nemirovsky, G. Dishy, D. Abadi, E. Leiderman, ‘Love comes first, and it is
ahead of any different political partisanism’: How political polarizations compare to other
forms of discrimination in Buenos Aires (Argentina). Int. J. Soc. Psychiatry
207640211006736 (2021).

42. S.H.Akdede, Income inequality and political polarization and fracturalization:

An empirical investigation of some european countries. Bull. Econ. Res. 64, 20-30 (2012).

43. K.R.Denning, S. D. Hodges, When polarization triggers out-group “counter-projection”
across the political divide. Pers. Soc. Psychol. Bull. 2021, 014616722110212 (2021).

44. J.C.McCroskey, T. A. McCain, The measurement of interpersonal attraction. Speech
Monogr. 41, 261-266 (1974).

45. R.M.Montoya, R. S. Horton, A two-dimensional model for the study of interpersonal
attraction. Pers. Soc. Psychol. Rev. 18, 59-86 (2014).

46. D. Davis, Implications for interaction versus effectance as mediators of the similarity-
attraction relationship. J. Exp. Soc. Psychol. 17, 96-117 (1981).

47. J. A.Krosnick, The role of attitude importance in social evaluation: A study of policy
preferences, presidential candidate evaluations, and voting behavior. J. Pers. Soc. Psychol.
55,196-210 (1988).

48. A.Kepecs, Z. F. Mainen, A computational framework for the study of confidence
in humans and animals. Philos. Trans. R. Soc. B Biol. Sci. 367, 1322-1337 (2012).

49. R.M.O’brien, A caution regarding rules of thumb for variance inflation factors. Quality
Quantity 41, 673-690 (2007).

50. J.J. Mondak, Developing valid knowledge scales. Am. J. Polit. Sci. 45, 224-238 (2001).

51. S.Treier, D.S. Hillygus, The nature of political ideology in the contemporary electorate.
Public Opin. Q. 73, 679-703 (2009).

52. R.C.Luskin, J. G. Bullock, “Don’t know” means “don’t know": DK responses
and the public’s level of political knowledge. J. Theor. Polit. 73, 547-557 (2011).

53. D.E.Byrne, The Attraction Paradigm (Academic Press, 1971), vol. 11.

54. R.M.Montoya, C. A. Insko, Toward a more complete understanding of the reciprocity
of liking effect. Eur. J. Soc. Psychol. 38, 477-498 (2008).

55. J. C.Rogowski, J. L. Sutherland, How ideology fuels affective polarization. Polit. Behav. 38,
485-508 (2016).

56. A.Shaw, P. DeScioli, A. Barakzai, R. Kurzban, Whoever is not with me is against me:

The costs of neutrality among friends. J. Exp. Soc. Psychol. 71, 96-104 (2017).

57. M. J. Bayarri, M. H. DeGroot, What bayesians expect of each other. J. Am. Stat. Assoc. 86,
924-932 (1991).

58. U.Hertz, S. Palminteri, S. Brunetti, C. Olesen, C. D. Frith, B. Bahrami, Neural computations
underpinning the strategic management of influence in advice giving. Nat. Commun. 8,
2191 (2017).

59. M. Starnini, M. Frasca, A. Baronchelli, Emergence of metapopulations and echo chambers
in mobile agents. Sci. Rep. 6, 31834 (2016).

60. S.Aral, L. Muchnik, A. Sundararajan, Distinguishing influence-based contagion
from homophily-driven diffusion in dynamic networks. Proc. Natl. Acad. Sci. 106,
21544-21549 (2009).

Zimmerman et al., Sci. Adv. 8, eabk1909 (2022) 9 February 2022

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

P. Dandekar, A. Goel, D. T. Lee, Biased assimilation, homophily, and the dynamics

of polarization. Proc. Natl. Acad. Sci. 110, 5791-5796 (2013).

F. Barrera Lemarchand, V. Semeshenko, J. Navajas, P. Balenzuela, Polarizing crowds:
Consensus and bipolarization in a persuasive arguments model. Chaos 30, 063141
(2020).

H. McClosky, D. Chong, Similarities and differences between left-wing and right-wing
radicals. Br. J. Polit. Sci. 15, 329-363 (1985).

J. Sterling, J. T. Jost, R. Bonneau, Political psycholinguistics: A comprehensive analysis

of the language habits of liberal and conservative social media users. J. Pers. Soc. Psychol.
118, 805-834 (2020).

M. J. Brandt, C. Reyna, J. R. Chambers, J. T. Crawford, G. Wetherell, The ideological-conflict
hypothesis: Intolerance among both liberals and conservatives. Curr. Dir. Psychol. Sci. 23,
27-34(2014).

M. Rollwage, R. J. Dolan, S. M. Fleming, Metacogpnitive failure as a feature of those holding
radical beliefs. Curr. Biol. 28, 4014-4021.e8 (2018).

S.Klar, Y. Krupnikov, J. B. Ryan, Affective polarization or partisan disdain? Untangling
adislike for the opposing party from a dislike of partisanship. Public Opin. Q. 82, 379-390
(2018).

J.N. Druckman, S.Klar, Y. Krupnikov, M. Levendusky, J. B. Ryan, (Mis-)Estimating affective
polarization. J. Theor. Polit. 10.1086/715603 (2021).

M. Cinelli, G. de Francisci Morales, A. Galeazzi, W. Quattrociocchi, M. Starnini, The echo
chamber effect on social media. Proc. Natl. Acad. Sci. U.S.A. 118, €2023301118 (2021).

D. Guilbeault, J. Becker, D. Centola, Social learning and partisan bias in the interpretation
of climate trends. Proc. Natl. Acad. Sci. 115, 9714-9719 (2018).

Y. Rosseel, lavaan: An R package for structural equation modeling. J. Stat. Softw. 48, 1-36
(2012).

D.Tingley, T. Yamamoto, K. Hirose, L. Keele, K. Imai, mediation: R package for causal
mediation analysis. J. Stat. Softw. 59, 1-38 (2014).

T.Karras, S. Laine, T. Aila, A style-based generator architecture for generative adversarial
networks,in Proceedings of the IEEE Computer Society Conference Computer Vision and
Pattern Recognition (June 2019), pp. 4396-4405.

Acknowledgments: We thank A. Goldenberg for providing thoughtful comments on a
previous version of this manuscript. We also thank M. Montoya for providing us with access to
the data of (36). Funding: This research was supported by the James McDonnell Foundation
21st Century Science Initiative in Understanding Human Cognition—Scholar Award (grant
#220020334) and by a Sponsored Research Agreement between Facebook and Fundacién
Universidad Torcuato Di Tella (grant #INB2376941). Author contributions: Conceptualization:
F.Z,D.A, M.S., and J.N. Investigation: F.Z., G.G., and J.N. (study 1); D.A. and M.S. (study 2);
and F.Z. and J.N. (study 3). Writing—original draft: F.Z., M.S., and J.N. Writing—review and
editing: F.Z,, M.S., and J.N. Visualization: F.Z,, M.S., and J.N. Formal analysis: F.Z. and J.N. Resources:
G.G. Funding acquisition: M.S. Competing interests: The authors declare that they have no
competing interests. Data and materials availability: The data, codes, and materials to
reproduce our findings are available at https://osf.io/ayp4w/, including all the statistical
analyses in the paper and the main and supplementary figures.

Submitted 28 June 2021
Accepted 17 December 2021
Published 9 February 2022
10.1126/sciadv.abk1909

140of 14

2202 ‘ST $8go100 U0 BI0°30US 105" MMM,/:SNY WO | papeo jUMoQ


https://osf.io/ayp4w/

Science Advances

Political coherence and certainty as drivers of interpersonal liking over and above
similarity

Federico ZimmermanGerry GarbulskyDan ArielyMariano SigmanJoaquin Navajas

Sci. Adv., 8 (6), eabk1909. « DOI: 10.1126/sciadv.abk1909

View the article online

https://www.science.org/doi/10.1126/sciadv.abk1909
Permissions

https://lwww.science.org/help/reprints-and-permissions

Use of this article is subject to the Terms of service

Science Advances (ISSN ) is published by the American Association for the Advancement of Science. 1200 New York Avenue NW,
Washington, DC 20005. The title Science Advances is a registered trademark of AAAS.

Copyright © 2022 The Authors, some rights reserved; exclusive licensee American Association for the Advancement of Science. No claim
to original U.S. Government Works. Distributed under a Creative Commons Attribution License 4.0 (CC BY).

2202 ‘ST $8go100 U0 BI0°30US 105" MMM,/:SNY WO | papeo jUMoQ


https://www.science.org/about/terms-service

