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How much inequality should be tolerated? How should the poorest be treated? Though sometimes conflated,
concerns about inequality and the fate of the poorest involve different allocation principles with different so-
ciopolitical implications. We tested whether deliberation—the core of democracy—influences reasoning about
distributive principles. 322 participants faced allocation decisions for others between egalitarian (low variance
in allocation), utilitarian (high total amount), and maximin (maximizing the welfare of the poorest) options.
After their initial decisions, participants either reflected upon similar decisions solely or discussed them in pairs

before facing the same choices again individually. Social, but not solitary, deliberation led to more maximin and
fewer egalitarian choices, and this change lasted at least 5 months after the experiment. Conversation analyses of
approximately 7500 utterances suggest that some participants initially made egalitarian choices heuristically,
when in fact they mostly cared about the poorest, and dialogue promoted more internally coherent maximin

preferences.

1. Introduction

Debates over what constitutes a fair distribution of resources, how
much inequality a society should tolerate, or how less well-off citizens
should be treated have always been central to democratic societies. The
public's preferences over resource allocations are of crucial practical
relevance, as public opinion shapes policy (e.g., Burstein, 2003). These
preferences are also important from a theoretical point of view, as they
relate to theories of human morality: Are humans broadly adverse to
inequality (Dawes, Fowler, Johnson, McElreath, & Smirnov, 2007; Fehr
& Schmidt, 1999; Hsu, Anen, & Quartz, 2008)? Or do they prefer fair
distributions, even if they entail a degree of inequality (Baumard,
André, & Sperber, 2013; Kameda et al., 2016; Starmans, Sheskin, &
Bloom, 2017)?

Some studies suggest that humans prefer more egalitarian outcomes. In
various economic games (e.g., dictator, ultimatum, and trust games), par-
ticipants have been shown to be sensitive to inequality and motivated to
achieve more equal distributions (see Fehr & Schmidt, 2006 for a review).
Likewise, Shaw (2013) has demonstrated that, when individual contribu-
tions are equal, people from a young age prefer more equitable resource
allocations, even when pursuing equality entails a waste of resources.

However, recent studies have questioned whether many people have
a broad preference for egalitarian outcomes (Starmans et al., 2017), or
whether in fact their egalitarianism is an indirect way of protecting the
less well-off (Kameda et al., 2016). It has been suggested that many
apparently egalitarian people care about a Rawlsian maximin principle,
attempting to maximize (maxi) the resources of the less well-off (min)
(Rawls, 1971). Engelmann and Strobel (2004) have demonstrated that
preference for equality is stronger when it aligns with maximin concern,
i.e., when restoring equality also means maximizing the welfare of the
poorest recipients (see also Charness & Rabin, 2002; Frohlich,
Oppenheimer, & Eavey, 1987; Mitchell, Tetlock, Mellers, & Ordénez,
1993). Kameda et al. (2016) gave participants choices between three
distributions of resources: one that maximized total payoff (utilitarian
option), one that maximized equality (egalitarian option), and one that
maximized payoff to the worst-off recipient (maximin option). Partici-
pants directed most of their attention to information about the worst-off
recipients, suggesting that, for many of them, those payoffs played an
outsized role in their decisions (see also Frohlich & Oppenheimer, 1992).

Whatever participants' initial preferences are, these preferences may be
affected by deliberation. In the Cartesian tradition, deliberation is under-
stood as a process of solitary thought and effortful reflection upon one's
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own ideas (Descartes, 1637/2006). Even if such solitary deliberation is
doubtlessly productive in some cases, studies suggest that its main effect is
often to bolster pre-existing beliefs rather than change them. In many
domains, participants engaging in solitary deliberation have been shown
to mostly find arguments and evidence that support their initial views, a
phenomenon known as confirmation bias or myside bias (for reviews, see
Mercier, 2016a; Nickerson, 1998). Because of this myside bias, partici-
pants are unlikely to find reasons to call their initial beliefs into question;
instead, the piling up of supportive reasons leads to overconfidence
(Koriat, Lichtenstein, & Fischhoff, 1980) or polarization (Tesser, 1978).

In contrast to solitary deliberation, social deliberation—exchanging
arguments with others (Mercier & Landemore, 2012)—has been re-
peatedly shown to result in changes of mind. In a variety of domains, when
people discuss in small groups, they change their initial judgments or
beliefs, for instance by adopting the best answer present in the group when
there are normatively correct answers (for reviews, see Laughlin, 2011;
Mercier, 2016b; Mercier & Sperber, 2017). Social deliberation is particu-
larly effective when the group members share a frame of reference and
incentives but disagree on some issue. In the absence of disagreement,
social deliberation often turns into an expanded form of solitary delib-
eration, with the discussants piling up arguments for the agreed upon
opinion (Sunstein, 2002, although there are exceptions to this pattern; see,
e.g. Himmelroos & Christensen, 2014).

When group members disagree about the answer to a problem with
a normatively correct answer, the contrast between internal and social
deliberation is stark. When participants are asked to reflect on their
own about a tricky reasoning problem, few shift from an incorrect an-
swer to the correct answer (see, e.g., Bago & De Neys, 2019). By con-
trast, when participants tackle the same problem in discussion groups, if
at least one group member defends the correct answer, then everyone
ends up adopting it (Claidiere, Trouche, & Mercier, 2017; Laughlin &
Ellis, 1986; Tindale, Smith, Thomas, Filkins, & Sheffey, 1996; Trouche,
Sander, & Mercier, 2014).

When a group member convinces others to accept the correct answer
to a reasoning problem, they do so by showing how the correct answer is
more coherent with the agreed upon axioms of the problem (see, e.g.,
Moshman & Geil, 1998). As a result, participants who change their minds
genuinely understand the reasoning behind the correct answer, such that
they are able to recreate the argument to convince others in turn
(Claidiere et al., 2017), and to apply the logic of the argument to transfer
problems (Trouche et al., 2014; for review, see Laughlin, 2011).

Social deliberation has also been found to affect decisions in two
domains related to preferences over resource allocation. First, experi-
ments with economic games show that groups make more rational
decisions than individuals, which can translate into more utilitarian
decisions (Kugler, Kausel, & Kocher, 2012). Second, when groups are
asked to make risky choices together, a “risky shift” is often observed
(Kerr, MacCoun, & Kramer, 1996). This risky shift might translate into
resource allocations that maximize total payoffs at the cost of equality
or outcomes for the worst-off recipients (i.e. more utilitarian decisions).

However, the conclusion that social deliberation might yield more
utilitarian resource-allocation preferences must be qualified. First, the
risky shift is sometimes reversed (Masclet, Colombier, Denant-Boemont,
& Lohéac, 2009). Second, when participants had to discuss distribu-
tional principles in small groups, few groups agreed on the utilitarian
outcome (Frohlich et al., 1987). More importantly, people make dif-
ferent decisions when deciding for themselves (as in the experiments
mentioned above, including Frohlich et al., 1987) than when deciding
for others (e.g. Ogawa, Ueshima, Inukai, & Kameda, 2018; Stone, Yates,
& Caruthers, 2002). Of particular relevance, Kameda et al. (2016)
showed that participants made more maximin decisions when choosing
resource allocations for others than when choosing for themselves. As a
result, we cannot draw solid hypotheses about the effect of social de-
liberation on utilitarian decisions.

By contrast, we can derive hypotheses pertaining to the relationship
between equality and maximin outcomes. Although resource allocation
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decisions do not have a normatively correct answer, social deliberation
might play the same role in resource allocation decisions as it does in
reasoning problems: making the participants' opinions more internally
coherent. As mentioned above, it has been suggested that the concern for
equality demonstrated in many studies in fact reflects a preference for the
maximin strategy: some participants use maximizing equality in a heuristic
manner, as maximizing equality often also increases the payoff for the
least well-off resource recipients (Kameda et al., 2016). As a result, when
addressing participants who have chosen the most equal option, but who
only did so as a heuristic when their real preference is for maximin, other
participants should be able to point out that the maximin choice is more
coherent with these participants' preferences than the egalitarian choice.
From these considerations, we draw the following hypotheses:

H1. : Compared to solitary deliberation, social deliberation will prompt
participants to make more maximin decisions.

H2. : Compared to solitary deliberation, social deliberation will prompt
participants to make fewer egalitarian decisions.

Past results have shown broad support, after social deliberation, for
distributional principles relying largely on maximin, by contrast with
utilitarian principles (Frohlich et al., 1987), but these experiments have
not compared maximin to egalitarian principles. Moreover, the processes
by which groups reached their decision was not studied. In the present
experiments, several steps were taken to show that a potential shift from
egalitarian to maximin decisions was due to the exchange of arguments
(Jensen, 2016), and not to extraneous factors. First, the discussions were
between pairs of participants instead of larger groups. In a pair, a parti-
cipant cannot merely yield to the majority, as many participants do in
group decision making (Hastie & Kameda, 2005; Kameda, Tsukasaki,
Hastie, & Berg, 2011; Kerr et al., 1996). Still, even in a pair, participants
might be influenced by factors besides argument quality, such as con-
fidence (Bahrami et al., 2010; Trouche et al., 2014). To further ensure that
arguments play an important role, we took two more steps. We examined
the content of the discussions to test the following hypothesis:

H3. : Mentions of the worst-off recipients during discussion relate to
shifts from an egalitarian to a maximin strategy.

We also examined whether the potential shift towards maximin
options applied to decisions besides those discussed, which allowed us
to test the following hypothesis:

H4. : H1 and H2 are observed for allocation choice problems that have
not been discussed but have the same structure with different numbers.

In the first phase of Study 1, participants made a series of decisions
between egalitarian, utilitarian, and maximin options. In the second
phase, they made several more similar decisions either on their own
(Solo Condition) or paired with another participant with the instruc-
tions to reach a consensus (Pair Condition). Finally, in the third phase,
they were confronted with the same series of decisions as the first
phase. We compare the evolution of decisions from the first to the third
phase between the Solo and Pair conditions. Study 2 replicates Study 1
while improving on several aspects (e.g., superior process measurement
during the second phase). Finally, we conducted a follow-up online
study that was planned in advance along with Study 2, in which par-
ticipants from Study 2 were confronted again with the same decisions
as in the first and third phases, but five months after Study 2 took place.

2. Study 1
2.1. Method

2.1.1. Participants

A total of 156 student volunteers at a Japanese university partici-
pated in the experiment (99 male; Mz = 19.3, SD = 0.95). Minimum
sample size was determined prior to the start of data collection as
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follows. In conversation analysis using a repeated measures ANOVA
with three within-factors (Low, Medium, and High) given a = 0.05 and
power = 0.80, a sample size of 50 pairs (100 participants) allows us to
detect an effect as small as 0.18 (a small-to-medium effect using Cohen's
). Although we planned to use a mixed-effects Poisson regression for
conversation analysis in advance, here we based the sample size cal-
culation on a repeated measures ANOVA instead, because a practical
method for conducting sensitivity analysis with mixed-effects Poisson
regression is not yet well-established, to the best of our knowledge.
Also, we focused on conversation analysis to determine the sample size,
as the conversation analysis would involve the smallest number of
analysis units (50 pairs) in our experiments. This led us to have at least
50 pairs in the Pair condition, and accordingly at least 50 individuals in
the Solo condition (conditions to be explained below). This yielded a
total of at least 150 participants. No data analysis was conducted before
we finished data collection. Informed consent was obtained from each
participant using a consent form approved by the Institutional Review
Board of the Center for Experimental Research in Social Sciences at the
University.

2.1.2. Choice problem

Participants were provided a choice set composed of three options
in each trial (Fig. 1A): one with the largest total (“Utilitarian” option),
one with the smallest variance in terms of the Gini coefficient (“Egali-
tarian” option), and one with the largest minimum (“Maximin” option).
Participants were asked to choose one of these options as a third-party
allocation to three others, and were told that they and the recipients
would remain mutually anonymous. We used the same 40 choice sets as
those used in a previous study (Kameda et al., 2016) (see Table S1 for
the full list of the choice sets and information about their structure). It is
important to note that we predicted that the experience of pair dis-
cussion would have a specific influence on maximin and egalitarian
preferences—increase in maximin preferences and decrease in egali-
tarian preferences (H1 and H2). We did not predict that maximin pre-
ferences would increase at the expense of social efficiency (i.e.,
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utilitarian preferences). In order to test this point, we included options
that corresponded to utilitarian preferences as well as maximin and
egalitarian preferences in our distribution task.

2.1.3. Procedure

A schematic illustration of the decision settings is shown in Fig. 1B.
Upon arrival, participants were seated in private cubicles and read an
explanation of the entire experimental session. They were informed
that: (a) the entire experimental session would consist of three phases in
which they would make distributive choices for unknown others who
were participating in a different experiment, (b) one allocation choice
from the entire session would later be selected randomly to determine
the recipients' actual monetary outcomes to be paid in cash, (c) parti-
cipants and the recipients would remain mutually anonymous. To be
consistent with previous distributive studies (e.g., Engelmann &
Strobel, 2004; Kameda et al., 2016; Ogawa et al., 2018), we made the
allocation task abstract and did not provide specific details about the
recipients or the experiment they were supposed to participate in.

In the first and the third phases, our participants made 40 allocation
choices to three unknown others (labeled persons A, B, and C in the first
phase, and persons H, I, and J in the third phase). The presentation
order of 40 problems and the locations of the three options (Egalitarian,
Maximin, or Utilitarian) on the screen were randomized across trials. In
each trial, participants confirmed their choices by clicking a check mark
at the left of the chosen option. Participants were asked to make choices
within 15 s for each problem. Before making actual choices, partici-
pants answered a quiz testing their understanding of the task. The first
phase was identical for participants in the Solo and Pair conditions, and
those in the Pair condition were not informed in advance that they
would discuss the distribution problems with someone else in the
second phase. Stimuli were presented on a laptop computer (PC-
GN256FSG8, NEC co., Japan) using a PsychoPy script (Peirce et al.,
2019).

In the second phase, the participants were asked to make five al-
location choices again to three anonymous recipients (labeled persons

First phase Second phase Third phase

1

1
Solo (control) condition H
i
1
1

L T

1 All participants

Individual choices for 5 (Study 1), 2
Ly

or 12 (Study 2) problems
Individual choices

for 40 problems

Pair condition

° pifh -\ ®
b | [:d
Consensus-building for 5

(Study 1) or 12 (Study 2)
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ty

Fig. 1. A schematic illustration of the task design. (A) Two examples of a choice set composed of three options (in Yen). See Table S1 for a full list of the 40 choice sets
used in the experiments. In these examples, the top option represents a Utilitarian allocation, the middle option an Egalitarian allocation, and the bottom option a
Maximin allocation. The locations of the three options on the screen were randomized across trials, and the display orders of the amounts (Low-Medium-High or
High-Medium-Low, from left to right) were randomized across participants in the Solo condition and across pairs in the Pair condition. (B) Three phases of the
experiment. In the second phase, participants deliberated about five pre-selected (Study 1) or 12 randomly-selected (Study 2) problems from the 40 choice sets, either

individually or as a pair.
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X, Y, and Z). These five allocation problems had been preselected
randomly from the 40 choice sets before the experiment and were
commonly administered to the participants (choice sets 1, 9, 30, 33, and
39 in Table S1 were used). Participants in the Pair condition (N = 100:
24 male-male pairs, 14 female-female pairs, and 12 mixed-gender pairs)
were asked to make a consensus decision on each of the five problems.
They moved to an adjacent room for discussion. Participants in the Solo
condition (N = 56, 39 males) worked alone on the same five problems.
Each pair or participant was provided with five answer sheets and asked
to answer the five allocation problems within 10 min (which was longer
than the decision time of 15 s per problem in the first phase). In the Pair
condition, we recorded each pair's discussion. Transcription of audio
data was conducted by a third party company (Tokyo Hanyaku Co.,
Ltd.), whose personnel did not know the hypotheses of our study. To
segment the transcript texts into words, we used MeCab v. 0.996 (Kudo,
2018) and RMeCab v. 0.99999 (Ishida, 2018) as a Japanese morpho-
logical analyzer.

In all three phases, the display orders of the amounts (Low-Medium-
High or High-Medium-Low, from left to right; see Fig. 1A) were ran-
domized across participants in the Solo condition and across pairs in the
Pair condition. Participants who saw the order of “Low-Medium-High”
(see Fig. 1A) were informed that person A (X in the second phase, H in
the third phase) would receive the lowest outcome; B (Y, I) the middle
outcome; and C (Z, J), the highest outcome. Participants who saw the
order of “High-Medium-Low” were informed that person A (X, H)
would receive the highest outcome; B (Y, I) the middle outcome; and C
(Z, J), the lowest outcome.

Participants received 1000 yen (approximately US$10) for partici-
pation at the end of the experiment, and were dismissed. The recipients
were also paid later according to the aforementioned procedure.

2.1.4. Data analysis and software

In the analysis, we used Markov chain Monte Carlo (MCMC)
methods for parameter estimation. Models were implemented with
weakly or non-informative priors using rstan version 2.17.3 (Carpenter
et al., 2017) and brms (Biirkner, 2017) with R version 3.4.3 (R Core
Team, 2017). Multinomial tests, t-tests, and contingency table analysis
were implemented with JASP 0.12.2 (JASP Team, 2020). In all analyses
other than the analysis using multiple imputation approach, the sta-
tistics were below 1.1. Figures showing results were created using
ggplot2 (Wickham, 2016). Effect sizes are reported as standardized
regression coefficients for regression models with continuous ex-
planatory variables. In all studies, we report all measures, manipula-
tions and exclusions.

2.2. Results

2.2.1. Behavioral data

We analyzed the decisions from the second phase, in which parti-
cipants were asked to deliberate about five problems individually or as
a pair (see Table S1 for the problems used). Fig. 2A displays decision
rates for the Maximin, Egalitarian, and Utilitarian options. A multi-
nomial logistic regression analysis (with the Maximin options as a re-
ference and with varying intercepts for participants or pairs) revealed
that the Maximin options were chosen more frequently than the Ega-
litarian options (8 = —1.94, 95% credible interval [ —2.82, —1.23]) or

the Utilitarian options (8 = —1.06, 95% CI [—2.11, —0.04]). The
difference between the Solo and the Pair conditions was not significant
(B = —-0.07, 95% CI [—1.03, 0.92] for the Egalitarian options;

B = —1.16, 95% CI [—2.76, 0.29] for the Utilitarian options).

To shed light on the deliberation processes in pairs, Fig. 2B presents a
‘social decision scheme matrix’ (Davis, 1973; Kameda, Tindale, & Davis,
2003) depicting how each pair aggregated initial individual preferences
into pair decisions about the five problems that were repeated across both
phases. This matrix summarizes observed conditional probabilities about
how the six possible preference-configurations in the first phase were
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resolved into pair-level decisions in the second phase. It is noteworthy that
the Egalitarian-Utilitarian pairs (see the bottom row), in which neither
member had initially endorsed the Maximin option, chose the Maximin
option much more frequently (0.67) as compared to the two options ac-
cording to their original preferences (0.07, 0.27 respectively). This pattern
was not statistically predictable from a model assuming that discussion
would yield only either Egalitarian or Utilitarian consensus with equal (i.e.,
0.5) probability (Bayes factor > 100; multinomial test), suggesting that
the Maximin option emerged as a new viable option through pair dialogue.

To test H1 and H2, which predict that the exchange of arguments
yields an overall shift from egalitarian to maximin preferences, we
examined whether participants in the pair condition chose the Maximin
options more frequently and the Egalitarian options less frequently in
the individual decisions from the third phase compared to the first
phase (see Fig. S2 for the within-person choice stability of partici-
pants—the degree to which each participant chose the same type of
options consistently—during the first phase). As hypothesized (see
Fig. 3A), participants in the Pair condition made fewer Egalitarian and
more Maximin choices compared to those in the Solo condition
(Bpairsthird phase = 0.47, 95% CI [0.20, 0.74] by a multinomial logistic
regression analysis with the Egalitarian options as a reference and with
varying intercepts for participants). Importantly, this pattern held when
we removed the five choice problems used in the second phase from the
analysis (Bpqirsthird phase = 0.41, 95% CI [0.21, 0.71]), indicating that
participants learned the difference between Maximin and Egalitarian
logics as transferable knowledge (Gick & Holyoak, 1983), and applied
this knowledge to the choice problems that did not appear in the second
phase (H4). This pattern was also significant when we included parti-
cipant gender as a covariate (Bpairthird phase = 0.47, 95% CI [0.20,
0.74]). These results support H1, H2, and H4.

2.2.2. Conversation data

We confirmed that the maximin concern was the key topic during
discussion by analyzing how many times each amount (Low, Medium,
or High) was mentioned by each pair during discussion (Fig. 3B). The
average number of words (nouns, verbs, adjectives, and adverbs) ut-
tered during pair discussion in each group was 251.72 words. Pairs
mentioned Low amounts more frequently than Medium or High
amounts (Bpedium = — 3.41, 95% CI [—4.84, —2.26]; frgn = —1.71,
95% CI [—2.31, —1.14] by Poisson regression with varying intercepts
for pairs). It is noteworthy that participants generally mentioned the
amounts received by the worst-off recipient most often, even though
there were substantive variations in their prior individual preferences
(Egalitarian and Utilitarian choices accounted for 44% of all choices in
the first phase), indicating that the maximin concern operated robustly
as a cognitive anchor in pair discussion (Frohlich & Oppenheimer,
1992; Kameda et al., 2016).

To test whether mentions of the worst-off amounts in the discussion
related to shifts from an egalitarian to a maximin strategy (H3), we
investigated the relation between the frequency of mentions of the
minimum amounts and the increase in the number of Maximin choices
after pair discussion. As seen in Fig. 3C, however, this relation was not
credible (Bfrequency 1ow = 0.34; 95% CI [—1.42, 2.12]), suggesting that
simply mentioning the amounts attributed to the worst-off was not
enough to clarify the difference between the maximin and the egali-
tarian logics. Thus, H3 was not supported.

2.3. Discussion

Study 1 confirmed H1, H2, and H4. Even though the decision pat-
terns in the second phase were not distinguishable between the Solo
and the Pair conditions, the pair discussion had the effect of increasing
the concern for the poorest, while decreasing the concern for economic
inequality among recipients per se in the third phase (H1 and H2).
Importantly, this shift was observed not only for the problems seen in
the second phase but also for the other problems (H4).
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Fig. 2. Choice results in the second (deliberation) phase of Study 1. (A) Mean choice rates of the three options in the Solo and Pair conditions. Error bars represent
SEM. (B) Social decision scheme matrix indicating how each pair aggregated initial individual preferences (first phase) into pair decisions (second phase) on the five
problems that were used both in the first phase and the pair discussion. The leftmost column indicates the six possible preference configurations in the first phase, and
the rightmost column indicates their observed frequencies. Notice that the individual configurations were defined for each of the five problems and each of the 50
pairs, so that the total frequency is 250. For example, the individual configuration of Maximin-Maximin (top row) corresponds to the 76 observed cases in which both
participants in a pair had individually chosen the Maximin option on a problem in the first phase. The row entries of the matrix represent observed conditional
probabilities that each configuration yielded the Maximin, Egalitarian or Utilitarian decision, respectively, as a pair. See also Fig. S1 for an analysis using individual
configurations based on participant's “behavioral type” (Egalitarian, Maximin, or Utilitarian type according to their most-frequent choices for the 40 problems in the
first phase), instead of the choice-based configuration for each problem.

However, because we changed the format of choice options to include
the variance and total information (see Fig. 4A), these potential pro-

However, the mere mention of the minimum amounts during dis-
cussion did not relate to the increase in maximin choices after discus-

sion (H3). Previous research has shown that making comparisons be-
tween two concepts help in learning their relational structure (Edwards,
Williams, Gentner, & Lombrozo, 2019; Gentner, 1983). Thus, to better
grasp the maximin logic, participants may need to directly compare the

blems were removed from Study 2.
This consideration leads us to a revised version of H3:

H3r. : The extent to which the maximin and the egalitarian dimensions

are compared directly in the discussion relates to shifts from an

information indicating the maximin option (i.e. payoff for the least o .
egalitarian to a maximin strategy.

well-off) and the egalitarian option (i.e. variance between the payoffs).
However, such a comparison was not directly available in Study 1, as no
single piece of information precisely conveyed the variance between the
payoffs. In Study 2, such summary information was directly provided.
Also as seen in Fig. 1A, in Study 1 participants could identify the
maximin option by simply comparing the lengths of the leftmost bar
segments; that is, in Study 1, participants could rely on the options'
visual features, instead of examining the precise numerical information.

3. Study 2
3.1. Method

3.1.1. Participants
A total of 166 student volunteers at a Japanese university
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Fig. 3. Choice changes between the first and the third phases, and conversation patterns during the second phase of Study 1. (A) Mean changes in the choice rates of
the three options between the first and the third phase by condition. Error bars represent SEM. (B) Number of times each amount (Low, Medium, and High) was
mentioned by each pair. To take an example of the choice problem at the bottom half of Fig. 1A, mentions of 160, 170, and 290 (in yen) were counted as mentions of
low amounts. Of the 50 pairs, three were removed from the conversation analysis because the voice recorder failed to function, leaving us with 47 pairs in total. Each
point in the Low, Medium, and High amount columns corresponds to one pair (i.e., there are 47 dots each for the Low, Medium, and High amounts). The points were
jittered to better show density. Crossbars represent mean number of mentions in the pair discussion. (C) Relationship between frequencies of mentions of “Low”
amounts during pair discussion and incremental individual preference for the Maximin allocations. Shaded areas indicate a 95% confidence interval for fitted lines.
Note that, for each frequency at the pair level (X-axis), there are two opinion-change scores by two members in the pair (Y-axis). The analysis reported in the main
text took this nested structure into account.
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Fig. 4. Stimulus presentation in Study 2. (A) An example display of three choice options (in Yen) in Study 2. The choice problems were presented along with
summary information (“Variance” and “Total”), in addition to the Low, Medium, and High amounts. Participants were instructed that numbers under the “Variance”
label represented Gini coefficients used in economics that could range from 0 (perfect equality) to 1 (perfect inequality). (B) The Mouselab interface introduced in the
second phase of Study 2. Numeric information was hidden behind boxes and became visible only when a participant moved the mouse pointer over a box and clicked.

participated in the experiment (91 male; Mg, = 19.31, SD = 1.25).
Minimum sample size was determined prior to the start of data col-
lection as follows. In conversation analysis using a repeated measures
ANOVA with five within factors (Low, Medium, High, Variance, and
Total) given a = 0.05 and power = 0.80, a sample size of 50 pairs
allows us to detect an effect as small as 0.16 (a small-to-medium effect
using Cohen's f). This led us to have at least 50 pairs in the Pair con-
dition, and accordingly at least 50 individuals in the Solo condition.
This yielded a total of at least 150 participants. No data analysis was
conducted before we finished data collection. Informed consent was
obtained from each participant using a consent form approved by the
Institutional Review Board of the Center for Experimental Research in
Social Sciences at the University.

3.1.2. Materials

As an internal replication of Study 1, we used the same 40 choice sets.
In contrast with Study 1, however, the choice sets in Study 2 were pre-
sented along with summary information for each choice: Gini coefficient
of distribution (“Variance”) and the total amount of money to be allo-
cated (“Total”), in addition to the original information (the low, medium,
and high amounts: Fig. 4A). By including the summary information
corresponding to the egalitarian dimension in the stimulus presentation,
we could test whether the extent of direct comparisons recruited between
the values for “Low” (which can be used to determine the maximin op-
tion) and “Variance” (which can be used to determine the egalitarian
option) during discussion contributes to the increase in endorsements for
the Maximin allocations after pair discussion (H3r).

In addition to the changes in stimulus presentation, we made two
improvements to the second phase of Study 2. First, we introduced a
mouse-tracing technique called Mouselab (Payne, Bettman, & Johnson,
1993) to the second phase, in which each option's numerical informa-
tion was hidden behind a black box (Fig. 4B), and was only made visible
when the participant hovered the mouse pointer over and clicked the
box, and was hidden again when the participant moved the pointer out
of the box. This attention-monitoring technique enabled us to compare
individuals' information search patterns between the Pair condition and
the Solo condition. Participants were free to view any information in
any order. Second, for the results of Study 1, we speculated that using
the fixed set of five problems for the second phase could have biased
participants' choices in the third phase, as indicated by the seemingly
peculiar decrease in the number of Utilitarian choices in the Solo
condition (Fig. 3A). To control for the possibility of such potential
confounds, in the second phase of Study 2, we randomly selected 12
problems out of the 40 problems for each pair or each participant (in-
stead of using the pre-fixed five sets for all participants). In Study 2, we
used a Microsoft Surface Pro 4 to present stimuli with a PsychoPy script
(Peirce et al., 2019).

In the first and third phases, the column orders of Low, Medium and
High amounts (L-M-H or H-M-L) were counterbalanced every 10

problems, and the column orders of Variance and Total were counter-
balanced every 20 problems. In the second phase, the column orders of
Low, Medium and High amounts were counterbalanced every 3 pro-
blems, and the column orders of Variance and Total were counter-
balanced every 6 problems. Regardless of the column orders of Low,
Medium, and High, participants were informed that person A (X, H)
would receive the lowest outcome, B (Y, I) the middle outcome, and C
(Z, J), the highest outcome.

3.1.3. Procedure

Most of the experimental procedure was the same as in Study 1.
Participants made 40 allocation choices individually in the first and
third phase. In the second phase, participants in the Pair condition
(N = 102: 18 male-male pairs, 16 female-female pairs, and 17 mixed-
gender pairs) made a consensus decision for each of the 12 problems,
while those in the Solo condition (N = 64, 39 males) made decisions
alone. Participants had to choose within 30 s for each of the 40 pro-
blems in the first and third phase. In the second phase, the time limit
was longer, with a total of 20 min for the 12 problems.

At the end of the experiment, participants answered a series of
questions about risk preferences (Eckel & Grossman, 2002), and then
received 1000 yen for participation and were dismissed. The recipients
were also paid later according to the aforementioned procedure.

3.2. Results

3.2.1. Behavioral data

As in Study 1, we first analyzed pair decisions in the second phase.
Fig. 5A displays decision rates for the Maximin, Egalitarian, or Utili-
tarian options. A multinomial logistic regression analysis (with the
Maximin options as a reference and with varying intercepts for parti-
cipants or pairs) again revealed that the Maximin options were chosen
more frequently than the Egalitarian options (8 = —2.15, 95% CI
[-3.22, —1.16]) or the Utilitarian options (8 = —1.72, 95% CI
[—2.79, —0.70]). The difference between the Solo and the Pair con-
ditions was not significant (8 = 0.11, 95% CI [—1.28, 1.50] for the
Egalitarian options; f§ = —0.72, 95% CI [—2.28, 0.71] for the Utili-
tarian options). Likewise, as seen in Fig. 5B, the social decision scheme
matrix showed that the Egalitarian-Utilitarian pairs (bottom row) chose
the Maximin option more frequently (0.44) compared to the two op-
tions of the pair members' original preferences (0.24, 0.33 respec-
tively), which was not statistically predictable from the model that
discussion would yield only either Egalitarian or Utilitarian consensus
with equal probability (Bayes factor > 100; multinomial test).

Compared to the Solo condition, in the Pair condition the number of
Egalitarian choices decreased between the first and third phases, while
the number of Maximin choices increased (Fig. 6A; Bpairthird phase =
0.68, 95% CI [0.45, 0.92] by a multinomial logistic regression analysis
with the Egalitarian options as a reference and with varying intercepts
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Fig. 5. Choice results in the second (deliberation) phase of Study 2. (A) Mean choice rates of the three options in the Solo and Pair conditions. Error bars represent
SEM. (B) Social decision scheme matrix indicating how each pair aggregated initial individual preferences (first phase) into pair decisions (second phase) on the
twelve problems that were repeated across both phases. See also Fig. S3 for an analysis using individual configurations based on participant's “behavioral type”
(Egalitarian, Maximin, or Utilitarian type), instead of the choice-based configuration for each problem.

for participants; see Fig. S4 for the within-person choice stability of
participants during the first phase). We also confirmed that this shift in
behavioral preferences was observed not only in the 12 problems pre-
sented in the second phase but also in the remaining 28 problems not
considered in the second phase (Bpair«third phase = 0.78, 95% CI [0.50,
1.06]) and was significant when gender was included as a covariate
(Bpair«third phase = 0.68, 95% CI [0.45, 0.91]). These results replicated
the results of Study 1, providing clear support for H1, H2, and H4.

3.2.2. Conversation data

The conversation pattern in the Pair condition was also replicated.
The average number of words (nouns, verbs, adjectives, and adverbs)
uttered during pair discussion in each group was 356.98 words. Pairs
mentioned Low information most frequently, compared to any other
type of information (Bmedium = —0.79, 95% CI [—0.97, —0.631]; Bpign =
—0.70, 95% CI [—0.86, —0.55]; Byariance = —0.63, 95% CI [—0.80,
—0.471; Biota = —0.73, 95% CI [ —0.90, —0.57] by Poisson regression
with varying intercepts for pairs).

We next examined how pair discussion promoted differentiation
between the Maximin and the Egalitarian logics. We hypothesized that
direct comparisons between the “Low” amount (the Maximin dimen-
sion) and the “Variance” information (the Egalitarian dimension)
during discussion would promote shifts from an egalitarian to a max-
imin strategy (H3r). Thus, we used the frequency of consecutive men-
tions of “Low” and “Variance” in each dialogue as a measure of direct
comparisons. Table 1 displays an example of dialogue. Here, “Low” and
“Variance” were mentioned consecutively twice by the pair (one was
“Low” followed by “Variance” and the other was “Variance” followed
by “Low”). Fig. 6B displays relations between frequencies of such
consecutive mentions of the “Low” and “Variance” information during
pair discussion and incremental individual preference for the Maximin
allocations. As seen in the graph, the greater the consecutive mentions
during pair discussion, the greater the individual preference for the
Maximin allocations after discussion. A linear regression with varying
intercepts for pairs showed that the frequency of consecutive mentions
of “Low” and “Variance” contributed to the increase in the number of
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Fig. 6. Choice changes between the first and the third phases, conversation, and information search patterns during the second phase of Study 2. (A) Mean changes in
the choice rates of the three options between the first and the third phase by condition. Error bars represent SEM. (B) Relationship between frequencies of consecutive
mentions of the “Low” and “Variance” information during pair discussion (see the note accompanying Table 1 for definition) and incremental individual preference
for Maximin allocations. Shaded areas indicate a 95% confidence interval for fit lines. Note that, for each frequency at the pair level (X-axis), there are two
preference-change scores by two members in the pair (Y-axis). The analysis reported in the main text took this nested structure into account. (C) Percentages of first
views (i.e., the first box which was clicked in the Mouselab interface during each of the 12 trials) collapsed across the second phase.



A. Ueshima, et al.

Table 1
An example of pair dialogue from Study 2.

No. Person content

1 A How did you choose options in the first phase?

2 B I made choices based on the Low. I prioritized to improve the
welfare of the person who would receive the Low amount.

3 A OK. My choices were based on the Variance, and I basically
minimized the Variance. However, I reconsidered this rule when
the Low was below 200 yen because I felt sorry for the poorest
recipient.

4 B I see.

(dialogue continued)

Note. In this example case, four consecutive mentions are found in the order of
occurrence: (a) “Low” and “Low” (LL), (b) “Low” and “Variance” (LV), (c)
“Variance” and “Variance” (VV), and (d) “Variance” and “Low” (VL). The fre-
quency of consecutive mentions of “Low” and “Variance” (LV + VL, the key
explanatory variable in the regression analysis for Fig. 6B) was thus two,
(b) + (d), and that for “Low” and “Low” and for “Variance” and “Variance” (see
Table S2) was one, (a) and (c) respectively. We counted the number of con-
secutive mentions with the three possible patterns (LL, LV + VL, VV) in all
dialogues bearing on 12 problems for each pair.

Maximin choices after pair discussion (Brow— variance = 2.76, 95% CI
[0.66, 4.85]). On the other hand, the frequency of repeated mentions of
“Lows” (“Low” followed by “Low”) and “Variances” (“Variance” fol-
lowed by “Variance”) did not have a meaningful relationship with the
increase in Maximin choices (see Table S2). Thus, our revised hypoth-
esis about the conversation effect (H3r) was supported.

3.2.3. Process-tracing data

Finally, using the Mouselab technique (Fig. 4B), we compared in-
dividuals' information search patterns between the Pair condition and
the Solo condition. We conjectured that, compared to the Solo condi-
tion, participants in the Pair condition would focus on the minimum
(Low) amounts more, anticipating that the concern for the poorest re-
cipient would be a key topic during pair discussion. As shown in
Fig. 6C, participants in the Pair condition, compared to participants in
the Solo condition, were more likely to start information search during
each of the 12 trials in the second phase by first clicking the Low box
(Bpair = 1.12, 95% CI [0.02, 2.25] by a logistic regression analysis with
varying intercepts for participants and pairs; the display order of the
amounts [L-M-H or H-M-L] was also modeled as a dummy variable).
This pattern suggests that participants who engaged in paired discus-
sion, compared with participants who faced the same decisions on their
own, focused on the welfare of the worst-off recipient more selectively.

3.3. Discussion

Study 2 replicated results of Study 1, providing clear support for H1,
H2, and H4. Study 2 also showed that the frequency of direct com-
parisons between the “Low” and the “Variance” information predicted
the increase in Maximin preferences after pair discussion. This result
supported H3r, suggesting that the comparison process during pair
discussion is key for people to understand the maximin logic clearly.

In a follow-up to Study 2, we test the durability of these effects. If
the cognitive changes in Study 2 proved long lasting, this would de-
monstrate that some egalitarian participants had genuinely internalized
the maximin logic, which arguably had underlaid (and mistakenly
manifested as) their initial egalitarian preferences. The follow-up study
tested this internalization hypothesis using an online survey, in which
participants from Study 2 were confronted again with the same deci-
sions five months after Study 2.
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4. Follow-up to Study 2
4.1. Method

4.1.1. Participants

Five months after Study 2, we contacted all 166 participants in
Study 2 via e-mail to ask for their participation in an online study.
Eighty-four of these participants (50 male; My, = 19.86, SD = 1.28)
agreed to participate in the online study. Informed consent was ob-
tained from each participant using an online consent form approved by
the Institutional Review Board of the Center for Experimental Research
in Social Sciences at the university.

4.1.2. Materials

We used the same 40 choice sets as in Study 2. All the participants
made the same 40 allocation choices to three unknown others (labeled
persons E, F, and G) individually.

4.1.3. Procedure

Participants entered decisions in an online form using a smartphone
or a personal computer. In case some participants had poor internet
connections, we did not set time limits. We presented the choice pro-
blems just as in Study 2. After making choices for 40 allocation pro-
blems, the participants received a 1000-yen Amazon gift certificate for
their participation. The recipients were also paid later as in Studies 1
and 2.

4.2. Results

Fig. 7 displays the mean choices of the 84 participants who re-
sponded to the online survey. Compared to the choices in the first phase
of Study 2, participants who had been in the Pair condition retained
their preference for the Maximin allocations, while those who had been
in the Solo condition increased their preference for Egalitarian alloca-
tions. A multinomial logistic regression analysis with the fixed effect of
phase (the first phase of Study 2 vs. follow-up) confirmed that partici-
pants in the Pair condition, compared to the participants in the Solo
condition, retained their preference for the Maximin options over the
Egalitarian options in the follow-up study (Bpairisruay 3 = 1.10, 95% CI
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Fig. 7. Results from the follow-up to Study 2. The graph shows mean changes in
the choice rates of the three options between the first phase of Study 2 and the
follow-up (i.e., the follow-up minus the first phase of Study 2). Error bars re-
present SEM.
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[0.78, 1.41] with varying intercepts for participants). We further con-
firmed that the simple effect was also credible in the Pair condition
(Bstuay 3 = 0.46, 95% CI [0.23, 0.69] by a multinomial logistic re-
gression analysis with varying intercepts for participants).

We confirmed that there were no systematic differences in terms of
age, gender, or risk preferences between those who participated in the
follow-up and those who did not (see Table S3). Nevertheless, to avoid
possible biased inferences caused by ignoring missing data (82 out of
the 166 [49.4%] participants did not respond to the online study), we
also imputed these missing data using a multiple imputation approach
implemented in the R package mice v. 3.4.0 (van Buuren & Groothuis-
Oudshoorn, 2011). As initially planned, we used participants' gender
and risk preferences (Eckel & Grossman, 2002) to impute these missing
data (see also Fig. S5 showing the relationship between risk preferences
and distributive choices, which replicated the results of Kameda et al.,
2016). The statistical results were unchanged by this multiple imputa-
tion approach (Bpairisay 3 = 0.78, 95% CI [0.57, 1.00] with varying
intercepts for participants).

These results show that the preference shift towards the Maximin
allocations and away from the Egalitarian allocations observed in Study
2 lasted at least five months after the experiment.

5. General discussion

Across two studies, participants who had discussed resource allo-
cations in pairs (social deliberation) made more maximin choices and
fewer egalitarian choices than participants who had reflected on the
same problems on their own (solitary deliberation). A third study re-
vealed that this shift was long-lasting, persisting five months after the
experiment.

Conversation analyses revealed that the discussions focused on the
outcomes of the poorest recipients, but that this focus wasn't sufficient
to shift people from egalitarian to maximin preferences. Instead, it was
the comparison between the main features of the egalitarian option (i.e.
low variance) and the maximin option (i.e. relatively high allocation for
the least well-off) that prompted this shift.

After dialogue, the participants' preferences shifted towards max-
imin even for choices that had not been part of the discussion, sug-
gesting that they had paid attention to the logic underlying the max-
imin preference, and extrapolated it from the choices discussed to other
choices as transferable knowledge (Gick & Holyoak, 1983). The fact
that these changes persisted for at least five months also argues against
lower level explanations. Interestingly, Huang, Kendrick, and Yu (2014)
reported that preference changes induced by just observing the ratings
of other participants, without being able to discuss with them, lasted
only for a very short period of time (no more than three days), sug-
gesting the importance of dialogue for creating a durable opinion shift
(see also Broockman & Kalla, 2016).

In studies of group decision making, the effects of discussion are
often evaluated by comparing pre- and post-discussion performance
against objective benchmarks (e.g., known facts or mathematical de-
monstrations: Jayles et al., 2017; Laughlin, 2011; Trouche et al., 2014).
By contrast, studies lacking such objective benchmarks often had re-
course to properties of aggregated opinions, for example pointing out
that discussion led to more homogeneous opinions (Himmelroos &
Christensen, 2014), making it less likely that group decisions succumb
to social-choice paradoxes like majority cycling (List, Luskin, Fishkin, &
McLean, 2013).

In the present studies, we observed such homogenization, since the
pre-existing maximin preference was strengthened by the discussion.
However, if our account is correct, this shift also reflects an internal
change for some participants, as they developed more coherent max-
imin preferences. We suggested that some of the preference for the
egalitarian outcome actually reflected concerns for the less well-off,
which led to egalitarian choices only because such choices often also
increase the welfare of the less well-off. If this interpretation is correct,
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some participants had chosen egalitarian outcomes heuristically, but
then realized during the discussion that these egalitarian choices would
negatively affect the poorest. As a result, they developed more intern-
ally coherent preferences by adopting a maximin strategy.

We believe that controlled laboratory experiments such as the pre-
sent ones are critical to systematically and rigorously examine people's
distributive preference in the social context. However, we recruited
only Japanese university students as participants, whose distributive
preferences are far from reflecting the full range of preferences that
could be observed in different social and cultural environments (e.g.,
Yarkoni, 2019). We also realize that more extensive analyses of con-
versation data with larger sample size would allow deeper insights into
the power of dialogue to shape people's distributive preferences.

Finally, while our experiments have shown that many participants
who appeared to hold egalitarian principles could be shifted by social
deliberation towards maximin principles, some participants remained
staunchly egalitarian in their preferences. It is possible that different
cognitive mechanisms underpin these strict egalitarian preferences,
making them less amenable to change through discussion. Future re-
search addressing these mechanisms will provide further insights about
why disputes about just distribution can sometimes be bitter, and si-
multaneously illuminate possible routes to overcome the social and
political divides that are deepening around economic inequality.

6. Conclusion

In this paper, we have addressed whether deliberation—one of the
most critical elements in democracy (Cohen, 1986; Elster, 1998;
Habermas, 1997)—facilitates differentiation between maximin logic
and egalitarian logic in people's allocation choices. Past attempts at
improving the internal coherence of participants' political opinions
through deliberation have only yielded small effects (Gastil, Black, &
Moscovitz, 2008; Gastil & Dillard, 1999). By contrast, our effects con-
cerning maximin preferences are much more robust. Our results suggest
that people can form more “enlightened preferences”—that is, at the
limit, “the preferences that people would have if their information were
perfect” (Mansbridge, 1983, p.25)—not only by receiving more in-
formation (see, e.g., Bartels, 1990; Carpini & Keeter, 1996), but also by
discussing with each other and paying more attention to the internal
coherence of their own judgments, as observed in reasoning tasks (see,
Mercier & Sperber, 2017).
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