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Abstract

Social stratification, segregation and inequity invite concerns about fairness and social
harmony. Our game-theoretic and experimental results indicate that they can also be
detrimental to productivity, efficiency, and welfare. Class is defined by players’
resources, incentives to make a public contribution, and social mobility. We discuss
the model’s real-world applications, and ways to increase efficiency and welfare
through increased equity, mobility, or competition. We also describe how the model
can be adapted to represent and experimentally test different class structures, the
interaction between demographic characteristics and class, and the effectiveness of
policies that modify incentives. We experimentally test a two-class model. The poorer
L-class are socially mobile: for them, effort is linked to social positioning and
earnings akin to what is often referred to as a Middle-Class mindset. The productive
L-players support a relatively efficient equilibrium that encompasses both classes.
Upper-class H-players, notwithstanding their guaranteed privilege and superior
resources, are relatively unproductive and display behavior akin to class-
consciousness by contributing only what is necessary to remain above the L-class.
The experimental results confirm that humans respond swiftly to incentives associated
with their material status and economic opportunities and suggest that policies aimed
at increasing welfare through incentive modification can be successful.
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1 Introduction

Social class stratifies people according to their access to resources broadly defined and shapes

0*" century but

their lives in important ways (Moya & Fiske, 2017). Inequality decreased in the 2
is now again on the increase, worldwide (see e.g., Piketty, 2020, for extensive global data; see
e.g., Saez & Zucman, 2016, for US data). On the upside, the fact that class differences and social
mobility are variable and changeable (Davis & Moore, 1945) offers opportunities for policy that
modifies the access to -and distribution of- resources in a way that enhances productivity and
welfare. However, which policies serve such purpose, and which ones could be counterproductive?
Since experimental game theory not only tests behavior but also policy (Holt et al., 2015) we
theoretically model a class-based society where players join cooperative units akin to simple
organizations, and test it experimentally. We investigate how social mobility, competition, and
privilege impact individuals’ incentives, societal productivity, and welfare. We find that while
inequity per se need not be detrimental to efficiency, privilege and lack of social mobility are.
Our theoretic model predicts that policy aimed at increasing social mobility and equity increases
welfare, and we discuss structural solutions in this vein. Our experimental results confirm that
individuals randomly assigned to a class, respond rationally and predictably to their incentives.
Our findings thus carry an optimistic message about the welfare-enhancing effect of structuring
incentives to enhance productivity and welfare. In the concluding section we address how our
model can be extended to examine different and more complex structures of social stratification,
and the impact of various policy interventions.

We discuss real-world parallels to our model and describe ways to adapt the model to represent
various class structures and examine their impact on welfare. In the simplest version of the
model experimentally tested here, a materially disadvantaged “lower” (L) class faces, within
their material constraints, a competitive and socially mobile environment where input is linked
to reward. The “upper” (H) class enjoys guaranteed privilege thanks to superior resources. The
two classes settle in a relatively efficient Two-Tier Equilibrium (TTFE) where L-types contribute
at a high level and are crucial in maintaining overall productivity while H-types contribute only
the minimum required to stay above the L-class. Broadly interpreted, our model is reminiscent
of Veblen’s (1899) description of a society consisting of productive workers and an upper, “leisure
class”. Absent the L-players’ efforts the system would collapse toward the alternative equilibrium
of non-contribution by all. An equilibrium that surpasses the TTE in efficiency is possible if
inequity between H and L is reduced or social mobility increased, either via competition within
the H-class, or by L-players being able to penetrate the H-class.

The two player types interact in an institution of competitive grouping where players are
ranked and grouped based on their contributions. Group members share equally in the earnings
from their group’s product. The contributions by members of the two classes are mainly driven
by their class’ material incentives. In a schematic representation of social mobility, L-types
compete for placement in groups where earnings are higher. Privileged H-players do what is
necessary to differentiate themselves from the L-class but beyond that, under-contribute relative
to their superior means. Our experimental results show that H-types’ non-monetary pro-social
motivation is limited.

We first explain the model, followed by an experimental test of a society with two strata. We

then link our findings to naturally occurring circumstances of unearned privilege, the role of the



Middle Class currently under threat, how self-interest drives class-specific behavior, and how
members of the privileged class can be made to contribute more. Finally, we discuss extensions
of the model and how it links to interdisciplinary approaches such as stratification economics,

cultural economics, and the psychology of class.

2 Model

Our model of a stratified society is best explained as a combination of two mechanisms, the
Voluntary Contribution Mechanism ( VCM; Isaac et al., 1985) and the group-based Meritocracy
Mechanism (GBM ; Gunnthorsdottir et al., 2010a, henceforth GVSM). We first describe each

component and thereafter explain the Multi-Tiered Mechanism and its equilibria.

2.1 The Voluntary Contribution Mechanism (VCM)

In a standard linear VCM, ¢ = (1,...,n) group members decide simultaneously and privately
how to allocate their endowment w. Each i contributes z; € [0, w] to a public account and leaves
the remainder (w — ;) in a private account that represents alternative use of their resources.
For simplicity and without loss of generality set the return from the private account to one. The
public contributions by all n group members are summed up and multiplied by a factor ¢ which
represents the efficiency gains from jointly contributing, before being equally divided among all n
members. The rate ¢/n is the Marginal Per Capita Return (MPCR) to each i from an investment
in the public account. Each i’s payoff is therefore

Hi—(wxi)*lJr(ia:i)*:; (1)
i=1

The VCM can be adapted to model diverse settings where players have the option of
contributing to a group, organization or community. The most common parameter setting
is (1 < t < n) since it creates a social dilemma: Welfare is maximized if all 4 contribute their
entire w to the public account. However, a rationally self-interested player’s dominant strategy is

to contribute nothing while still earning an equal share of whatever is in the public account.’

2.1.1 Findings from VCM experiments

VCM experiments have shown some cultural variation (Gunnthorsdottir et al., 2023; Herrmann
et al., 2008; Van Lange et al., 2013) but university students in industrialized countries typically
display the following pattern: Mean contributions start at about %w and, over repeat rounds,
approach the equilibrium of non-contribution by all (Brandts et al., 2004; Croson, 2008; Zelmer,
2003).

2.2 The Group-Based Meritocracy Mechanism (GBM)

The VCM does not model how groups acquire members. In VCM experiments group membership
is therefore randomly assigned. GVSM (2010a) incorporate contribution-based grouping into the
VCM and call their mechanism “ Group-Based Meritocracy” (GBM). In their model, N players

1If t > n it is both individually and collectively optimal to invest everything in the public account. If t < 1 it
is both individually and socially optimal that everyone keeps their endowments in their private accounts.



are partitioned into g = {1,2,3,... G} groups of size n based on their public contribution. The
n = N/G players with the highest contribution are grouped together, then the next n players,
and so on. Ties are broken at random. Thereafter, individual earnings are computed as per Eq.
1. All this is common knowledge.

GVSM (2010a) argue that theirs is a simple model of merit-based social organization where
those who contribute more can expect to find themselves with similarly productive types in a
segment of society where earnings are higher. Due to the random resolution of ties the grouping
process retains a realistic chance factor: In natural settings too, effort is associated with a
good probability of success but rarely a guarantee. Contribution-based grouping changes the
game’s equilibrium structure. Under the social dilemma parameters (1 < ¢t < n) there are two
pure-strategy equilibria: Non-contribution by all loses the seeming inevitability of a dominant
strategy equilibrium but remains as a best response equilibrium. For symmetric players a second,
payoff-dominant asymmetric “Near Efficient Equilibrium” (NEFE) asymptotically approaches full
efficiency as the number of groups increases. We next describe both these equilibria in more
detail. For a formal treatment see GVSM.

2.2.1 The free-riding equilibrium (FRE)

Assume that the payoff function of investments in the public account has the social dilemma
properties 1 < ¢t < n and the return from the private account is one. If nobody contributes it is

not rational for a single individual to contribute since their rate of return would be % <1.

2.2.2 The near-efficient equilibrium (NEE)

The asymmetric NEE is of greater structural and policy interest. It is payoff dominant ? (Harsanyi
& Selten, 1988, Ch. 3.6, p. 81), and close to Pareto optimal. Nearly all N players contribute their
entire endowment w; only z < n players contribute nothing.® Since z < n the NEE asymptotically
approaches full efficiency as the number of groups increases; see Appendix A for an illustration.
Our explanation of the NEE closely follows GVSM’s (2010a) description.

We call a subset of players whose public contributions are identical a category. Category C
is the subset of players containing the ¢; highest contributors; the next category Cs contains
the co players who contribute less, and so on. We refer to the group with the n highest-ranked
contributors as Group 1, to the next group as Group 2, and so on; Group G is the group with

the lowest-ranked contributors.

a) Identical positive contributions by all is not an equilibrium since any one player has an
incentive to reduce her contribution to zero. In an equilibrium with positive contributions

there must therefore be more than one category.

b) Group 1 can only contain one category, Cy. If it contained two or more categories, any C;
player would have an incentive to decrease her contribution while remaining in Group 1.
Similarly, C7 must be larger than n and not fully divisible by n since else, any C; player

can decrease her contribution without it affecting her group membership.

2Payoff dominant in terms of expected earnings prior to the random resolution of ties.
3Since the NEE is asymmetric while players in GVSM’s model are symmetric and interchangeable when it
comes to their roles (full contributor/non-contributor), YC, NEE profiles exist for each set of parameters.



c¢) It follows from (a) and (b) that if an equilibrium with positive contributions exists some

C1 players are grouped with Cy players in a mized group.

d) Cy players contribute their full endowment w. If they did not, each of them would have an

incentive to increase her contribution by a small € to avoid the mixed group.

e) We now turn to the incentives of the Cy players. Point (c) showed that a mixed group of
C1 and C5 players must exist in an equilibrium with positive contributions. Imagine that

there are one or more groups below this mixed group. There are two cases to consider:

I. Category C5 extends beyond the mixed group into one or more groups further below.
In this case, each C5 player has an incentive to increase her contribution by € to be

with certainty in the mixed group where she can free ride off the C; contributors.

II. C5 does mot extend beyond the mixed group: in this case, each Cs player has an
incentive to decrease his contribution (and raise his payoff) without affecting her group

membership.

f) The only situation in which a Cy player has no incentive to either raise or lower her
contribution is when the only mixed group is the lowest ranked group G, there are only

two categories, and Cs players contribute nothing.

g) To find the equilibrium one needs to determine how many z < n non-contributors are in
Category O3 so that expected earnings of C players* and the free-rider earnings of C
players are such that no player has a unilateral incentive to deviate. GVSM’s (2010a)
Theorem determines z and defines the NEE’s existence and uniqueness as an equilibrium
with positive contributions. Denote the MPCR t/n as m.

GVSM’s Theorem: If m < N]Yl%%, the only equilibrium is if all GBM participants

contribute nothing. If m > 1\;\7/1:7%7 the GBM has, additionally, a Near-Efficient Equilibrium in

which all but z < n players contribute their entire endowment w and only the remaining z players
contribute nothing.® z is the integer between a lower bound ! and an upper bound u where
N —mN

l:= du:=101+1 2
mN—mn+1—man Y + (2)

As the number of groups increases, the range of MPCRs (m) for which a NEE exists converges
to the interval (1/n,1).
Proof: GVSM (2010).

2.2.3 Findings from GBM experiments

Experimental tests of the GBM with different (all Western) subjects have yielded consistent
results: Subjects coordinate the asymmetric NEE rather than the FRE. This is even though they
make their contribution decisions simultaneously, cannot communicate, and the NEE is probably

not obvious to most of them.

4Since players in each class all contribute the same a random draw determines their rank. When assessing the
expected payoff from fully contributing a C7 player considers that she might end up in the mixed group with the
z non-contributors. All players are assumed risk neutral.

5Tt can be verified that 1) a NEE exists unless m is very close to 1/n and 2) the m-threshold for the existence
of a NEE is inversely related to n (and to a lesser extent, to V).



a) GVSM (2010a) tested the mechanism over 80 rounds, under w = 100, n = 4, N = 12, and
with both m = 0.5 and m = 0.3. US students coordinated NEEs with surprising precision.
Individual choices were unpredictable over rounds but NEE was a strong predictor of
aggregate behavior from the earliest rounds.® To establish the robustness of such a result,
Gunnthorsdottir & Thorsteinsson (2011) replicated GVSM’s results with Icelandic subjects.

b) Nax et al. (2014) introduced a GBM where the ranking of the public contributions is
perturbed so that the link between contributions and grouping is weakened. The result is
an imperfect, “fuzzy” GBM which the authors call MERIT. Under moderate fuzziness a
NEE exists. Beyond a certain noise threshold only the FRE remains. Nax et al. (2018)
replicated prior GBM results on MTurk and with Swiss university students, under N = 16,
n =4, and m = 0.5, once more confirming that the tacit coordination of an asymmetric
NEE is a robust phenomenon. They also tested MERIT with two different noise levels”
both of which still support a NEE. The noise lowered the precision with which subjects
coordinated a NEE and selected NEE strategies, but efficiency remained close to NEE

levels.

¢) Gunnthorsdottir et al. (2010b, GVS) relaxed the symmetry among players in a way that still
allows for a NEE: US student subjects were randomly assigned to two different endowment
levels fixed over 80 rounds. Six subjects had a per-round endowment of wy = 120 tokens,
the remaining six had wy = 80 tokens. This was common knowledge. In general terms,
GVS’ distribution of player types is as follows: Let H be the count of high-endowment
types and L the count low-endowment types. H + L = N; H > n and H mod n # 0;
L >mnand L mod n # 0. With this type distribution the NEE consists of three strategies.
Under GVS’ experimental parameters (N = 12, n =4, t/n = m = 0.5) a NEE profile is
sx = {0,0, 80, 80, 80, 80, 120, 120, 120, 120, 120, 120}. The two types, H and L, meet in the
mid-ranked group where the contributions are {80,80,120,120}. GVS’ subjects tacitly
coordinated this more complex NEE with considerable precision. Note that their material

disadvantage did not keep L-types from contributing at the high levels predicted in a NEE.

2.3 The Multi-Tiered Mechanism (MTM)

Our model also involves two different wealth levels, wy = 120 and wy = 80. Players are again
ranked based on their contributions with ties broken at random, and partitioned into G groups,
g=1(1,2,...,G). There are again two pure-strategy equilibria: the FRE and a payoff-dominant
equilibrium with positive contributions. However, the latter does not reach “near-efficiency”.
Unlike in GVS’ (2010b) model where there is one group where the two wealth types meet,
the type distribution in our model is such that in the payoff-dominant equilibrium H-players
segregate from L-players into a separate layer. While L-types contribute at NEE levels the
H-types under-contribute relative to their superior endowment; They contribute z;g = (wp, + €),

just enough to maintain their status as a separate tier. Any contribution x;z > (wr + €) is

6Such tacit coordination of asymmetric equilibria is a robust observation initially documented with binary
choices. Puzzled by the apparent ease with which participants tacitly coordinated the equilibrium strategy
proportions while individual decisions over repeated trials were unsystematic, Kahneman (1988, p. 12) wrote in
an early description, “[...] to a psychologist, it looks like ‘magic’”. See also Camerer (2003, Ch. 7.3).

"The different noise levels were operationalized in the laboratory by varying the dispersion of a random variable
added to each subject’s contribution prior to ranking.



strictly dominated as in a social dilemma. We refer to this equilibrium as a Two-Tier Equilibrium,
henceforth TTE. For simplicity we describe just two tiers, and assume equal-sized groups and
that the MPCR is uniform across groups and endowment classes. However, the Multi-Tiered
Mechanism (MTM) allows relaxing these restrictions, can be extended to a larger number of
tiers, and can accommodate situations where in an equilibrium with positive contributions the

tiers are not necessarily segregated. See Sections 6.3 and 7.4 below.

2.3.1 The free-riding equilibrium (FRE)

If 1 < t < n there exists a best-response equilibrium of non-contribution by all. If no player
contributes there is no incentive to unilaterally deviate. This applies to all wealth classes and all

type distributions.

2.3.2 The two-tiered equilibrium (TTE)

For a TTE, the following is necessary: The population consists of two wealth classes so that
H+L=N;wyg >wr. Let ng—; be the size of the group containing the top-ranked contributors;
Ng=1=H. L=N —ng—; and L > 2ng—93 . ¢ and L mod ny—23. ¢ = 0. The payoff function
for public contributions has social dilemma properties where 1 < ¢t < n. GVSM’s (2010a)
conditions for the existence of a NEE (Section 2.2.1) are satisfied for the L-class.

L-players: If (L < n) L-types can compete for membership in the most profitable group open
to them. If (L > 2n and L mod n = 0) L-players can coordinate a NEE within their stratum:
(L — 2z) L-types contribute their entire wy, while z L-types contribute nothing. z is determined
by Eq. 2.

H-players. H-players segregate into a separate stratum by contributing x;; = wr + €.
This way, they avoid the competitive and risky environment of the L-types. Recall that in a
NEE, (n — z) unlucky full contributors are assigned to the bottom group, free-ridden by the 2
non-contributors. By contributing (wy, + €), H-players avoid this risk. If all H-players contribute
(wr, + €) they are in a group of their own and face a social dilemma: it does not behoove any one
of them to contribute more than (wy, +e¢). All H-players thus underperform notwithstanding their
superior means wg. Their under-contribution reduces the system’s overall efficiency. We next
show that under the necessary conditions for a TTE (see above) a TTE is the sole equilibrium

with positive contributions.

a) No player i’ of any type contributes 0 < z; < wy, since doing so would lead to placement in

the bottom group G, where 7’ is free ridden by the z non-contributors, as explained in 2.2.1.

b) No H-player contributes wy: Assume that, as the L-players coordinate a NEE within their
restricted strategy space, player i; contributes wy, instead of wy, + € so that now (L —z+1)
players contribute wy. With ties broken at random i’; enters a lottery among the fully
contributing L-types for membership in any one of the following three types of groups, with
(3) the most unfavorable, and his expected earnings are lower than if he had contributed
(wg, + €):

I. Since ny—1) = H, the deviating choice by i’; creates a vacancy in the top group where

all other members contribute (wy, + €). All players who contributed wy, (including



i) can obtain this favorable spot with probability 1/(L — z 4+ 1). % could have

guaranteed himself this spot at the negligible cost of a minimal e.
II. With probability (L —n)/(L — z + 1) player i’y is placed in a group where everybody
contributes wy, ).

ITI. With probability (n—z)/(L —z+1) player ¢}; ends up in the bottom group, free-ridden

by the z non-contributors.

c) What if deviator i%; contributes nothing and ends up in the lowest group G, as one of

(z 4+ 1) non-contributors? This choice gives i’; a certain payoff of

(n—z-1)
t
th =wyg + E wr, *E<HiH :wH—(wL+€)+
1

T (g=1)

Z (wg, +¢)

1

*

N(g=1)

for all MPCRs for which a NEE exists (see the Theorem in Section 2.2.1) and for any

wg > Wr. It thus does not behoove an H-player to contribute nothing.

d) So far, we have seen that in an equilibrium with positive contributions each H-player
best-responds to the L-players by contributing z};; > wr, to avoid the L-stratum altogether.
However, a rational H-player contributes only a minimal € above wy,. This is because the
payoff function from a public contribution has social dilemma properties and H = n,—1)
so that the H-players fill exactly one group. Once H-types are among themselves any

contribution a?;H > (wp, + ¢€) is strictly dominated.®

In sum, to avoid the risk, competition, and inferior expected payoffs in the L-environment
each H-player contribute just a small € above what all but z L-types contribute. If the fully
contributing L-types lowered their contributions rationally self-interested H-types would follow

suit. The L-players are decisive for maintaining the TTE and overall productivity.

3 Hypotheses

A TTE payoff dominates (Harsanyi & Selten, 1988, Ch. 3.6, p. 81) the FRE: each player earns
more or at least as much in a TTE as in the FRE. Experiments (Section 2.2.3) have shown that
under contribution-based organization subjects coordinate a payoff dominant equilibrium even
when wealth levels are unequal. We have thus both theory- and observation-based reasons to
expect that our subjects will coordinate a TTE. Based on both theory and prior experiments
we expect L-subjects to coordinate a NEE among themselves as they compete for placement
in profitable groups. For the H-subjects however, expectations based on theory and on prior
experimental findings diverge: In the payoff-dominant equilibrium rationally interested H-players
contribute wy, + € that is, the minimum required to stay above the competitive fray of the
L-environment. However, VCM experiments (Section 2.1.1) show that in a social dilemma

setting, in which H-subjects find themselves once they have separated from the L-layer, subjects

8Formally, for every H-player I}, = wg — (wr +¢) + (z;l(czl) *%‘H) L H;’H =wy — (wp +y) +

n(G=1)
"(G=1) t
(E 1 *%’H) * oy where y > e.




contribute above equilibrium levels albeit well below the social optimum, and specific to their

culture. We therefore hypothesize as follows:

Hypotheses 1. L-types coordinate a NEE among themselves. (L — z) L-subjects contribute fully

while z L-subjects contribute nothing.

Hypotheses 2. Driven by material self-interest the H-types contribute x; > wy, to separate

from the risky and competitive environment of the L-players.

Hypotheses 3. Since once separated, H-subjects face a social dilemma among themselves their
contributions exceed the equilibrium prediction but are well below the social optimum. H -subjects’

contributions in excess of (wr, + €) resemble VCM contributions in their culture and subject pool.

4 Experimental Design and Procedure

4.1 Experimental parameters and equilibrium prediction

To maintain comparability with other studies, parameters are as in most prior GBM experiments.
Only the type composition is varied: L =8 and H = 4 so that N =12. G =3, n =4, wy, = 80,
wy = 120, and the MPCR m is 0.5. Subjects can contribute any integer amount within their
budget. It can be verified (Eq. 2) that with these parameters, a TTE equilibrium profile is:
s* = 40,0, 80, 80, 80, 80, 80, 80, 81, 81,81, 81}.

4.2 Subjects

Students at the University of Iceland were invited to a two-hour experiment with a show-up fee
of ISK 700 (about US$ 6.20) and further experimental earnings dependent upon their own and
others’ decisions in the experiment. Interested students selected multiple time slots. 48 randomly
selected students were randomly assigned to one of the slots they had indicated availability for.

Students who had previously participated in a social dilemma type experiment were excluded.

4.3 Procedure

There were four sessions with N = 12 subjects each, conducted in a computer lab with terminals
separated by blinders, always by the same set of experimenters. A written protocol (available
upon request) standardized the interaction between experimenters and participants. At the start,
participants received their show-up fee, were randomly seated at terminals, and informed that
communication was not permitted. Each terminal contained a hard copy of the instructions
(Appendix E) and an informed consent form. The instructions were also projected onto a wall
visible to all to assure subjects that they were the same for everyone. Participants were told
to raise their hand at any time with questions or concerns and an experimenter would address
them individually. Round 1 started after all subjects had indicated that they understood the
instructions and had signed the paperwork. At the end, subjects were privately paid their cash

earnings. Each session concluded within 110 minutes.



4.4 Type assignment (H or L)

Before Round 1, eight participants were randomly assigned type L with an endowment of wg,
of 80 tokens per round; four participants were assigned type H with wy = 120 tokens. The

endowments were fixed over all 80 rounds. This was common information (Appendix E).

4.5 Group assignment

At each round, after all participants had made their public contribution, the software ranked
them accordingly, with ties broken at random. The four highest contributors were grouped
together, followed by those ranked 5-8, and the lowest contributors formed the last group of four.

Thereafter, earnings for that round were computed based on Eq. 1 and displayed on subjects

screens.

4.6 Information

Subjects were informed in the instructions (Appendix E) that there would be 80 decision rounds,
that prior to Round 1 they would be randomly assigned a fixed endowment level of either 80 or
120 tokens per round, and that in each round they would be grouped based how their public
contribution ranked, with ties broken at random. At the start of each round, each participant
received a message reminding them of the size of their endowment and asking them to divide
their tokens between a public and a private account. After all participants had decided their
contribution, group membership had been determined and earnings computed, subjects saw a
screen reminding them of their public contribution just made, the total contributions in their
group, and their earnings broken down into returns from the public and the private account.
Subjects further saw a series of N = 12 boxes showing the contributions by everyone in the session
with their own contribution highlighted. The order of the boxes corresponded to the ranking of
the contributions. The boxes for each group were clustered together. This way, subjects saw the
individual public contributions in their group and in the whole session. They could verify that

grouping was contribution-based and that over repeat rounds, ties were broken at random.

4.7 Payments and earnings

At the time of the experiments the exchange rate was 113.7 ISK to 1 US$. The minimum hourly
wage was 954 ISK (US$ 8.40) (Confederation of Icelandic Enterprise, 2010). In addition to the
show-up fee of 700 ISK (US$ 06.20) each token earned was worth 0.17 ISK (0.15¢). The mean
earnings over 80 rounds were 11032 tokens (1875 ISK=US$ 16.50) for L-subjects, and 17187
tokens (2922 ISK=US$ 25.70) for H-subjects, excluding the show-up fee.

5 Experimental Results

Result 1. Mean contributions are close to the TTE.

In a TTE profile of s* = {0, 0, 80, 80, 80, 80, 80, 80, 80, 81, 81, 81,81} the mean contribution
is 67 tokens. The dashed line in Fig. 1 shows that from the earliest rounds, H- and L-types

together get close to this prediction but there is slight yet consistent overcontribution. In fact,
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the observed mean contribution over 80 rounds is 70.19 tokens. To better understand this excess

mean contribution, we next examine the choices of L- and H-types separately.

Figure 1: Mean per-round contributions by L-subjects and H-subjects together over four sessions,
and MTE predictions.
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Result 2. L-subjects coordinate the NEE with considerable precision.

In a TTE, the equilibrium profile for L-types is s7 = {0, 0,80, 80, 80, 80, 80, 80, 80}, and
the predicted mean is 60 tokens; see the horizontal dashed line in Fig. 2. The observed mean
contribution of L-subjects over 80 rounds is slightly below that, at 57.10 tokens. Which single
choices underlie this mean? Fig. 3 shows the choice frequencies of the L-subjects. The orange
dots display the NEE frequencies. L-subjects predominantly select equilibrium strategies. Over 80
rounds, 18% of choices are zero tokens (predicted, 25%) and 62% are 80 tokens (predicted, 75%).
Precision increases over time: If only Rounds 21 to 80 are considered 21% of the contributions
are zero tokens and 64% are 80 tokens. In the last 20 rounds these percentages rise to 23%
and 65%, respectively (Appendix B). In sum, L-subject behavior resembles behavior in prior
experiments where a NEE was put to the test (Section 2.2.3). There is however less instantaneous
coordination and more learning than what is for example reported by GVSM (2010a). The
individual decision paths over rounds are shown in Appendix C. Appendix C shows that, as in
prior related experiments, individual strategies over rounds are unpredictable. Many L-subjects
oscillate unsystematically between the two equilibrium strategies while others keep contributing
fully. Among the 4 x 8=32 L-subjects, only two (S.11 in Session 1 and S. 5 in Session 3) are
consistent non-contributors. Two further participants (S.9 in Session 2 and S. 11 in Session 3)

become steady non-contributors in the later rounds.

Result 3. H-subjects separate from the L-subjects by contributing x;;y > wy, but over-contribute

relative to the TTE prediction.
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Figure 2: Mean per-round contribution per round by L-subjects, over four sessions.
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Figure 3: Choice proportions of the L-subjects over four sessions and 80 rounds.

1004
X
"
g
8 751 °
2
<
i
2 504
Y
Q
o
=
€ 25{ e
Q
jo
e L
[al

04 _ - = - - B o L o _ o=

0 20 40 60 80

Strategy space

e TTE predicted actions [l Observed actions

12



Since the L-subjects under-contribute somewhat relative to the TTE prediction (Result 2)
and the mean overall contribution is slightly higher than predicted (Result 1) the aggregate
over-contribution must come from the H-subjects. Their mean contributions per round are shown
in Fig. 4. The H-mean over 80 rounds is not the predicted 81 tokens but 96 tokens. Fig. 5
shows that the H-subjects separate from L-subjects by contributing z;57 > wy but contribute
well above the TTE prediction of z};; = (wr + €) = 81. Since contributing x;z > x5 is not
in any H-subject’s material self-interest the motive for the excess contribution is likely mostly
pro-sociality. We cannot directly separate over-contribution due to error from over-contribution
stemming from non-material pro-social motives. However, downward deviations from x}; serve
as an indicator of the frequency of errors since x;y < ] increases neither own earnings nor
others’ and can safely be classified as error. Over all 80 rounds, 5.7% of H-contributions are less
than 81 tokens, nearly all in the earliest rounds, see Fig. 6. The figure shows that by Round 5
the count count of such contributions is small and starting with Round 15 it is either negligible or
zero. This suggests that H-subjects learn that the strategy space within which they can express
any off-equilibrium pro-sociality is [wr + €, wy] = {81,82,...,120}.

Figure 4: Mean per-round contribution by H-subjects, over four sessions.
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Result 4. H-subjects’ above-equilibrium contributions parallel their culture’s VCM contributions.

Do H-subjects perceive the game as a social dilemma among themselves as conjectured in
Hypothesis 37 To answer this, we compare H-contributions where z; > 81 to standard VCM
results from the same culture and subject pool (the University of Iceland). We contrast these
data with two VCM data sets from US students who have a somewhat different contribution
pattern from Icelanders (Gunnthorsdottir et al., 2023, GTO).Recall that there are no cultural
differences known when it comes to NEE coordination; see Section 2.2.3.

Fig. 7 displays five-round lagged moving averages® of mean contributions per round from

9Moving averages rather than single round means because the former illustrate trends in the data more clearly.
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Figure 5: Choice proportions of the H-subjects over four sessions and 80 rounds.
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Figure 6: Per-round count of H-subjects who contributed < 81 tokens, over four sessions.
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the four studies. In addition to the H-contributions, Fig. 7 shows the contributions of GTO’s
Icelandic VCM subjects, GTO’s US VCM subjects, and Gunnthorsdottir & Rapoport (2006, GR)
single VCM session from the same US subject pool.'? In all four studies, n = 4, MPCR=0.5,
and the number of rounds is 80. The sole parameter difference is in the strategy spaces. Once
H-subjects understand to separate from the L-types their strategy space is effectively reduced
to {81,...,120}; we map this space into {0,1,...,100} so that the strategy space is equivalent
across the four studies.!’ Fig. 7 shows that the US data resemble each other. The Icelandic
round means diverge at first but track each other closely starting at Round 15.'2 As stated,
errors where ;7 < 81 are excluded from this analysis but recall that Round 15 is also when
such errors become very rare (Fig. 6). Round 15 thus seems pivotal for H-subjects. Possibly,
they needed the 14 initial rounds to learn a game with two player types and an asymmetric

equilibrium with three contribution levels.

Figure 7: Lagged 5-round moving averages of mean contributions per round from four different
VCM-type data sets (US/Iceland).
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Nonparametric tests of significance. The hypothesis that starting with Round 15, the rescaled
contributions of H-subjects who contribute x;5 > wy, and the contributions by GTO’s (2023)
Icelandic VCM subjects are drawn from the same distribution cannot be rejected (Mann-Whitney-
Wilcoxon, ny = ng = 4, p(2-tailed)=0.69; see Siegel & Castellan (1988, Ch. 6.4.3).!3 Icelandic
H-contributions starting with Round 15 are significantly higher than the corresponding VCM
contributions by GTO’s US subjects: MWU, n; = 4, ny = 3, p(1-tailed)=0.056.* Since GR

10In all four studies, students who had previously been in any VCM-type experiment were excluded from
participating.

1 The endowment in GR’s (2006) experiment was {0, 1,...,50}; it was also mapped into {0,1,...,100}.

12Fig. 7 does not show single round means; GTO’s Round 15 mean for Icelandic VCM subjects is 55 tokens;
the Round 15 mean of our H-subjects (rescaled and excluding subjects who contributed z; iy < 81) is 60 tokens.

3When Rounds 1-80 are compared this result does not change; p(2-tailed)=0.45.

MThe test is one-tailed since GTO found that Icelandic subjects contribute more than US subjects. We therefore
expect the same difference with our H-data set.
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(2006) report on a single session of N = 16 a statistical test with sessions as the unit of analysis
is not possible but Fig. 7 speaks for itself.

Cumulative frequencies. As a further illustration that the contributions of H-subjects resemble
contributions in the same subject pool and differ from contributions in a culturally different
pool, Fig. 8 shows the cumulative frequency of individual contributions in the four experiments,
starting with Round 15. The strategy space of H-subjects is again rescaled to {0,1,...,100} and
only contributions x; 7 > 81 are included. Intra-cultural similarities and cross-cultural differences
are again obvious. We conclude that, starting with Round 15, H-subjects perceive their game as

a social dilemma bounded from below at (wy, + €).

Figure 8: Cumulative frequencies of public contributions in four different VCM -type data sets
(US/Iceland), for Rounds 15-80 (for H-subjects, only contributions x;x > 80 are included.)
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Result 5. The efficiency gains of the TTE over the FRE are substantial.

Table 1 compares the two equilibria (FRE and TTE), the Social Optimum, and the experi-
mental results. The FRE corresponds to the start of the game when players have yet to make any
public contributions. It is the floor of the unit’s productivity where total earnings equal the sum
of the endowments, in our experiment 80 * 8 + 120 * 4 = 1120 tokens. In the Social Optimum all
N = 12 players contribute all their tokens to public accounts so that aggregate earnings are 2240
tokens'®, a 100% efficiency gain over the FRE. A TTE is not quite as efficient but still offers good
welfare gains over the FRE. Table 1 shows that in a TTE with our experimental parameters,
the L-players are somewhat more productive than the H-players: six out of eight L-players
contribute fully so that L-types contribute on average 75% of their tokens while H-players
contribute 81/120=67.5%. Since z is independent of how many L-types are in the game (see

Eq. 2) L-players’ average output would increase if there were more of them (see Appendix A

151120 % 4 % 0.5 = 2240. See Eq. 1. Recall that n = 4 and m = 0.5.
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Table 1: Contributions and earnings in the FRE, the social optimum, the TTE, and corresponding
per-round means observed in the experiment. All figures are based on the experimental parameters.

Gini
Contribution Earnings Coofficient
% increase
Tokens % of total Tokens over FRE
FRE
All players 0 0 1120 . 0.1
L-individuals 0 0 80
H-individuals 0 0 120
SociaL OPTIMUM
All players 1120 100.0 2240 100.0 0.1
L-individuals 80 100.0 160 100.0
H-individuals 120 100.0 240 100.0
TTE
All players 804 71.8 1924 71.8 0.09
L-individuals ) 60 75.0 () 140 75.0
H-individuals 81 67.5 201 67.5
OBSERVED MEANS
All players 842 75.0 1964 75.4 0.11
L-individuals 57.25 72.0 138 72.5
H-individuals 4 96 80.0 215 79.2

! Earnings are total earnings from the private and public account.

2 Mean contribution over (L — z) = 6 full contributors and z = 2 non-contributors.
3 Mean earnings over (L — z) = 6 full contributors and z = 2 non-contributors.

4 Includes observed contributions of less than 81 tokens.
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for an illustration). For example, if L increases from 2n (as in our experiment) to 20n, that is
from L = 8 to L = 80, the mean L-contribution in a TTE is 97.5%, greatly surpassing that of
the H-players. In Section 6.3 below we expand on ways to increase productivity. Note though
that already with a very small L-class, the TTE prediction is that the L-stratum contributes

proportionally more than the H-stratum does.'®

Result 6. Inequality does not discourage the disadvantaged L-players from contributing.

Inequality and how subjects respond to it is the driver behind our design. In a TTE there is
some earnings inequality among L-players depending on the random resolution of ties among full
L-contributors and on whether an L-type chose to contribute 0 or wy,. These earnings differences
however, are either under a player’s control or driven by an equal chance process; they are also
negligible over repeat play (Appendix D). Our focus is the H-L gap which is of a different nature:
The last column of Table 1 shows the Gini Coefficients for all N players in the FRE, the Social
Optimum, a TTE, and for the experimental outcomes. A Gini Coefficient of one indicates extreme
inequality where one player takes it all while a coefficient of zero indicates full equality (Charles
et al., 2022; Giorgi & Gigliarano, 2017). All coefficients are around 0.10. Even if the L-subjects
somehow rebelled against inequity by not contributing and letting the system collapse toward
the FRE, the Gini Coefficient would hardly change. Table 1 shows that in the endowments as
well as in the earnings theoretically predicted or realized in the lab, an H-type earns, on average,
about 50% more than an L-type. This is impossible for L-types to overcome unless they somehow
managed to endogenously change the rules of the game, maybe helped by an exogenous shock
to the system. As pointed out by Piketty (2014, 2015, 2022) in naturally occurring settings
attempts by L-types to change the game in their favor are relatively common but rarely easy
since H-types rationally do their best to preserve their privilege.

Further mirroring naturally occurring settings, the absolute difference in the accumulated
earnings of L- and H-players grows over rounds. The gap between the mean total earnings of
L- and H-subjects is 6006 tokens, close to the total earnings of the least successful L-subject.
(Subject 5 in Session 1 earned just 8917 tokens, see Appx. D.) The observed earnings gap exceeds
the equilibrium prediction since H-subjects over-contribute relative to the TTE, which raises
the income in their group above the TTE prediction. Even in a perfectly coordinated TTE
however, the income gap between an H- and an L-player is 4900 tokens over 80 rounds.!” In
natural settings too, prolonged privilege such as for example long-term earnings differences,
inter-generational wealth transfers, or higher return from capital than from labor Piketty (2014)

increases the distance between classes over time.

16Tn most cases, the L-stratum is proportionally more productive than the H-stratum. However, by minimizing
L, m, and the difference (wyg — wy) it is possible to construct cases where in an equilibrium with positive
contributions the L-stratum is proportionally less productive than the H-stratum.

17 Assuming the following: 1) each H-player contributes x; ;7 = 81 tokens in each round; 2) L-players select their
two equilibrium strategies in TTE prescribed proportions in every round and furthermore switch between the two
strategies in proportions that correspond to the TTE so that by Round 80 each player has chosen z; = 0 in 20
rounds and z; g = wr, =80 tokens in 60 rounds.
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6 Discussion

6.1 Summary of experimental findings

All three hypotheses are confirmed: As stated in Hypothesis 1, the L-subjects who operate in
an environment where effort is linked to reward tacitly coordinate an asymmetric Near-Efficient
Equilibrium (NEE) among themselves. Hypothesis 2 says that in the Two-Tier Equilibrium
(TTE) H-players use their superior means to segregate from the competitive L-environment; this
is also confirmed. Hypothesis 3 based on findings from social dilemma experiments, is confirmed
as well: in their separate privileged group, H-subjects display typical social dilemma behavior
with the associated inefficiencies. Unlike the L-subjects, the H-subjects under-contribute to a
significant extent relative to their superior resources. We next turn to the policy implications of

our findings.

6.2 Inequality need not be detrimental to efficiency

Our experimental results show that inequality and material disadvantage need not be detrimental
to efficiency but assured privilege and absence of competition are. L-subjects contribute at high
levels as they compete for membership in units where contributions and earnings are higher. In
doing so they drive the H-subjects contribute z;y > wy. It is thus the “poor” L-players who
are the most productive and provide the support for a relatively efficient Two-Tier Equilibrium
(TTE).

Several social dilemma-type experiments have previously addressed the impact of inequality
when endowment levels are randomly assigned as in our study.'® The findings parallel ours: The
disadvantaged tend to contribute proportionally at least as much and in most cases more, than
the “rich”. Sadrieh & Verbon (2006) varied the Gini Coefficient of their subjects’ endowments
with the wealth levels again randomly assigned. The degree of inequality was not linked to
contribution levels and did not discourage the “poor”. However, Haile et al. (2008b, HSV') report
that when an already materially advantaged subject is given dictatorial power to determine the
actual size of the wealth gaps within their group the “poor” subjects’ contributions are inversely
related to the size of the gap imposed. HSV conclude that inequality’s origin matters. Random
assignment to endowment levels is an equal-chance process perceived as fair. In contrast, HSV’s
“poor” subjects considered themselves victims of unfair abuse of power by a fellow group member.
Comparing their laboratory results to macro-economic data on economic growth and corruption,
HSV conclude that what is perceived as fair need not be equitable: inequality’s origin matters.
For example, under corruption and otherwise weak institutions, inequality tends to be perceived
as due to unfair processes; this damages motivation, social capital, and social cohesion (see also,
e.g., Chang, 2021; Glaeser et al., 2003. In our study, subjects are not only randomly assigned to
a wealth class (H or L) but our mechanism motivates the “poor” even further with competition
and control over their outcomes due to the link between own choices and earnings. Note however

that the FRE remains an option for a disgruntled L-population. Future studies might examine

18See e.g., Buckley & Croson (2006), Chan et al. (1996), Cherry et al. (2005), Hofmeyr et al. (2007), and Visser
& Burns (2015). The exact design of experiments intended to examine the effect of inequality varies a great deal.
We cite studies that share with our design the following aspects: Social dilemmas are contribution-focused rather
withdrawal-focused, the inequality is common knowledge, decisions are simultaneous, and communication is not
allowed.
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what it takes for L-subjects to “rebel” this way, for example by varying the wealth gap between

H and L, or its genesis.!?

6.3 How to make a stratified society more productive

While a TTE offers good efficiency gains over the FRE there is room for improvement compared
to the Social Optimum. See Table 1. How can efficiency be increased above TTE levels? We
next discuss structural solutions aimed at type distribution, group formation, and MPCR.?° The
proposed solutions, experimentally testable, are introduced in the context of the two-class model

but apply to more complex stratification as well. See Section 7 for the latter.

a) Growing the L-layer. The system’s efficiency hinges on the productive L-players who
coordinate a NEE with only z < n non-contributors. Efficiency can be improved by
increasing the count of L-players while holding H constant while as before, L mod n=0.
Growing (L — z) the count of full L-contributors, reduces the relative impact of the (z < n)
L-type non-contributors. This way, as the L-layer asymptotically approaches full efficiency
(Appendix A) the relative weight of the underperforming H-layer decreases.

b) Reducing the H-layer. Our model can accommodate unequal group sizes. Segregation and
under-performance of H-types can only occur if H = ny—;. Reducing the relative weight of
the privileged but underperforming upper stratum by reducing both H and concomitantly,

ng—1, increases overall output.?!

c¢) Preventing segregation. In GVS’ (2010, see 2.2.3.c) model, H > n and H mod n # 0,
L > n and L mod n # 0 so that in the payoff-dominant equilibrium H-players cannot
segregate: In such an equilibrium, all but (z < n) L-players contribute fully, all H-players
contribute fully and some fully contributing H- and L-types meet in a mixed group. The
reason for the high efficiency under this type composition is again, competition. The (L — z)
fully contributing L-types compete for a chance to enter the mixed group while all H-types
contribute fully as they compete to avoid this group. The mixed group is attractive to
L-players since they get an equal share of the full H-contributions which are higher than
their own. It is unattractive to H-players since L-members’ full contributions are lower
than their own. A schematic example from naturally occurring circumstances would be a
loosening of the borders of class: a setting where ambitious members of the lower class can
aspire to mingle with the upper class while upper class members can experience downward

mobility.

d) Competition among H-players. H-players can be incentivized to contribute more if com-

petition is introduced into their privileged stratum. Leave L unchanged that is, L > 2n

9Coordinating a FRE under competitive grouping is possible but presents challenges: In such a setting the FRE
is not a dominant strategy equilibrium but a best-response equilibrium. A NEE’s basin attraction is larger than
the FRE’s (Nax et al., 2017b). Finally, even a competitive grouping incentive too weak to lead to an equilibrium
with positive contributions is somewhat effective in raising contributions above VCM levels (Nax et al., 2018).

20Also feasible are psychological methods such as moral suasion (Dal Bé & Dal Bé, 2014), or fear of retribution
(e.g., Fehr & Géchter, 2000; Ostrom et al., 1992).

21A growing H-layer has the opposite effect. For example, Israel’s Haredis can be regarded as an H-layer, a
“priestly leisure class” in a Veblen (1899, Ch. 6,7) sense. Their count has grown as they have responded rationally
to policy designed to support them in religious activities instead of contributing to the economy or military.
Initially about 3% of the population the Haredi stratum has grown to 14%, raising concerns for the country’s
competitiveness and defense readiness (e.g., Rettig Gur, 2023).
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and L mod n = 0, so that the L-players compete for group membership among themselves
as before. Now set H = yn where y € Z" and y > 2, and H mod yn = 0. This way, in
an equilibrium with positive contributions H-players segregate from L-players but fill two
or more groups. Our experimental results reported above show indicate that H-subjects
understand that it behooves them to segregate, and that L-subjects coordinate a NEE if
one exists. This structural amendment is thus likely to lead to a highly efficient equilibrium
outcome: L-players coordinate a NEE among themselves with z < n non-contributors.
The H-players coordinate a separate NEE where z < n of them contribute ;57 = wy, + €
and the rest contribute their entire endowment. As any one or both layers grow the
system asymptotically approaches full efficiency (Appendix A). An example from naturally
occurring circumstances is members of a privileged class having opportunities that due to
their privileged status, are open only to them but for which they must compete among

themselves, such as appointments in industry or in government or historically, at court.

e) Imposing equality through tazes and transfers. Governments typically lower their citizenry’s
Gini Index by redistributing wealth through taxes and transfers (OECD, 2012). Imagine
for example a tax on wy — wy, and re-distribution so that wy = wy. With endowments
equalized, one can expect a NEE to be coordinated. Even just a partial equalization of
resources increases efficiency since in a TTE where the H-class segregates and does not
compete the L-players apply their endowment more efficiently than the H-players. Our
model also allows to “tax” players’ earnings with class-specific amendments to their payoff
functions, which reduces the cumulative earnings gap between H and L. Consider in this
context Piketty’s (2022, Ch. 7) arguments for strong progressive taxation and extensive
redistribution to equalize the playing field for everyone. A practical question is under
which circumstances an H-class would support a reduction of their privileges (Veblen,
1899, Ch. 9). It is in the privileged class’ rational self-interest to apply themselves in the
opposite direction.?? Further practical considerations include the complexities associated
with taxation and redistribution including their effect on incentives and economic growth,
and how a wealth gap’s perceived origin impacts support for such policies (Alesina &
Angeletos, 2005; Alesina & Giuliano, 2009).

7 Concluding remarks and further research

7.1 The TTE as a model of a class-based society

Organizational forms where value is cooperatively generated are a cornerstone of all societies,
from hunting parties to modern businesses. We use a simple model thereof where gains are shared
equally. Evidently, this can be relaxed so that the return from the group product (the MPCR)
differs between individuals. Membership in our simple model of organizations is dynamic and

based on output, as it generally is in naturally occurring settings. The TTE society resembles

22Examples include: 1) As European states strengthened from the Middle Ages onward, regressive taxes were
commonly imposed by the ruling class well into the 19t century (Alfani, 2021; Piketty, 2022); 2) Under public
pressure over the cost of the monarchy, Queen Elizabeth II agreed to pay income tax starting in 1992 but a 1993
agreement with the then-prime minister exempts inheritance “from sovereign to sovereign” from tax otherwise
applied to everyone domiciled in the UK (Boffey, 2022); 3) In the 1970s in the US, wealthy individuals and
business groups hit by inflation, lobbied for deregulation that served their interests and increased the wealth gap
(see Gibbs, 2024, for an extensive overview).
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Voltaire’s description of social structure of Great Britain resembling “... their own ... beer, froth
on top, dregs at bottom, but the middle excellent” (Chaudon, 1786, p. 293). Voltaire describes a
society of under-contributing H-players firmly on top, a majority of L-players sustaining overall
performance, and z<n “dregs” feeding off others. About a century later Veblen (1899) made
a similar point about the US when he contrasted the suboptimal contribution of of a wealthy
“leisure class” to the high output of working- and middle-classes.

L-players. The L-layer is similarly highly productive. L-incentives resemble a Middle-Class
mindset where the expectation is that effort broadly defined is linked to reward (e.g., Office of the
Vice President of the United States, 2010; Reeves et al., 2018).2% Although they cannot breach
the H-layer’s wealth barrier the L-players experience social mobility since for them, contributions
are competitively linked to earnings. If the productive L-players ever got discouraged the FRE is
the alternative. This would be detrimental not just from a simple welfare perspective but also
because no social unit can survive for long if its members are not productive. Social stratification,
while likely inevitable should support performance (Davis & Moore, 1945). Resources must be
generated internally so that a unit can compete in the ubiquitous between-unit competition for
scarce resources; see Hausken & Cressman (2004) for an overview of bi-level games between unit
members and between units.

H -players. H-subjects enjoy secure privilege thanks to the luck of the draw, akin to Rawls’

(1971) lottery of birth. Encyclopaedia Britannica (2023) defines an upper class as follows:

The upper class in modern capitalist societies is often distinguished by the possession
of largely inherited wealth. The ownership of large amounts of property and the income
derived from it confer many advantages upon the members of the upper class. They are
able to develop a distinctive style of life based on extensive cultural pursuits and leisure
activities, ... and to procure for their children a superior education and economic

opportunities that help to perpetuate family wealth.

Lewis (1985) describes how the upper stratum maintains the existing order by reducing lower
classes’ upward mobility. In our study this is imposed exogenously through fixed levels of w. With
this in place, H-types using their higher w to segregate from the “poor” is a rational response to
incentives, as is contributing only the minimum required to remain above the L-stratum. If their
privilege can be maintained with limited effort, rational H-players will not use their superior
endowments more efficiently. w need not only represent monetary capital that serves accumulate
experimental earnings. In a broader sense, w can be any resource that helps capture value. In a
stratified society, wy > wy, can represent e.g., access to better schools, powerful connections, or
being of a dominant race (Emerson, 1962; Grusky et al., 2019; Lewis, 1985; Piketty, 2022, 2020,
2015). In natural settings as in our experiment, the wealth gap grows over time unless/until
countered, reversed, or undone by often forceful collective action (Piketty, 2022, 2015, 2014) or
exogenous events that change the rules of the game (Alfani, 2021).

H-subjects’ under-contribution relative to their level of w is expected not only theoretically
but also from what is known about behavior in social dilemmas absent competition. H-subjects
contributing above equilibrium (albeit well below optimum) also parallels natural settings. The
“Warm Glow of Giving” (Andreoni J., 1989) is observed both in the laboratory and outside

23In defining someone as Middle Class, a belief in a link between effort and reward even dominates current
income level (Office of the Vice President of the United States, 2010, p. 10).
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of it (Géchter, 2007). In the latter settings, H-contributions to charity and philanthropy if
conspicuous, can also be rational moves in a wider game to gain social approval and prestige
or avoid hostility (Becker, 1974, p. 1083; Olson, 1965, p. 60), all of which helps consolidate
H-status. To maintain the existing order H-types not only restrict lower classes’ social mobility
by reducing access to sources of w such as education (Lewis, 1985) but also justify their privilege
with what Piketty (2020) terms “ideologies”: Historically players in H-positions have for example
invoked a “natural” order between classes or races, or birth privilege. Claims that H-types fulfill
a special role such as preserving tradition or providing cultural refinement persist to this day.
More recent ideologies draw on rewards for entrepreneurship and employment creation, merit, or
property rights. H-types’ superior resources are however often spent suboptimally on luxury and
conspicuous consumption?? (Bryant, 2017; Piketty, 2022; Veblen, 1899).

7.2 Class-based incentives

Human behavior adapts fast to incentives, opportunities and threats: This shows in economics
experiments where subjects, randomly assigned to an environment, respond quickly and by and
large rationally to their monetary incentives. Behaviorist psychologists have similarly documented
speedy adaptation to opportunities and threats in the environment (see Ferster et al., 1975,
for an overview). Historians similarly provide accounts, from the field, of how humans have
adjusted to changes in their social and economic circumstances or in the power balance between
players; see e.g., Alfani (2021) or Piketty (2022, 2015) for diverse examples. See also for example
Tackett (2019) on how French and Chinese upper classes adapted successfully to disruptive
change, or Bryant (2017) on how British aristocrats currently manage to preserve their wealth in
an increasingly less favorable environment. While in naturally occurring settings H-types often
possess superior means and oversight which translates into superior versatility (e.g., Gibbs, 2024;
Tackett, 2019), individuals of all social classes adapt to changes in incentives. See e.g., Wike
et al. (2019) on how the general citizenry of former communist countries modified their beliefs
and aspirations as they transitioned from dictatorial command economies to democratic market
systems.

Currently, traditional Middle-Class beliefs that effort is linked to reward are undergoing
rational adaptation as their economic opportunities are threatened by globalization, outsourcing,
computerization, and AI. Wealth gaps are on the increase as a minority, predominantly in finance
and technology, benefit from these developments (Colegrave, 2019; Cooper, 2015; Fukuyama,
2012; Kochhar & Sechopoulos, 2022; Krause & Sawhill, 2018; Lanier, 2013; Ludwig, 2020; West,
2013; Zitner, 2023). Nax et al. (2018) report that subjects’ contributions remained somewhat
elevated even when the link between contribution and grouping was perturbed past the point
where a NEE exists. This suggests that even a minor connection between contribution and reward
can have somewhat of a positive impact on efficiency, but the impact is reduced as the link is
weakened. If however, beliefs in such a link no longer sufficiently correspond to reality attitudes
must change. Our equilibrium model suggests that if players in L-positions no longer feel that
effort is sufficiently linked to reward, not only might their own productivity collapse but the

productivity of other strata could follow suit. A Middle-Class mindset is thus not only productive

24For example, India’s richest 5% own about 60% of the country’s wealth (Mahendru et al., 2023, p. 14). Rich
Indians spend about US$ 75 billion annually on weddings (Khosla, 2024) with the 2024 Ambani wedding the most
expensive so far, estimated at between 132 and 156 million US$ (Mateen & Sebastian, 2024).
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but, as previously pointed out by others in non-experimental contexts (e.g., Fukuyama, 2012;
Kuznetsova & Tupitsyn, 2014; Ludwig, 2020; Office of the Vice President of the United States,
2010; West, 2013) socially and politically stabilizing and helpful to economic growth.
Incentives and policy. Taken together, our model and experimental results combined with
prior findings (Haile et al., 2008b; Piketty, 2022, 2015; Veblen, 1899) indicate that incentive
modification can be an effective policy measure: Social mobility, competition, equalization
of resources, levelling the playing field between classes, and linking effort to reward supports
productivity. Segregation, lack of competition and opportunity, and wealth differences perceived

as unfair, have the opposite effect.

7.3 Further research
7.3.1 Modeling more extensive stratification

Our model allows for many testable variations and extensions. Some have already been discussed
in Section 6.3. In addition to w-differences it is also possible to model discrimination by requiring
that “underprivileged” subjects contribute more to join a profitable group. One can also build
a four-class model common in sociology (underprivileged/lower-, working-, middle-, and upper
class) and structure their incentives by varying the relationship between class member count and
group size, the endowment w, or the MPCR. Underprivileged U-players’ lack of marketable skills
is captured by a low wy. To add a U-class with no prospects let the count of U-players U equal
the size of the lowest ranked group G: Keep other parameters as in the model tested here and
set wy = 0, or a very low positive value, possibly together with a class-specific low MPCR since
in a MTM neither group size nor MPCR need to be uniform across groups or classes. Such a
U-class has no chance to penetrate the next stratum up and little or no motivation and ability to
contribute. In an equilibrium with positive contributions the next class up remains self-contained
with 2z < n members contributing wy + €. Mingling of classes is possible if U > n(,—q) as in
GVS’s (2010b, see 2.2.3.c) model where in an equilibrium with positive contributions, one of the
groups contains two classes. For a four-class model add a “working class” whose w is between
that of a U-class and a “middle class”. It too, could either be self-contained or its members
could have a chance to be upwardly mobile into the “middle class” depending on how group size
and type count are set. Downward mobility is modeled in the same manner. This and similar
extensions are all empirically testable. All these modifications require keeping a close eye on
the relationship between group sizes and type distribution since they determine not just the
structure but also the existence of equilibria with positive contributions (Duca et al., 2018; Nax
et al., 2017a).

7.3.2 Economic incentives and the psychology and sociology of class

We have defined class by resources, mobility, and incentives. A growing body of literature on the
psychology of class examines long-lasting class-driven attitudes including beliefs about the Self
(see, e.g., Kraus et al., 2012; Manstead, 2018 which can impact social mobility and the ability to
seize opportunities. In addition to psychology, stratification economics incorporates sociology,
most notably race and other identities, in the study of inequity (see Chelwa et al., 2022, for an
overview). Highly abstracted, demographic or psychological features can be seen as factors of

w. It is also possible to include such attributes into experimental tests of our model of class by
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assigning subjects to roles accordingly and if desired, providing this information to the other
players. Examples of prior studies applying such methods include Gunnthorsdottir et al. (2002)
and Haile et al. (2008a).

7.3.3 The perceived fairness of class differences

Finally, how does the perceived appropriateness of class differences (in our model, w, social
mobility, MPCR) impact contribution levels? Recall that HSV (2008b) report that while it
does not affect the equilibrium inequality’s origin impacts subjects’ willingness to contribute.
In an experimental operationalization of social unrest HSV’s Dutch subjects had the option to
destroy everyone’s earnings. The option was rarely exercised. Consider however that Herrmann
et al. (2008) find important cultural differences in frequency of destructive (in the context of
their study, spiteful) acts in cooperative settings, with subjects from the English Speaking and
Protestant European cultural clusters (Holland belongs to the latter; see World Values Survey,
2023) engaging in it the least. In the model tested here, the “option to destroy” corresponds to
L-subjects coordinating the FRE. What would it take for the FRE to happen, across cultures?
As is so often the case, subjects’ culture must be considered before generalizing from experiments
to the anticipated success or failure of a policy. More generally, we caution against directly
extrapolating from a simple model or a controlled experiment to naturally occurring settings:
In addition to culture, a plethora of other facets specific to a given society must be considered.
For example, Haile et al.’s (2008a) find, with trust games in a racially divided and economically
unequal society, that investment levels are affected by demographic information about one’s
counterpart. Nonetheless, we believe that we have uncovered choice patterns associated with
competition and privilege, equality or the lack thereof, that are probably quite general even

though doubtlessly moderated by local social complexities.
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A Efficiency of a NEE as N gets larger

Figure 9: NEE efficiency for n = 4 and m = 0.5, for all N ranging from 8 to 1000 where N
mod 4 =0
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B Choice frequencies of L-types in later rounds

Figure 10: Choice frequencies L-types Rounds 61-80.
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C Individual choice paths

Figure 11: Session 1. Individual choice paths and earnings, (Z = mean contribution over 80
rounds, 7 = mean total earnings over 80 rounds)
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Figure 12: Session 2. Individual choice paths and earnings, (Z = mean contribution over 80
rounds, ¥ = mean total earnings over 80 rounds)
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Figure 13: Session 3. Individual choice paths and earnings, (Z = mean contribution over 80
rounds, ¥ = mean total earnings over 80 rounds)
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Figure 14: Session 4. Individual choice paths and earnings, (Z = mean contribution over 80
rounds, ¥ = mean total earnings over 80 rounds)
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D Inequality among L-types

In addition to the insurmountable wealth difference between H and L, L-players in a TTE
experience two different sources of earnings inequality among themselves, with the extent of the
inequality depending on m, n, and G. Both however, end up being quite insignificant over repeat
play. Firstly, under our experimental parameters, two fully contributing L-types are randomly
grouped with z = 2 non-contributors and earn only 80 tokens each?® while each of the remaining
four full L-contributors grouped with like-contributors earns 160 tokens.?8 For a single round,
fully contributing L-players’ Gini Index is 0.13. However, over 80 rounds of randomly ranking
and grouping the same set of fully contributing L-types, their individual earnings approach the
expected value of 133 tokens per round. 27

The second source of earnings inequality among L-types in a TTE is because under our
experimental parameters, the (z = 2) L-types who contribute nothing earn 160 tokens per
round.?® Over repeated rounds however, many L-subjects oscillate between their two TTE
strategies of z;;, = 0 and z; L = 80. If all L-players oscillated in TTE-prescribed proportions,
earnings differences between L-players would become negligible. ?° Note though that individual
L-subjects decision paths over rounds are unsystematic (Appendix C). Furthermore, errors in the
form of contributions of 0 < x;;, < 80 depress own earnings while others profit from the mistake.
Over 80 rounds, individual L-subjects therefore earned between 8917 to 12398 tokens (range =
3481; Gini Index3" = 0.05).3! If each L-subject had consistently selected either z;;, = 80 or the
more profitable x;;, = 0, the final earnings difference between these two choice paths would only
be 2160 tokens.3?

25(80 — 80) + (2 * 80) * 2/4 = 80. See Eq. 1.

26(80 — 80) + (4 % 80) * 2/4 = 160. See Eq. 1.

27The ex-ante expected earnings of a fully contributing L-player are (4/6) * 160 + (2/6) * 80 = 133 tokens.

2880 + (80 + 80) % 2/4 = 160. See Eq. 1.

29The earnings difference between the non-contributing and fully contributing L-types shrinks if the count of
L-players increases. For example, if L were 80 instead of 8 with all other parameters unchanged, z = 2 as before
and the expected earnings of a fully contributing L-player rise to 158 tokens: 76/78 x 160 + 2/78 « 80 = 158.

30Computed after binning the total 80-round earnings of L-subjects; bin size is 500 tokens.

311f our L-subjects contributed z;;, = 0 25% of the time and z;;, = wy, 75% of the time, balanced this way in
every round, total earnings over 80 rounds would amount to 11180 tokens. Observed mean L-subject earnings
were 11032 tokens.

32160 * 80 — 133 x 80 = 2160
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INSTRUCTIONS

This is an experiment in decision-making. You have already earned 700 kr. for showing up
at the appointed time. If you follow the instructions closely and make decisions carefully,
you will make a substantial amount of money in addition to your show-up fee.

Number of periods

There will be 80 decision-making periods.

Endowments differ between participants

There are twelve participants in total. In each period, each individual receives an
endowment of experimental tokens. By a random process, eight participants receive an
endowment of 80 tokens per round, and four receive 120 tokens per round. You
receive the same endowment in each round of the experiment.

The decision task

In each period, you need to decide how to divide your tokens between two accounts: a
private account and a group account. The group account is joint among all members of the
group that you are assigned to in that period. See below for the group assignment process
and for how earnings from your accounts are calculated.

How earnings from vour two different accounts are calculated in each period:

. Each token you put in the private account stays there for you to keep.

. All tokens that group members invest in the group account are added together to
form the so-called “group investment”. The group investment gets doubled before it is
equally divided among all group members. Your group has four members (including
yourself).

A numerical example of the earnings calculation in any given period:

Assume that your endowment per period is 80 tokens. In a given period, you decide to put
30 tokens into your private account and 50 tokens into the group account. The other three
members of your group together contribute an additional 300 tokens to the group account.
This makes the total group investment 350 tokens, which gets doubled to 700 tokens (350 *
2 =700). The 700 tokens are then split equally among all four group members. Therefore,
each group members earns 175 tokens from the group investment (700/4=175). In addition
to the earnings from the group account, each group member earns 1 token for every token
invested in his/her private account. Since you put 30 tokens into your private account, your
total profit in this period is 175 + 30 = 205 tokens.



HOW EACH DECISION-MAKING PERIOD UNFOLDS AND HOW YOU ARE
ASSIGNED TO A NEW GROUP IN EACH OF THE PERIODS

First, vou make vour investment decision

Decide on the number of tokens to place in the private and in the group account,
respectively. To make a private account investment, use the mouse to move your cursor to
the box labeled “Private Account”. Click on the box and enter the number of tokens you
wish to allocate to this account. Do likewise for the box labeled “Group Account” Entries
in the two boxes must sum up to your endowment. To submit your investment click on the
“Submit” button. Then wait until everyone else has submitted his/her investment decision.

Second, you are assigned to the group that you will be a member of in this period

Once every participant has submitted his or her investment decision, you will be assigned
to a group with 4 members (including yourself).

The group assignment proceeds in the following manner:

All participants' contributions to the group account are ordered from the highest to the
lowest contribution. Participants are then grouped based on this ranking:

. The four highest contributors are grouped together.
. Participants whose contributions rank from 5-8 form the second group.
. The four lowest contributors form the third group.

As said, you will be grouped based on your group account investment. If there are ties for
group membership because contributions are equal, a random draw decides which of these
equal-contributors are put together into one group and who goes into the next group below.
For example, if 5 participants contributed 200 tokens, a random draw determines which of
the four participants form a group of like-contributors and who is the one who goes into the
next group below.

Recall that group membership is determined anew in each period based on your group
contribution in that period. Group membership does not carry over between periods!

After the group assignment, your earnings for the round are computed

Earnings from a given round are computed after you have been assigned to your group. See
the numerical example above for details of how earnings are computed after you have been
assigned to a group.

End-of period message

At the end of each period you will receive a message with your total experimental earnings
for the period (total earnings = the earnings from the group account and your private
account added together). This information also appears in your Record Sheet at the bottom
of the screen. The Record Sheet will also show the group account contributions of a//
participants in a given round in ascending order. Your contribution will be highlighted.

A new period begins after everyone has acknowledged his or her earnings message.

At the end of the experiment your total token earnings will be converted into kronur
at a rate of 0.17 kronur per token.



	Introduction
	Model
	The Voluntary Contribution Mechanism (VCM)
	Findings from VCM experiments

	The Group-Based Meritocracy Mechanism (GBM)
	The free-riding equilibrium (FRE)
	The near-efficient equilibrium (NEE)
	Findings from GBM experiments

	The Multi-Tiered Mechanism (MTM)
	The free-riding equilibrium (FRE)
	The two-tiered equilibrium (TTE)


	Hypotheses
	Experimental Design and Procedure
	Experimental parameters and equilibrium prediction
	Subjects
	Procedure
	Type assignment (H or L)
	Group assignment
	Information
	Payments and earnings

	Experimental Results
	Discussion
	Summary of experimental findings
	Inequality need not be detrimental to efficiency
	How to make a stratified society more productive

	Concluding remarks and further research
	The TTE as a model of a class-based society
	Class-based incentives
	Further research
	Modeling more extensive stratification
	Economic incentives and the psychology and sociology of class
	The perceived fairness of class differences


	Efficiency of a NEE as N gets larger
	Choice frequencies of L-types in later rounds
	Individual choice paths
	Inequality among L-types
	Experimental instructions

