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Abstract

We study, experimentally, how two alternative incentive mechanisms affect team
performance, and how ateam chooses between alternative mechanisms. We study a group
incentive mechanism, where team output is shared equally among team members, and a
hierarchical mechanism team output is allocated by ateam leader. Our experiment examines
these mechanisms in both homogeneous teams, where workers have identical productivities
and in heterogeneous teams, where workers vary in their productivity. Our results are robust
to whether teams are homogeneous or heterogeneous. We find that output is higher when a
leader has the power to allocate output, but this mechanism also generates large differences
between earnings of leaders and other team members. When team members can choose how
much of team output is to be shared equally and how much is to be allocated by aleader, they
tend to restrict the leader’ s power to distributing less than half of the pie.
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1. Introduction

Group incentive schemes in team production environments are vulnerable to well-known
free-rider problems. In this paper we investigate, experimentally, whether team performance
can be improved by empowering aleader to distribute team output among team members, as
an alternative to a simple revenue-sharing arrangement.

Our starting point is an environment where team members incur individual effort
costs from making contributions to team output, but share team output equally with al team
members. Asiswell-known, since the benefits of ateam member’s efforts are shared with the
rest of the team, this introduces an externality that in theory, if decisions are guided by a
comparison of private costs and benefits, will result in excessive shirking and welfare loss
(Holmstrom, 1982). A substantial experimental literature finds that effortsin such
environments are prey to free-riding incentives, falling short of efficient levels and
decreasing with repetition (see for example the early study by Nalbantian and Schotter, 1997,
or the recent review in Camerer and Weber, 2012). In line with these previous findings, we
also observe substantial free-riding in this benchmark treatment.

We then focus on two research questions. First, we ask whether installing aleader
who allocates rewards to team members improves team performance. Second, we ask
whether team members will voluntarily cede such power to aleader, and whether this affects
the leader’ s performance, in terms of encouraging team production.

To answer the first question we conduct treatments where all team output accruesto a
leader, who can then decide how to distribute it. Importantly, any output not allocated to
other team membersis retained by the leader. In this setting, aleader might induce efficient
team production by compensating team members appropriately for the costs they incur from
their productive efforts, and furthermore she has an incentive to do so as efficient team
production will increase her residual claim. Such a solution to the free-riding problem may,
however, be vulnerable to other sorts of incentive problems. Most obviously, a selfish leader
has an incentive to appropriate all the team output for herself. In theory, assuming standard
selfish preferences, aleader will keep all team output and, in anticipation of thisteam
members supply minimum effort.

In contrast to this theoretical prediction, in our experiment we find that installing a
leader does indeed promote effort and increase efficiency. Leaders use simple strategies that
reward workers who supply high effort and withhold rewards from shirkers. Thisin turn

encourages effort and results in substantial increases in team production and earnings. Team



earnings are substantially higher than in our benchmark treatment without a leader, and
amount to amost 90% of the maximum possible earnings.

Successful leadership may be more challenging when, asin many natural team
settings, workers vary in their productivity. What constitutes “compensating team members
appropriately” may then be less straightforward. If workers are concerned about equity and
fairness, and if there are competing notions of fairness, it may be particularly difficult to
provide the correct incentives. Thus, we also ran treatments with heterogeneous worker
productivities. Again, we find low effort in the absence of aleader and substantially higher
effort and efficiency with aleader. Thus, just asin the case of homogeneous teams, with
heterogeneous teams we find that installing aleader with power to distribute the proceeds of
team production is successful in promoting efficiency.

A feature of these treatments is that the institutional setting — either a group incentive
scheme or aleader reward scheme — is exogenously imposed on ateam as part of our
experimental design. Since, in practice, authority is often not absolute but instead is granted,
we conducted further treatments to investigate our second question: whether teams will
voluntarily cede discretionary reward power to aleader, and whether endogenously
empowering leaders affects team performance.

To answer this question, in a second set of experiments we allowed team members to
repeatedly decide on the leader’ s power through a voting mechanism. Team members can
decide what proportion of team output will be given to the leader to distribute, with the
remainder shared equally among the team members.

Making the leader’ s power endogenous in this way could represent an obstacle to
successful leadership. Even if aleader would be willing and able to compensate workers,
team members may not vote for |eadership because they fail to anticipate the leader’s
behavior, or because they prefer to retain some control over part of their earnings from
providing effort. This may reflect a non-pecuniary benefit from partially controlling
incentives, similar to the desire to retain authority seen in other studies of principal-agent
relationships (e.g., Bartling and Fischbacher, 2012; Fehr et a., 2013). On the other hand, the
voting mechanism may facilitate successful leadership. First, the voting mechanism gives
team members an opportunity to punish leaders who abuse their power, and so it may be a
useful mechanism for constraining opportunistic leaders. Second, as seen in other studies of
endogenous institutions (e.g., Da Bo et d., 2010; Sutter et al., 2010) giving agentsavoicein

the institution may in and of itself foster a more cooperative environment.



Wefind that, asin our previous treatments, team production and earnings are higher
when |eaders are given more power. However, despite the success of the leadership
institution when it emerges, we find that team members delegate too little power to leaders
and so the potential gains from |leadership are not realized. The main reason for this appears
to be the way the benefits of |eadership are shared. Although the leaders’ rewarding strategies
are well-calibrated to make it pay to work rather than shirk, the rents from work go mainly to
the leader. That is, the leader rewards enough to compensate team members for their effort
costs, but takes the lion’ s share of any remaining output. Given that team members do
dlightly better than predicted under group incentives, the leaders' rewarding strategies do not
make leadership an attractive proposition.

Our experiment adds to a recent experimental literature examining the potential for
leadership to overcome the free-rider problem. However, most of this literature examines
how aleader may influence followers by their own effort choice (i.e. “leading-by-example’,
as studied in, e.g., Gachter and Renner, 2003; Gth et a., 2007; Potters et al., 2007,
Drouvelis and Nosenzo, 2013), or by communication (e.g., Wilson and Sell, 1997; Levy et
a., 2011; Houser et al., 2014). This literature has also studied endogenous leadership, either
through allowing the sequential move structure of |eading-by-example to emerge
endogenoudly (e.g., Potters et al., 2005; Haigner and Wakolbinger, 2010; Rivas and Sultter,
2011; Arbak and Villeval, 2013), or by using voting mechanisms to select communicators
(e.g., Brandts et a., 2014). Our leaders are different in that they control the remuneration of
team members and can use this to motivate self-interested team members. That is, we study
what has been termed “transactional leadership” (Burns, 1978), where leaders allocate
tangible rewards to obtain compliance from followers.

There have been relatively few studies of transactional leadership in experimental
economics. Gurerk et a. (2009) and Nosenzo and Sefton (2014) study team production
games where, after all team members have made a contribution to team production and
received an equal share of team output, one team member (the team leader) receives a
monetary budget that she can use to inflict punishment or rewards. Their main interest ison
the relative effectiveness of punishments versus rewards (punishments turn out to be more
effective) and the endogenous choice of incentive instrument (teams learn to use punishment
incentives). Our study differs from these previous papersin that our leaders can only yield
incentives through decisions on how to distribute output, with the leader’ s earnings
determined by her residual claim. More closely related are studies by Heijden et al. (2009)
and Abeler et al. (2010), who study settings where agents generate revenues from which a
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principal can reward agents and retain residual earnings.* Like us, Heijden et al. (2009) show
that thisinstitution raises effort and efficiency significantly compared to a revenue sharing
institution. However, their study differsin numerous ways, e.g. their leaders have a
productive as well as allocative role, effort decisions are binary, there are complementarities
in team production. Most importantly, they do not consider asymmetriesin productivity or
endogenous incentive mechanisms. Abeler et al. (2010) study a game between two agents,
who exert efforts, and a principal who chooses wages. They find that efforts are low when the
principal is constrained to pay equa wages, but higher when the principa can pay different
wages to different workers. Again, they do not consider asymmetries in productivity or
endogenous authority.

The remainder of the paper is organized as follows. In section 2 we present our initial
study where we compare team production under a leaderless group incentive scheme with a
leader reward-based incentive scheme. In section 3 we present our second study, where the
leader’ s reward power is delegated by team members. Concluding comments are provided in
section 4.

2. Study 1: The effectiveness of exogenously imposed leader ship
2.1 Experiment design

In our initial study we examine the effectiveness of exogenously imposed leadership using a
ten-round, five-person team production game. Teams are randomly formed in the first round
of the game and remain fixed across rounds. Within each team, four subjects are randomly
assigned the role of "worker" and one subject the role of "leader”, and these roles are kept
fixed across rounds.? Subjects earned points in each round and at the end of the game were
paid based on their accumulated point earnings from all rounds.

Each round consists of two stages. In stage one each worker is endowed with 10 units
of effort and chooses how many units to contribute to team production. Worker choices are

made simultaneously. Leaders are also endowed with 10 units of effort but they cannot

! Also related is the experiment by Stoddard et al. (2014), who study a common-property resource game where
groups of four agents make provision decisions, and aleader decides the shares of output to allocate to each
agent. They find that this mechanism increases provision relative to a revenue sharing mechanism. Differently
from our study, their leader is not aresidual claimant of the common-property resource. Moreover, Stoddard et
al. (2014) do not study settings with asymmetric productivities or endogenous incentive mechanisms.

2 We did not use the labels "worker" and "leader" in the instructions. Instead, subjects were identified through
letters A to E and group members A to D acted as workers and group member E as leader in the experiment. In
our NoL eader treatments group member E had no decision-making role and simply observed the decisions of
the other group members. We included this “dummy” player in our design to enhance comparability with the
Leader treatment. The instructions are reproduced in Appendix A.
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contribute these to team production in the experiment. Each unit of effort that a team member
does not contribute to team production yields 30 points to that member, whereas each unit of
effort contributed to team production by worker i generates 6; points of "team output”. In
stage two of each round the team output is redistributed among team members according to
the following rules: ashare y of the team output (0 < y < 1) istransferred to the team leader
who decides how to redistribute the output among all team members (including the leader),
and the remaining share 1 — y of team output is equally redistributed among the four
workers. The leader isinformed of theindividual effortsin stage one before making her
redistribution decisions by assigning reward points to workers. The point earnings of the team

members are as follows:

NgE

4
Treader = 300 + y - Z 0;e; — T

i=1 i=1

4
Tworkeri — 300 — 30e; + 1;—]/ - Z Oie; +1;
i=1

wheree; € {0,1, ..., 10} denotes worker i's effort in stage one and r; denotes the reward
points assigned by the leader to worker i in stage two. The leader cannot assign negative
rewards, r; > 0, and total rewards cannot exceed the share of team output controlled by the
leader, Y1 1 <y - Xi, 0;e;. At the end of each round al team members are informed of all
stage one and stage two choices, and the resulting payoffs.

Thisinitial study has four treatments in a 2x2 between-subject design where we vary:

i) the share of team output y transferred to the leader, and

i) workers' productivity parameter 6;, i.e. the number of points of team output

generated by a unit of worker i's effort.

In our NoL eader treatments leaders have no reward power: no share of team output is
transferred to the leader (i.e., y = 0) and al team output is equally shared by the four
workers. In our L eader treatments leaders have instead full reward power as they receive the
whole team output to redistribute (i.e., y = 1). In our Homogeneous treatments productivity
is homogenous within ateam, i.e. for al workers each unit of effort generates 6; = 60 points
of team output. In our Heter ogeneous treatments workers are heterogeneous in their
productivity: two workers have high productivity (8; = 80), while the other two have low

productivity (6; = 40). Table 1 summarizes the design of the experiment.



Table1l - Study 1 experimental design

Treatment " ediS:t?irt?uc;Iaéeg;nl g;‘;gjt(y) Workers productivity (6;)

NoLeader_Homogeneous y=0 0, =60fori=1{1,2,3,4}

Leader_Homogeneous y=1 0, =60fori=1{1,2,3,4}
NoLeader_Heterogeneous y=0 0, =80 fori ={1,2}and 6; = 40 for i = {3,4}
Leader_Heterogeneous y=1 0; =80 fori ={1,2}and 6; = 40 for i = {3,4}

2.2 Theoretical considerations

In all treatments team output is maximized when workers supply maximum effort. However,
if team members are rational and exclusively motivated by self-interest, workers have no
incentive to supply effort in any of the treatments. Consider a one-round version of our team
production game. In the NoLeader treatment the cost of contributing a unit of effort (30
points) exceeds the benefit (6;/4 points) and so a self-interested worker has a dominant
strategy to provide zero effort. The presence of aleader with reward power in our Leader
treatments does not change this prediction: in stage two of the game, arational self-interested
leader will keep any team output produced by the workers. Anticipating this, workers do not
supply any effort in stage one. Thus the unique subgame perfect equilibrium, assuming that it
is common knowledge that players maximize own earnings, has all workers contribute zero
effort to team production. These predictions for a single round game also carry over to the ten
round repeated game: in the unique subgame perfect equilibrium workers provide zero effort.
However, there is by now abundant evidence that not al individuals are exclusively
motivated by their self-interest (see, e.g., Camerer, 2003; Fehr and Schmidt, 2006 for reviews
of the experimental literature). Individuals with other-regarding preferences may have an
incentive to supply effort to team production. Moreover, this incentive to supply effort may
vary across treatments. To illustrate this, consider the case of inequality averse players, as
modeled by Fehr and Schmidt (1999).% According to their model, player i's utility is given by:
a

- _l 1 Z max{n]- —m;, 0§ — nﬁTllZ max{ni — T}, 0}

JES! JE2!

Ul'=7'[i—

3 We use the Fehr and Schmidt model as asimple and tractableillustration of theoretical predictions when
individuals display other-regarding preferences. Several other models of other-regarding preferences have been
proposed in the literature (see Fehr and Schmidt, 2006 for an overview of these models), but it is beyond the
scope of this paper to consider the predictions of these models.
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where rr; isthe player's material payoff from the game, the parameter «; measures her
aversion to disadvantageous payoff inequality, and the parameter 5; measures her aversion to
advantageous payoff inequality. Fehr and Schmidt assumethat 8; < a; and 0 < ; < 1.

In the single round game of our NoL eader treatment there is an equilibrium where all

workers supply maximal effort if they are sufficiently averse to advantageous inequality. For
our homogeneous productivity treatment this requires that each worker has 5; > % ~ 0.57, for
our heterogeneous treatment it requires that each high productivity worker has ; = 0.4 and
each low productivity worker has 8; > % ~ 0.73.% In the game of our Leader treatments the

leader’ s aversion to advantageous inequality is critical. If B, .qqer < 0.8, thenin stage two of
the game the Leader will keep all team output and so the unique subgame perfect equilibrium
has all workers supply zero effort in stage one. On the other hand, if leaders are sufficiently
averse to advantageous inequality (Beqqer > 0.8) they will redistribute team output in order
to equalize material payoffs across players, and anticipating this workers will supply maximal
effort. In thislatter case the unique subgame perfect equilibrium of the game has all workers
supply full effort to team production.

This simple analysisillustrates how the presence of individuals with other-regarding
preferences may generate interesting interactions between leadership and incentives to
contribute to team production. On the one hand, teams can achieve fully efficient outcomes
even in the absence of |eaders with reward power as long as all workers are sufficiently
inequality averse. On the other hand, with a sufficiently inequality averse leader teams can

overcome the free-rider problem even if workers are purely self-interested.

2.3 Experiment procedures

The experiments were carried out at the University of Birmingham with 230 subjects
recruited from a campus-wide distribution list.> Three sessions were conducted for each
treatment, with either 20 or 15 subjects per session. No subject participated in more than one
session. We had 60 subjects participate in each of our Homogeneous treatments, and 55
subjects participate in each of our Heterogeneous treatments.

At the beginning of a session, subjects were randomly allocated to visually-isolated

computer terminals. They received written instructions that the experimenter read aloud. The

* When this condition holds there are also other equilibria where workers supply identical efforts. For any
inequality aversion parameter values, there is also an equilibrium where all workers supply zero effort. For
details see Appendix B.

® Subjects were recruited through the online recruitment system ORSEE (Greiner, 2004). The experiment was
computerized using the software z-Tree (Fischbacher, 2007).
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instructions contained a set of control questions to test subjects understanding of the
experimental setting. Answers were checked in private by the experimenter. Once all subjects
had answered all questions correctly, they were randomly alocated to teams and randomly
assigned arole within the team. Subjects then played 10 rounds of the team production game
described above.

At the end of round 10, subjects filled in a short questionnaire eliciting basic socio-
demographic information. Subjects were then paid in cash and in private according to the
sum of their earnings across the 10 rounds at arate of £0.10 per 100 points, plus a £3.50
show-up fee. Earnings ranged between £6.18 and £14.47, averaging £7.76. On average

sessions lasted about 75 minutes.

2.4 Results

Figure 1 shows the average effort supplied by workers across our four treatments. In round 1
efforts range from 48% to 58% across treatments, but these differences are not statistically
significant (Kruskal-Wallis test: p = 0.588).° Marked differences between treatments then
emerge from round 2 onwards: efforts gradually decrease over rounds in our NoL eader
treatments, whereas they increase in our Leader treatments. This pattern is observed both in
the Homogeneous and Heterogeneous treatments. In round 10 of all treatments we observe an

end-game drop in effort, which is particularly sharp in our Leader treatments.

Figure 1 - Average effort across treatments

40 60 80 100
| | | |

20
|

Average Effort as % of Max Possible Effort

0
|

1 2 3 4 5 6 8 9 10
Round
—e—— NolLeader_Homogeneous Leader_Homogeneous
——e—- NolLeader_Heterogeneous Leader_Heterogeneous

® Thistest is based on 48 individual observations in each of our NoLeader_Homogeneous and
Leader_Homogeneous treatments, and 44 individual observationsin each of our NoLeader_Heterogeneous
and Leader_Heterogeneous treatments. Unless otherwise stated, al other testsin Study 1 use team averages as
the independent unit of observation and are therefore based on 12 (Homogeneous treatments) and 11
(Heterogeneous treatments) observations per treatment. All reported p-values are two-sided.
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Averaging across all rounds, subjects supply about 30% and 31% of maximum possible
effort in NoLeader_Homogeneous and NoLeader_Heterogeneous, respectively. In contrast,
average effort is substantially higher in the treatments with leader: 76% of maximum possible
effort in Leader_Homogeneous and 70% in Leader_Heterogeneous. These differences
between treatments with and without leaders are statistically significant (Mann-Whitney tests:
NoLeader_Homogeneous vs. Leader_Homogeneous p = 0.000; NoLeader_Heterogeneous
vs. Leader_Heterogeneous p = 0.001). The effectiveness of leadership does not seem to be
diminished in the treatments with heterogeneous worker productivities. In fact, we observe
very similar efforts in homogeneous and heterogeneous teams, both in the NoLeader and
Leader treatments (Mann-Whitney tests: NoLeader_Homogeneous Vs.
NoLeader_Heterogeneous p = 0.580; Leader_Homogeneous vs. Leader_Heterogeneous p
=0.853).

Within the Heterogeneous treatments, we observe only small differencesin effort
between workers with high and low productivity. Averaging across rounds of our NoL eader
treatment high productivity workers supply 34% of maximum possible effort while low
productivity workers supply 28%. High productivity workers supply more effort in our
Leader treatment as well, 73% compared with 66% by low productivity workers. However,
none of these differences are statistically significant (Wilcoxon tests: high vs. low
productivity workers p = 0.477 in NoLeader_Heterogeneous and p = 0.286
in Leader_Heterogeneous).”

These findings suggest that in our Leader treatments leaders use their reward power
effectively and adopt redistribution strategies that incentivize workers to contribute to team
output. Figure 2 illustrates leaders use of their reward power across the different treatments.
The figure shows the average share of team output received by leaders and workers in the
four treatments. For workers, thisis disaggregated based on how their efforts relate to the
average effort of the rest of their team.

" There is mixed evidence on the impact of heterogeneity in contributions to public goods. See the summary of
the literature in Reuben and Riedl (2013). Most of this evidence comes from experiments where players differ in
their endowments or marginal return from the public good. Two exceptions are Tan (2008) and Kdlle (2015),
who also study heterogeneity in productivities. Tan (2008) finds homogeneous groups contribute more than
heterogeneous groups, whereas K olle (2015) finds the opposite. Both studies find that within heterogeneous
groups high productivity players contribute more than low productivity players.
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Figure 2 — Share of team output received
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Worker i's effort - Average effort of other workers

In the NoLeader treatments each worker automatically receives a quarter of the team
output, irrespective of their effort, while the leader receives no share of the team output. In
the Leader treatments the leader decides how to share team output. Figure 2 shows that
leaders follow a strategy that rewards contributions and punishes free-riding in both Leader
treatments. In the Homogeneous treatment workers who supply effort at or above the average
of their team in a period receive on average 23% of team production, while those supplying
effort below the average receive 12% of team production. These differences are highly
significant (Wilcoxon test, p = 0.002). The same pattern is observed in the Heterogeneous
treatment. Here, workers who supply effort at or above the team average receive on average
21% of team production, while those supplying effort below the team average receive 11% of
team production (Wilcoxon test, p = 0.004).

Thisreward strategy creates strong incentives to supply effort in the Leader treatments.
Figure 3 shows a scatterplot of the relation between workers' earnings and efforts between
treatments with and without leaders in the Homogeneous (left panel) and Heterogeneous
treatments (right panel). Lines of best fit obtained through linear regressions are also shown

in the figure.
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Figure 3 — Relation between workers earnings and effort
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When leaders have no reward power, workers who supply more effort tend to earn less
than those who free-ride. Thisis particularly evident in the NoLeader_Heterogeneous
treatment where, on average, supplying zero effort leads to 429 points whereas maximal
effort leads to 315 points. In contrast, when leaders have full reward power, the relation
between earnings and efforts is positive, and workers who supply effort tend to earn more
than free-riders. For example in the Leader_Heterogeneous treatment, on average, free-
riders earn 335 points whereas workers who supply maximum effort earn 447 points.

A simple regression analysis confirms that the presence of |eaders with reward power
substantially changes the incentives to supply effort relative to the NoLeader treatments.
Table 2 reports OL S regressions of workers' earnings on effort, a dummy variable assuming
value 1 for observations from the Leader treatments and O otherwise, an interaction term
between the effort and treatment variables, and a round trend variable. We report separate
regressions for the Homogeneous and Heterogeneous treatments. The Heterogeneous
regression a so includes a dummy variable assuming value 1 for a high productivity worker
and O for alow productivity worker.
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Table2 —Regression of workers' earningson effort

Homogeneous Heterogeneous
-5.43 -10.73°"
Eifort (5.41) (2.78)
-94.26™" -106.03"™
L eader (23.95) (24.82)
Effort» Leader 2% 20
High Productivity - _(]7-16?32)3
-11.227 21129
Round (2.15) 2.23)
468.73"" 499.39"
Constant (26.52) (23.66)
N. of observations 960 880
R? 223 167

Notes: OLS regressions with robust standard errors clustered at the team level
reporteg jn parentheses. Dependent variable is workers' earnings. Significance
levels: = 1%.

The regressions confirm that in the NoLeader treatments there is a negative relation
between earnings and effort, athough thisis statistically significant only in the
Heterogeneous treatment. This relation becomes positive in the two Leader treatments. In
Leader_Homogeneous each unit of effort supplied to team production increases earnings by
approximately 15 points (F-test, p = 0.000). In Leader_Heterogeneous each additional unit
of effort increases earnings by approximately 11 points (F-test, p = 0.005).

Our results so far have shown that leadership is very effective in incentivizing effort,
both in our Homogeneous and Heterogeneous treatments. We conclude our analysis by
studying the impact of leadership on earnings and efficiency. For a measure of efficiency we
use attained team earnings as a percentage of 2700, the maximum possible team earnings.?
Table 3 reportsindividual earnings, combined earnings, and efficiencies per round across

treatments.

8 Note that in the standard theoretical outcome where team effort is zero, combined earnings are 1500, implying
an efficiency of 56%.
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Table 3—Individual earnings and efficiency

NoLeader Leader NoLeader Leader
Homogeneous Homogeneous Heterogeneous Heterogeneous
, . 300 686.8 300 746.0
Leader's Earnings (0.0) (203.4) (0.0) (190.8)
Workers' Earnings (3:?: 9(? é37012) - -

Low Productivity ?&‘?27 81) (‘:3%6:5
High Productivity 5’3858 (46%1'22)
Combined Earninas 1862.5 2407.5 1893 2361.3
9 (155.6) (193.7) (174.1) (220.5)

Efficiency 69% 89% 70% 88%

Notes: “Combined Earnings’ are the sum of leader’s and workers earnings. “Efficiency”
is combined earnings as a percentage of maximum possible earnings (in all treatment
maximum possible combined earnings are 2700). Standard deviations based on team
averages in parentheses.

The earnings analysis confirms the effectiveness of |eadership in promoting efficiency
in our team production setting. In the Homogeneous treatment combined earnings increase
from 1862.5 when leaders have no reward power (an efficiency of 69%) to 2407.5 when
leaders have reward power (an efficiency of 89%). This differenceis statistically significant
according to aMann-Whitney test (NoLeader_Homogeneous vs. Leader_Homogeneous p =
0.000). Similarly, in the Heterogeneous treatment combined earnings increase from 1893
when |leaders have no reward power (an efficiency of 70%) to 2361.3 when leaders have
reward power (an efficiency of 88%). Thisdifferenceis statistically significant (Mann-
Whitney test: NoLeader_Heterogeneous vs. Leader_Heterogeneous p = 0.001).°

Table 3, however, aso shows that the efficiency gains of |eadership are redistributed
very unequally between leaders and workers: most of the efficiency gains accrue to leaders,
whereas workers' earnings are not very different between NoLeader and Leader. For leaders,
both in Homogeneous and Heterogeneous, we detect a statistically significant difference
between earningsin NoLeader and Leader (Mann-Whitney tests. NoLeader_Homogeneous
vs. Leader_Homogeneous p = 0.000; NoLeader_Heterogeneous Vvs.
Leader_Heterogeneous p = 0.000). For workers, instead, we do not find that earnings are

significantly higher under NoLeader than under Leader (Mann-Whitney tests:

° We do not detect statistically significant differencesin efficiency between our Homogeneous and
Heterogeneous treatments (Mann-Whitney tests: NoLeader_Homogeneous vs. NoLeader_Heterogeneous p =
0.975; Leader_Homogeneousvs. Leader_Heterogeneous p = 0.460).
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NoLeader_Homogeneous vs. Leader_Homogeneous p = 0.106; NoLeader_Heterogeneous

vs. Leader_Heterogeneous low productivity p = 0.974; high productivity p = 0.577).

2.5 Discussion

In summary, our initial study shows that leaders with reward power are successful in
encouraging contributions to team production and promoting efficiency. Thisis observed
even in environments where workers are heterogeneous in their productivity. However, while
the team as awhole is better off with than without |eaders, the efficiency gains of leadership
are distributed asymmetrically. Leaders reap most of the efficiency gains, whereas workers
are no better off with leaders than withoui.

Thisraises anatural question about whether |eadership will emerge in environments
where |eaders are not exogenously imposed on ateam, but are endogenously appointed by
team members. In such environments, the success of leadership may be hindered: team
members may refuse to vote for leadership if leaders behave too opportunistically and do not
share enough of the proceeds of team production. On the other hand, the voting mechanism
may constrain the leaders’ opportunism and thus facilitate the emergence of successful
leadership. In the next section, we discuss afollow-up study which addresses these questions
by studying a setting where leadership is not imposed on teams but instead may emerge
endogenously through a voting mechanism.

3. Study 2: The emergence of endogenous leader ship
3.1 Experiment design and procedures

The follow-up study is based on the same ten-round, five-person team production game that
we used in our initial study and that we described above. However, differently from the initial
study, at the beginning of the game the four workers simultaneously vote on the leader's
reward power, i.e. on the share y of team output that will be redistributed by the leader.
Workers can vote for one of six possible levelsof y: 0, 0.2, 0.4, 0.6, 0.8, or 1, one of which
will be implemented across al ten rounds. For example, with y = 0.4, in each round 40% of
team output is transferred to the leader, whereas 60% of team output is evenly distributed
among workers. Note that when leaders are granted no reward power (y = 0) or full reward
power (y =1) we have cases that correspond to the NoLeader and Leader treatments of the

initial study. The level of y implemented in ateam is decided using a "random dictator"” rule:
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after each worker has submitted a vote, one worker from each team is selected at random and
his/her vote isimplemented.

We study arepeated version of this game across three blocks of 10 rounds each. Group
composition and roles are kept fixed across blocks and rounds. Asin theinitia study, we
have two treatments varying the homogeneity of workers' productivity. In the Homogeneous
treatment all workers have the same productivity (68; = 60). In the Heter ogeneous treatment
two workers have high productivity (6; = 80), while the other two have low productivity
(6; = 40).

The experiments were carried out at the University of Birmingham using the same
procedures asin theinitial study. We had 195 subjectsin total, 100 in the Homogeneous
treatment and 95 in the Heterogeneous treatment. Subjects were paid according to their
accumulated earnings across the 30 rounds of the experiment at arate of £0.10 per 100
points. Earnings ranged between £12.23 and £24.89, averaging £16.04, including a £3.50

show-up free. On average session lasted about 150 minutes.

3.2 Results

Figure 4 shows the reward power that workers are willing to delegate to leaders in each of the
three blocks of the experiment in the Homogeneous and Heterogeneous treatments. The
figure isbased on all votes submitted at the beginning of each block, and not only on the

votes that were actually implemented in the experiment.

Figure4 — Averagereward power delegated by workers
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Initially, delegation of reward power is similar across our two treatments: in block 1 of
both treatments workers are willing to delegate about one-third of team output to leaders,

29% in Homogeneous and 33% in Heterogeneous. This difference between treatments is not
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significant (Mann-Whitney test: p = 0.422).*° In the Homogeneous treatment the share of
team output delegated to leaders increases to 42% in block 2 and 45% in block 3.2 In
contrast, in Heterogeneous workers delegate less in blocks 2 and 3 than in block 1: 26% in
block 2 and 29% in block 3.* As a consequence, the reward power delegated to leadersis
higher in Homogeneous than in Heterogeneous in blocks 2 and 3 of the experiment (Mann-
Whitney tests: block 2 p = 0.034; block 3 p = 0.026).

Figure 5 shows the distribution of delegation votes across the three blocks of the

experiment in the Homogeneous (left panel) and Heterogeneous (right panel) treatments.

Figure5— Distribution of delegation votesin Homogenous (left panel) and
Heter ogeneous (right panel)

60% - 60%
mBlockl m@Block2 DOBlock3 mBlockl @Block2 DBlock3

IS
]
X

40% A

Percentages of votes
Percentages of votes

N
N
xR

20% A

0% 0% -
0 0.2 0.4 0.6 0.8 1 o 02 0.4 06 0.8 1

Reward power Reward power
(Homogeneous treatment) (Heterogeneous treatment)

In both treatments, and in all blocks, the modal vote delegates no power to the leader.
In the Homogeneous treatment the proportion of workers who vote against delegation is
stable across blocks and varies between 34% and 39%. In Heterogeneous this proportion is
more volatile across blocks: in block 1 29% of workers vote against delegation, and this
proportion increases to 49% in block 2 and 47% in block 3. The votesin favor of delegation
also vary across blocks. In both treatments, workers are initially cautious in delegating
reward power: the most popular votesin favor of delegation in block 1 are for areward
power of 0.2 or 0.4. In later blocks workers tend to del egate more power to the leader,
especialy in the Homogeneous treatment where the fraction of votesin favor of full
delegation (y =1) increases from 5% in block 1 to 25% in block 3.

Overall, these results show that workers del egate some power to leaders, but they do
not fully exploit the potential for delegation. In both treatments, and in al blocks, workers

19 Thistest of initial voting behavior is based on 80 individual observationsin Homogeneous and 76 individual
observations in Heterogeneous. Unless otherwise stated, all other testsin Study 2 use team averages as the
independent unit of observation and are therefore based on 20 (Homogeneous) and 19 (Heterogeneous)
observations per treatment. All reported p-values are two-sided.

1 Delegation of power is significantly higher in block 2 than in block 1 (Wilcoxon signed-rank test p = 0.045),
whereas the difference between block 2 and 3 is not significant (Wilcoxon signed-rank test p = 0.443).

12 However, these differencesin delegation of power are not significant (Wilcoxon signed-rank tests: block 2 vs.
block 1 p =0.150; block 3 vs. block 2 p = 0.467).
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transfer less than half of the team output to the leader. Moreover, a substantial fraction of
team members (between one-third and one-half) are opposed to any amount of delegation and
vote against transferring power to the leader.

One possible explanation for the reluctance to delegate power to leaders might be that
leadership is not as effective in these endogenous treatments as it was in our initial study
where y is exogenous. In other words, in the treatments with endogenous |eadership, leaders
may not make effective use of their reward power and may fail to adopt the redistribution
strategies observed in our initial study resolved the free-riding problem.

Our data, however, suggest that thisis not the case. Figures 6 and 7 show the average
effort supplied in each of the three blocks of the Homogeneous (Figure 6) and Heterogeneous

(Figure 7) treatments, disaggregated by the realized level of the leader's reward power.
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Figure 6 — Average effort in Homogenous
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Figure 7 — Average effort in Heter ogeneous
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In both treatments, and in nearly all blocks, teams with powerful leaders supply more
effort than teams with powerless |eaders. The separation between teams with powerful and
powerless leadersis clearer in the Homogeneous than in the Heterogeneous treatment,
although this partly reflects the low numbers of observations in some cases.*® We explore the
effect of leader power on effort more formally in Table 4, where we report OL S regressions
of effort on dummy variables for the level of reward power delegated to the leader (note that
the benchmark category isthe case wherey = 0, i.e. the team has no leader). We report
separate regressions for the Homogeneous and Heterogeneous treatments. The regressions
also include round and block variables, and, for the Heterogeneous treatment, a dummy

variable for high productivity workers.

Table 4 — Regression of workers' effort

Homogenous Heterogeneous

02 24.92" 11.07

' (11.09) (8.62)

04 37.49™ 20.47
' (12.30) (12.22)
06 49.21" 42.03™
' (6.86) (13.35)
08 61.10"" 41.68"

' (7.62) (8.43)
1 61.95 " 4517
(6.58) (10.65)

. . 7.72
High productivity - (4.75)
-1.62° -1.68™"

Round (0.49) (0.41)

5.05 -3.07

Block (3.55) (2.03)
24.18" 33.14™"

Constant (9.34) (6.11)

N. of observations 2400 2280

R? .370 239

Notes. OLS regressions with robust standard errors clustered at the
team level reported in parentheses. Dependent variable is workers
effort expressed as percentage of maximum possible effort.
Significancelevels: ™" = 1%; ™ = 5%.

The regressions confirm that delegation of reward power increases effort provision. The

effect is particularly strong in Homogeneous where even delegating a small amount of power

3 For example, Figure 7 shows that in block 3 of the Heterogeneous treatment teams with y = 0 perform better
on average than teams with y = 0.4. However, thisis based on observations from 8 teamswith y = 0 and only
1team with y = 0.4. Similarly, in block 2 of the Heterogeneous treatment the low average effortsin teams
withy = 1 are based on just 3 teams.
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to the leader (y = 0.2) increases effort by about 25 percentage points relative to the case
where |eaders have no reward power. Delegating full reward power to leaders (y = 1)
increases productivity by about 62 percentage points relative to teams without aleader. In
Heterogeneous the effect of delegation is statistically significant only when team del egate
more than half of the team output to the leader.

Asinour initial study, the positive effect of leadership on effort is driven by the
redistribution strategies adopted by leaders, which reward workers who supply effort and
withhold rewards from those who shirk. Figure 8 shows the average share of team output
received by leaders and workers disaggregated by level of reward power of the leader. The
left panel contains data from the Homogeneous treatment whereas the right panel contains
data from the Heterogeneous treatment. Workers' output shares are disaggregated based on
how their efforts relate to the average effort of the rest of their team.

Figure 8 — Share of team output received
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Notes: When y = 0 the leader is assigned no share of the team output and all output is redistributed in equal
proportions among workers. When y > 0 the figure shows how the share of team output assigned to the
leader is redistributed among workers and leaders.

In both treatments, when the leader has no reward power (y = 0) each worker
automatically receives a quarter of the team output and the leader receives nothing. When
leaders are granted some reward power (y > 0), leaders redistribute output by giving higher
rewards to those who supply more effort. In the Homogeneous treatment workers who supply
effort at or above the average effort in their team receive on average 25% of the team output
assigned to the leader. In contrast, those who provide less effort than the team average
receive only 7% of team output. The differenceis highly significant (Wilcoxon test, p =
0.000). Asintheinitia study, these patterns are similar in the Heterogeneous treatment:
workers supplying effort at or above the team average receive 23% of team output, whereas
workers supplying effort below the team average receive 5% of team output (Wilcoxon test, p
=0.001).
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Asinour initial study, the reward strategy creates a stronger incentive to supply effort
when |leaders are granted some power relative to the case where leaders are powerless. Table
5 reports OL S regressions of workers' earnings on effort, dummy variables for the level of
reward power delegated to the leader, and interaction terms between the effort and reward
power variables. The regressions also contain block and round trend variables. We report

separate regressions for the Homogeneous and Heterogeneous treatments.

Table5 — Regression of workers' earningson effort

Homogeneous Heterogeneous
8.40" -7.09”
Effort (3.21) (2.51)
. -0.71 15.28"
Effort * 0.2 (4.10) (8.12)
. 1.96 15.65
Effort * 0.4 (5.19) (8.08)
3.59 30.61"
*
Effort * 0.6 (3.89) (4.02)
261 12.11°
*
Effort * 0.8 (3.21) (6.92)
. 12.48™ 20.09"
Effort* 1 (3.05) (3.70)
02 40.56 -24.94
' (33.13) (30.35)
04 3154 -16.24
: (30.07) (31.74)
06 19.30 -76.04"
: (24.93) (30.03)
08 15.89 -31.66
' (16.96) (36.27)
1 -65.73" -64.14"
(21.33) (26.00)
High Productivity - (ég‘z)
469" -6.21""
Round (112) (1.73)
4.23 -13.10°
Block (6.60) (7.02)
373.02" 448.68""
Constant (24.29) (30.99)
N. of observations 2400 2280
R? 333 226

Notes: OLS regressions with robust standard errors clustered at the team
level reported in parentheses. Dependent variable is workers earnings.
Significancelevels: " = 1%; = 5%; ~ = 10%.

The regressions show that delegating power to leaders strengthens the incentives to
supply effort. Thisis particularly evident in the Heterogeneous treatment where, when leaders
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are powerless, there is a negative relation between earnings and effort. The presence of
leaders, even with minimal reward power (e.g., y = 0.2), reverses the relation between
earnings and effort. In fact, this relation becomes significantly positive in the cases where
leaders have full reward power or reward power equal to 0.6 (F-tests, p < 0.000). In the
Homogeneous treatment, the relation between earnings and effort is positive already when
the leaders have no power. The presence of powerful leaders increases the steepness of this
relation, particularly in the case where leaders have full power.

These results suggest that workers' reluctance to delegate power is not due to the
ineffectiveness of endogenous leadership. Asin theinitial study with exogenous leadership,
endogenously empowered leaders also adopt reward strategies that incentivize effort
provision. Workers a so respond to these incentives by providing more effort in the presence
of more powerful leaders.

Although leaders assign sufficient rewards to provide strong incentives to encourage
team production, they may not be sufficient to induce workers to be willing to delegate.
Recall that in theinitial study leaders appropriate large fractions of the proceeds from team
production and leave workers no better off than without a leader. Our data suggest that thisis
a so the case in the endogenous leadership study. Figure 8 above shows that leaders tend to
appropriate about 20% of the team output in Homogeneous, and about 30% in
Heterogeneous. Table 6 shows that this generates strong asymmetries between leaders and
workers' earnings.

In both treatments, combined earnings and efficiency are positively related with leaders
power. However, in both treatments the |eaders reap most of these efficiency gains. Leaders
earnings increase by about 119% from 300 points in the case where they are powerless
(y = 0) to 658 pointsin the case where they have full reward power (y = 1). Workers
earnings aso tend to be higher when |leaders have more reward power, but the impact of
leadership on workers' earningsis not nearly as strong asin the leaders case. In
Homogeneous workers' earnings increase on average by 26% betweenthey = 0andy = 1
cases. In Heterogeneous, high productivity workers' earnings increase by 16% while low

productivity workers' earnings increase by just 2%.
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Table 6 — Individual earnings and efficiency

Homogeneous treatment
0 0.2 0.4 0.6 0.8 1

| eadder’ s Earmings 300 350 4398 533 6919 6587
9 00) (316) (89.4) (1126) (185) (153.9)

Workers Earminas 3781 4308 4502 4621 4765 4746
9 (65.1) (727) (66.8) (50.6) (26.9)  (64.8)

Combined Earminas 18126 2073 22407 23813 2508  2557.8
9 (260.6) (316.9) (3407) (217.2) (89.1)  (158.2)

Efficiency 67%  77%  83%  88%  96%  95%

Heterogeneous treatment
0 0.2 0.4 0.6 0.8 1

L eader' s Earnings 300 3654 4379 464 7725 6584
9 00)  (305) (1155) (100.9) (1932) (192.3)

Low Productivity Worker | 3833 3996 4138 4393 3539 3901
y (97.3)  (940) (86.2) (106.0) (443)  (59.9)

. . 3611 3895 4061 4829 4117 420
High Productivity Worker | o3’ 772y (804) (1232) (638) (88.6)
Combined Earminas 17888 19437 20777 23085 23037 22786
9 (238.8) (341.1) (401.4) (4133) (198.3) (361.9)

Efficiency 66%  72%  T1%  86%  85%  84%

Notes: “Combined Earnings’ are the sum of leader’s and workers earnings. “Efficiency”
is combined earnings as a percentage of maximum possible earnings (in all treatment
maximum possible combined earnings are 2700). Standard deviations based on team
averages per block in parentheses.

Table 7 reports OL S regressions of individual earnings on a set of dummy variables for
the level of reward power delegated to the leader as well as block and round trend variables.
We report separate regressions for the Homogeneous and Heterogeneous treatments, and for
leaders and workers.

The regressions confirm that leader power has a strong, positive effect on leaders
earnings. In both treatments, leaders earn significantly more when they are granted reward
power, even if thisisminimal (y = 0.2). In the Homogeneous treatment |eaders' power is
also positively associated with workers' earnings, albeit the effect is small, if compared with
the leaders' case. Moreover, workers' earnings when leaders have power greater than 0.4 (i.e.
fory = 0.6,y = 0.8, and y = 1) are not significantly different from earnings when leaders
have a power of 0.4 (F-tests, all p > 0.515). Thus while delegating some power to the leader
may be profitable, it does not seem to pay to delegate alot of power.
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Leadership is not beneficia for low productivity workersin heterogeneous teams:
earnings are not significantly different between the y = 0 case and any of the cases where
leaders have reward power. For high productivity workers, leadership has no impact on
workers' earnings when leader power islow (y = 0.2 or y = 0.4), whereasit hasasmall,

positive effect when leaders have high power (y = 0.6).

Table 7 —Regression of earningson leaders power

Homogeneous | Heterogeneous
| Low High
Leaders Workers ! Leaders Productivity.  Productivity.
| Workers Workers
0.2 65.19" 5845 i 73257 13.86 21.05
' (18.00) (3L.91) | (15.38) (39.87) (26.83)
04 14852 7533° | 141.83" 29.27 41.30
' (37.69) (29.74) ©  (46.38) (33.45) (29.62)
06 24178 87.18"™ : 164" 56.00 121.84”
' (38.46) (1949) | (3732 (49.99) (48.29)
08 370.85 9058™" | 46472 -27.06 58.00"
' (13.82) (23.78) i (89.17) (36.11) (27.01)
1 358.00"" 96.347"" 1 351.34" 8.93 65.58
(44.21) (24.79) | (53.94) (36.65) (28.14)
4.90 -6.097" 2.08 -4.99” -6.39"
Round i
(3.056) (1.41) ; (3.14) (1.79) (1.77)
Block 24.37" 9.04 § 23.45 -7.16 -22.20™"
(10.88) (10.35) | (15.48) (10.00) (5.78)
Constant 220.98™"" 392307 1 24166 425117 440.62""
(9.34) (27.15) | (43.18) (32.57) (20.38)
N. of observations 600 2400 | 570 1140 1140
R? 452 187 5 362 .045 167

Notes: OLS regressions with robust standard error§*9l ustereg*at the team level reported in parentheses.
Dependent variableis earnings. Significance levels: = 1%; =5%.

3.3 Discussion

In summary, our study of endogenous |leadership shows that there are important obstacles to
the emergence of leadership in our setting. Team members are reluctant to delegate to leaders
the power to redistribute team output, despite the fact that granting leaders this power makes
the team as awhol e substantially better off.

Our data show that this reluctance to delegate is not due to the fact that endogenous
leaders are unable to provide appropriate incentives for team members to supply effort. In
fact, effort and efficiency are considerably higher in teams with than without leaders.
However, these efficiency gains are distributed unequally. Leaders are substantially better off
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when they are granted reward power whereas workers are only marginally better off, if at all.
Moreover, in terms of absolute levels of earnings, there is substantial inequality between
leaders and workers when leaders are granted high redistribution power. This aso may
reduce the incentives for workers to del egate power to leaders if they care about relative

earnings.

4. Conclusion

Our studies investigate a team production game that exhibits the fundamental incentive
problems facing teams when agents are purely self-interested. When the benefits of team
production are distributed using group incentive schemes, such as the simple revenue-sharing
scheme we employ, there are well-known free-riding incentives and we observe substantial
levels of shirking. When aleader can allocate the benefits this creates a possibility for the
leader to incentivize workers by allocating benefits to those who contribute the most and
withholding them from those who free-ride. However, in theory this hierarchical solution to
the free-rider problem introduces further incentive problems. In particular, a self-interested
leader has an incentive to keep al the benefits for herself. Indeed, thisisidentified by Miller
(1992, p.154) asthe central dilemmain ahierarchy: “how to constrain the self-interest of
those with a stake in the inevitable residual generated by an efficient incentive system”.

Our research suggests that self-restraint by leaders can resolve this dilemma. We find
that leaders do reward those who contribute to team output, and do so in away that
incentivizes efficient effort provision. To this extent, our research suggests that hierarchical
institutional structures can resolve free-rider problems in teams. However, our research also
identifies another problem. Leaders who calibrate rewards so as to maximize their residual
clam while giving away just enough to incentivize work will tend to distribute the benefits of
leadership unevenly. Workers are (just) compensated for their efforts, and the majority of the
rents accrue to the leader. Given this, workers are barely better off in awell-functioning,
hard-working team than in a dysfunctional team of shirkers. This asymmetric distribution of
the leadership rents limits the benefits that workers get from ahierarchica structure. Thuswe
find that when the leader’ s reward power requires the acquiescence of workers, workers are
less willing to empower the leader. Thus, endogenously arriving at an efficient incentive

scheme is amore difficult challenge.
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Appendix A: Instructions

[All treatments: Preliminary Instructions

Welcome! Y ou are about to take part in a decision-making experiment. This experiment is
run by the “ Birmingham Experimental Economics Laboratory” and has been financed by
various research foundations. Just for showing up you have aready earned £3.50. Y ou can
earn additional money depending on the decisions made by you and other participants. Itis
therefore very important that you read these instructions with care.

It isimportant that you remain silent and do not ook at other people’ s work. If you have any
guestions, or need assistance of any kind, please raise your hand and an experimenter will
cometo you. If you talk, laugh, exclaim out loud, etc., you will be asked to leave and you
will not be paid. We expect and appreciate your following of these rules.

We will first jointly go over the instructions. After we have read the instructions, you will
have time to ask clarifying questions. We would like to stress that any choices you make in
this experiment are entirely anonymous. Please do not touch the computer or its mouse until
you are instructed to do so. Thank you.

]

[Exogenous treatments: Instructions

At the beginning of the experiment you will be matched with four other people, randomly
selected from the participants in this room, to form a group of five. The composition of your
group will stay the same throughout the experiment, i.e. you will form a group with the
same four other participants during the whole experiment.

Each person in the group will be randomly assigned arole, either * group member A’, ‘ group
member B’, ‘group member C’, ‘group member D’, or ‘group member E’. Your role will
stay the same throughout the experiment. You will not learn the identity of the other
participants in your group. Participants will be identified smply as‘ group member A’,
‘group member B’ etc..

When we have finished reading the instructions you will be informed of your role. The
experiment will then consist of 10 periods. In each period you can earn points. Y our point
earnings will depend on the decisions made within your group, and will not be affected by
decisions made in other groups.

At the end of the experiment your accumulated point earnings from al periods will be
converted into cash at the exchange rate of 10 pence per 100 points. You will be paid, in
cash and in private, this amount in addition to the show-up fee of £3.50.
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Decisions and Earnings

The experiment consists of ten periods in which you can earn points. Every period has the
same structure and has two stages.

Stage One

At the beginning of Stage One each group member will be given 10 tokens.

Group members A, B, C and D must choose how many of these tokensto invest in agroup
project and how many to keep in their private accounts. Group member E has no choice to
make: the computer will place all ten of hisor her tokensin hisor her private account.

Each token a group member keepsin his or her private account yields areturn of thirty points
to that group member.

[Homogeneous: Each token a group member invests in the group project yields areturn of
sixty points to the group. How these points are allocated among group members will be
determined in Stage Two.]

[Heter ogeneous: Each token group member A or B investsin the group project yields a
return of forty points to the group. Each token group member C or D investsin the group
project yields areturn of eighty points to the group. How these points are allocated among
group members will be determined in Stage Two.]

Y our point earnings for the period will be your point earnings from your private account plus
your point earnings from the group project.

If you are one of group members A, B, C or D, you will make your decision by entering the
number of tokens you invest in the group project. Any tokens you do not invest will
automatically be kept in your private account. Y ou will enter your decisions on a screen like
the one shown below.
[Homogeneous:
STAGE ONE
You have to decide how many tokens o invest in the group project
Each token you invest will generate a return of 80 points to the group
Any tokens you do not invest are automatically kept in your private account

Each token kept in your private account will give you a return of 30 points

Your endowment 10

How many tokens do you want to invest i the group project? |

]

[Heter ogeneous:
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STAGE ONE

You have to decide how many tokens to invest in the group project
Each token you invest will generate a return of XX points to the group
Any tokens you do not nvest are automatically kept in your private account

Each token kept in your private account will give you a return of XX points

Your endowment 10

How many tokens do you want to invest in the group project? |

]

When you have made your decision you must click on the SUBMIT button. Once group
members A, B, C and D have submitted their decisions Stage Two will begin.

Stage Two

[Homogeneous. Remember, each token invested in the group project generates a return of
sixty points to the group. Thus, the total return from the group project will be 60 times the
total number of tokens invested in the group project. How this return is distributed among
group membersis determined as follows.]

[Heter ogeneous. Remember, each token invested in the group project by group member A or
B yields areturn of forty pointsto the group. Each token invested in the group project by
group member C or D yields areturn of eighty points to the group. How thisreturnis
distributed among group membersis determined as follows.]

[NoL eader Homogeneous: Each of group members A, B, C, and D will recelve an equal
share of the total return from the group project. This means that each group member receives
60/ 4 = 15 points per token for each token invested in the group project.

Thus, if you are group member A, B, C or D, your earnings for the period will be:

Your point earnings= 30 x (number of tokens kept in your private account) + 15
X (total number of tokensinvested in the group project by your group).]

[NoL eader Heterogeneous. Each of group members A, B, C, and D will receive an equal
share of the total return from the group project. This means that for each token invested in the
group project by A or B each group member receives 40 / 4 = 10 points per token, and for
each token invested in the group project by C or D each group member receives80/4 = 20
points per token.

Thus, if you are group member A, B, C or D, your earnings for the period will be:

Your point earnings= 30 x (number of tokenskept in your private account) +
10 x (total number of tokensinvested in the group project by A and B) +
20 x (total number of tokensinvested in the group project by C and D).]
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[NoL eader: If you are group member E you do not get any of the return from the group
project. Thus, if you are group member E your earnings for the period will be

Your point earnings = 30 x 10 = 300.]

[ Leader: Group member E will be informed of the decisions of the other group members
and must decide how to allocate the total return from the group account among all group
members, including himself or herself. Group member E is free to choose any allocation he
or she wants, as long as each group member receives at least zero points from the group
project and the total received by all group membersis equal to the total return from the group
project.

To do this Group Member E will complete a screen like the one shown bel ow.

E=E

mE ==

HE EE I

EHE =EE

s

The first column shows the group member ID and the second column shows how many
tokens this group member invested in the group project in Stage One. The third column
shows the resulting return to the group from this investment decision. We will explain the
fourth column in amoment. The fifth column isto be completed by group member E and
shows how many points from the group project that this group member receives. The sixth
column shows this group member’ s point earnings from his or her private account and the
last column shows this group member’ s point earnings for the period.

Group member E compl etes the fifth column by allocating the total return from the group
project. Thetotal return is shown above the table in bold, and the amount that still has to be
allocated is shown at the top of the fourth column. In each row of the fourth column there are
add (+) / subtract (-) buttons that group member E can use to allocate the total return. For
example, if group member E clicks on the first add button 100 points will be added to group
member A’s point earnings from the group project. At the same time the entry in the final
column for group member A will increase by 100 points and the amount still to be allocated
will be reduced by 100 points. Thus, Group member E can easily see how total earnings and
the amount |eft to be allocated change as he or she allocates the return. Group member E
must allocate the total return from the group project among the five group members. Once

32



group member E has allocated the total return he or she can either amend her decisions using
the add/subtract buttons, or submit the decision by clicking the SUBMIT button.

]

At the end of the period all group members will be shown a Decision and Earnings screen
like the one shown below.

DECISIONS AND EARNINGS

—
The screen shows all decisions and earnings for all group members for the period. At the

bottom of the screen you will also see your total point earnings that you have accumulated
from this and previous periods.

After you have read the information on the Decisions and Earnings screen you can click the
OK button to continue. Once all group members have done this, the next period will begin.

At the end of period ten you will see your total point earnings from all periods and you will
be paid 10p for every 100 points, in addition to your £3.50 show-up fee. You will be paidin
private and in cash.

Questions

Please answer the questions below. The example in the questionsiis purely hypothetical. In
the actual experiment the investments in the group project [L eader: and the allocation of the
total return] will be determined by the decisions made in your group. In a couple of minutes
someone will come to your desk to check your answers. When each participant has answered
all questions correctly we will continue with the experiment.

1. How many periods will there be?
2. Will the people in your group be the same for period to period or

change from period to period? Same/ change

Suppose that in aperiod A invests 0, B invests 4 tokens, C invests 6 and D invests 10 tokens
in the group project.

3. What will be the total return from the group project in that period?
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[NoL eader:

4. How many points will each group member earn from the

group project in that period? A:
B:
C:
D:
E:

5. How many points will each group member earn from his or her

private account in that period? A:
B:
C:
D:
E:

6. What will be each group member’s point earnings for the period? A:
B:
C:
D:
E:

][Leader:

4. Suppose E distributes the total return from the group project as shown in the Table below.
Complete the blanks in the last two columns.

Group Stage ONE Return to Points from Pointsfrom | Tota point
member | investment in group project | group project | private earnings
group project account

A 4 240 [160] 300

B 6 360 [240] 100

C 10 600 [800] 240

D 0 0 360

E - - 200




[Endogenous: Instructions

At the beginning of the experiment you will be matched with four other people, randomly
selected from the participants in this room, to form a group of five. The composition of your
group will stay the same throughout the experiment, i.e. you will form a group with the
same four other participants during the whole experiment.

Each person in the group will be randomly assigned arole, either ‘group member A’, ‘ group
member B’, ‘ group member C’, ‘group member D’, or ‘group member E’. Your rolewill
stay the same throughout the experiment. You will not learn the identity of the other
participants in your group. Participants will be identified smply as‘ group member A’,
‘group member B’ €tc..

When we have finished reading the instructions you will be informed of your role. The
experiment will then consist of 3 blocks of 10 periods each. In each period you can earn
points. Your point earnings will depend on the decisions made within your group, and will
not be affected by decisions made in other groups.

At the end of the experiment your accumulated point earnings from all periods will be
converted into cash at the exchange rate of 10 pence per 100 points. You will be paid, in
cash and in private, this amount in addition to the show-up fee of £3.50.

Decisions and Earnings

The experiment consists of three blocks of ten periods in which you can earn points. Every
period has the same structure and has two stages.

Stage One

At the beginning of Stage One each group member will be given 10 tokens.

Group members A, B, C and D must choose how many of these tokensto invest in agroup
project and how many to keep in their private accounts. Group member E has no choice to
make: the computer will place al ten of his or her tokensin hisor her private account.

Each token a group member keepsin his or her private account yields areturn of thirty points
to that group member.

[Homogeneous. Each token a group member invests in the group project yields areturn of
sixty points to the group. How these points are allocated among group members will be
determined in Stage Two.]

[Heter ogeneous: Each token group member A or B investsin the group project yields a
return of forty pointsto the group. Each token group member C or D investsin the group
project yields areturn of eighty points to the group. How these points are allocated among
group members will be determined in Stage Two.]

Y our point earnings for the period will be your point earnings from your private account plus
your point earnings from the group project.
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If you are one of group members A, B, C or D, you will make your decision by entering the
number of tokens you invest in the group project. Any tokens you do not invest will
automatically be kept in your private account. Y ou will enter your decisions on a screen like
the one shown below.

[Homogeneous:

STAGE ONE

You have to decide how many tokens to invest in the group project
Each token you invest will generate a return of 60 points to the group
Any tokens you do not invest are automatically kept in your private account

Each token kept in your private account will give you a return of 30 points

Your endowment 10

How many tokens do you want to invest in the group project? | |

]

[Heter ogeneous:

STAGE ONE

You have to decide how many tokens to invest in the group project
Each token you invest will generate a return of XX peints to the group
Any tekens you do not invest are automatically kept in your private account

Each token kept n your private account will give you a return of XX points

Your endowment 10

How many tokens do you want to invest in the group project? |

]

When you have made your decision you must click on the SUBMIT button. Once group
members A, B, C and D have submitted their decisions Stage Two will begin.

Stage Two

[Homogeneous. Remember, each token invested in the group project generates a return of
sixty points to the group. How this return is distributed among group members is determined
asfollows.]
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[Heter ogeneous. Remember, each token group member A or B investsin the group project
yields areturn of forty points to the group. Each token group member C or D investsin the
group project yields areturn of eighty points to the group. How this return is distributed
among group membersis determined as follows.]

Thetotal return will bedivided into two parts:
total return = automatic return + discretionary return.

The automatic return will be equally distributed among group members A, B, Cand D. The
discretionary return will be allocated by group member E. We will explain what part of the
total return will be automatic and what part will be discretionary |ater.

For the discretionary part, group member E will be informed of the decisions of the other
group members and must decide how to allocate the discretionary return among all group
members, including himself or herself. Group member E is free to choose any allocation he
or she wants, as long as each group member receives at least zero discretionary points from
the group project and the total discretionary points received by all group members equals the
discretionary return.

To do this group member E will complete a screen like the one shown below.

STAGE TWO

nnnnnnnnn nt ‘Total point sarings

EE

==

|
Thefirst column shows the group member 1D and the second column shows how many
tokens this group member invested in the group project in Stage One. The third column
shows the resulting return to the group from this investment decision. We will explain the
fourth column in amoment. The fifth column isto be completed by group member E and
shows how many points from the group project that this group member receives. Note that in
each row of this column there are two numbers, the first is the earnings from the group
project this group member automatically receives, and the second is the discretionary
earnings from the group project that this group member is allocated by group member E. The
sixth column shows this group member’s point earnings from his or her private account and
the last column shows this group member’ s point earnings for the period.
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Group member E completes the fifth column by allocating the discretionary return from the
group project. The total return from the group project is shown above the table in bold, and
the discretionary return that group member E must allocate is shown on the next line. The
amount that still hasto be allocated by group member E is shown at the top of the fourth
column. In each row of the fourth column there are add (+) / subtract (-) buttons that group
member E can use to allocate the return. For example, if group member E clicks on the first
add button 100 points will be added to group member A’s point earnings from the group
project. At the same time the entry in the final column for group member A will increase by
100 points and the amount still to be alocated will be reduced by 100 points. Thus, group
member E can easily see how total earnings and the amount |€eft to be alocated change as he
or she allocates the return. Group member E must allocate all of the discretionary return
among the five group members. Once group member E has alocated all of the discretionary
return he or she can either amend his or her decisions using the add/subtract buttons, or
submit the decision by clicking the SUBMIT button.

At the end of the period all group members will be shown a Decision and Earnings screen
like the one shown below.

DECISIONS AND EARNINGS

o ]

The screen shows all decisions and earnings for all group members for the period. At the
bottom of the screen you will also see your total point earnings that you have accumulated
from this and previous periods.

After you have read the information on the Decisions and Earnings screen you can click the
OK button to continue. Once all group members have done this, the next period will begin.

Beginning a Block

At the beginning of ablock (that is, just before periods 1, 11 and 21), each of group members
A, B, C and D will seethe following screen.
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You have to decide the percentage of the total return from the group project to be allocated by group member E
The remaining percentage of the total return will be distributed equally among group members A B, C and D

Which percentage of the total retum from the group project do you want group member E o allocate?

Each group member hasto indicate how he or she wants the total return from the group
project to be divided between the discretionary return and automatic return. Each group
member has to choose a percentage (out of 0%, 20%, 40%, 60%, 80% and 100%). Thisisthe
percentage of the total return from the group project that he or she wantsto be the
discretionary return, that is, the percentage to be allocated by group member E. The
remaining percentage is the percentage of the total return from the group project that this
group member wants to be distributed automatically.

After group members A, B, C and D have submitted their decisions, one of the four decisions
will be selected at random by the computer and will be used to determine how the total return
is distributed during the block of ten periods. The randomly selected group member’s
decision will be used for all ten periodsin the block. All group members will be notified of
the randomly selected decision on a screen like the one shown below.

One group member has been randomly selected by the computer.
They wanted the discretionary return to be = percent and the automatic return to be x percent

These percentages will be used for the next 10 periods.

Notice that if the discretionary return is 0% of the total return from the group project then
group member E will have no decision to make. In this case group member E will still see the
stage two decision screen, but he or she cannot change the entries in the table and he or she
should just click on the SUBMIT button.

Ending the Experiment

At the end of period thirty you will see your total point earnings from all periods and you will
be paid 10p for every 100 points, in addition to your £3.50 show-up fee. You will be paidin
private and in cash.
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Questions

Please answer the questions below. The example in the questionsiis purely hypothetical. In
the actual experiment the investments in the group project and the alocation of the total
return will be determined by the decisions made in your group. In a couple of minutes
someone will come to your desk to check your answers. When each participant has answered
all questions correctly we will continue with the experiment.

1. How many blocks will there be there be in this experiment?

2. How many periods will there be there be in each block?

3. Will the people in your group be the same from block to block or

change from block to block? Same/ change
4. Will the people in your group be the same from period to period or

change from period to period? Same/ change
5. Suppose that just before period 21 group member A chose the

discretionary return 0%, B chose 20%, C chose 80%, and D chose

100%. Group member C’s choice was randomly selected by the

computer. What percentage of total return from the group project

will be allocated by group member E in periods 21 to 30?

Suppose that for this block of periods the discretionary return is 0% and the automatic return
IS 100% of thetotal return from the group project. Suppose also that in a period A invests 4,
B invests 6 tokens, C invests 10 and D invests 0 tokens in the group project.

6. What will be the return to the group project from

each group member’ sinvestment in that period? A:
B:
C:
D:
E:

7. What will be the total return from the group project in that period?

8. How many points will each group member earn from the group

project in that period? A:
B:
C:
D:
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9. How many points will each group member earn from his or her

private account in that period?

10. What will be each group member’s point earnings for the period?

mo O ® > MO0 ® >

Suppose that for this block of periods the discretionary return is 100% and the automatic
return is 0% of the total return from the group project. Suppose also that in aperiod A invests
4, B invests 6 tokens, C invests 10 and D invests O tokens in the group project.

11. Suppose E allocates the total return from the group project as shown in the Table below.
Compl ete the blanks in the last two columns.

Group Stage ONE Return to Points from Pointsfrom | Tota point
member | investment in group project | group project | private earnings
group project account

A 4 240 [160] 300

B 6 360 [240] 100

C 10 600 [800] 240

D 0 0 360

E - - 200
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Appendix B. Inequality aversion and equilibrium efforts.
In this appendix we derive the Fehr-Schmidt parameter conditions under which cooperation is

possible in an equilibrium of the one-round game. Recall utilities are given by:

a: B;
U, =m; — - _l 1 ; max{m; — m;, 0} — ﬁ; max{m; — m;, 0}

where 1r; denotes team member i’s material payoff.
The No Leader treatments
In the No Leader treatments material payoffs are given by

Treader = 300
4
1
Tworkeri — 300 — 30 e; + Z . Z Qjej
j=1

wheree; € {0, 1, ..., 10} denotes worker i's effort and 6, denotes her exogenous productivity
parameter. Recall that in all treatments Y.}_, 6; = 240.

Suppose each worker supplies e units of effort. Then worker i earns ; = 300 —

30e + 60e = 300 + 30e and gets utility U; = 300 + 30e — ;=~.

If worker i wereto unilaterally increase her effort by t units her material payoff would
fall, she would incur disutility from disadvantageous inequality vis-a-vis the other workers,
and this additional disutility would more than offset the reduction in disutility from the
decrease in advantageous inequality vis-a-vis the leader. Thisis because (i) disadvantageous
inequality weighs more heavily than advantageous inequality (a; = ;), and (ii) each
additional unit of effort supplied generates a 30 point difference in earnings vis-a-vis another

worker, and asmaller, 30 — itei, difference in earnings vis-a-vis the leader. Thusit is not

possible for worker i to increase her utility by increasing effort supply beyond e.

If worker i were to decrease her effort by t units her utility would be U; = 300 +
30e + 30t — %Hl-t — % (30e + 30t — i@it + 90t). Thus the reduction in effort increases

utility by 30t — %Hit — %(120t — %Hit). Thisis positive for small g; and negative for large

480-46;

B;. Thecritical value of B; wheretheincreaseiszeroisf; = 2505, "

Thusif al workers have 5; > B; any symmetric effort profileis an equilibrium. For

the homogeneous productivity treatment ;= 60 and so ;" = % ~ 0.57. For the heterogeneous
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treatment the critical value for low productivity workers (8;= 40) is ;" = 0.73, and for high
productivity workers (8;,= 80) is 3 = 0.4.
TheLeader treatments

In the No Leader treatments material payoffs are given by

M-

Mreader — 300 + Z 9161 -
j=1 j=1

T

Tworkeri = 300 —30¢; +1; -
where r; isthe leader’ s transfer to worker i.
If Bieader 1S SMall the leader maximizes utility by keeping all the team output,
yielding utility

4 4 4
Uteader (keep) = 300 + Z Oie; — ﬁlezder 42 B;e; + 302 e |-
=1 =1

j=1

If Bieader 1S large she maximizes utility by allocating rewards to equalize payoffs, yielding
utility

4 4
1 1
Uieqder (Sshare) = 300 + gz ;e gz 30 e;.
—

The critical value of Bieqger iISWhere Uieqger (keep) = Ujeqaer (Share), or Bloqger=0.8.
If Bieader< Preader the leader will keep any team output in stage two. Anticipating
this worker i maximizes utility by choosing zero effort in stage one. Increasing effort by a
unit would reduce her materia payoff by 30 points and increase disadvantageous payoff
inequality vis-a-vis the leader by 30 + 6; points. This would outweigh any possible utility

gain from reducing advantageous inequality vis-a-vis the other workers (this reduction in
disutility from advantageous inequality is at most%% < 22.5).

If Bieader > Pleader the leader equalizes material payoffsin stage two. Given this

strategy all workers will earn the same payoff and receive utility

Unorkeri = 300 + = zge, ZBOe]

Notethat thisisincreasingin . That is, by supplying an additional unit of effort in stage one
worker i increases team earnings by (6; — 30). The leader’ s strategy ensures that as a result
worker i’s material payoff and utility increases by (8; — 30)/5. Thus, in the unique subgame

perfect equilibrium all workers supply full effort.
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