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Abstract 

We study behavior in a simplified representation of an organization with high task interdependence. The production 
process involves three stages such that output of earlier stages is the necessary input for subsequent stages. Work at 
earlier stages is easier than at later stages and the product is only final if it goes successfully through the highest 
stage. We compare the effects on the performance of the organization of a payment scheme in which profits are 
equally shared by all those involved in the production process with one where the participation in profits is strongly 
increasing in the production stage. The comparison is made for two ways of assigning individuals to production 
stage: randomly or by merit. We find that initially there is no difference in the organization’s profit between the two 
sharing schemes, but over time profits increase more with the equal sharing scheme. Changes in profits over time 
can be explained by changes in production performance over time. After participants have gained experience in the 
tasks, the equal profit sharing scheme has positive performance effects both at the lowest and the highest production 
stages. There are only minor differences in the results depending on whether the payment scheme is exogenously 
imposed or chosen by the person at the highest stage. 
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1. Introduction 

As the use of teamwork in organizations continues to grow (Mathieu et al., 2008), the 2013 

European Company Survey (Eurofound, 2015) shows that within the 62% of European establishments 

that use some form of variable pay, profit sharing (34%) and pay linked to group performance (25%) 

represent sizable components (pay linked to individual performance is now used in only 43% of 

establishments that have variable pay). There is a need for understanding the effects on performance of 

such practices. In this paper we present an experimental comparison of the effects of two profit sharing 

schemes in an organization with a hierarchical structure and high interdependence between different 

production levels. In one of the schemes profits are equally shared between all members of the 

organization whereas in the other scheme participation is higher for those higher up the hierarchy. 

In our experiment we study the behavior of a team, in the sense of a group of people who are 

brought together to interact with each other to perform a task with a common goal and who exhibit 

interdependencies with respect to workflow and outcomes. Kozlowksi and Ilgen (2006) provide an 

overview of psychological research pertaining to the effectiveness of work groups and teams. There is 

also a literature in economic theory that discusses the effects of incentives in the context of team 

production (Holmstrom, 1982; Alchian and Demsetz, 1972; Lazear and Oyer, 2009; Kremer, 1993; 

Adams, 2006). However, this literature does not speak directly to how different ways of sharing profits 

affect performance when one considers interdependencies combined with different task complexity and 

heterogeneities in abilities, which are common production characteristics in many companies and other 

organizations (Encinosa et al. 2007). 

Yet, when there are strong interdependencies, one would expect the choice of sharing rules to be 

of most importance, since it is here that different units depend on each other the most, and thus any factor 

that may negatively impact the will to collaborate with others would be more detrimental to the final 

output, the outcome of the work group (Fisher, 1994). Moreover, in many interdependent tasks, like that 

of an industrial assembly line or a service such as delivering a marketing campaign, not all stages of a 
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production line are of equal difficulty and this needs to be taken into account in the design of profit 

sharing schemes. IKEA has two profit sharing programs for all workers that exceed a minimum tenure in 

the company; one of them, TACK!, uses equal sharing and the other uses profit sharing allocation related 

to the individual wage, One Ikea Bonus, with differences in shares related to differences in jobs. 

Interestingly, in Spain in 2016 the amount dedicated to the unequal profit sharing scheme is much larger 

than the one allocated to equal profit sharing.1  

We use a real-effort task to construct a production process, following a few design principles.  

Participants work individually in order to deliver a final product to the market. They are part of a 

production line with different stages. Each participant is assigned to one of the production stages. The 

difficulty of the task is increasing in the stage. The production process is such that higher levels of the 

hierarchy need the output of the preceding level as an input. The final product can only be sold if the task 

at the highest level has been completed satisfactorily. This design is meant to represent functional 

departments (e.g. Finance) in companies or generic administrative tasks in the public sector, where higher 

ability consists in being able to deal with tasks of higher complexity. 

The real-effort task that we use is multiplying numbers. Multiplication, as a task, is part of all 

university students’ general knowledge and, hence, provides a level playing field regardless of area of 

study and academic performance. In addition, multiplications are easy to increase or decrease in 

difficulty. Dohmen and Falk (2011), who also use multiplications in their experiment on the impact of 

incentives on self-selection, write: “As a task, multiplying numbers is also well suited for our purposes 

because it requires no previous knowledge, is easy to explain, and guarantees a sufficient degree of 

heterogeneity in productivity”. The authors further cite Roth (2001), who states that multiplications are a 

good proxy for general cognitive ability, and that the learning effects of this type of task are expected to 

be small.  

In our experiment we hold the interdependent production process constant and vary three 

treatment variables. The first variation is the actual profit sharing rules, equal sharing vs. unequal sharing. 

                                                           
1 El País.  December, 5th, 2016. 
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The second variation pertains to the way in which participants are assigned to the three production stages, 

randomly or based on the results of a multiplications pre-test. The third variation is that way in which the 

profit sharing rule is selected, randomly or by the participant who is assigned to the top position at the 

highest stage. The variations of the treatment variables give rise to eight conditions (2x2x2) from six 

treatments: two treatments with exogenously given equal payoff sharing, two with exogenously given 

unequal sharing of the payoff between the three stages of production, and two where the payoff sharing 

(equal vs. unequal) is decided by the participant at the highest level of the production line. The way in 

which the treatments with the same payment scheme differ from each other is in the way that participants 

are allocated to their positions on the production line; in three treatments they are allocated randomly, and 

in the other three they are allocated according to the multiplications pre-test which ranks and allocates 

them according to performance levels, with best performers going to the highest level of the production 

line. 

There are some studies that compare the effects of different payment schemes under 

complementarities. The economic experimental research on teams and compensation compares usually 

individual versus equal profit sharing and considers teams with identical tasks for team members and 

pooled interdependence, as in Van Dijk et al (2001), Hamilton et al. (2003), or Bortolotti et al (2016). 

Goerg et al. (2010) conduct an experiment to test the theory model of Winter (2004) which shows that 

asymmetric compensation can be part of an optimal mechanism even when agents are identical, based on 

the externalities of effort. The argument is that when everybody is needed to complete production, 

unequal compensation will make highly compensated individuals choose high effort no matter what other 

workers do. Given this, other workers will find it optimal to exert effort for a lower compensation, and so 

on. The experimental results are in line with the theoretical prediction of Winter (2004). 

On the other hand, the managerial literature introduces other interdependencies and compares 

also different compensation systems. Libby & Thorne (2009) study the effects of individual, group, and 

mixed incentive structures (budget targets) on group performance in both assembly lines and on teams 

(allowing for cooperation) with identical tasks. They find that performance is higher under group 
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incentives (equal sharing) for teams. However they find no difference in group performance for assembly 

lines, regardless of the large payment structure differences. Similarly, Guymon et al. (2008) analyze 

group performance under a group piece-rate incentive contract and group performance under a group 

budget-based incentive contract, with homogeneous task in two production settings, a dependent 

production setting and an interdependent production setting. The authors found that in a context where 

opportunism is not possible because of interdependence, a group budget-based incentive contract leads to 

higher levels of performance only for groups that perform independent tasks. These studies, however, do 

not introduce the natural step of non-homogeneous tasks, therefore ruling out different profit sharing 

schemes implemented by firms, a key component in our design.   

Our results show that, averaged over time, the unequal profit sharing scheme yields the same total 

profit than the equal sharing scheme. However, after participants have gained experience in the task, the 

unequal profit sharing scheme yields lower profits than the equal sharing scheme. These results are not 

affected by whether the sharing scheme has been exogenously imposed or chosen by the person at the 

highest production stage. Averaged over time and also after having gained experience, ranked assignment 

yields higher profit than random assignment. 

The profit results can be explained in terms of the results of production performance. For these we 

find that, averaged over time, the unequal profit sharing scheme has some negative effects on production 

performance at the lowest production stage. After participants have gained experience in the task, the 

unequal profit sharing scheme has negative effects both at the lowest and the highest stages of the 

production line. Consistent with the results on profits, averaged over time and also after having gained 

experience, ranked assignment yields higher production performance than random assignment.  
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2. Experimental Design 

2.1 General Design Features 

There is previous work in which technologies with strong complementarities are considered as for 

example in the O-ring  technology of Kremer (1993) and Adams (2006) and in the experiments with 

asymmetric weakest-link games of Brandts et al. (2007, 2016). For our purposes we designed a 

completely new experimental production process. We wanted this production process to have a number of 

characteristics, which we believe to be natural in our context. In particular, in designing our environment 

we used the following design principles: 

First, there are different production stages that involve a sequential order in the sense that output 

of earlier stages is the necessary input for the subsequent stages.  

Second, different stages represent a production hierarchy in the sense that work at an earlier stage 

is simpler than at a subsequent stage. 

Third, the higher a production stage the fewer people work at that level.2 

Fourth, the product (or service) is only ready for the market if it goes successfully through the 

highest stage.  

Fifth, mistakes in the production process are costly, and more so the higher up in production 

process they are made. 

With multiplications being the task we can structure an experimental environment that satisfies 

the five conditions presented above. In our production process, there are three sequential stages in which 

individuals do multiplications. Each subsequent stage consists of harder multiplications than the previous 

one. In particular, at stage 1 participants have to multiply two-digit numbers, at stage 2 three-digit 

numbers and at stage 3 four-digit numbers. Participants at a higher stage are only given a multiplication 

                                                           
2 We think that this models what happens in many real organizations, even those that have a sequential conveyor-
belt type of task interdependence. Even the most extreme sequential task, the conveyor belt, uses multiple workers at 
one stage of the belt doing the same task. It is only the most difficult tasks, which require highly specialized skills, 
that cannot be supported by other workers’ efforts in a particular stage of production.  
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problem to solve if two multiplications have been done correctly at the previous stage. At stage 1 there 

will be four individuals working in parallel, at stage 2 there will be two individuals working in parallel 

and at stage 3 there will be only one participant. The group as a whole will only receive payment for their 

work if a multiplication is done correctly at stage 3.  

In Table 1 we show an overview of our eight conditions and indicate in which sections of the 

paper we present each of them. 

                                                                            

Table 1: Conditions Matrix 

  
Exogenous Profit  Sharing Rules Endogenous Profit  Sharing Rules 

  

  Equal Unequal Equal Unequal 

Random 2.1.1 2.1.2 2.1.5 2.1.5 

Ranked 2.1.3 2.1.4 2.1.5 2.1.5 

 

We will use the first treatment as a baseline for describing the experimental design more in detail 

and then explain the differences of the other 5 treatments (7 conditions) in comparison to the first.3 

 

2.1.1 Treatment 1 – Random Allocation and Equal Pay 

An experimental session begins with the random assignment of participants to groups of seven.  

A session consists of four periods, one “pre-experimental” practice period and three proper experimental 

(paying periods). In the “pre-experimental” period participants practice solving multiplications of two 

numbers of 2, 3, and 4 digits. They are provided with paper and pencil in order to solve the 

multiplications, but have to input the answer on the screen and press an “OK” button. It is important to 

note that on all pieces of paper provided to the participants on to initially solve the multiplications, we 

had already printed one correctly solved 4x4 digit multiplication as an example. At the bottom of the 

                                                           
3 The instructions for the experiment can be found in Appendix A. 
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screen there was a counter telling participants how many correct answers they had so far, therefore, they 

received feedback after each input.  

Once the practice period starts, each participant receives a different and random 2x2 digit 

multiplication. After introducing a possible solution into the computer, participants receive a random 3x3 

digit multiplication; after it is solved, they receive a random 4x4 digit multiplication, and then the screen 

goes back to a random 2x2 digit multiplication.  This process goes on until the 6 minutes run out, after 

which all participants are given feedback on their results of the practice periods, separately for each of the 

three levels of difficulty (2, 3 and 4 digits). However, they do not receive any feedback about how the 

others in the group performed during this period. 

Figure 1: Representation of the Production Process 

Stage 1 

Position 1 2 3 4 
Inputs x=two digit integer numbers randomly selected from [18, 31] 

Tasks (2’) Individual multiplication of two numbers x. 
Outcomes y: correct multiplications, � ∈ �324,961� and yI=incorrect answers 

Stage 2 

Position 5 6 
Inputs Pool of Correct y’s from 1 and 2 Pool of correct y’s from 3 and 4 

Tasks (6’) Individual multiplication of two 
numbers y in this pool.  

Individual multiplication of two 
numbers y in this pool.  

Outcomes z= correct multiplications,  � ∈
�103041,923521� and zI= incorrect 
answers 

z= correct multiplications, � ∈
�103041,923521�, and zI= incorrect 
answers 

Stage 3 

Position 7 
Inputs za =Pool of z by agents  5 and 6 divided by 100 and rounded to closest integer 

	�� ∈ �1030,9235� 

Tasks (8’) Multiplication of two numbers  za in this pool 
Outcomes w=correct answers and wI=incorrect answers 

Profit: Π� = 8 ∙ #� − 0.15 ∙ #�� − 0,3 ∙ #�� − 0.6 ∙ #�� 
 

After this, participants are randomly assigned to one of the seven positions in the group, in one of 

the three different stages of the production line. In Figure 1 we present the production process in detail. 
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Four participants are allocated to a position in the first stage of the production process, two are allocated 

to a position in the second stage and one is allocated to the final, third stage. They are told to which of the 

three stages of the production they have been randomly assigned to, and the exact number of their 

position. Importantly, participants know at the beginning of the practice period that assignment to the 

positions will be random. 

The first experimental period starts off with the work of the four group members allocated to 

stage 1. They are given four minutes to individually solve as many two-digit, two number multiplications 

(ex. 25*30=?) as they can. The input and generation of new multiplications works in the same way as in 

the practice period explained above, but now only two digit numbers are generated. Every answer that is 

correct goes into one of two “pools”. The correct answers of participants at positions 1 and 2 (P1 and P2) 

go into the pool of P5, and the correct answers of P3 and P4 go into the pool of P6. This is the small 

pooled component of our design. Even though the design in general is sequential, and bad performance at 

any stage can be detrimental to the entire work-group, there is a small cushion in the form of pooling. P1 

and P2, P3 and P4, and P5 and P6 pool their answers, thus bad performance (deliberate or not) from one 

player can, to some extent, be compensated by a great performance by his/her “pooling partner.”4 

The production process we study combines sequential and pooled task interdependence 

(Thompson, 1967). Pooled interdependence is the weakest level of interdependence where each member 

contributes to the final output without a need for any interaction between different members. Under 

pooled interdependence group performance is simply the sum of all individual performances (Saavedra at 

al., 1993). An example of this type of weak interdependence is salesmen in a firm, who work 

independently of each other, but all contribute towards the same goal of their firm. Under sequential 

interdependence at least one stage of the overall production produces an output which is necessary for the 

production of the next stage’s output. This type of interdependence requires that units perform different 

parts of a task in a clearly arranged, one-way, order (e.g. an assembly line, in which the output of a 

                                                           
4 For broad overviews of the workings of hierarchies see Anderson and Brown (2010) and Greer et al. 
(forthcoming).  
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worker on the line is heavily dependent on the workers in the earlier parts of that very same assembly 

line). We adopt an intermediate case between pure sequential and pure pooled task interdependence. The 

effects of other degrees of task interdependence could be studied in future work.  

All numbers in the 2x2 digit multiplications consist of two random numbers between 18 and 31, 

the reason for this being that any combination of these numbers when multiplied gives rise to a 3 digit 

number. The correct results are stored by the program into one of the two pools for the next stage of the 

production.  

Once the four minutes are over, stage 1 participants stop working and stage 2 participants begin 

their task. The two participants in the second stage have six minutes to solve 3x3 digit multiplications. 

However, they do not solve multiplications of random three-digit numbers, but multiplications of the 

correct answers given in stage 1. P5 multiplies correct answers of P1 and P2, and P6 uses the correct 

multiplications of P3 and P4. The correct answers of P1 and P2 are combined into one pool so it does not 

matter if P5 gets to multiply two correct answers of P1, two correct answers of P2, or one of each. Each 

correct answer from the first stage gets used only once in a 3x3 digit multiplication in stage two. For 

example: If P1 solves 14 multiplications correctly and P2 solves 4 multiplications correctly, P5 will only 

be given 9 multiplications to solve (14+4 =18, 18/2=9). The period ends for both participants of the stage 

when the six minutes are over, or for each of them when he/she runs out of multiplications to solve. All 

the correct answers given by P5 and P6 are divided by 100 and rounded, in order to produce a four digit 

number, and then pooled together in yet another pool and passed off to stage 3.  

As soon as stage 2 finishes, stage 3 starts. The sole participant in stage 3 of the production process 

now has 8 minutes to solve 4x4 digit multiplications, which were pooled from the correctly answered 

multiplication questions by P5 and P6. The stage finishes when the 8 minutes run out or when P7 runs out 

of possible multiplications to solve.  

With this, the first experimental period ends, and all participants learn in detail about the 

performance of their production group and how much they have earned in the period. They are shown the 

number of correct answers and incorrect answers at each stage of the production, but cannot see the 
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performance of any individual participant (except for P7 who is the sole participant in stage 3).  The total 

profit of the period depends solely on the correct number of 4x4 digit multiplications minus the amount 

for all wrong inputs in all three stages of production. This profit is then, in this treatment, split evenly 

among all seven members of the group, which results 14.29% for each participant. Specifically: 

 

Profit for the work-group = (Number of Correct w’s * 8 euros) - [(Number of incorrect y’s * 0.15 euros) + 

(Number of incorrect z’s * 0.30 euros + (Number of incorrect w’s * 0.60 euros)] 

 

As in many real life situation, a company only makes profit on a final good on their production 

line and not on a semi-completed good, which is why a profit is only generate when a group manages to 

complete a good correctly though all three stages of production. Companies have a cost for all mistakes 

made throughout all stages of production, with the mistakes generally being more costly the closer the 

product is to completion.  

The production line process is repeated for a total of three periods, after which participants are 

shown a final table with the earnings of each period, and a sum total earned for the experiment which 

consists of the sum of the earnings for the three experimental periods. If the total earning of a participant 

after the three periods had been negative, the program would have told them that their total income was 0, 

since we cannot have participants pay money to us. However, this never happens, though many groups 

did get a negative income (loss) for at least one of the three experimental periods, in which case this loss 

is subtracted from the periods with positive profit. With this the experiment ends and all participants are 

paid the total amount earned for the three periods plus the 4 euros show-up fee.  

 

2.1.2 Treatment 2 – Random Allocation and Unequal Pay 

Treatment 2 is identical to treatment 1, except for the way in which a work-group splits the final 

profit between its members. In this treatment participants in stage 1 receive a percentage of the profit that 
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is a fourth of what they receive in treatment 1 and participants in stage 3 receive a percentage that is four 

times what they receive in treatment 1. This amounts to the participants of the first stage receiving 3.57% 

of the total profit each, participants in stage 2 receiving 14.29% of the total profit each (the same 

percentage as in treatment 1), and the participant in stage 3 receiving 57.14% of the total profit, or sixteen 

times the percentage that the participants in stage 1 obtain. The participants know the way the profit is 

split from the very beginning and that allocation to the positions will be random. Observe that for stage 2 

the fraction of profits that participants receive is the same as in the equal sharing scheme. 

The profit sharing scheme that we use here may seem extreme in the distribution of profits, but 

we think that there are good reasons for this choice. First, we believe that a strongly unequal sharing 

scheme is the right starting point for a comparison with the equal sharing scheme. The effects of more 

moderate inequality could be studied in future work. Second, we think that multiplications of two 

numbers with four digits are much harder than those of two numbers of two digits, so that much higher 

participation in profits seems reasonable.5 

Changing the profit sharing scheme implies changing both the relative and the absolute payoff of 

participants at the top and at the bottom of the hierarchy. This is unavoidable  

 

2.1.3 Treatment 3 – Ranked Allocation and Equal Pay 

Treatment 3 is different from the previous two treatments in the way that the participants are 

allocated to one of the seven positions in the production line. In treatments 1 and 2 the allocation is done 

randomly by the z-tree program. In this treatment the allocation depends on the performance in the “pre-

experimental” period, which is now not only used as a practice period. Participants are informed before 

the practice period begins that allocation to the different positions will be done based on performance in 

the practice period. This “pre-experimental” period is in all other ways exactly the same as in the first two 

                                                           
5 The large differences in the difficulty of the multiplications at the different stages is also the reason for assigning 
different numbers of minutes to the tasks at different stages.   
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treatments. After the “pre-experimental” period finishes the program ranks the seven participants in terms 

of performance. It does this by awarding 1 point for each correctly solved 2x2 digit multiplication, 2 

points for each correctly solved 3x3 digit multiplication, and 4 points for each correctly solved 4x4 digit 

multiplication. It also subtracts 0.1 point for each incorrectly solved 2x2 digit multiplication, 0.2 points 

for each incorrectly solved 3x3 digit multiplication, and 0.4 points for each incorrectly solved 4x4 digit 

multiplication. The participant with the most points is allocated to P7 in stage three of the production line, 

the 2nd and 3rd highest scoring participants are randomly placed into positions P5 and P6 in the second 

stage of the production line, and the four lowest scoring participants get randomly allocated to one of the 

four positions in stage 1 of the production line. Ties are resolved by randomization. All participants are 

made aware of this from the beginning of the experiment and are informed about their position as soon as 

the pre-experimental period finishes. Participants in this treatment split the final income equally, just as in 

treatment 1.  

2.1.4 Treatment 4 – Ranked Allocation and Unequal Pay 

Treatment 4 combines the changes introduced in treatments 2 and 3. With everything else being 

the same as in all treatments, this treatment employs ranked allocation based on the pre-experimental 

period, just as in treatment 3, and the unequal pay used in treatment 2. Again, as in treatments 1, 2 and 3, 

participants know all of the information about the allocation as well as the profit sharing scheme from the 

very beginning of the experiment. 

 

2.1.4 Treatments 5 and 6 – Random and Ranked Allocation with Payment Scheme Selected 

by P7 

In these two treatments participants know from the start – like in treatments 1-4 – whether 

allocation to the positions will be done on the basis of performance in the practice period. However, they 

do not know, while in the practice period, which payment scheme will be chosen, since this choice will be 
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made by the participant at P7 once the allocation will have been done. These two treatments differ 

between themselves through the allocation method, one treatment has random allocation while the other 

ranked. 

 

2.2 Procedures 

We conducted multiple sessions for each of the six treatments. The average running time of all 

four treatments was one hour and 40 minutes, which includes the time for reading the instructions out 

loud before the session as well as the time for paying all of the participants at the end of the session. 

Participants are paid a 4 euro show up fee plus whatever they end up making during the experiment. The 

experiment was conducted at the computer lab of the Universitat Autonoma de Barcelona and participants 

were undergraduate students from the university. The z-tree software was used to run the experiment 

(Fischbacher, 1999).  

We have a total of 637 participants in 91 work-groups: 15 in treatment 1, 11 in treatment 2, 13 in 

treatment 3, 15 in treatment 4, 16 in treatment 5 (9 Unequal, 7 Equal) and 21 in treatment 6 (6 Equal, 15 

Unequal).. 

 

 

3. Research Questions 

Our focus is the comparison of the effects on total profit of the two profit sharing schemes. The 

main tension here is that the unequal scheme gives very good monetary incentives to people in the top 

position, but may have a demotivating effect on people at stage 1, perhaps being neutral for stage 2. There 

is much evidence that cooperation and efficiency in groups may be affected by fairness considerations 

related to the payment scheme. Even in one-shot situations agents repay the principals’ decisions, giving 

higher wages, by subsequently increasing efforts (e.g., Fehr and Falk, 2002). Workers may be unwilling 
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to exert full effort when they realize that they are not being paid fairly (Akerlof and Yellen, 1990). 6 

Additionally, it has been found that what employees see as fair payment, heavily depends on the wages 

paid to their co-employees (e.g. Frank, 1984; Lazear, 1989, Abeler et al. 2010). While this may be the 

reason that many firms pay equal wages to employees at the same horizontal level (Baker et al., 1988), 

equal payment at the same horizontal level may not necessarily imply fairness (e.g. Abeler et al., 2006; 

Holmström, 1982). We think that, given the high interdependency of the different production stages in our 

design, previous results are not directly applicable. Hence, it is a priori not clear which profit sharing 

scheme will lead to higher profits and better performance. 

Second, we are also interested in the comparison between ranked and random assignment to the 

positions in the production line. Ranked assignment implies assigning those better at the task to the top 

position and those that perform weakest in the task to the bottom, in line with Kremer (1993). Again, 

given the high interdependency of the different production stages it is not obvious which assignment 

scheme will be better for total performance of the organization. 

 

4. Results 

The results section consists of three parts. In section 5.1 we look at the results from the pre-

experiment. In section 5.2 we present our findings about the “bottom line”, the profits of the groups for 

each of the treatments. In the final section 5.3 we look at performance at each stage in each of the 

treatments. 

 

4.1. Results – Pre-Experimental Period 

Table 2 shows descriptive statistics for the numbers of points obtained in the pre-experiment 

multiplications for all six treatments.  Recall that in the first four treatments participants know, when 

                                                           
6 Charness and Kuhn (2007) argue that the previous might not be the case, as most findings on worker effort and 
perceived fairness come from experiments of gift exchange (e.g. Fehr et al., 1998; Fehr and Falk, 1999). They find, 
experimentaly, that workers’ effort decisions are highly sensitive to their own wages, but largely unresponsive to co-
workers wages. They also argue that wage compression can be harmful and lead to paying equal wages to workers 
of unequal productivity, which is far from profit maximizing. 
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doing the pre-experiment multiplications, both the payment scheme and the procedure (Random or 

Ranked) that will be used for allocating them to the positions in the production process. In the last two 

treatments, they only know the allocation procedure but not the payment scheme, since that will be 

chosen by the participant at P7 after allocation to the positions in the production process has taken place. 

 As explained above, in the pre-experimental period participants have six minutes to solve as 

many multiplication problems as they can. The sequence of problems starts with a 2x2 digit 

multiplication to solve, followed by 3x3, then 4x4, before starting again with 2x2 etc.  

 

Table 2: Average Pre-experimental Points Earned per Player 
    Mean Std. Dev. Freq. 

Equal Split – Random 4,783 4,265 105 
Unequal Split – Random 4,445 4,282 77 
Equal Split – Ranked 4,736 4,216 91 
Unequal Split – Ranked 5,995 5,079 105 
Endogenous  - Random 4,744 4,031 112 
Endogenous  - Ranked 4,950 4,577 147 

 

As can be seen from Table 2 the one treatment which stands out in pre-experimental performance 

is the “Unequal Split-Ranked” treatment.  Using a two-tailed t-test one can see in Table 3 that we find 

significant difference between the “Unequal Split-Ranked” treatment and all other five treatments. This 

difference in performance comes mainly from the difference in correctly solved 4x4 digit multiplications.7 

In the “Unequal Split-Ranked” treatment participants have a stronger incentive to perform better in the pre-

experimental period than in the other three exogenous treatments; the best performing participant will 

receive the stage 3 position and earn the highest amount among the seven teammates.  

What is surprising, however, is that participants in this treatment perform significantly better than 

those in the “Endogenous Split-Ranked” treatment. At first sight these two treatments seem to have the 

same incentive structure in the pre-experimental period and therefore the two sets of participants should 

                                                           
7 See Table A in Appendix B for more information. 
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perform the same. The best performer in the “Endogenous Split-Ranked” will get to choose to split the 

profits unequally and have the same percentage share as in the “Unequal Split-Ranked”.  

 
Table 3: Bootstrapped t-test on Treatment Differences of Pre-experimental Points 

    Equal Split - 
Random 

Unequal Split 
- Random 

Equal Split 
- Ranked 

Unequal Split 
- Ranked 

Endo.  - 
Random 

Endo.  - 
Ranked     

Equal Split - Random 
  0.915 0.133 -3.254*** 0.120 -0.511 

  (0.358) (0.895) (0.001) (0.904) (0.603) 

Unequal Split - Random 
    -0.769 -3.773** -0.847 -1.392 

    (0.438) (0.031) (0.421) (0.153) 

Equal Split - Ranked 
      -3.252*** -0.022 -0.627 
      (0.001) (0.983) (0.511) 

Unequal Split - Ranked 
        3.503*** 2.963*** 

         (0.000) (0.003) 

Endo. - Random  
         -0.658  

         ( 0.489) 

Endo.  - Ranked 
             

            

Note: Bootstrap method using 9,999 bootstrap samples. 

 

Yet, as can be seen from Table 3, we do find a significant difference between in the pre-

experimental performance between these two treatments (p= 0.089 using a 2-tailed t-test), with 

participants in the “Endogenous-Ranked” treatment performing worse. This indicates that participants 

take into account the procedural or behavioral differences between the two treatments. Perhaps certain 

individuals are unwilling to select the unequal split payment option, either because of other-regarding 

concerns, or because they fear low performance or sabotage from their teammates if they opt to do so. We 

find no significant difference between all other treatments. 

4.2 Results – Profits 

Table 4 allows us to get a first impression of profit differences between treatments. It shows the 

mean values of per period profits in the different conditions, as well as the totals over all three 

experimental periods. Looking at the totals one can see that the average is always higher for ‘Ranked’ 

than for the corresponding ‘Random’ case. The average for ‘Unequal’ is higher than for ‘Equal’ except 
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for the ‘Endogenous-Ranked’ case. Over time there seems to be a general upward tendency, but with 

exceptions. Importantly, observe that in period 3 ‘Equal’ has a higher average than ‘Unequal’ in all 

relevant comparisons. 

 

Table 4 -  Firm Profits  

 
Exogenous Pay Endogenous Pay  

 
Random Ranked Ranked Random 

 
Equal Unequal Equal Unequal Equal Unequal Equal Unequal 

Period 1 10.31 12.90 17.61 23.28 23.19 18.29 10.01 12.35 

Period 2 13.48 23.54 25.28 22.51 25.35 19.54 13.12 11.27 

Period 3 23.23 14.46 23.13 22.51 26.76 20.72 15.61 15.40 

Total 47.01  50.90  66.02  68.29  75.30  58.54  38.74  39.02  

 

Table 5 shows the results of random effects panel regressions, with clustering at the group level. 

In all three specifications one can see that allocating the best “talents” to the right positions increases 

group profits. By contrast, the way in which the profit is split between group members does, as such, not 

make a significant difference and the same is true for whether the payment has been imposed exogenously 

or selected by the participant at P7. One can also see that in all three specifications the pre-experimental 

points of the groups have a significantly positive effect. In the first specification there are also significant 

period effects, indicating the presence of learning over time. In the third specification one can see that the 

significance of the different variables is unaffected when we add the interaction between endogenous and 

equal to take into account that two of our treatments give rise to two different conditions.  Observe that 

the added interaction term is not significant.  

However, when to our first specification we add  interaction effects between the equal payment 

scheme and time we find the interaction for period 3 to be positive and significant. Over time the equal 

splitting of profits leads to significantly higher group performance. 8   

                                                           
8 We have run these regressions with interaction terms between ‘Ranked’ and ‘Equal Split’ and find that they do not 
have a significant effect. 
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Table 5 -  Random effects panel regression results on group profit    

 
Coefficient 

Std. 
Error 

p-
value 

Coefficient 
Std. 

Error 
p-

value 
Coefficient 

Std. 
Error 

p-
value 

Ranked 6.281*** 1.866 0.001 6.281*** 1.865 0.001 6.420*** 1.874 0.001 

Equal Split 1.347 1.881 0.474 -1.478 2.503 0.555 0.031 2.383 0.990 

Endogenous  -1.692 1.863 0.364 -1.692 1.863 0.364 -3.215 2.518 0.202 

Pre-Exp. Points 0.248*** 0.078 0.001    0.248*** 0.078 0.001 0.248*** 0.078 0.001 

Period 2 3.348** 1.442 0.020 2.428 1.966 0.217 3.348** 1.442 0.020 

Period 3 4.402** 1.442 0.002 1.318 1.966 0.503 4.402** 1.442 0.002 

Equal*Period 2    1.948 2.860 0.496    

Equal*Period 3    6.526** 2.860 0.022    

Equal* Endo.       3.374 3.749 0.368 

Note: 273 observations clustered at the group level; 91 groups. 

In the regressions shown in Table 6 the dependent variable is the difference between the profits in 

period 3 and in period 1. For the increase in profits over time equal payment has a positively significant 

effect, complementing the results in Table 5, whereas the method of allocation of participants to positions 

has no effect. The explanation for the dynamics in the impact of the equal split must have to do with how 

production changes over time, something we study in detail in the next section.9  

Note: 273 observations clustered at the group level; 91 groups. 

 

                                                           
9 If we run the same regression with period 3 data only we find that both “Ranked” and “Equal Split” have a 
significant positive effect at the 10% level. See Table B in Appendix B. 

Table 6 - Regression on Group Profit Difference Between Period 3 & Period 1 

 
Coefficient Std. Error p-value Coefficient Std. Error p-value 

Ranked -3.074 2.889 0.290  -3.391 2.887 0.243 

Equal Split 5.694* 2.913 0.054       8.708** 3.670 0.020 

Endogenous  -0.778 2.885 0.788   2.710 3.877 0.486 

Equal*Endogenous     -7.730 5.772 0.184 

Group Pre-Exp. Points -0.043 0.120 0.721   -0.045 0.120 0.710 
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Result 1: (Profits) 

- Averaged over time, the unequal profit sharing scheme yields the same total profit than the equal 
sharing scheme.  

- Over time the unequal profit sharing scheme leads to a smaller increase in profits than the equal 
sharing scheme. 

- Averaged over time, the ranked assignment yields higher profit than the random assignment. 
- Over time ranked assignment does not lead to a different increase in profits than random 

assignment. 

 

4.3 Results – Performance at each Stage 

We now move to looking at what is behind the profit differences by analyzing performance at 

each of the production stages. Table 7 shows the individual averages of the number of correctly solved 

multiplications, attempted number of multiplications, and percentage of correctly solved multiplications 

for all three stages of the production line.  

 

In Table 7 observe that for stage 1 the averages for both the number and the percentage of correct 

multiplications are higher for equal than for unequal pay for all comparisons. Similarly, the same averages 

are higher for random than for ranked allocation in all comparisons. We interpret that participants at the 

lowest stage of the production line are demotivated when they receive a very small share of profits and that, 

ceteris paribus, in the ranked condition less able participants are assigned to stage 1. 

Table 7:  Descriptives of Correctly Solved Multiplications by Period 
  Stage 1 (2x2) Stage 2 (3x3) Stage 3 (4x4) 

  Correct Attempted  % Correct Attempted  % Correct Attempted  % 

Equal Split – Random 11,378 12,572 90,50% 4,778 6,844 69,81% 2,311 3,756 61,54% 
Unequal Split – Random 10,652 11,917 89,38% 4,591 6,076 75,56% 2,424 3,727 65,04% 
Equal Split – Ranked 11,295 12,846 87,92% 5,744 6,936 82,81% 3,077 4,692 65,57% 
Unequal Split – Ranked 9,950 11,639 85,49% 5,844 7,322 79,82% 3,222 5,089 63,32% 
Endo. Equal Random 10,556 11,806 89,41% 5,222 6,519 80,11% 1,963 4,074 48,18% 
Endo. Unequal Random 10,417 14,976 69,55% 4,905 6,548 74,91% 2,190 3,524 62,16% 
Endo. Equal Ranked 10,208 11,972 85,27% 5,139 6,417 80,09% 3,444 4,500 76,54% 
Endo. Unequal Ranked 9,233 13,033 70,84% 5,033 6,489 77,57% 2,933 4,267 68,75% 



20 
 

In stage 2 there is no such clear pattern, but for stage 3 there is an interesting pattern for the cases of 

endogenous choice of payment scheme by the participant at the top of the hierarchy. For the case of random 

assignment to the top unequal pay is associated with higher numbers and percentages of correct 

multiplications. By contrast, for the case of ranked assignment to the top position equal pay is associated 

with higher numbers and percentages of correct multiplications than equal pay. A possible interpretation is 

that participants who have chosen an equal pay scheme feel highly motivated (perhaps out of a sense of 

responsibility). 

Table 8 shows the results of random-effects tobit regressions for the multiplications at the three 

production stages, where, to get a complete picture, we show results for the number of correct, the 

percentage of correct and the number of incorrect multiplications. In these regressions we do not include 

the variable for pre-experimental points, as in the profit regressions above. The reason is that for stages 2 

and 3 it is highly correlated with the ‘Ranked’ variable. For better comparison we have also left it out for 

stage 1.   

With respect to the ‘Ranked’ variable we can see that it has a significantly negative effect on stage 1 

performance. For stage 2 one can see that it affects all three measures in a way that increases performance. 

‘Ranked’ significantly increases the number and percentage of correct multiplications and significantly 

reduces the number of incorrect ones.  For stage 3 ‘Ranked’ has a significantly positive effect on the 

number of correct multiplications.10 The variable ‘Equal Split’’ has a positive significant effect in stage 1, 

but no effects on stages 2 and 3. 

‘Equal-Endo’ has significantly negative effects on the number of incorrect multiplications in stage 1, 

but no effects in stages 2 and 3. Finally, we can see significantly positive period effects on correct 

multiplications in all stages, documenting improvement over time, together with a significantly positive 

effect on incorrect multiplications in stage 1, an effect that goes in the other direction.  

                                                           
10 The negative effect in stage 1 can be explained by the fact that under ranked allocation to positions participants 
assigned to the stage 1 positions are typically less able than those assigned under ‘Random’. 
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Table 8 - Random-effects Tobit Regressions on Percentage of Correctly Solved Multiplications, Number 
of Correct Multiplications, and Number of Incorrect Multiplications 

 % of Correct Multiplications No. of Correct Multiplications No. of Incorrect Multiplications 

n = 1095 Level 1 

Coefficient Std. Err. p-value Coefficient Std. Err. p-value Coefficient Std. Err. p-value 

Ranked -0.056*** 0.018 0.001 -0.562 0.382 0.142 0.754 0.663 0.256 

Equal Split 0.018 0.022 0.421 1.034** 0.486 0.033 -0.088 0.846 0.917 
Endogenous  -0.071*** 0.024 0.003 -0.629 0.517 0.224 3.159*** 0.892 0.000 

Equal*Endo 0.048 0.036 0.176 -0.326 0.771 0.672 -2.919** 1.335 0.029 
Period 2 0.001 0.014 0.968 1.080*** 0.188 0.000 0.602 0.533 0.259 

Period 3 0.005 0.014 0.723 1.783*** 0.188 0.000 1.198** 0.530 0.024 

n = 546 Level 2 

Coefficient Std. Err. p-value Coefficient Std. Err. p-value Coefficient Std. Err. p-value 

Ranked 0.070** 0.032 0.031 0.705*** 0.264 0.007 -0.374* 0.195 0.056 

Equal Split -0.032 0.041 0.435 -0.026 0.336 0.939 0.195 0.248 0.432 
Endogenous  -0.036 0.044 0.413 -0.408 0.356 0.252 0.085 0.264 0.748 

Equal*Endo 0.091 0.065 0.162 0.414 0.532 0.436 -0.631 0.395 0.110 
Period 2 0.038 0.025 0.127 0.707*** 0.155 0.000 -0.025 0.146 0.862 

Period 3 0.065*** 0.025 0.010 0.965*** 0.155 0.000 -0.076 0.146 0.603 

n = 273  Level 3 

Coefficient Std. Err. p-value Coefficient Std. Err. p-value Coefficient Std. Err. p-value 

Ranked 0.077 0.053 0.142 0.925*** 0.240 0.000 0.071 0.218 0.744 
Equal Split -0.048 0.067 0.472 -0.128 0.306 0.677 -0.027 0.278 0.922 

Endogenous  0.011 0.071 0.882 -0.275 0.325 0.396 -0.294 0.297 0.322 

Equal*Endo -0.053 0.106 0.616 0.186 0.485 0.701 0.492 0.440 0.263 
Period 2 0.048 0.051 0.343 0.453** 0.180 0.012 0.033 0.185 0.857 

Period 3 0.046 0.051 0.369 0.558*** 0.181 0.002 0.137 0.185 0.457 

Note: Percentage of correct multiplications regression – left censoring limit at 0 and right censoring limit 
at 1; no. of correct and incorrect multiplications regressions – only left censoring limit at 0. 
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In the random-effects tobit regressions shown in Table 8 we cannot cluster by groups. In Table 9 we 

show, as a complement to Table 8, the results of random effects panel regressions in which we do cluster 

by group. As one can see the pattern of significant results is the same, with a few exceptions that do not 

alter the general impression obtained above.11  

 

Table 9 - Random-effects Panel Regressions on Percentage of Correctly Solved Multiplications, Number 
of Correct Multiplications, and Number of Incorrect Multiplications 

 % of Correct Multiplications No. of Correct Multiplications No. of Incorrect Multiplications 

n = 1095 Stage 1 

Coefficient Std. Err. p-value Coefficient Std. Err. p-value Coefficient Std. Err. p-value 

Ranked -0.041*** 0.015 0.006 -0.550 0.397 0.166 0.157 0.605 0.795 

Equal Split 0.017 0.015 0.270 1.031** 0.525 0.050 -0.132 0.165 0.423 

Endogenous  -0.057** 0.025 0.024 -0.579 0.493 0.240 2.516** 1.112 0.024 

Equal*Endo 0.038 0.031 0.220 -0.379 0.801 0.636 -2.410** 1.143 0.035 

Period 2 0.002 0.009 0.792 1.069*** 0.196 0.000 0.429* 0.252 0.089 
Period 3 0.011 0.011 0.298 1.786*** 0.207 0.000 0.777 0.551 0.158 

n = 546 Stage 2 

Coefficient Std. Err. p-value Coefficient Std. Err. p-value Coefficient Std. Err. p-value 

Ranked 0.059*** 0.023 0.010 0.692*** 0.262 0.008 -0.327** 0.148 0.027 

Equal Split -0.022 0.026 0.412 -0.010 0.338 0.976 0.143 0.190 0.451 
Endogenous  -0.030 0.030 0.322 -0.394 0.381 0.301 0.069 0.183 0.707 

Equal*Endo 0.062 0.049 0.206 0.401 0.543 0.460 -0.462 0.298 0.121 

Period 2 0.035* 0.018 0.051 0.687*** 0.155 0.000 -0.027 0.101 0.786 
Period 3 0.056*** 0.018 0.002 0.951*** 0.153 0.000 -0.049 0.104 0.635 

n = 273  Stage 3 

Coefficient Std. Err. p-value Coefficient Std. Err. p-value Coefficient Std. Err. p-value 

Ranked 0.073* 0.040 0.066 0.889*** 0.241 0.000 0.045 0.174 0.797 

Equal Split -0.027 0.054 0.610 -0.118 0.316 0.709 -0.099 0.252 0.693 
Endogenous  0.015 0.052 0.780 -0.281 0.253 0.266 -0.300 0.263 0.255 

Equal*Endo -0.040 0.080 0.615 0.227 0.474 0.632 0.467 0.349 0.181 

Period 2 0.038 0.041 0.352 0.396** 0.166 0.017 0.011 0.149 0.941 
Period 3 0.038 0.037 0.308 0.505*** 0.173 0.003 0.110 0.131 0.401 

Note: Clustered at group level (91 groups). 

                                                           
11 Like for the case of profit regressions we have run these regressions with interaction terms between ‘Ranked’ and 
‘Equal Split’ and find that they do not have a significant effect. 
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To follow up on the results about profit increases between periods 1 and 3 reported in section 5.2. 

we ran random effects panel regressions on the difference between periods 1 and 3 of the three 

multiplications measures. The results are shown in Table 10. For stage 1 the equal split variable has a 

positive significant effect on the number of multiplications and a negative significant effect on the 

number of incorrect multiplications, both effects going in the direction of improving performance. There 

are no significant effects on stage 2. Interestingly, for stage 3 we also observe a significant positive effect 

on the number of incorrect multiplications. This is consistent with what we found for profit increase and 

reported in Table 6.12 

 

Table 10 – Random-effects Panel regressions on the Difference between period 3 and period 1 (delta) of: 
Percentage of Correctly Solved Multiplications, Number of Correct Multiplications, and Number of 
Incorrect Multiplications 

 % of Correct Multiplications No. of Correct Multiplications No. of Incorrect Multiplications 

n = 364 Stage 1 

Coefficient Std. Err. p-value Coefficient Std. Err. p-value Coefficient Std. Err. p-value 

Ranked 0.024 0.024 0.306 0.267 0.403 0.509 -1.065 1.212 0.382 

Equal Split 0.044* 0.025 0.086 0.677 0.533 0.207 -0.654** 0.302 0.033 

Endogenous  0.010 0.037 0.780 -0.425 0.589 0.472 2.595 2.245 0.251 

Equal*Endo -0.034 0.044 0.436 0.494 0.782 0.529 -2.159 2.298 0.350 

n = 182 Stage 2 

Coefficient Std. Err. p-value Coefficient Std. Err. p-value Coefficient Std. Err. p-value 

Ranked -0.062 0.039 0.113 -0.302 0.312 0.336 0.272 0.223 0.226 

Equal Split -0.005 0.047 0.914 0.245 0.440 0.579 -0.039 0.288 0.892 

Endogenous  -0.007 0.051 0.889 0.345 0.381 0.368 0.013 0.301 0.965 

Equal*Endo 0.101 0.073 0.172 0.528 0.557 0.346 -0.040 0.407 0.922 

n = 91 Stage 3 

Coefficient Std. Err. p-value Coefficient Std. Err. p-value Coefficient Std. Err. p-value 

Ranked -0.028 0.075 0.712 -0.302 0.350 0.390 -0.146 0.252 0.564 

Equal Split 0.169* 0.096 0.081 0.675 0.463 0.148 -0.755** 0.342 0.030 

Endogenous 0.000 0.095 0.999 0.500 0.451 0.270 -0.285 0.345 0.410 

Equal*Endo -0.212 0.147 0.153 -0.639 0.692 0.358 1.402*** 0.502 0.006 

Note: Clustered at the group level (91 groups) 

 

 

                                                           
12 For regressions with period 3 data only, see Tables C and D in Appendix B. 
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Result 2: (Production performance) 

- Averaged over time, the unequal profit sharing scheme has some negative effects on production 
performance at the lowest production stage.  

- Over time the unequal profit sharing scheme leads to a decrease in the production performance 
both at the lowest and the highest stages.. 

 

6. Summary and Concluding Remarks 

We present a new experimental design to study the workings of highly interdependent work 

groups, a common situation in many organizations. Our production process involves a combination of 

pooled and sequential task interdependence. In designing our production process we followed a number 

of basic design principles: a sequential order of production stages, the difficulty of the task increasing in 

the production stage, fewer people the higher the production stage, the product only being marketable if 

work at the highest production stage is successfully completed and production mistakes being more costly 

the higher the production stage. In the resulting production process every stage has to perform at a high 

level in order to maximize profit, yet has a cushioning in the form of small pooling so that a bad 

performance by one person at any given time does not mean immediate disaster and shut down.    

We build on the small literature that has so far indicated that work-groups with very high task 

interdependence are less sensitive to different pay systems. Our results show that even extreme payment 

inequality does not significantly increase a work-groups performance in real effort tasks with high 

interdependence. For both procedures for allocating people into position that we use in our treatments, we 

find only small and insignificant changes to performance when comparing equal pay and the 

exponentially unequal pay treatments. Moreover, with experience the equal profit sharing scheme even 

outperforms the unequal scheme, due to an increase in production performance both at the top and bottom 

stages of the production process. We find this result even though the amount of pay for two of the three 

stages in the production line differ by 400%, and the comparative difference in pay between the two 
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stages (one and three) is 1600%. The high interdependence in production that we study makes steep 

incentives ineffective and even counter-productive. 

We also find that allocating more capable people to higher stages of the production process has a 

significantly positive effect on profits in all cases. Given the high interdependence between production 

stages this is not obvious, since under ranked allocation the worst performers are allocated to stage 1 and 

this could conceivably create a bottleneck at the bottom of the hierarchy. However, this is not what we 

observe. 

We believe that our material model of a production process could become a paradigm to study 

many other issues related to highly interdependent work groups. Among other possibilities, we could 

study other compensation schemes different from profit sharing schemes, add supervision and other 

realistic features of work environments, but we leave this for future research. 
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APPENDIX A 

INSTRUCTIONS 

All comments in bold letters (like this one) are added for the reader and do not belong to the 

original instructions. These comments mark the parts that correspond to each treatment. 

All treatments 

Instructions 

Welcome and thank you very much for your willingness to participate in this experiment. You 

will receive 4 euros for showing up for the experiment. In addition, you can make money during the 

experiment. From now on, contact, in any way, with other participants in the room is not allowed. If you 

have a question, raise your hand and we will come to your table. This is a sequential experiment so that 

not everyone will act at the same time. While waiting for your turn to participate you can do anything you 

want without leaving your place. And, please, keep checking your screen constantly to participate when 

it's your turn. 

For the purpose of this experiment you will all be workers in a production process of different 

companies that do not have a relationship with each other. In each company there are 7 workers. You 

work for one company and you will be assigned to one of the 3 groups of workers of the same type: level 

1 workers (positions 1, 2, 3 and 4), level 2 workers (positions 5 and 6) and level 3 workers. In each 

company, four of you will be workers at level 1, two will be level 2 workers and one will be a level 3 

worker. You will be informed of your place in the company (on the screen you will see your number and 

level) as soon as the experiment begins. Nobody will know the identities of the other workers in the 

company. 

Before you are assigned to a group of workers you will have five minutes to make 2, 3, and 4-

digit multiplications. You will all receive the same sequence of multiplications.  

Treatments with Random Allocation to Positions 
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Once the experiment begins, you will be asked to solve multiplications at certain times, so this is 

a good opportunity to practice and understand how the introduction of the solutions on the screen works. 

These initial five minutes will not count for the experiment, but it is a mere practice. After these five 

minutes, the experiment will officially begin. 

Treatments with Ranked Allocation to Positions 

Your position within the company depends on the total number of correct and incorrect answers. 

The correct answers with 4-digit multiplications (4 points) have more value than those of 3 digits (2 

points), and these have more value than those of 2 digits (1 point). And the incorrect ones remain 0.1 

points for the multiplications of 2 digits, 0.2 for those of 3 digits and 0.4 for those of 4 digits. At the end 

of these 5 minutes, the person who gets the most points will be assigned to position 7, the next two will be 

assigned to positions 5 and 6 (not in order), and the rest will be assigned to positions 1 through 4 (no In 

order). You can see the different positions in the chart below. In case of ties, the allocation to positions 

will be random among those tied. 

Treatments with Endogenous Choice of Profit Sharing Scheme 

After these 5 minutes, the worker who is in level 3 (participant in position 7) will choose how to 

distribute the profits between two possible options. We will explain the two options at the end of the 

instructions. 

All treatments 

The experiment begins with the four first level workers. They will have 4 minutes to individually 

solve 2-digit multiplications (ex. 25 * 30 =?) that will appear on the screen. Each correct answer will be 

transmitted to another worker. The correct answers of workers 1 and 2 will be transmitted to player 5 and 

the correct answers of players 3 and 4 will be transmitted to player 6. The incorrect answers will be lost, 

that is, they will not be used later and will have a cost for the company. Remember that only the 

organizers of the experiment will know what position you occupy as a worker and in which company you 

are in. 
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Level 1                                               Level 2                                                          Level 3 

T1    x * x  = y1 
 
T2    x * x  = y2                     T5   y1 * y2 = z1 
 
                                                                                                                                  T7   z1 * z2 = w 
 
T3    x * x  = y3 
                                                          T6   y3 * y4 = z2 
T4    x * x =  y4                        
 
 
T = Workers, x = 2-digit numbers, y = 3-digit numbers, z = 4-digit number 
 

Once level 1 workers finish, level 2 workers will have 6 minutes to solve as many 3-digit 

multiplications as possible from those available to him / her (Ex. 234 * 197 =?). The level 2 

multiplications will be based on the numbers obtained in the previous step with the correct answers from 

the corresponding workers of level 1. Workers 5 and 6 will solve these operations for 6 minutes or until 

they finish the available multiplications (obtained from the Correct answers from level 1). All correct 

answers from players 5 and 6 will be put together and transmitted to level 3. Again, the incorrect answers 

of participants 5 and 6 will be lost and will not be used later, although they have a cost for the company. 

At level 3 worker 7 has 8 minutes to solve 4-digit multiplications (3422 * 7324 =?). These 4-digit 

multiplications will be obtained from the correct multiplications of the level 2 workers. The time available 

in level 3 ends after 8 minutes or when the worker completes the available operations (the correct answers 

of level 2). Remember that in order to have correct multiplications in level 3 correct answers are required 

in levels 1 and 2. The correct answers of level 3 will generate the income of the company and the 

incorrect answers of each level will generate costs. The cost of an incorrect response will be higher the 

higher the level. The following equation specifies the relationship between multiplications and profits: 
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Company Profits 

Profit=(number of correct answers*8 euros)- [(number of incorrect answers in Level 1* 0.15 

euros) + (number of incorrect answers in Level 2* 0.30 euros + (number of incorrect answers in Level 3* 

0.60 euros)] 

That is, the total profit that the company receives will depend on the worker 7’s correct answers 

minus some cost for each incorrect response from each worker in each level. Note that incorrect answers 

at level 1 have a cost of 0.15 euros; An incorrect answer in level 2 has a cost of 0.30 euros and an 

incorrect answer in level 3 has a cost of 0.60 euros. 

Treatments with Equal Profit Sharing 

The profit will be distributed among the 7 workers in an equal way so that each one will receive a 

14.29%.  

Treatments with Unequal Profit Sharing 

The profit will be distributed among the 7 workers so that: participants 1, 2, 3, and 4 will each 

receive 3.57% of the total profit, participants 5 and 6 will receive each one 14.29 of the total profit and 

Participant 7 will receive 57.16% of the total profit. 

Treatments with Endogenous Choice of Profit Sharing Scheme 

The distribution of the profit among the workers will depend on the option that the participant 7 

has chosen previously. You will know the participant's decision 7 before the first period begins. 

The distribution options are: 

1) The profits will be distributed among the 7 workers in an equal way so that each one will 

receive a 14.29%. (100/7) 

2) The profit will be distributed among the 7 workers so that: participants 1, 2, 3, and 4 will each 

receive 3.57% of the total profit, participants 5 and 6 will receive each one 14.29 of the total profit and 

Participant 7 will receive 57.16% of the total profit.] 
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All treatments 

You will receive information on the profit of the company and on your part of it. At that point the 

period will end. 

There will be a total of three identical periods like the one we have just explained. At the end of 

the experiment you will receive 4 euros plus all that you have won in the three periods. 
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Mean Std. Dev. Mean Std. Dev. Mean Std. Dev.

1,543 1.110 0,895 0.909 0,495 0.622)

2,076 0.906 1,762 0.883 1,257 0.981

74,3% 50,8% 39,4%

1,390 0.876 0,844 0.708 0,455 0.680

1,844 0.689 1,597 0.613 1,091 0.653

75,4% 52,8% 41,7%

1,538 0.886 0,934 0.814 0,473 0.638

2,132 0.653 1,813 0.698 1,286 0.655

72,2% 51,5% 36,8%

1,619 1.060 1,067 0.993 0,686 0.751

2,200 0.813 1,905 0.838 1,371 0.846

73,6% 56,0% 50,0%

1,571 0.958 0,959 0.843 0,497 0.676

2,122 0.661 1,776 0.680 1,265 0.696

74,0% 54,0% 39,2%

1,518 0.838 0,964 0.869 0,446 0.598

2,009 0.651 1,714 0.703 1,170 0.642

75,6% 56,3% 38,2%

Attempted

Attempted

% Correct

Correct

Attempted

% Correct

2x2 Digits 3x3 Digits

Correct

4x4 Digits

Table A: Pre-experiment: Average number of correct and attempted multiplications per player

Endogenous Split-

Random
Attempted

% Correct

Equal split - 

Random

Unequal Split - 

Random

Equal Split - 

Ranked

Unequal Split - 

Ranked

Endogenous Split-

Ranked

% Correct

Correct

Attempted

% Correct

Correct

Correct

Attempted

% Correct

Correct
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Table B-  Regression results on group profit (period 3 only) 

 
Coefficient Std. Error p-value 

Ranked    4.736* 2.572 0.069 

Equal Split  5.417 2.271 0.102 

Endogenous -0.313 3.456 0.928 

Equal*Endogenous -2.042 5.145 0.692 

Group Pre-Exp. Points    0.198* 0.106 0.065 

 Note: 91 observations. 
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Table C - Tobit regressions on percentage of correctly solved multiplications, number of correct 
multiplications, and number of incorrect multiplications in period 3 

 
% of Correct Multiplications No. of Correct Multiplications No. of Incorrect Multiplications 

n = 364 Stage 1 

Coefficient Std. Err. p-value Coefficient Std. Err. p-value Coefficient Std. Err. p-value 

Ranked -0.033 0.025 0.188 -0.423 0.468 0.367 -0.065 1.237 0.958 
Equal Split 0.073** 0.032 0.021 1.409** 0.596 0.019 -1.642 1.581 0.300 

Endogenous  -0.033 0.033 0.330 -0.606 0.635 0.340 3.564** 1.660 0.032 

Equal*Endo -0.011 0.050 0.824 -0.057 0.945 0.952 -2.224 2.489 0.372 

n = 182 Stage 2 

Coefficient Std. Err. p-value Coefficient Std. Err. p-value Coefficient Std. Err. p-value 

Ranked 0.031 0.042 0.461 0.572* 0.319 0.075 -0.195 0.276 0.482 

Equal Split -0.024 0.053 0.644 0.114 0.406 0.780 0.155 0.350 0.658 

Endogenous  -0.058 0.056 0.299 -0.321 0.431 0.458 0.273 0.371 0.463 
Equal*Endo 0.162* 0.084 0.056 0.711 0.643 0.270 -0.893 0.561 0.113 

n = 91 Stage 3 

Coefficient Std. Err. p-value Coefficient Std. Err. p-value Coefficient Std. Err. p-value 

Ranked 0.070 0.070 0.317 0.748** 0.310 0.018 0.039 0.303 0.897 

Equal Split 0.090 0.089 0.317 0.374 0.394 0.345 -0.582 0.388 0.137 

Endogenous  0.072 0.095 0.448 0.153 0.419 0.716 -0.679 0.410 0.102 
Equal*Endo -0.226 0.141 0.113 -0.313 0.625 0.618 1.535** 0.611 0.014 

Note: Percentage of correct multiplications regression - left censoring limit at 0 and right censoring limit at 1; No. of correct and 
incorrect multiplications regressions – only left censoring limit at 0. 
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Table D - Regressions on percentage of correctly solved multiplications, number of correct 
multiplications, and number of incorrect multiplications in period 3 

 % of Correct Multiplications No. of Correct Multiplications No. of Incorrect Multiplications 

n = 364 Stage 1 

Coefficient Std. Err. p-value Coefficient Std. Err. p-value Coefficient Std. Err. p-value 

Ranked -0.024 0.021 0.271 -0.421 0.459 0.361 -0.440 1.165 0.707 

Equal Split 0.052** 0.022 0.017 1.383** 0.610 0.026 -0.605** 0.275 0.030 
Endogenous  -0.034 0.036 0.348 -0.516 0.631 0.416 3.731* 2.097 0.078 

Equal*Endo 0.010 0.041 0.796 -0.147 0.930 0.875 -3.491 2.150 0.108 

n = 182 Stage 2 

Coefficient Std. Err. p-value Coefficient Std. Err. p-value Coefficient Std. Err. p-value 

Ranked 0.029 0.031 0.350 0.560 0.347 0.110 -0.192 0.209 0.360 
Equal Split -0.017 0.038 0.650 0.111 0.468 0.813 0.107 0.261 0.682 

Endogenous  -0.044 0.040 0.275 -0.318 0.473 0.504 0.191 0.253 0.451 

Equal*Endo 0.104* 0.059 0.080 0.695 0.682 0.311 -0.542 0.405 0.184 

n = 91 Stage 3 

Coefficient Std. Err. p-value Coefficient Std. Err. p-value Coefficient Std. Err. p-value 

Ranked 0.063 0.054 0.250 0.729** 0.309 0.020 0.038 0.247 0.879 
Equal Split 0.066 0.074 0.374 0.349 0.392 0.376 -0.488 0.347 0.163 

Endogenous  0.072 0.072 0.321 0.154 0.366 0.674 -0.661** 0.328 0.046 
Equal*Endo -0.179 0.111 0.111 -0.277 0.624 0.659 1.338*** 0.509 0.010 

Note: Clustered at the group level (91 groups) 

 

 

 

 


