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Abstract
Janssen et al. (Exp Econ 14:547–566, 2014) studied an asymmetric, finitely repeated 
common-pool resource dilemma with free-form communication in which subjects 
made decisions about investments in an infrastructure, and about extraction from a 
resource made available by this infrastructure. They found that infrastructure pro-
vision and joint payoffs converged to high levels because structurally advantaged 
head-enders tend to behave fairly by restricting themselves voluntarily at the extrac-
tion stage, and structurally disadvantaged “tail-enders” reciprocate by investing. 
This paper reports a fully independent, pre-registered, double-blind replication 
attempt conducted in a different lab, that also supplies elevated statistical power and 
adheres to the highest principles of scientific transparency and openness. We find 
that the key results of Janssen et al. not only re-appear qualitatively but are quanti-
tatively and statistically strengthened. The conclusions drawn from the results are 
therefore robust, and the basic design can be confidently used for follow-up research.
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1  Introduction

In a laboratory experiment, Janssen et  al. (2011) studied an asymmetric, finitely 
repeated common-pool resource dilemma with free-form communication in which 
subjects made decisions about investments in an infrastructure, and about extrac-
tion from a resource made available by this infrastructure. The key feature is that 
the players in a group occupy distinct positions regarding resource access priority, 
such that the double problem of cooperation and coordination is elevated compared 
to a symmetric setting because upstream players (“head-enders”) have material 
interest to exploit their advantaged position and disadvantaged downstream play-
ers (“tail-enders”) hence have a particularly weak incentive to invest.1 Nevertheless, 
infrastructure provision and joint payoffs converged to high levels in the experiment. 
The key result underlying this outcome is that downstream players tended to condi-
tion their investment positively on their share of resource extraction in the previ-
ous period. Janssen et al. interpret this as evidence for a reciprocity relationship in 
which head-enders behave fairly by restricting themselves voluntarily at the extrac-
tion stage, and tail-enders respond in kind by investing.

The results are interesting and policy relevant. But the data basis of six groups (of 
five players each) in the main experiment, gathered in a single lab, leaves scope for 
concern. First, the experimental game is more complex than standard public good 
or common-pool resource games, involving real-time interaction, a challenging user 
interface, and free-form communication. This can potentially produce quite unique 
group dynamics and give specific lab procedures and local sampling population 
characteristics a pivotal role. Second, the key result mentioned above is not based on 
treatment-induced variance, but derived from econometric analysis, and the estima-
tion methods used are designed for larger datasets.

The aim of the study reported in this paper was to check (1) whether the key find-
ings of Janssen et al. are replicable in a fully independent, pre-registered, double-
blind replication attempt conducted in a different lab, (2) to provide elevated sta-
tistical power, and to (3) adhere to the highest principles of scientific transparency 
and openness by making all procedural documents, experimental materials, and 
anonymized data publicly accessible.

2 � Methods and procedures

The original experiment of Janssen et al. (2011) was done in the Computer Assisted 
Research Laboratory (CARL) at the Institute for Social Science Research at Ari-
zona State University (Tempe, Arizona, USA) between November 2007 and Febru-
ary 2008. The replication experiment reported here was conducted in the Research 
Laboratory of the Faculty of Business, Economics, and Social Sciences (WISO Lab) 
at Universität Hamburg (Hamburg, Germany) on September 8th and 9th, 2021. Both 

1  There are many examples of common-pool resource dilemmas with inherent access asymmetry, but 
Janssen et al. (2011) motivate the setting in terms of irrigation systems.
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experiments were computerized, anonymous, and involved monetary payoffs condi-
tioned on game outcomes. Details follow.

2.1 � Experimental game

Like in the original study, the experiment is framed in terms of a “downloading” 
game. The game is repeated for ten rounds,2 with fixed groups, which involve five 
players located in distinct positions: A, B, C, D, and E.3 Positions are assigned ran-
domly and remain fixed throughout all rounds. Each round begins with a 60 s period 
in which players can exchange free-form messages through a chat window. After 
that period, players get an endowment of ten tokens each, and then independently 
and simultaneously invest integer amounts into a public infrastructure. Joint (i.e. the 
sum of) investments determine the “bandwidth” of the infrastructure for the current 
round, measured in kilobytes per second (kB/s), according to a sigmoid production 
function that is shown in Table 1.

After submission of the investments, players are informed about how much 
each member of their group invested, and how much bandwidth was created based 
on their joint investment. Then, there is a 100  s period during which players can 
“download” between zero and ten “files” of 100 kilobytes (kB) each in real time, 

Table 1   The public infrastructure (“bandwidth”) production function

 The production function is sigmoid and has an inflection point at 30 tokens of joint investment. For 
joint investments between zero and 30 tokens, the production function exhibits increasing returns, and for 
investments above 30 tokens, returns to scale are decreasing

Investment Bandwidth Continued Further continued

Investment Bandwidth Investment Bandwidth

< 20 0
20 1 30 20 40 38
21 1 31 23 41 38
22 2 32 26 42 39
23 3 33 29 43 39
24 4 34 31 44 39
25 6 35 33 45 39
26 8 36 34 46 40
27 10 37 36 47 40
28 13 38 37 48 40
29 17 39 37 49 40

50 40

2  The experiment included two practice rounds that did not contribute to final payoffs. See Sect.  2.2 
below.
3  Janssen et  al. also implemented a two-player version of game and another version of the five-player 
game in which partly downloaded files were lost if an upstream subject completely blocked access to the 
bandwidth by downloading a file. We do not consider those variations here.
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by clicking on respective buttons on-screen. Independently from the bandwidth, the 
maximum downloading speed for each player is limited to 25 kB/s, such that one 
download takes at least four seconds. However, player A has priority access to the 
available bandwidth over player B, such that the amount of bandwidth which is not 
used by player A is available for player B. Likewise, player B has priority access 
over player C, and so on. Thus if 40 kB/s is available, and player A is downloading, 
15 kB/s is available for player B, and nothing for players C through E. An animated 
on-screen dashboard, shown in Fig. 1 (see the Electronic Supplementary Material to 
this paper for further details), shows the players all the information about bandwidth 
and downloads in real time. 

The payoffs from the downloading stage depend sigmoidally on the number of 
files downloaded, as shown in Table 2. The total payoff for a player in a round is 
the endowment minus investment plus the amount of tokens earned by downloading 
files (“downloading payoff”). The total payoff for a player in the experiment is the 
payoffs summed over all ten rounds.

2.2 � Procedures

The replication study was fully independent, that is, we used only the published 
report of the original study and the Electronic Supplementary Material, which 
includes a single file containing a brief description of procedures and a transcript of 
the experimental instructions but no data.4 Based on this information, we devoted 
great care in re-constructing the original experimental setup as close as possible, 
including the experimental instructions and the on-screen user interface. Notably, 
there is a major inconsistency in the original study: in the paper, Janssen et al. write 
that the size of each file is 250 kb, whereas in their experimental instructions, sub-
jects are explained that the files are 100 kb. We assume that the instructions are cor-
rect. Some further minor procedural details were not transparent from the published 
material, such as the exact on-screen presentation of the experimental instructions. 
On those details we had to make our own decisions. The experiment was imple-
mented in oTree (Chen et  al., 2016) with a hypertext markup language (HTML) 
user interface, and administered with hroot (Bock et  al., 2014). The experimental 
instructions and screenshots of the in-game user interface are provided in the Elec-
tronic Supplementary Material to this paper. All original screens (in zipped HTML 
and Java Script) are also available online in the OSF replication pack (Jarke-Neuert 
2022).

An extensive study pre-registration including basic study information, a design 
plan, a sampling plan, a variables description, and an analysis plan was crafted by 
the author of this paper, peer-reviewed by three competent researchers between Feb-
ruary 24th and March 2nd, 2020, and registered with the Center of Science (Char-
lottesville, Virginia, USA) using the Open Science Framework (OSF). The local 
IRB approved the study on February 25th, 2020. Additional review by the BRANY 
SRB IRB (Lake Success, New York, USA) was completed by August 28th, 2020, 

4  Both are available under https://​doi.​org/​10.​1007/​s10683-​011-​9281-9.

https://doi.org/10.1007/s10683-011-9281-9
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granting exempt status under applicable US research ethics law. All documents are 
available online in the OSF replication pack (Jarke-Neuert 2022).

Except for a delay in data collection due to the COVID-19 pandemic the experi-
ment was conducted as planned, and in compliance with applicable health protection 
provisions and under supplementary safety measures. Subjects were recruited by 
electronic invitation from the WISO Lab database that contains a large and diverse 
set of students from the Universität Hamburg. Subjects self-selected into one of the 
four sessions until they were full. A session breakdown is shown in Table 3.

Upon entering the laboratory, subjects were randomly assigned (by physically 
drawing cards with seat numbers) to computer terminals. Terminals were then ran-
domly matched electronically (by pseudo-random number generation) into groups 
and to roles (positions A through E). Booths separated the participants visually, 
ensuring that they made their decisions anonymously and independently. Direct 
communication among them was strictly forbidden for the duration of the entire ses-
sion. Furthermore, subjects did not receive any information on the personal identity 
of any other participant, neither before, nor during or after the experiment.

At the beginning of the experiment, that is, before any decisions were made, 
subjects received detailed written instructions that explained the exact structure of 
the game and the procedural rules. The same instructions as in the original study 
were used, except minor adjustments, such as the currency and exchange rate. The 
instructions were shown on screen (see the Electronic Supplementary Material for 
the full instructions), a summary was also provided on paper.

Table 2   The download payoff 
function

The payoff function is sigmoid and has an inflection point at five 
downloads, such that the marginal gain is largest in part shown in the 
second column

Downloads Payoff Continued Further continued

Downloads Payoff Downloads Payoff

0 0 4 4 7 18
1 0 5 10 8 19
2 0 6 15 9 19
3 1 10 20

Table 3   Observations 
breakdown, with counts 
including practice periods in 
parentheses

 For comparison, the “Original” row shows the observations break-
down of the original study

Session Date Time Groups Subjects Observations

1 Sep 8, 2021 10 am 4 20 200 (240)
2 Sep 8, 2021 2 pm 4 20 200 (240)
3 Sep 9, 2021 10 am 3 15 150 (180)
4 Sep 9, 2021 2 pm 3 15 150 (180)
Total 14 70 700 (840)
Original 6 30 300 (360)
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The experiment began with two practice rounds. Subjects were informed that 
these rounds did not count for their monetary earnings. Then the first of the ten 
rounds of the experimental game began. Groups were not re-matched after the prac-
tice periods, and subjects were reminded that decisions from that point on count 
towards their earnings.

After the end of the final period of the experimental game, subjects were 
informed about their payoffs, and then individually called to the experimenter booth, 
paid out (per random number matched to their decisions; no personal identities were 
used throughout the whole experiment) and dismissed. The exchange rate was €0.08 
per token. A session took about an hour. Average earnings were €17.99 (minimum 
€8.08, maximum €21.04), including a show-up fee of €4.5

The data analyst and author of this paper was not present in the lab during the 
experimental sessions but only received the anonymized data. This procedure rules 
out any interference with the data collection process.

2.3 � Hypothesis

The Nash equilibrium investments under the assumptions that the players have zero 
reaction time and maximize their earnings are zero: upstream participants (“head-
enders”) have an incentive to free-ride on the investments of the downstream partici-
pants (“tail-enders”) by downloading as much as possible and investing as little as 
possible, hence tail-enders will not invest given they expect the head-enders will not 
leave them a return, such that the investment incentive collapses for all.6 By back-
wards induction, it is clear that this outcome is independent of the number of rounds 
the game is repeated, as long as the number is finite.

Based on the extant experimental literature, Janssen et al. (2011) reasoned about 
how groups might escape the Nash outcome: tail-ender subjects could be willing 
to increase investments in public infrastructure provision under the condition that 
they receive a fair share of the resulting resource flows from previous rounds of the 
game. They tested this hypothesis with a mixed-effects linear regression model that 
uses investment levels in the public infrastructure as the dependent variable, and the 

5  In the original study average earnings were USD 18.40, which corresponds (at an exchange rate of 
EUR 0.68 per USD on January 1st, 2008, the middle of the original study period) to EUR 12.51 at 
current prices at that time. Adjusting for historical inflation in the Euro area between 2008 and 2021 
(approx. 18%), average earnings in the original study amount to EUR 14.76 at 2021 prices.
6  The joint payoff if nobody invests is 50 tokens (10 tokens for each player), but there are investments 
above the inflection point level (30 tokens) that yield higher payoffs. For example, with a joint investment 
of 31 tokens, the bandwidth is 23 kb/s, such that 23 files can be downloaded in total; if three players 
download 5 files each, and two 4 files each, the joint payoff is 50 − 31 + 38 = 57 tokens. The socially 
optimal (in the sense of the highest possible joint payoff) joint investments are 37 or 38 tokens. With an 
investment of 37 tokens the bandwidth is 36 kb/s, leading to five combinations of collecting 91 tokens 
from downloading 8 files by one player and 7 files by the others. A 38 tokens investment gives a 37 kb/s 
bandwidth, allowing for 10 combinations of collecting 92 tokens from downloading 8 files by two play-
ers and 7 files by three players. The joint payoff is 104 tokens in both cases. However, those outcomes are 
off Nash equilibrium under the stated assumptions, because head-enders have an incentive to download 
more files (i. e. the maximum of 10) and to free-ride on the investments of the tail-enders. See Janssen 
et al. (2011) for further discussion.
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position of the individual, the round number, and the share of tokens earned at the 
downloading stage in the previous round as independent variables. The hypothesis 
implies that the interaction effect between position and the payoff share being posi-
tive, that is, if tail-enders get a higher share, they invest more in the shared infra-
structure in the next round. Janssen et al. (2011) found the interaction effect indeed 
to be positive (see Table 5). The present study re-tests this hypothesis.

Table 4   Average investments (tokens), downloads (count), and payoffs (tokens) by subject and round, 
with standard deviations in parentheses, in the original study (“Original” columns) and the replication 
study (“Replication” columns)

Player Investment Downloads Payoffs

Original Replication Original Replication Original Replication

A 8.75 (0.83) 8.61 (1.40) 6.95 (2.31) 7.33 (2.25) 16.48 (3.94) 18.11 (4.81)
B 8.48 (1.09) 8.51 (1.60) 6.80 (1.72) 7.13 (2.09) 16.85 (2.61) 18.25 (4.04)
C 8.48 (1.11) 8.26 (1.76) 5.42 (1.36) 6.70 (2.42) 13.35 (4.21) 17.16 (5.71)
D 7.78 (2.06) 8.07 (2.17) 5.42 (2.38) 6.93 (2.38) 14.40 (3.77) 18.07 (4.46)
E 6.72 (3.51) 6.72 (3.38) 3.22 (2.20) 5.60 (2.64) 9.40 (3.70) 15.83 (5.71)

Table 5   Maximum likelihood estimates of a mixed-effects regression with individual investment as 
dependent variable

 Standard errors of estimates are in parentheses. Stars indicate conventional significance level thresholds 
at which a Wald test rejects the null hypothesis that the coefficient is equal to zero. Three stars indicate 
p < 0.01 , two stars p < 0.05 , and a single star p < 0.1 . In the replication study, there was a group that 
had zero joint download payoff due to low bandwidth in three periods, and another group that had zero 
joint download payoff in one period, such that “lagged share” was mathematically undefined (division by 
zero) in 20 observations. Since all players were affected equally, “lagged share” was set to 0.2 in these 
cases. Dropping the observations instead has no significant effect on the results

Original Replication

Constant 8.417 (0.940)
∗∗∗ 11.048 (0.493)***

Lagged share − 5.487 (2.464)
∗∗ − 8.464 (1.418)***

Lagged share × position 3.836 (0.836)
∗∗∗ 4.524 (0.477)***

Position − 1.007 (0.179)
∗∗∗ − 1.224 (0.102)***

Round 0.303 (0.051)
∗∗∗ − 0.034 (0.025)

Individual RE 2.175 (0.095) 2.697 (0.154)
Group RE 1.458 (0.485) 1.447 (0.570)
Observations 270 630
Groups 6 14
Log L − 600.848 − 1229.069
Wald �2 68.44 (p = 0.000) 206.26 (p = 0.000)

LR 𝜒̄2 vs. linear 219.14 (p = 0.000)
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3 � Results

A comparison of the basic experimental outcome statistics across the original and 
the replication studies is listed in Table 4. The investment patterns are remarkably 
close. In both studies, the average subject invests a considerable amount, although 
tail-enders invest somewhat less than head-enders. Regarding downloads, the pat-
tern is similar in both studies as well, although in the replication study subjects in 
any position manage to download a few more files within the 100 s period, and the 
inequality between head-enders and tail-enders is a bit less pronounced.7 The latter 
facts are also reflected in the payoffs, shown in the right-hand columns.

The key results for replication are maximum likelihood estimates of a mixed-
effects regression model of investment that captures important behavioral dynamics 
(Janssen et al. 2011, p. 561). The regression has the individual investment amount 
(in tokens) as a dependent variable and includes individual-level and group-level 
random intercept components in addition to a constant. The predicting terms are 
a round counter ( 1, 2,… , 10 ), a position indicator ( A = 1 , B = 2 , … , E = 5 ), the 
download payoff by the respective subject in the previous period as a fraction of the 
joint group download payoff in the previous period (“lagged share”, a real number in 
the unit interval), and an interaction between lagged share and position.

For easy comparison, the estimates of the original study are re-listed in the “orig-
inal” column of Table 5. The negative sign of the position coefficient means that the 
further downstream the position of the player, the smaller the investment, all else 
equal. The lagged share and interaction term coefficients jointly mean that head-
enders (player A) tend to reduce investment in response to a higher previous period 
share, whereas it is the other way around for the players downstream. Specifically, 
the positive sign of the interaction term coefficient means that this positive response 
is the greater the further downstream the player is located. Janssen et al. (2011, p. 
562) interpret this as evidence for the reciprocity relationship outlined in the intro-
duction of this paper, or in greater detail in the introduction of the original paper.8

As evident from the “replication” column of Table 5, the qualitative results re-appear 
in our replication study, and are quantitatively and statistically even stronger than in the 
original study. This fact also applies to the regressions with downloading payoffs as a 

7  Recall that in the original paper the file size is reported to be 250 kb, whereas in the original experi-
mental instructions subjects are explained that the files are 100 kb. A possible explanation for the dif-
ferences in downloads and payoffs between the studies despite similar investment levels may be that the 
file size was in fact 250 kb in the original experiment. Participants in the replication study might also be 
more concerned with payoff equality.
8  The specification of the regression equation chosen by Janssen et al. (2011) essentially assumes that 
position and round are metric variables, such that the coefficients represent the slopes of a continuous, 
linear relationship. However, position and round are actually discrete variables that are more appropri-
ately included in the regression as factor variables (i. e., dummy batteries). We provide estimates of this 
specification in Table 7 in the appendix. This is not only a technical issue, but we believe the results are 
clearer and easier to interpret. In particular, it uncovers that the effects for position E players are much 
greater than for the other downstream players. In Table 7 we also provide restricted maximum likelihood 
estimates, which are more robust for the relatively small number of groups at hand.
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dependent variable, as shown in Table 6.9 Here, “lagged share” is replaced by “invest-
ment share”, which is the investment by the respective subject as a fraction of the joint 
group investment in the current period (a real number in the unit interval), and the cur-
rent bandwidth is included as an additional control variable. The coefficients of the 
investment share variable and the interaction with the position variable are much greater 
in absolute value, and statistically much more robust.10 Again, it is the positive sign 
of the interaction term that can be interpreted as evidence for the reciprocity relation-
ship outlined in the introduction (Janssen et al. 2011, p. 563), as tail-enders seem to get 
instantly rewarded for their investment. Thus, both the key results and the interpretation 
of Janssen et al. (2011) are consistent with the present replication results.

Appendix

Table  7 shows a full factorial specification version of the regression shown in 
Table 5, and Table 8 a full factorial specification version of the regression shown in 
Table 6. Both are estimated by maximum likelihood estimation (MLE) and restricted 
maximum likelihood estimation (REML). 

Table 6   Maximum likelihood estimates of a mixed-effects regression with individual downloading pay-
offs as dependent variable

 Standard errors of estimates are in parentheses. Stars indicate conventional significance level thresholds 
at which a Wald test rejects the null hypothesis that the coefficient is equal to zero. Three stars indicate 
p < 0.01 , two stars p < 0.05 , and a single star p < 0.1 . In the replication study, there was a group that 
had zero joint investment in one period, such that investment share” was mathematically undefined (divi-
sion by zero) in five observations. Since all players contribute equally to zero, “investment share” was set 
to 0.2 in these cases. Dropping the observations instead has no significant effect on the results

Original Replication

Constant 7.466 (2.074)
∗∗∗ 6.643 (1.688)

∗∗∗

Bandwidth 0.379 (0.025)
∗∗∗ 0.443 (0.019)

∗∗∗

Investment share − 11.489 (7.394) − 21.815 (6.225)
∗∗∗

Investment share × position 5.719 (2.274)
∗∗ 11.143 (1.654)

∗∗∗

Position − 3.150 (0.486)
∗∗∗ − 2.888 (0.344)

∗∗∗

Round 0.176 (0.104)
∗ 0.046 (0.044)

Individual RE 4.929 (0.205) 11.075 (0.599)

Group RE 0.087 (1.683) 0.540 (0.304)

Observations 300 700
Groups 6 14
Log L − 902.578 − 1843.550
Wald �2 0.00 (p = 0.491) 943.64 (p = 0.000)

LR 𝜒̄2 vs. linear 13.94 (p = 0.000)

9  Again, we provide maximum likelihood and restricted maximum likelihood estimates of a specification with 
position and round being included as factor variables (i. e., dummy batteries) in Table 8 in the appendix.
10  It seems that in the original study part of this effect is picked up by the round coefficient.
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Table 7   Maximum likelihood estimates of a full factorial mixed-effects regression with individual invest-
ment as dependent variable

Standard errors of estimates are in parentheses. Stars indicate conventional significance level thresholds 
at which a Wald test rejects the null hypothesis that the coefficient is equal to zero. Three stars indi-
cate p < 0.01 , two stars p < 0.05 , and a single star p < 0.1 . Reference categories are “Position A” and 
“Round 10”. There was a group that had zero joint download payoff due to low bandwidth in three peri-
ods, and another group that had zero joint download payoff in one period, such that “lagged share” was 
mathematically undefined (division by zero) in 20 observations. Since all players were affected equally, 
“lagged share” was set to 0.2 in these cases. Dropping the observations instead has no significant effect 
on the results. MLE stands for maximum likelihood estimation and REML for restricted maximum likeli-
hood estimation

MLE REML

Constant 8.426 (0.478)
∗∗∗ 8.426 (0.490)

∗∗∗

Lagged share − 2.236 (1.228)
∗ − 2.234 (1.246)

∗

Lagged share × pos. B 2.543 (1.698) 2.547 (1.722)

Lagged share × pos. C 6.446 (2.532)
∗∗ 6.424 (2.568)

∗∗

Lagged share × pos. D 3.738 (1.960)
∗ 3.737 (1.988)

∗

Lagged share × pos. E 24.124 (2.246)
∗∗∗ 24.111 (2.278)

∗∗∗

Position B − 0.674 (0.436) − 0.675 (0.442)

Position C − 1.645 (0.535)
∗∗∗ − 1.641 (0.542)

∗∗∗

Position D − 1.335 (0.465)
∗∗∗ − 1.334 (0.472)

∗∗∗

Position E − 5.757 (0.445)
∗∗∗ − 5.755 (0.451)

∗∗∗

Round 2 0.650 (0.265)
∗∗ 0.650 (0.269)

∗∗

Round 3 0.860 (0.265)
∗∗∗ 0.860 (0.269)

∗∗∗

Round 4 0.736 (0.265)
∗∗∗ 0.735 (0.269)

∗∗∗

Round 5 0.812 (0.265)
∗∗∗ 0.812 (0.268)

∗∗∗

Round 6 0.834 (0.265)
∗∗∗ 0.834 (0.269)

∗∗∗

Round 7 0.652 (0.266)
∗∗ 0.652 (0.270)

∗∗

Round 8 0.934 (0.265)
∗∗∗ 0.934 (0.268)

∗∗∗

Round 9 0.835 (0.265)
∗∗∗ 0.835 (0.269)

∗∗∗

Individual RE 2.440 (0.139) 2.509 (0.145)

Group RE 1.360 (0.537) 1.469 (0.601)

Observations 630 630
Groups 14 14
Log L − 1197.764 − 1199.464
Wald �2 293.72 (p = 0.000) 285.44 (p = 0.000)

LR 𝜒̄2 vs. linear 211.04 (p = 0.000) 207.27 (p = 0.000)
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Supplementary Information  The online version contains supplementary material available at https://​doi.​
org/​10.​1007/​s40881-​023-​00131-9.
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ute equally to zero, “investment share” was set to 0.2 in these cases. Dropping the observations instead 
has no significant effect on the results. MLE stands for maximum likelihood estimation and REML for 
restricted maximum likelihood estimation

MLE REML

Constant 2.185 (1.595) 2.205 (1.623)

Bandwidth 0.455 (0.019)
∗∗∗ 0.454 (0.020)

∗∗∗

Investment share − 3.573 (5.507) − -3.539 (5.584)

Investment share × pos. B 8.741 (8.511) 8.764 (8.630)

Investment share × pos. C − 5.573 (8.626) − 5.545 (8.749)

Investment share × pos. D 14.737 (9.420) 14.715 (9.554)

Investment share × pos. E 38.965 (7.137)
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∗∗∗

Position B − 1.863 (1.888) − 1.868 (1.914)

Position C − 0.193 (1.875) − 0.199 (1.902)

Position D − 3.573 (1.986)
∗ − 3.568 (2.014)

∗

Position E − 10.606 (1.484)
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∗∗∗
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Round 7 − 0.166 (0.548) − 0.166 (0.555)

Round 8 − 0.402 (0.553) − 0.399 (0.560)

Round 9 − 0.597 (0.549) − 0.595 (0.557)

Individual RE 10.442 (0.564) 10.731 (0.588)

Group RE 0.505 (0.278) 0.588 (0.326)

Observations 700 700
Groups 14 14
Log L − 1822.913 − 1812.799
Wald �2 1045.49 (p = 0.000) 968.14 (p = 0.000)

LR 𝜒̄2 vs. linear 14.69 (p = 0.000) 15.94 (p = 0.000)
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