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Abstract
Recently, social science research replicability has received close examination, with 
discussions revolving around the degree of success in replicating experimental 
results. We lend insight to the replication discussion by examining the quality of rep-
lication studies. We examine how even a seemingly minor protocol deviation in the 
experimental process (Camerer et al. in Science 351(6280):143–1436, 2016. https​://
doi.org/10.1126/scien​ce.aaf09​18), the removal of common information, can lead to 
a finding of “non-replication” of the results from the original study (Chen and Chen 
in Am Econ Rev 101(6):2562–2589, 2011). Our analysis of the data from the origi-
nal study, its replication, and a series of new experiments shows that, with common 
information, we obtain the original result in Chen and Chen (2011), whereas without 
common information, we obtain the null result in Camerer et al. (2016). Together, 
we use our findings to propose a set of procedure recommendations to increase the 
quality of replications of laboratory experiments in the social sciences.
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1  Introduction

Over the past decade, the issue of empirical replicability in the social sciences has 
received a great deal of attention (Open Science Collaboration 2015; Camerer et al. 
2016). In particular, this discussion has focused on the degree of success in repli-
cating laboratory experiments, the interpretation when a study fails to be replicated 
(Gilbert et al. 2016), and the development of recommendations on how to approach 
a replication study (Coffman et al. 2017; Shrout and Rodgers 2018). This paper con-
tributes to our collective understanding of the best practices for replication studies.

Among the large-scale replication studies,  Camerer et  al. (2016) examines the 
replicability of laboratory experiments in economics. They re-examined 18 experi-
mental studies published in the American Economic Review and the Quarterly Jour-
nal of Economics between 2011 and 2014, and successfully replicated 11 studies.

Of the seven experiments which did not replicate, Chen and Chen (2011) study 
whether an ingroup identity can help subjects overcome coordination failure and 
achieve efficient coordination in the minimum-effort game (Van Huyck et al. 1990). 
In the laboratory, subjects are randomly assigned to minimal (random, anonymous, 
non-interacting) groups. They then use an online chat program to solve a problem 
together with their group members. This online chat is designed to enhance their 
group identity. The authors establish both theoretically and experimentally that an 
enhanced group identity can lead to more efficient coordination in environments that 
would naturally lead to coordination failure (Goeree and Holt 2005). As this experi-
mental result did not replicate, we investigate the causes of this specific case of non-
replication and use this case to propose a set of replication procedures designed to 
increase the quality of replication efforts.

Examining potential reasons for this lack of replication, we first consider the pos-
sibility that cultural differences may play a role in the different results across the 
original and replication studies (Roth et al. 1991; Henrich et al. 2001). Specifically, 
the original study was conducted at the University of Michigan (UM), whereas the 
replication was conducted at the National University of Singapore (NUS), two uni-
versities with different ethnic and racial compositions (Online Appendix C). Indeed, 
the replication report notes that “Singapore subjects were less active in the commu-
nication stage than the American subjects” (Ho and Wu 2016).1 To enhance ingroup 
identity in the study, subjects were asked to use a chat protocol to identify painters. 
Therefore, we began our investigation by comparing the effects of using (culturally 
appropriate) Chinese paintings versus the original study’s German expressionist 
paintings (Chen and Li 2009) on both communication volume and subsequent effort 
among NUS students. However, interestingly, when the first author conducted base-
line experiments at NUS using the UM protocol, the original results replicated [see 
Fig. 1 and ingroup coefficient = 27.24 , p < 0.001 , column (2) in Table 2].

We next examined the instructions provided to participants in the replication 
experiment. In the original study, subjects were given a paper copy of the full set of 

1  All replication reports are archived at http://exper​iment​aleco​nrepl​icati​ons.com/repli​catio​nrepo​rts.html.
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experimental instructions. However, this was not done in the replication. A recent 
experiment varies instruction delivery and reinforcement and shows that providing 
paper instructions is among the most effective methods to reduce potential subject 
misunderstandings during the experiment (Freeman et al. 2018).

Finally, we examined the provision of written versus oral instructions to partici-
pants. Subjects in the original experiment received a paper copy of the full set of 
instructions, were able to read the instructions on a computer screen, and had the 
instructions read aloud to them as well. We discovered after communications with 
the replication author that participants in the NUS replication study did not receive 
oral instructions for the minimum-effort game.2 This is an important protocol devia-
tion, since having subjects read these instructions on their individual computer 
screen without hearing the instructions aloud removed the common information 
condition of the original study. As it is impossible to implement common knowledge 
in the laboratory, we use common information to refer to the information condition 
where every subject knows the game form as well as what other subjects know about 
the game (Smith 1994). As such, it is an approximation of the common knowledge 
condition required by the game theoretic framework. Removing the oral instruction 

Fig. 1   The minimum and mean effort level across treatments at NUS

2  This protocol deviation can also be inferred from the Replication Report (http://exper​iment​aleco​nrepl​
icati​ons.com/repli​catio​nrepo​rts.html): “We will include one group of 12 subjects from each of the two 
treatments in each session” (Ho and Wu 2016). The two treatments have different instructions for the 
minimum-effort game, which cannot be read aloud simultaneously.
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protocol without replacing it with another method to achieve common information 
means that subjects are no longer certain about what other subjects know, which 
increases the uncertainty surrounding others’ strategies (Crawford 1995).

Previous research in experimental economics has outlined the importance of pro-
viding experimental instructions that match the information condition required by 
the respective theory. For experiments that require common information, experi-
menters read the instructions aloud to ensure that everyone in the lab is certain 
about what everyone else knows. Indeed, in an experimental study of advice-giving 
in coordination games,  Chaudhuri et  al. (2009) find that common information of 
advice leads to efficient coordination when advice from previous players is “not only 
distributed on paper but actually read out loud.” They further find that even small 
deviations from the common information protocol lead to suboptimal outcomes. 
This leads to our second conjecture that common information is critical to establish-
ing efficient coordination with ingroup members.

The rest of the paper is organized as follows. Section 2 reviews various experi-
mental methods to approach common knowledge in the laboratory. In Sect. 3, we 
present our research design and summarize features of all four experiments used 
in our data analysis. In Sect. 4, we present our pre-registered hypotheses, our data 
analysis and results. Section 5 concludes by recommending a set of best practices for 
replication studies.

2 � Approaching common knowledge in the laboratory

Common knowledge of the game form and rationality is assumed for various solu-
tion concepts in game theory (Geanakoplos 1992; Brandenburger 1992). Whether 
common knowledge exists in a given situation is important even in the most 
basic game theory analyses. A prominent example is that of the Centipede game 
(Rosenthal 1981). In a series of notes,  Aumann (1995, 1996, 1998) and  Binmore 
(1994, 1996, 1997) discuss whether the result obtained through backward induction 
(that the first players ends the game at the first opportunity) occurs as long as all 
players have common knowledge of rationality. Perhaps more relevant to the pre-
sent paper, another example is the coordination game. In this game, players’ try to 
coordinate their actions to achieve a mutually desirable outcome. Successful coor-
dination depends crucially on players’ mutual understanding about each others’ 
behavior. The necessary condition for this is the presence of common knowledge 
regarding the nature of the game.

It is also clear that while common knowledge can affect fundamental game theory 
concepts in such a setting, it is difficult to achieve common knowledge in practice. 
One reason put forward by  Morris and Shin (1997) is that people’s belief about oth-
ers’ knowledge about the game are often derived from empirical sources, which are 
often inaccurate. In such a situation, they argue that common knowledge would be 
an excessively strong requirement that is impossible to achieve. This gives rise to 
imperfect coordination. In this regard, how can we approximate common knowledge 
to sustain a reasonable level of coordination? This question is highly relevant for any 
laboratory investigation of coordination games.
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In what follows, we review the methods experimentalists have used to approach 
common knowledge in the laboratory.3

The most commonly used method is to read common instructions publicly out 
loud.  Freitas et al. (2019) argue that common knowledge need not always require an 
infinite order of reasoning. Instead, people can often infer common knowledge using 
a variety of perceptual or conceptual cues. An example of such a cue is the presence 
of common information, where people are sure that others receive the same informa-
tion. One way of ensuring this is by reading aloud the experimental instructions in 
front of all participants. This method has been advocated by the pioneers of experi-
mental economics and adopted in the early laboratories in Arizona, Bonn, Caltech 
and Pittsburgh.4 Smith (1994) writes that “experimentalists have attempted to imple-
ment the condition of ‘common knowledge’ by publicly announcing instructions, 
payoffs and other conditions in an experiment” and notes that this method achieves 
common information but is not sufficient to achieve common knowledge. Examples 
include Plott and Smith (1978) on the posted- and oral-bid trading institutions, Roth 
and Murnighan (1982) in bargaining games,  Hennig-Schmidt et al. (2011) in health 
care payment system experiments, and numerous others.

The read-aloud method is sometimes adapted for specific constraints. For exam-
ple, when interacting subjects are not in the same room (or the same city),  Hennig-
Schmidt et al. (2008) read the instructions out loud and specifically add the follow-
ing sentence in their instructions, “The other group receives the same information 
as you do and knows that you also get this information.” Thus, the experimenter 
publicly announces that every subject receives identical instructions.

In the replication context, a particularly interesting variation of the read-aloud 
method uses video instructions, which would potentially have the benefit of being 
able to use the exact same instructions with audio played out loud during one treat-
ment and in headphones in another to vary the presence of common information. 
In addition to using video instructions with audio played out loud,   Romero and 
Rosokha (2019) have an incentivized quiz and grouped students based on whether 
they have passed the incentivized quiz. In one treatment, after the quiz, subjects 
received a screen that said “There are 10 subjects in your group. Every subject in 
your group correctly answered all the questions on the quiz.” We view this as a step 
further towards achieving common knowledge.

Another method to approach common knowledge has the subjects read their 
instructions in private first. Once everyone is finished, the experimenter then reads 
aloud a summary of the key points in public to create common information (Fehr 
et al. 2013). It is interesting to note that  Fehr et al. (2013) was among the 11 experi-
ments which successfully replicated in   Camerer et  al. (2016). In this case, how-
ever, the protocol for creating common information was preserved in the replication: 

3  We posted our question on the ESA Discussion Forum, soliciting methods experimentalists use to 
approach common knowledge, and received many helpful comments and references. We thank our col-
leagues for their contributions. See Acknowledgements for details.
4  Private communications with Heike Hennig-Schmidt, Charles Plott, Karim Sadrieh, Burkhard Schip-
per and Al Roth.
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“subjects read the instructions—including control questions—followed by a verbal 
summary of the authority game given by the instructor. Since verbal summaries of 
the instructions are read aloud, treatment randomization within each of the sessions 
is not feasible, identical to the original study.”5 Thus, even within the same repli-
cation project, we observe considerable variation in the extent to which the exact 
information conditions are preserved, with one replication group preserving com-
mon information (Holzmeister et al. 2016b) and another not preserving it (Ho and 
Wu 2016).

Lastly, within the class of minimum-effort coordination games, common infor-
mation has been shown to be a crucial condition for successful replication. For 
example,  Weber (2006) demonstrates that, by starting with small groups that suc-
cessfully coordinate, adding players who are aware of the group’s history can cre-
ate efficiently coordinated large groups. This represents the first experimental dem-
onstration of large groups tacitly coordinated at high levels of efficiency. When 
“growing” larger groups, the author created common information of previous mini-
mum effort by writing this information on the board. In a recent replication of this 
study,  Yang et al. (2017) provided this information by displaying it on the subjects’ 
private computer screen (page 666), which led to significantly lower effort level than 
that observed in  Weber (2006).

In sum, when theory requires common knowledge, experimentalists use differ-
ent methods to create common information, which reduces the strategic uncertainty 
faced by the subjects. For game theory experiments where the solution concepts 
require common knowledge, the common information condition should be preserved 
in the corresponding replication studies.

3 � Research design: four experiments

We consider the entire sequence of studies to be valid, with variations on the pres-
ence/absence of common information, as well as the dominant culture. Therefore, 
our study consists of four experiments: the original UM study (Chen and Chen 
2011), the NUS replication  Camerer et al. (2016), a new NUS replication following 
the UM protocol, and a new NTU study. To test whether the form of the instruc-
tions impacts the results in our case study, our third author, who was not part of 
either the original or the replication study, conducted new laboratory experiments at 
the Nanyang Technological University (NTU), varying ingroup/outgroup, as well as 
common information/no common information. We then analyse the entire series of 
studies to increase statistical power. Features of each part, including the number of 
independent sessions, the number of subjects per session, information condition and 
study site are reported in Table 1. In what follows, we summarize the experimental 
protocol in each of the four studies.

5  See the corresponding replication report (Holzmeister et al. 2016b) archived at http://exper​iment​aleco​
nrepl​icati​ons.com/repli​catio​nrepo​rts.html.
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The experimental procedure in the original UM study is described in Section III 
of  Chen and Chen (2011). The subjects’ experimental instructions are archived on 
the website of the American Economic Review as part of the online appendix.6 Our 
new NUS replication conducted in 2017 follows the same protocol as the original 
study.

The NUS replication protocol is documented in the replication report (Ho and 
Wu 2016), archived on the replication study website. However, the replication report 
does not mention the protocol deviation of (1) removing common information; or 
(2) not distributing paper copies of instructions.

3.1 � Economic environment

In all four experiments, the payoff function, in tokens, for a subject i matched with 
another subject j is the following: �i(xi, xj) = min {xi, xj} − 0.75 ⋅ xi , where xi and 
xj denote the effort levels chosen by subjects i and j, respectively; each can be any 
number from 110 to 170, with a resolution of 0.01. Using potential maximization 
as an equilibrium selection criterion (Monderer and Shapley 1996), absent of group 
identities, we expect subjects to converge close to the lowest effort level, 110, which 
is reported by  Goeree and Holt (2005).

 Chen and Chen (2011) use a group-contingent social preference model, where 
an agent maximizes a weighted sum of her own and others’ payoffs, with weighting 
dependent on the group categories of the other players. Therefore, player i’s utility 
function is a convex combination of her own payoff and the other player’s payoff,

where �g

i
∈ [−1, 1] is player i’s group-contingent other-regarding parameter, and 

g ∈ {I,O,N} is the indicator for the other player’s group membership, which can 
be from an ingroup (I), outgroup (O) or control condition (N). Based on estimations 

(1)
ui(x) = �

g

i
⋅ �j +

(

1 − �
g

i

)

⋅ �i(x) = min {x1, xj} − c ⋅
[

�
g

i
⋅ xj +

(

1 − �
g

i

)

⋅ xi
]

,

Table 1   Features of experimental sessions used in analysis

The 2017 NUS study has five independent sessions for each of the two treatments, as we encountered 
administrative issues to continue using the NUS lab to collect more data for this project

Institution Published data New data (2017)

UM (2011) NUS (2016) NUS NTU

Common information Yes No Yes No Yes

Ingroup 3 × 12 7 × 12 5 × 12 7 × 12 7 × 12

Outgroup 3 × 12 7 × 12 5 × 12 7 × 12 7 × 12

No. of subjects 72 168 120 168 168

6  The URL for the online appendix is https​://asset​s.aeawe​b.org/asset​s/produ​ction​/artic​les-attac​hment​s/
aer/data/oct20​11/20091​062_app.pdf.
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of �g

i
 from  Chen and Li (2009), we expect that 𝛼I

i
> 𝛼

N
i
> 𝛼

O
i

 , i.e., a player will put 
more weight on the payoff of an ingroup match, followed by a match in the control 
condition, then followed by a match from an outgroup.

With group-contingent social preferences, the potential function for this game 
becomes P(xi, xj) = min {xi, xj} − 0.75 ⋅ [(1 − �

g

i
)xi + (1 − �

g

j
)xj] .   Chen and Chen 

(2011) show that, in the limit with no noise, this potential function is maximized at 
the most efficient equilibrium if 𝛼g

>
1

3
 , and at the least efficient equilibrium if 

𝛼
g
<

1

3
 (Proposition 5). Using a stochastic potential to better approximate the noisy 

experimental data, Proposition 4 implies that, with sufficiently strong group identi-
ties, ingroup matching leads to a higher average equilibrium effort than either out-
group matching or control (non-group) matching. This forms the basis for our main 
hypothesis.

We registered our hypotheses and pre-analysis plan at the AEA RCT Registry, 
including five hypotheses, the power calculation, and an analysis plan (Chen et al. 
2017).

For our power calculation, we used the results from  Chen and Chen (2011). That 
study had 72 subjects (in the relevant treatments) and yielded a p value of 0.033. 
To obtain 90% power requires a sample size of 167 subjects. We could have instead 
used the results from  Camerer et al. (2016), which had 168 subjects and a p value of 
0.571. However, to obtain 90% power from using  Camerer et al. (2016) would have 
required 3928 subjects, which was not feasible for this study. We also note that, by 
design, some replications will fail. If the power is 90%, then 10% of studies will not 
replicate by chance.

3.2 � Experimental procedure

In our NTU study, we closely follow the original experimental procedure in  Chen 
and Chen (2011) for our ingroup and outgroup with common information treat-
ments. For our ingroup and outgroup without common information treatments, we 
modify the experimental procedure slightly. Specifically, we let participants read the 
second part of the instructions on the minimum-effort coordination game themselves 
on their computer screen. Across treatments, the first part of the instructions on the 
group assignment and the group enhancement task is identical to the one imple-
mented in the original study.

In sum, for our NTU replication study, we implement a 2 × 2 between-subject 
factorial design that includes combinations of with- and without common informa-
tion, as well as ingroup and outgroup variations. In our analysis, we pool the data 
from these four sources.

In our NTU replication study, we conduct 7 independent sessions per treatment, 
giving us a total of 28 sessions. In these sessions, we distribute hard copies of the 
instructions, read the first part of the experimental instructions out loud, and ask 
subjects to follow along by reading the copy of their written instructions silently. 
The third author and his research assistant (RA) each conducted 14 sessions. Sub-
jects are randomly assigned to sessions, which are subsequently randomly assigned 
to the two experimenters.
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Prior to conducting these 28 experiment sessions, we run a pilot session imple-
menting the ingroup with common information treatment, conducted by the first 
author of the original study. This author demonstrates the entire sequence of 
the experiment protocol to the third author and his research assistant who both 
observe and take notes to maintain the consistency between the original study and 
our NTU replication study. Data from this pilot session is excluded from our data 
analysis.

Each of the main experimental sessions consists of 12 subjects. Each subject ran-
domly draws an envelope containing an index card with either red or green color. 
There are equal numbers of red and green index cards. A subject ID is printed on 
this index card. Based on the color of their index card, subjects are assigned to either 
the Red or the Green group. Each of these groups has 6 members. They are then 
ushered to their respective PC client terminal.

In the identity enhancement stage, subjects are given five pairs of paintings, and 
each pair consists of a painting by Paul Klee and a painting by Wassily Kandinsky. 
Both are well-known expressionist artists. Subjects are given answer keys contain-
ing information about the artist who painted each of these paintings. They are given 
five minutes to review these paintings. Subsequently, subjects are shown two more 
paintings and are told that each of these paintings could have been painted by either 
Klee or Kandinsky, or by the same artist. Subjects are then given 10 min to submit 
their answers about the artist(s) who painted the two artworks. Within these 10 min, 
they are given a chance to communicate with others from the same group through 
an online communication protocol embedded into the z-tree program for the experi-
ment. It is up to subjects to decide whether or not to actively use this communication 
channel; they are not required to submit the same answers as those given by other 
members. Subjects earn 350 tokens, which is equivalent to SGD 1, for each correct 
answer given. They are told the correct answers at the end of the experiment once 
the minimum-effort coordination game is completed. Note that this protocol is the 
same as that in the other three studies that comprise the pooled data set.

Once the identity enhancement stage is completed, subjects proceed to the min-
imum-effort coordination game. They play the game for 50 rounds. In the ingroup 
treatment, in every round, subjects are randomly matched with another subject from 
the same group, while in the outgroup treatment, subjects are randomly matched 
with another subject from the other group. In the treatments without common infor-
mation, the instructions for the minimum-effort coordination game are not read 
aloud.

Finally, at the end of the experiment, subjects answer a post-experiment ques-
tionnaire containing questions on demographics, past giving behavior, strategies 
adopted during the experiment, group affiliation, and prior knowledge about the art-
ists and their paintings. Summary statistics for the survey (at each experimental site) 
are presented in Online Appendix C.

In total, we have 336 subjects in our NTU replication study. They are undergradu-
ate students at Nanyang Technological University (NTU) from different majors from 
the sciences, engineering, business and economics, the social sciences, and humanities. 
The average earnings per subject is around SGD 11 (including a SGD 5 fixed show-up 
fee for participation). The average duration of the experiment is one hour. Participants 
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are allowed to participate in only one session and they remain completely anonymous 
throughout the experiment.

Our data analysis includes the original UM study with common information (Chen 
and Chen 2011), the NUS replication without common information   (Camerer et al. 
2016), the new NUS experiment with common information, and the new NTU study 
conducted both with and without common information. Overall, the data used in this 
study consists of 696 subjects in 58 sessions. Half of these sessions used ingroup 
matching while the other half used outgroup matching. Also, 30 of these sessions 
included common information while 28 did not include common information.

4 � Results

In this section, we first present our pre-registered hypotheses and the corresponding 
analysis (Sect. 4.1). We then explore non-registered analyses on communication and 
learning dynamics (Sect. 4.2).

4.1 � Pre‑registered hypotheses and analysis

To examine whether common information plays a role in the results obtained, we 
first present our five pre-registered hypotheses and their corresponding results. 
Based on Proposition 4 in  Chen and Chen (2011), we have the following hypothesis.

Fig. 2   The mean and minimum effort level across treatments, pooling date from all four studies
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Hypothesis 1  With common information, average effort will be higher in the 
ingroup treatment than in the outgroup treatment.

Figure 2 presents the mean (top row) and minimum (bottom row) effort in the 
common information (right column) and no common information (left column) 
treatments. The ingroup (solid black line) and outgroup (dashed gray line) match-
ing treatments are displayed together for each case. We see that the mean and mini-
mum effort rises and remains stable over time only in the common information and 
ingroup treatment conditions.

Table 2 presents the results from a set of random-effects regressions separately 
for each study site (columns 1–3) as well as pooled (column 4), with standard errors 
adjusted for clustering at the session level. The dependent variable is the chosen 
effort level, while the independent variables include a dummy variable indicating 
whether a subject participated in an ingroup session. The top panel reports results 
under the common information condition. Column 1 shows the original result 
from  Chen and Chen (2011) while column 2 of the bottom panel shows the replica-
tion result from  Camerer et al. (2016).

Our pooled results in column 4 lead us to reject the null in favor of Hypothesis 1 
(ingroup coefficient = 18.45 , p < 0.001 ). The pooled result is consistent with the 
main result obtained in the original study (Chen and Chen 2011). It is also robust 
to adding demographic controls (Online Table B.1) or a time trend (Online Table 
B.2). Meanwhile, we note that results from the NTU study (column 3) are weaker. 
With common information, the ingroup dummy is marginally significant (ingroup 
coefficient = 9.85 , p < 0.10 ), whereas it is not significant without common informa-
tion. We also note that the magnitude of the coefficients are similar with and without 
common information. In the test of Hypothesis 5 towards the end of this subsection, 
we evaluate the heterogeneity of treatment effects across universities through their 
communication patterns, and we find that NTU subjects are the least communicative 
among the three subject pools.

Our next hypothesis is based on the protocol deviation in the replication study 
(Camerer et al. 2016).

Hypothesis 2  Without common information, average effort will be indistinguish-
able between the ingroup and outgroup treatments.

In the bottom panel of Table 2, our treatment dummy, ingroup, is not significant 
in any study location. Pooling all data (column 4), we fail to reject Hypothesis  2 
(ingroup coefficient = 6.72 , p = 0.248 ). This result affirms the results of the replica-
tion study (Camerer et al. 2016). Again, this result is robust to adding demographic 
controls (Online Table B.3) or a time trend (Online Table B.4)

Our next two hypotheses relate to the effect of common information when the 
matching protocol is kept constant.

Hypothesis 3  Between the ingroup treatments, average effort will be higher in the 
common information treatment than in the no common information treatment.
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Table 3 presents the results of a series of random-effects regressions both sepa-
rately (columns 1 and 2, NUS and NTU, respectively) and pooled (column 3), with 
standard errors adjusted for clustering at the session level. Note that we exclude the 
results obtained in the UM study from this set of regressions as all UM subjects 
received common information. The dependent variable for these regressions is again 
the effort level chosen, while the independent variables include a dummy variable 
indicating whether a subject participated in a session under common information.

From the pooled results in column 3 of the top panel, we see that the coefficient 
for common information is 11.63 ( p = 0.019 ), leading us to reject the null in favor 
of Hypothesis 3. We note that this effect is primarily driven by NUS subjects (com-
mon information coefficient = 16.99 , p < 0.05 ), whereas common information has 
no statistically significant effect on NTU subjects (common information coefficient 
= 4.25 , p > 0.10).

Hypothesis 4  Between the outgroup treatments, average effort will be indistin-
guishable with or without common information.

Hypothesis  4 is based on potential maximization as an equilibrium selec-
tion principle in the minimum effort game (Monderer and Shapley 1996). With 

Table 2   Ingroup effects on effort at different universities and pooled: random-effects

* ** and *** denote significance at the 10%, 5%, and 1% level, respectively

Dependent variable: effort

Common information (instructions displayed on individual terminals and read aloud)

(1) UM (2011) (2) NUS (2017) (3) NTU (2017) (4) Pooled

Ingroup 23.85** 27.24*** 9.85* 18.45***
(11.200) (6.391) (5.561) (4.658)

Constant 139.48*** 134.11*** 133.17*** 134.75***
(11.072) (4.172) (3.542) (3.008)

Observations 3600 6000 8400 18,000
Number of subjects 72 120 168 360
R
2 0.2919 0.3449 0.0473 0.1553

No common information (instructions displayed on individual terminals but not read aloud)

(2) NUS (2016) (3) NTU (2017) (4) Pooled

Ingroup 5.20 8.23 6.72
(9.197) (6.927) (5.819)

Constant 139.16*** 130.54*** 134.85***
(7.459) (5.386) (4.664)

Observations 8400 8400 16,800
Number of subjects 168 168 336
R
2 0.0124 0.0332 0.0208
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group-contingent social preferences (Eq.  1), the minimum effort game contin-
ues to be a potential game, with its potential function maximized at the most 
(resp. least) efficient equilibrium if 𝛼g

>
1

3
 (resp. 𝛼g

<
1

3
 ) (Proposition 5 in Chen 

and Chen 2011). With outgroup matching, we expect �g to be low with com-
mon information (Chen and Li 2009). Removing common information increases 
strategic uncertainty and therefore does not provide incentives to increase effort. 
Indeed our structural estimation of the stochastic fictitious play learning model 
yields �g = 0.20 with and �g = 0.23 without common information for outgroup 
matching (Table 5).

We present the results for our outgroup treatments in the bottom panel of 
Table  3. These results show that the coefficient for common information is 
not significant for the pooled data (common information coefficient = −0.10 , 
p = 0.985 ). Therefore, we fail to reject Hypothesis 4 at the 5% level.

Table 3   Common information effects in different universities and pooled

Random effects regressions of common information on minimum-effort game choices
*, **, and *** denote significance at the 10%, 5%, and 1% level, respectively. The top panel displays the 
sessions with ingroup matching and the bottom panel displays sessions with outgroup matching. The 
University of Michigan is not included because all sessions there included common information
For ingroup sessions at NUS, the common information coefficient is significantly different from 0 at the 
5% level, while it is not at NTU. When these sessions are pooled, the coefficient is significant at the 5% 
level. For outgroup sessions, the common information coefficients are not significantly different from 0 at 
either university

Dependent variable: effort

Ingroup

(1) NUS (2) NTU (3) Pooled

Common information 16.99** 4.25 11.63**
(7.235) (6.111) (4.976)

Constant 144.36*** 138.77*** 141.57***
(5.416) (4.355) (3.478)

Observations 7200 8400 17,400
Number of subjects 144 168 348
R
2 0.1475 0.0078 0.0622

Outgroup

(1) NUS (2) NTU (3) Pooled

Common information − 5.04 2.63 − 0.10
(8.570) (6.447) (5.548)

Constant 139.16*** 130.54*** 134.85***
(7.508) (5.386) (4.661)

Observations 7200 8400 17,400
Number of subjects 144 168 348
R
2 0.0118 0.0042 0.0000
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Overall, the above set of results suggests that ingroup matching can positively 
affect coordination only when common information is present. Furthermore, this 
finding can explain the difference between the results obtained in the original 
study (Chen and Chen 2011) and in the replication study (Camerer et al. 2016).

In addition to the main treatment effects, we also observe different commu-
nicativeness across institutions, reflected in our last hypothesis. Cultural differ-
ences in communicativeness in similar coordination games have also been noted 
(Brandts and Cooper 2007).

Hypothesis 5  With or without common information, Singapore subjects will be 
less active in the communication stage than American subjects.

On average, during the experiment, American (Singaporean) subjects each 
submitted 10.69 (6.62) lines to the chat. Treating each chat group of six subjects 
as one independent observation, a Mann–Whitney U-test shows that this differ-
ence is significant ( p < 0.01 ). Using word counts instead of chat lines to test 
for communicativeness yields similar results (53.76 vs. 31.71 words, p < 0.01 
one-sided rank-sum test). Therefore, we reject the null in favor of Hypothesis 5. 
Furthermore, within Singapore, we find that NUS subjects communicate more 
than NTU subjects (36.81 vs. 27.33 words, p < 0.01 one-sided rank-sum test). 
This may be related to the nationalities of the subject pools. According to the 
post-experimental survey, NUS consists of 71% Singaporeans, 11% Malaysians, 
and 18% others, while NTU consists of 62% Singaporeans, 22% Malaysians, and 
16% others. The lack of communicativeness at NTU might explain the weakness 
of its ingroup treatment effect under common information (column 3 in Table 2).

4.2 � Non‑registered analysis: communication, learning, and experimenter effects

Based on our pre-registered analysis in Sect. 4.1, we will explore the effects of 
communication on learning dynamics, and experimenter effects. The analysis 
presented in this subsection is not pre-registered.

To understand how communicativeness affects subjects’ effort provision in 
the coordination games, we decompose the effect of communicativeness into 
an effect on the initial conditions and an effect on learning dynamics during the 
game. Doing so, we first find that communication differences create different 
initial conditions in the minimum-effort game. In Table 4, we present two OLS 
specifications with first-period effort as the dependent variable, and individual 
chat characteristics as independent variables. Here, we find that the communica-
tion difference creates different initial conditions in the minimum-effort game. 
With ingroup matching (column 1), subjects who submitted more lines gave a 
significantly higher first period effort (coefficient for # of lines = 0.67 , p < 0.05 ). 
This effect is not present with outgroup matching (column 2).

Secondly, we examine learning dynamics. In the theory of potential games 
(Monderer and Shapley 1996), of which the minimum-effort game is a spe-
cial case, adaptive learning leads to convergence to the potential-maximizing 
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equilibrium (Blume 1993). We use a stochastic fictitious play learning model 
(Cheung and Friedman 1997) to uncover how treatments affect learning dynamics 
(Chen and Chen 2011). Table 5 presents the estimated parameters under different 
treatments. Here, we see that the combination of ingroup matching and common 
information increases subjects’ group-contingent other-regarding preferences � 
(2-sided Mann–Whitney U-test, p = 0.011 ), while other determinants of learning 
dynamics, such as the discount factor ( � ) and the sensitivity parameter ( � ), are 
similar across sites.

Overall, our results here indicate that communicativeness impacts the initial-
round effort in the coordination game but not learning dynamics, which instead are 
affected by a combination of ingroup matching and common information. These two 
effects together can explain the data from the original study (Chen and Chen 2011) 
as well as that obtained in the follow-up studies, including the replication (Camerer 
et al. 2016).

Finally, we examine any potential experimenter effects in the NTU study. In the 
UM and NUS studies, one experimenter ran all of the sessions in the study, whereas 
there were two experimenters at NTU: the third co-author, and his RA. Table  6 
presents the results of a random-effects regression on the NTU data, with standard 
errors adjusted for clustering at the session level. The “RA” variable denotes ses-
sions run by the RA.

This regression shows that, while the third co-author’s sessions exhibit a signifi-
cantly positive ingroup effect (ingroup coefficient = 19.10, p < 0.05 ), the RA’s ses-
sions show no such effect (RA + ingroup × RA = − 4.37, p = 0.63 , Wald test). In 
addition, the effort levels of subjects in the outgroup treatment are marginally higher 
for the RA than for the third co-author. Comparing the outgroup efforts across stud-
ies (Table 2), the third co-author’s sessions exhibit the lowest mean outgroup effort 
(125.36), partially accounting for the significant ingroup effect in these sessions. 
This analysis indicates that it is important to analyze experimenter effect when mul-
tiple experimenters conduct sessions.

5 � Best practices in replication

Using the results from our analysis of the effect of common information in coordina-
tion games as well as reflections from the recent literature on replication from psy-
chology and economics, we end by outlining a set of best practices for replicating 
economic, and perhaps other social science, experiments.

As a result of   Open Science Collaboration (2015) and the resulting replica-
tion crisis, the field of experimental psychology has begun to confront several of 
the issues that we discuss in this article. The subsequent work by many psycholo-
gists closely relates to the situation that experimental economics is currently facing. 
Therefore, we incorporate some of the suggestions from the replication literature in 
psychology, e.g.,  Brandt et al. (2014), into the set of best practices for replication in 
experimental economics.
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5.1 � Exact versus close replication

We first differentiate between exact and close replications. An exact replication uses 
the same experimental protocol as the original study, including the same instruc-
tions, the same delivery of instructions and the same information conditions, but 
changes the experimenter and the subject pool.7 The primary goal of an exact repli-
cation is to check whether an original finding is true, and can be observed by other 
experimenters. In other words, exact replications can be used by those in the scien-
tific community to check the work of others, and potentially correct what we think 

Table 4   Chat volume and period 1 effort

OLS regressions of chat characteristics on minimum-effort game choices in the first period
*, **, and *** denote significance at the 10%, 5%, and 1% level, respectively
 The “# of lines in chat” variable is a count of the number of lines submitted in the chat by each sub-
ject. “Painting 6 correct” and “painting 7 correct” are dummy variables regarding whether the subjects 
guessed the artists for the two additional paintings correctly. The variables “analysis” to “agreement” are 
a count of the number of lines by each subject that were categorized into each of the respective catego-
ries by trained chat coders. “Engagement” is a measure of how engaged each subject was in the chat, as 
coded by the chat coders. The number of lines submitted in the chat is positively and significantly (at the 
5% level) correlated with first-period effort in the minimum-effort game, which immediately followed 
the chat, but only when there was ingroup matching. No other coefficient is significantly correlated with 
first-period effort

Dependent variable: effort in period 1

(1) Ingroup (2) Outgroup

# of lines in chat 0.67** 0.27
(0.311) (0.221)

Painting 6 correct 2.80 3.54
(2.212) (2.582)

Painting 7 correct − 0.75 1.51
(3.551) (4.076)

Analysis − 0.72 − 0.79
(0.581) (0.663)

Question − 0.95 0.12
(1.297) (1.006)

Agreement − 0.41 − 0.35
(1.269) (1.032)

Engagement 0.68 1.34
(1.591) (1.640)

Constant 143.63*** 139.73***
(4.804) (4.982)

Observations 348 348

R
2 0.025 0.013

7   Czibor et al. (2019) and  Hamermesh (2007) call these “statistical replications.”
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we know. Exact replications are an ideal, and we argue that they can be achieved by 
replicators. For example, the replication of  Fehr et al. (2013) by  Holzmeister et al. 

Table 5   Learning model parameter estimates

The � and � columns show the respective estimates for those parameters at the different universities sep-
arately. These estimates are quite similar to each other, suggesting that the learning dynamics do not 
change between experiment sites. The � estimates are generated for each session separately and the aver-
ages across sessions are displayed inthis table, separated by university and treatment

Discount factor Sensitivity 
parameter

� (group-contingent, other-regarding parameter)

Common information No common information

� � Ingroup Outgroup Ingroup Outgroup

UM 0.70 3.36 0.73 0.40
NUS 0.70 4.32 0.64 0.13 0.37 0.29
NTU 0.63 3.78 0.39 0.16 0.27 0.17
Overall 0.54 0.20 0.32 0.23

Table 6   Experimenter effects 
at NTU

Random-effects regression on the NTU data, with standard errors 
adjusted for clustering at the session level
*, **, and *** denote significance at the 10%, 5%, and 1% level, 
respectively. The “RA” dummy variable denotes when a session was 
run by the research assistant

Dependent variable: effort

NTU

Ingroup 19.10**
(8.462)

Common information 5.59
(4.741)

Ingroup × common information − 1.43
(12.617)

RA 14.65*
(7.967)

Ingroup × RA -19.02
(12.120)

Common information × RA − 2.02
(9.133)

Ingroup × common information × RA 2.19
(15.789)

Constant 122.17***
(2.004)

Observations 16,800
Number of subjects 336
R
2 0.0947
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(2016b) is an exact replication, as the replicators kept the same instruction as well as 
the same delivery method of instructions, including its language (German) and the 
size of each replication session.

By contrast, a close replication must have protocol differences from the original 
study and document the differences explicitly. These are follow-up studies which 
can tell us how general and robust the original findings are.8 By exploring the condi-
tions under which the original results do or do not hold, we can understand the gen-
eralizability of a finding, or the bounds of its effectiveness. Close replications act as 
robustness checks on original studies.

Both exact and close replications provide valuable contributions to the social sci-
ences, with advocates for both types of studies in psychology, economics, and busi-
ness (e.g. Lynch Jr. et  al. 2015; Coffman and Niederle 2015; Zwaan et  al. 2018). 
The important point is that their difference, both in purpose and in effect, must be 
acknowledged. In particular, due to the potential of various “replicator degrees of 
freedom” (Bryan et al. 2019), or choice that replicators can make to create false neg-
atives, close replications must not be incorrectly deemed to be exact replications.9

 Clemens (2017) explores this difference, proposing that experimenters classify fol-
low-up studies based on whether they estimate parameters drawn from the same (exact 
replication) or different (close replication/robustness) sampling distributions compared 
to the original study.  Clemens (2017) also proposes that follow-up studies should be 
considered as robustness checks until the follow-up researchers prove that they are 
exact replications, since the “costs of spurious ‘failed replications’ for researchers are 
very high.”

The stated goal of large-scale replication studies, such as the  Open Science Col-
laboration (2015) and  Camerer et al. (2016), is to be exact replications. These types 
of studies grab headlines precisely because they cause us to question findings that we 
previously took to be scientific truths. Protocol deviations such as the one identified in 
this paper change these studies into close replications. Their null findings are valuable 
in that they tell us that the deviated protocol strengthens group identity insufficiently to 
improve coordination, but they do not tell us whether the original results are true.

In what follows, we suggest best practices that enable exact replications, while 
acknowledging that close replications are valuable as well but are beyond the scope 
of this paper.

5.2 � Best practices for replicators

When planning for an exact replication of an original study, the replicators must 
make the new study convincing. In particular, they must demonstrate that they 
have produced a faithful recreation of the original study with high statistical power. 

8   Czibor et al. (2019) and  Hamermesh (2007) call these “scientific replications.”
9  Based on simulation results, the Replication Network published a dispute regarding whether Christoper 
Bryan p-hacked his original results: https​://repli​catio​ninde​x.com/2019/12/02/chris​tophe​r-j-bryan​-claim​
s-repli​cator​s-p-hack-to-get-non-signi​fican​t-resul​ts-i-claim​-he-p-hacke​d-his-origi​nal-resul​ts/.
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Different replicators may have very different notions of how to achieve this, which 
can lead to varying quality in replication studies.

Inspired by the “Replication Recipe” in psychology (Brandt et al. 2014), we pro-
pose a set of questions replicators are expected to answer, and procedures that replica-
tors should follow, and provide readers with a simple method of detecting differences 
between the replication and original studies. The questions highlight the common 
issues with replications that have been brought up in the past, and encourage the rep-
licators to carefully consider these issues when designing their replications.

5.2.1 � Understanding theory

Replicators should understand the theory underlying the experiment they plan to 
replicate.10 Many experimental design details reflect the original experimenters’ 
efforts to satisfy theoretical assumptions. Section 2 documents how experimental-
ists approach the common knowledge assumption underlying several game theo-
retic solution concepts. In coordination games, for example, abandoning the read-
aloud method in favor of individual silent reading of instructions compromises the 
common information condition designed to approximate the common knowledge 
assumption, and upon which the solution concept (Nash equilibrium) rests. Under-
standing theory reduces the likelihood of protocol deviations in replication studies 
that compromise the internal validity of an experimental design.

Summarizing this subsection, we end with questions replicators should ask them-
selves when planning an exact replication: 

Q1.1	 What is the effect I am trying to replicate?
Q1.2	� What are the assumptions in the original study that lead to the relevant 

hypotheses and the corresponding effect?
Q1.3	 Will these assumptions also hold in my replication?

5.2.2 � Choosing culturally appropriate subject pools

Though our study did not test this, there is evidence that culture matters in economic 
(and psychology) experiments.  Henrich et al. (2001) show that across 15 small-scale 
societies, behavior in the ultimatum, public goods, and dictator games showed sig-
nificant differences. This is likely context and game-specific.  Roth et al. (1991) show 
in a four-country study that, while market experiments showed similar results eve-
rywhere (and matched theory), bargaining outcomes showed significant differences 
between countries (and none matched theory).  Bavel et al. (2016) find that, among 
the studies that  Open Science Collaboration (2015) examined, replication success 
was negatively correlated with the contextual sensitivity of the research topic.

For  Chen and Chen (2011), intra-group communication and puzzle solving was 
designed to strengthen group identity sufficiently to improve coordination. The 
effectiveness of this intervention is likely affected by the cultures of the replication 

10  This point is less relevant for fact-finding experiments, which do not rely on theory.
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site. As we see in our sessions, subjects in Singapore communicate with each other 
much less than those in the United States. This could partially be due to both the 
language in which the experiments were conducted, and the origins of the paintings 
used in the puzzle-solving task. The use of paintings by Chinese or other Asian art-
ists may have increased the cultural appropriateness of the task and caused the sub-
jects to communicate more with each other.

Appropriateness of experimental instruments is also an important considera-
tion, and may have affected another study which did not replicate in  Camerer et al. 
(2016). Specifically,   Ifcher and Zarghamee (2011) used a film clip of Robin Wil-
liams to induce happiness in their subjects. However, between the original study and 
the replication study, Robin Williams had died of suicide. Also, the original study 
was conducted in the US while the replication study was conducted in the UK, two 
countries with different senses of humor.

In the replication of  Duffy and Puzzello (2014), the original instructions, in Eng-
lish, were translated into German, which might have introduced different connota-
tions depending on how words are translated. One good practice might be to have 
translated instructions translated back into the original language and to then make 
comparisons.

In at least three out of the seven “failed” replications in  Camerer et al. (2016), 
the replication subject pool might not have been culturally appropriate. A simple 
rule of thumb is to conduct an exact replication in the same country or a culturally 
similar country. We summarize our discussions with the following questions: 

Q2.1	 In what country/region was the original study conducted?
Q2.2	 In what language was the original study conducted?
Q2.3	 Where was the original study conducted? (e.g., lab, field, online)
Q2.4	� Who were the participants in the original study (e.g., students, Mturk, rep-

resentative)?
Q2.5	 Is my sample culturally appropriate given the experimental instructions?

5.2.3 � Calculating sample size with sufficient statistical power

In order to mitigate false negatives, replication studies must have high power 
(around 90%). Assuming the same effect size as the original study, this is controlled 
by increasing the sample size of the replication. However, several studies have 
examined the issue of statistical power in replication studies and found that due to 
various factors, the stated power of these studies is likely incorrect and too low.

Many of these power issues are caused by between-study variation.   McShane 
and Böckenholt (2014) point out that effect sizes are affected by various issues that 
we take for granted or assume should not matter, such as the social context, tim-
ing of the experiment, subject pool, etc. These cause standard power calculations to 
be overly optimistic. Their solution is to offer more conservative power calculation 
formulae which take into account between-study variation by including effect-size 
heterogeneity as an input. Similarly,  Perugini et al. (2014) propose adjusting power 
calculations using “safeguard power.” These calculations use the lower bound of the 
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confidence interval as the estimate of the effect size to achieve a better likelihood of 
correctly identifying the population effect size.

 Maxwell et al. (2015) suggest that low statistical power comes from the preva-
lence of single replication studies, and that replicators should perform multiple rep-
lication studies in order to achieve the necessary power. Along these lines,  Simons 
et  al. (2014) propose the adoption of “Registered Replication Reports.” These 
reports would compile a set of studies from a variety of laboratories that all attempt 
to reproduce an original finding. For very important original results, the increased 
cost is offset by the meta-analysis that becomes possible with these reports, allowing 
them to authoritatively establish the size and reliability of an effect. We summarize 
our main points in the following questions: 

Q3.1	 What is the effect size I am trying to replicate?
Q3.2	 What is the confidence interval of the original effect?
Q3.3	 What is the sample size of the original study?
Q3.4	� What is the sample size and power of my replication study given the original 

effect size?
Q3.5	 Is my replication sufficiently powered?
Q3.6	 Does my power calculation use the lower bound of the confidence interval?

5.2.4 � Randomizing across treatments and bundling sessions

A fundamental aspect of an experimental study is random assignment of experi-
ment subjects across treatments.  Loewenstein (1999) critiques experimental econo-
mists for their failure to assign subjects randomly to treatments, leading to a threat 
to internal validity. We acknowledge that  Chen and Chen (2011) is subject to this 
critique, whereas our NTU study preserves random assignment without sacrificing 
common information. In what follows, we discuss different forms of random assign-
ment in the lab setting.

For individual choice experiments and fact-finding experiments where com-
mon knowledge is not a requirement for the relevant hypotheses, subjects in each 
experimental session should be randomly assigned across treatments and stay in the 
same room during the experiment with the same experimenter [e.g.,  Maréchal et al. 
(2017)]. We call this practice within-session randomization, which has the advan-
tage of taking care of potential session effects (Fréchette 2012). When subjects in 
a session are in multiple treatments, instructions can be displayed on each subject’s 
private screen and perhaps accompanied by the experimenter’s voice over head-
phones. Common information would be difficult to establish in such settings.

By contrast, for game theory and market experiments that require common 
knowledge for the relevant hypotheses, within-session randomization might com-
promise the critical information conditions of the underlying theory or introduce 
additional confounds. To preserve the common information condition of the original 
study, our NTU study randomized subjects who signed up for the same time slot 
into two sessions, one in each treatment and administered by either the third author 
or his research assistant. In other words, subjects were randomly assigned to one 
of two experimenters, which enables us to preserve the read-aloud method of the 
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original experiment and control for the timing of the experiment. The compromise, 
however, is the potential experimenter effect, which one can control for by adding 
experimenter fixed effects in the data analysis.11

In what follows, we use two examples from  Camerer et al. (2016) to illustrate 
when not to use within-session randomization in exact replications. Both examples 
are game theory experiments.

In the first example, when replicating  Chen and Chen (2011) at NUS,  Ho and 
Wu (2016) used within-session randomization across treatments, where two ses-
sions from two different treatments were run simultaneously in the same room. As 
the two treatments have different instructions, the compromise was not to read the 
instructions aloud. This led to a loss of common information, a crucial assumption 
in the theoretical framework. In an email correspondence discussing the successful 
replication of  Fehr et al. (2013), Holger Herz wrote that “we asked for our treat-
ments to be done across sessions, precisely because within session randomization 
makes creating common knowledge (either through reading instructions aloud or a 
summary aloud) difficult or maybe even impossible, depending on the experiment. 
… I think the question of creating common knowledge in the lab is a very important 
one in the context of the recent push towards within session randomization. There 
clearly is a trade-off.” The method of within-session randomization should not be 
used when it compromises the creation of common information.

In the second example, when replicating  Duffy and Puzzello (2014),  Holzmeister 
et al. (2016a) bundled four sessions into one large session ( n = 24 ) and used within-
session randomization within a treatment, whereas the original study was conducted 
one session ( n = 6 ) at a time. As the original experiment involved indefinite hori-
zons, some groups were paused to allow for other groups experiencing longer hori-
zons to finish. This protocol deviation is documented as follows, “As the number of 
periods was determined by rolling a die in advance, the overall length of the experi-
ment differed among groups. On average, each group played 32.81 periods, with the 
largest difference in the number of periods being 6 within one session. In order to 
avoid that groups with lower numbers of periods have to wait for the other groups 
to finish, the zTree programs were paused for some of the groups between some 
periods such that all four groups finished almost simultaneously” (Holzmeister et al. 
2016a). It is not clear how subjects interpreted such pauses, especially given that 
they were taking places at different times for different groups. In addition to bore-
dom, the pause may have affected subjects’ beliefs about the probability of continu-
ation. The method of within-session randomization should not be used when it com-
promises the original protocols and introduces confounds, such as altered beliefs.

Common to both types of within-session randomization is the necessary bundling 
of multiple sessions into one larger session, which might lead to a loss in subject 
attention, introducing more noise into the data. Another potential consequence is 
the spread of the experimenters’ attention.   Duffy and Puzzello (2014) explicitly 
mentioned that “After the instructions were read, subjects had to correctly answer a 

11   Fréchette (2012) discusses causes of session effects, as well as the properties and adequacy of various 
standard solutions.
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number of quiz questions testing their comprehension of the environment in which 
they would be making decisions. After all subjects had correctly answered all quiz 
questions, the experiment commenced with subjects making decisions anonymously 
using networked computer workstation.” That is, the answers of the quiz were 
checked individually. By contrast,   Holzmeister et  al. (2016a) did not report that 
all of the 24 subjects answered all of the quiz questions correctly. When an origi-
nal study administers quizzes, the replication study should administer them, check 
answers and report the proportion of correct answers.

We summarize our discussions and formulate the following questions for 
replicators: 

Q4.1	 How do I plan to randomize sessions across treatments?
Q4.2	 Does my randomization compromise theoretical assumptions?
Q4.3	 What is the size of an original experimental session?
Q4.4	 What is the size of my experimental session?
Q4.5	� What differences between the original study and my study might be expected 

to influence the size and/or direction of the effect?
Q4.6	� What steps do I plan to take to test whether the differences listed above will 

influence the outcome of my replication attempt?

5.2.5 � Obtaining original experimenters’ endorsement

To facilitate exact replication, the replicators should first approach the original 
experimenters with their proposed replication plan. If there is disagreement regard-
ing these replication procedures, the original experimenters should be given a 
chance to suggest the modifications required to achieve an exact replication.

First, sending the original authors a pre-replication plan is necessary but not suf-
ficient to guarantee an exact replication. For example, for all the replicated papers 
in  Camerer et al. (2016), the original authors were contacted and sent a pre-replica-
tion plan in December 2014. However, the procedure section of the replication plan 
of  Chen and Chen (2011) contains only one sentence, “We plan to follow the exact 
procedure of the original article” (Ho 2014), which does not contain details about 
the actual implementation. At the minimum, the replicators should answer the ques-
tions from Q1.1 to Q4.6.

Second, the replicators should run and record a pilot session, which uses the same 
recruiting and randomization procedures, as well as the same session size as the 
planned actual replication sessions. The original authors should observe the actual 
pilot session in person if feasible or watch the recorded session.

We acknowledge that such coordination would be costly for original authors. One 
potential method of compensation is to use the number of successful replications of 
one’s own work as a metric of one’s scientific achievement (Coffman et al. 2017). 
Such incentives would push original authors towards cooperating with replicators 
and providing them with enough information to ensure that replications are close to 
exact.
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5.2.6 � Evaluating replication

While replication studies in experimental economics use classical null hypothesis 
significance testing to evaluate replication results, we note that several studies have 
proposed that replications take a Bayesian approach.   Verhagen and Wagenmak-
ers (2014) explore various Bayesian tests and demonstrate how previous studies 
and replications alter established knowledge through the Bayesian approach. When 
addressing how the field should consider failed replications,   Earp and Trafimow 
(2015) consider the Bayesian approach and how failed replications affect the confi-
dence of original findings.

 McShane and Gal (2016) propose “a more holistic and integrative view of evi-
dence that includes consideration of prior and related evidence, the type of problem 
being evaluated, the quality of the data, the effect size, and other considerations.” 
They warn that null hypothesis significance testing leads to dichotomous rather 
than continuous interpretations of evidence, and that approaches such as confidence 
intervals and Bayesian modeling might have the same problems.

5.3 � Best practices for original experimenters and journals

First, we consider what the experimenters should report in an original paper to facil-
itate exact replications. As stated by  Palfrey and Porter (1991), “the relevant crite-
rion is that enough detail be provided to enable another researcher to replicate the 
results in a manner that the original author(s) would accept as being valid.” There 
are three major parts of a laboratory experiment that need to be clarified for any 
potential replicators: recruitment, pre-experimental procedures, and experimental 
procedures.

Regarding recruitment, the original experimenters should specify who the sub-
jects are, including the population the subjects are drawn from. Depending on the 
experimental task, they might want to discuss the cultural norms of the subject pool 
(Henrich et al. 2010). Furthermore, the sign-up procedure should also be mentioned, 
as different methods of signing subjects up for experimental sessions can lead to dif-
ferent levels of filtering of the subject pool.

For the pre-experimental procedures, the original experimenters should report 
the circumstances the recruited subjects experience, including whether there is any 
communication between the experimenters and the subjects after they are invited 
but before they arrive at the laboratory; whether there are potentials for communi-
cation among subjects before the experiment begins. The latter could be affected 
by the availability of a waiting room, and whether subjects know each other before 
the experiment. The latter information can be collected through a post-experiment 
survey and could potentially affect subjects’ social preference towards others in the 
session.

For the experimental procedures, the experimenters should again report the 
circumstances experienced by the actual participants. Specifically, there should 
be detailed information on instruction delivery: when are the subjects given the 
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instructions, and how are they delivered to the subjects? As we point out in Sect. 2, 
how the instructions are presented to subjects can have important effects on subject 
behavior. The experimenter’s lab logs, which document questions asked and answers 
provided during all experimental sessions, are also possible items that should be 
included along with the instructions used. Furthermore, how subject comprehension 
is measured or ensured (e.g. practice rounds, quiz, questions) are useful information 
to indicate the extent to which common knowledge is approximated.

The prevalent practice is for authors to upload subject’s instructions to an 
open-access archive. Experimenter’s instructions (Online Appendix A) explic-
itly mark out what the experimenter does and says at different points throughout 
the experiment that are not listed in the subject’s instructions. A classic example 
of an experimenter’s instructions is presented in Online Appendix B of McKel-
vey and Palfrey (1992). The publication of the experimenter’s instruction would 
help to clarify the method of instruction delivery. Protocol deviations, such as the 
ones in  Ho and Wu (2016), are less likely to happen if replication authors use 
the experimenter’s instructions. Journals should require authors to upload experi-
menter’s instructions in addition to subject’s instructions.

Lastly, as we have already discussed in Sect.  5.2.5, original experimenters 
should coordinate with replicators to share software, experimenters’ instructions, 
and other experimental materials. They should observe the pilot session in person 
or watch a recorded pilot session, and suggest modifications required to achieve 
an exact replication.

6 � Concluding remarks

Recent large-scale replication studies have caught a lot of attention to the issue 
of the replicability of social science research. In an attempt to understand why 
an original study failed to replicate, we uncover important protocol deviations in 
some of the replications. Drawing from the replication literature in psychology 
and economics, we differentiate between exact and close replications, and advo-
cate for a set of best practices for exact replications for replicators as well as for 
original authors and journals.
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