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Friedman and Oprea look at cooperation in a prisoner’s dilemma comparing a treatment with
continuous time with flow payoffs over 60 seconds to a treatment with eight equal subperiods.
Cooperation is higher under continuous time.
Hypothesis to bet on:
Cooperation in the prisoner’s dilemma is higher in continuous time with flow payoffs over 60
seconds compared to eight equal subperiods (a comparison in the level of cooperation between
the continuous treatment and the grid-8 treatment).

Power Analysis

Materials

The original p-value is reported as p < 0.01
(Wilcoxon-Mann-Whitney test on subject median cooperation rate (across all periods); Table 2 and p. 345): “Overall, as can be seen
in the bottom row, there is a strong increase
in cooperation as we move from One-Shot to
grid-8 to continuous, and pairwise MannWhitney tests applied to by-subject median cooperation rates confirm this ordering at the 1
percent level.” To get the exact p-value we reestimated the test based on the posted data and
the p-value = 4.0e−11 .
The original sample size is 78 participants (38
in the continuous treatment and 40 in the
grid-8 treatment). To achieve 90% power the
required sample size is 19 participants.

We use the material of the original experiment (programmed in conG) along with the
original instructions available at the journal’s
webpage.

Sample
The sample for replication consists of 40 undergraduate students (20 for each treatment)
from the Claremont colleges. Subjects that have
previously participated in a prisoner’s dilemma
experiment are excluded.

Procedure
We follow the procedure of the original article, with only slight but unavoidable deviations
as outlined below. The following summary of
the experimental procedure is therefore based
on the section “II. Treatments and Experimental Design” (pp. 341–343) in the original study.
Each subject can freely switch between row
actions A and B by clicking a radio button
(or pressing an arrow key), causing the chosen row to be shaded. In our main treatment
(continuous) the other player’s current choice
is shown as a shaded column, and the intersection is doubly shaded. The computer response
time to action switches is less than 50 milliseconds, giving players the experience of continuous action. The screen also shows the time
series of actions (coded here as 1 for A and 0
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for B) for the player and her counterpart in the
upper right graph, while flow payoffs for each
player are shown in the lower right graph. The
top of the screen also shows the time remaining
and the accumulated flow payoff.
In the continuous treatment each period
lasts 60 seconds and subjects are allowed to
change their actions at any time during this period. Subjects observe the unfolding history of
actions and payoffs, and at the end of the period
they earn the integral of the flow payoffs.
In the grid-8 treatment each 60-second period is divided into 8 equal subperiods. The
payoffs in each subperiod are determined only
by the last action profile chosen in that subperiod. A player only sees her counterpart’s choice
at the end of the subperiod, and the strategy
profile at the end of the subperiod becomes the
initial profile of the next subperiod. Payoffs for
the entire period are the average of the 8 subperiod payoffs.
Four different payoff parameters are used
(Easy (14, 4), Mix-a (18, 4), Mix-b (14, 8), and
Hard (18, 8)). In both treatments, subjects
are randomly rematched with a new counterpart each period. There are 32 periods divided
into eight blocks. Each of the four parameter
sets appears once in each block, in random order, and the sequences are matched across the
two treatments.
In the original study the experiment was carried out in groups of 10 subjects (with the exception of one session with the continuous
treatment with 8 subjects). We also use a group
size of 10 subjects which are randomly allocated to the two treatments. We will include

one group of 10 subjects from each of the two
treatments in each session (i.e. 20 subjects per
session and 40 subjects in total). Subjects will
be randomly allocated to the two treatments
within each session.
After all rounds have been played, subjects
will be privately paid in cash based on the sum
of their earnings using the same show-up fee
($5) and incentives as in the original study (average earnings were $17.50 per subject in the
original study).

Analysis
The analysis will be performed exactly as in
the original article. That is, a Wilcoxon-MannWhitney test on subject median cooperation
rate across all periods is conducted.

Differences from Original Study
The replication procedure is identical to that
of the original study, with some unavoidable deviations. This replication will be performed at
the National University of Singapore in Singapore, in 2015, on undergraduate students from
the National University of Singapore, while the
original data was gathered at the University of
California, Santa Cruz, USA, in 2009, on undergraduate students from all major disciplines at
the University of California, Santa Cruz. The
experiment will be in English as in the original
study.
The original study also looks at a One-Shot
treatment, but the focus of the replication is on
the difference between continuous and grid8 treatments.

2/2

