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When repentance and forgiveness are possible, direct reciprocity does
not explain one-shot generosity, even under arbitrarily high
levels of uncertainty
You hail a cab at the airport and a person in khaki asks you to share,
but you decline. At your job interview the next day, it turns out that the
person in khaki is your interviewer! This scenario is problematic, to be
sure, and in Delton and Krasnow's (2014) (hereafter “commentators”)
commentary you lose the job. However, suppose instead that you
apologize and the interviewer accepts your apology, reviews your
qualiﬁcations, ﬁnds you are the best person for the job and hires you.
Once in a long-term employer–employee relationship, you perform
admirably and bring many accolades to your department.
Both you and your interviewer are better off than in the commentators' scenario. You are better off having not shared the cab because, not
only did you still get the job, you also arrived at your hotel sooner and
were more rested than you would have been otherwise. Over many
similar situations (most where the potential cab-sharer is not also your
future interviewer) you also reap the rewards of not being overly
cooperative in one-time interactions. Importantly, if you are repentant,
your interviewer is better off accepting your apology. After all, he hired
the candidate who brought the most adulation to his department, and he
only had to forgive the minor sunk cost of waiting for another cab.
These scenarios illustrate the key difference between Delton,
Krasnow, Cosmides, and Tooby's (2011a) model (hereafter “the DKCT
model”) and my expansion of it. They posit a world where repentance
and forgiveness are impossible. A defecting agent, ﬁnding itself in a
repeated interaction, can never again cooperate with its partner. My
paper shows that, when forgiveness and repentance are possible, the
selective advantage of one-shot cooperation in the DKCT model
disappears. Another explanation is needed to explain one-shot
cooperation.
The commentators, despite dramatic differences in our ﬁndings,
argue that the DKCT model actually predicts my results. For evidence,
they point to a few parameter combinations where one-shot
cooperation fails to evolve in either of our simulations. However,
since their main ﬁndings are the conditions where generosity in oneshot encounters does evolve, these conditions are more appropriate
comparisons. In all of these conditions, one-shot generosity disappears when repentant and forgiving strategies are added (Zefferman,
2014, Figure 4 and Supplemental Appendix A).
DKCT not only did not predict my results, they explicitly predicted the
opposite of my results. In a response to a commentary where McNally and
Tanner (2011) argued, as I do, that DKCT's conclusions would not hold if
their model included forgiving and hesitant (a sub-set of repentant)
strategies, Delton, Krasnow, Cosmides, and Tooby (2011b) wrote:
“McNally and Tanner voice the reasonable concern that our results
may not generalize widely because we did not model hesitant or
forgiving strategies… We concur that the ﬁtness differential between

initial cooperation and defection might be smaller in such a model.
Importantly, however, the direction of selection would be the same, just
with reduced strength. Hence, the effects would not be eliminated and the
generality of our results would be unchanged” [emphasis mine].
My model demonstrates that this explicit prediction is incorrect.
Instead of “complete harmony” between our ﬁndings, I show that
modeling hesitant and forgiving strategies does not just make the ﬁtness
differential smaller, but changes the direction of selection and
eliminates one-shot cooperation from any population where it evolves
in DKCT's simulations. I also show, analytically, that this result holds
when uncertainty is maximized. It thus meets Delton et al.'s (2011b)
own criteria for challenging the generality of their results.
The commentators also write that my simulations employ strategies
that are “complex and carefully chosen.” This would be problematic if
selection were not clever enough to discover repentance or forgiveness
without my help. However, Axelrod (1997) showed that these behaviors
quite readily evolve and out-perform Tit-for-Tat when given the opportunity. I did choose strategies, but only in the sense that, for illustration, I
identiﬁed simple representatives of the inﬁnitely large class of the type of
repentant and forgiving strategies that evolved endogenously in Axelrod's
simulations. Using standard complexity measures (Rubinstein, 1986),
I modeled no strategy more complex than the commonly-modeled Titfor-Two-Tats (Zefferman, 2014, Supplemental Appendix D).
Finally, the commentators, referencing Fehr and Henrich (2003) and
Gintis, Bowles, Boyd, and Fehr (2003), also suggest that my view of
reciprocity challenges the consensus. This is puzzling since both papers,
far from “assuming reciprocity existed,” call on decades of theoretical and
empirical research to conclude, as I do, that direct reciprocity in ancient
environments does not sufﬁciently explain one-shot cooperation in
modern laboratory experiments. They also argue, as do I, that it evolves
through a process of gene-culture coevolution and equilibrium selection
on variation in cultural norms between groups. My paper expands this
consensus, showing that direct reciprocity still does not explain one-shot
generosity, even under arbitrarily high levels of uncertainty.
Despite my critique of the DKCT model, I consider it a positive
development. I agree with the commentators that disagreement over
the evolution of human cooperation have for too long been mired in a
semantic debate creating more confusion than clarity and that DKCT
should be commended for translating a previously vague argument
into an explicit model. However, I do not see such formalization as the
end the conversation, but only the beginning. DKCT have done the
science of human cooperation a great service by starting this
conversation and I thank Evolution and Human Behavior for facilitating
its continuation here.
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