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I begin by briefly restating the key features of the model. Define the
following functions for all p ∈ [0, 1]:

C(p) = caβpλ(p) + ceα(1− p)λ(p),

V (p) = vaβpλ(p) + veα(1− p)λ(p),

ca,e(p) = apλ(p) + e(1− p)λ(p).

The function C reflects the scientist’s expected credit as a function of p: she
aims to choose a value of p that maximizes C. The function V reflects the
expected social value of the scientist’s work. The family of functions ca,e is
defined in such a way that the functions C and V are members of the family.
This family captures the common structure of C and V , which will be useful
in the analysis below.

The variable p is the desired level of reproducibility, which can range
from zero to one, and is chosen by the scientist. The parameters have the
following interpretations: ca is the expected credit to the scientist for an
accurate paper, ce is the expected credit for an erroneous paper, va is the
expected social value of an accurate paper, ve is the expected social value of
an erroneous paper, β is the probability that an accurate paper passes peer
review, and α is the probability that an erroneous paper passes peer review.

The function λ : [0, 1] → [0,∞) reflects the tradeoff between speed and
reproducibility: λ(p) is the speed at which the scientist works given that the
desired reproducibility is p, and γ(p) = 1/λ(p) is the expected completion
time of the project. In the paper I made the following assumptions about
the shape of this function.

Assumption 1 (The speed function is decreasing). For all p, q ∈ [0, 1], if
p < q, then λ(q) < λ(p).

Assumption 2 (The speed function is concave). For every p, q, t ∈ [0, 1],

tλ(p) + (1− t)λ(q) ≤ λ(tp+ (1− t)q).
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Assumption 3 (No perfect work). limp→1 λ(p) = 0.

This assumption asserts that the scientist cannot deliver perfect work (in
the sense of zero probability of errors), no matter how slowly she works. She
can, however, get arbitrarily close: due to assumption 1, λ(p) > 0 for all
p < 1.

It is worth noting that assumptions 1–3 entail the following related char-
acteristics of the expected completion time function γ.

Lemma A.1. If assumptions 1–3 are satisfied, the function γ is increasing
and convex. Moreover, limp→1 γ(p) =∞.

Proof. Since λ(p) > 0 for all p < 1, λ(q) < λ(p) if and only if γ(q) > γ(p).
Since λ gets arbitrarily small (while remaining positive) as p → 1, γ gets
arbitrarily large as p → 1. Since λ is strictly positive and concave on [0, 1),
γ is convex on [0, 1) (see Kantrowitz and Neumann 2005, proposition 2 for a
proof).

Assumption 1 entails that λ is bounded, as λ(p) ≤ λ(0) < ∞ for all p ∈
[0, 1]. Assumption 2 entails that λ is continuous on (0, 1) (but not necessarily
at the endpoints). Combined with the other two assumptions, however, it
follows that λ is continuous on its entire domain, as the following lemma
shows.

Lemma A.2. If assumptions 1–3 are satisfied, λ is continuous on [0, 1].

Proof. Due to assumption 2, λ is continuous on (0, 1). By assumption 3,
limp→1 λ(p) = 0. By definition this means that for every ε > 0 there exists
a choice of p < 1 such that λ(p) < ε. It follows that λ(1) = 0 (if λ(1) > 0
then one could choose ε = λ(1) to find a p such that λ(p) < ε = λ(1),
contradicting assumption 1). So limp→1 λ(p) = 0 = λ(1), i.e., λ is continuous
at p = 1.

It remains to show that λ is continuous at p = 0. Because λ is monotone
and bounded, ` = limp→0 λ(p) exists. Because λ is decreasing, ` ≤ λ(0).
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Suppose for reductio that ` < λ(0). By definition of the limit there exists
a choice of p > 0 small enough such that ` − λ(p) < (λ(0) − `)/2. Then
λ(0)/2 + λ(p)/2 > ` > λ(p/2), contradicting assumption 2. Hence ` = λ(0),
i.e., λ is continuous at p = 0.

The next lemma depends on a result by Kantrowitz and Neumann (2005),
which I state first.

Theorem A.1 (Kantrowitz and Neumann 2005). Let the functions f1, . . . , fn

be concave, non-negative, and not identically equal to zero on the closed
bounded interval [a, b]. Then the product h := f1 · · · fn has the following
properties:

(i) h(x) > 0 for all x ∈ (a, b);

(ii) there exist numbers α and β with a ≤ α ≤ β ≤ b for which h is
strictly increasing on [a, α), constant on (α, β), and strictly decreasing
on (β, b];

(iii) if one of the functions f1, . . . , fn has at most one global maximum point
in [a, b], then so does h;

(iv) the product h is constant on [a, b] if and only if each of the functions
f1, . . . , fn is constant on [a, b];

(v) if f1, . . . , fn are differentiable at a point x ∈ (a, b), then h′(x) > 0 if
x ∈ (a, α), while h′(x) < 0 if x ∈ (β, b).

Lemma A.3. If assumptions 1–3 are satisfied, there exists pa,e such that
ca,e(pa,e) = maxp∈[0,1] ca,e(p). Moreover, if a > 0, then pa,e < 1 uniquely
maximizes ca,e.

Proof. By lemma A.2, λ is continuous on [0, 1]. It follows that ca,e is con-
tinuous. By the extreme value theorem, ca,e attains its maximum, i.e., there
exists pa,e ∈ [0, 1] such that ca,e(pa,e) = maxp∈[0,1] ca,e(p).
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Note that a > 0 implies that there is at least some value of p for which
ca,e(p) > 0: if e ≥ 0 this is true for all p ∈ (0, 1) and if e < 0 this is true
because

a− 2e
2(a− e) ∈ (0, 1), and

ca,e

(
a− 2e

2(a− e)

)
= 1

2aλ
(
a− 2e

2(a− e)

)
> 0.

It follows that ca,e(pa,e) > 0. Since λ(1) = 0, ca,e(1) = 0 < ca,e(pa,e). So
pa,e 6= 1.

To see that a > 0 implies uniqueness of the maximum, write ca,e as the
product of two concave functions:

ca,e(p) = (e+ (a− e)p)λ(p),

where λ is concave by assumption 2 and e + (a − e)p is concave because it
is linear. Uniqueness of the maximum is established by checking that the
conditions of theorem A.1.iii are satisfied.

As a result of assumptions 1 and 3 the function λ is nonnegative and not
identically zero on [0, 1]. If a > 0 and e ≥ 0 then the function e+ (a− e)p is
also nonnegative and not identically zero on [0, 1]. If on the other hand a > 0
and e < 0 then e + (a − e)p is only nonnegative whenever p ≥ −e

a−e , where
−e
a−e < 1. So I restrict attention to the nonempty interval [max{0, −e

a−e}, 1].
In this interval both λ and e + (a− e)p are nonnegative and not identically
zero.

Moreover, on the interval [max{0, −e
a−e}, 1] the function λ has a unique

maximum at max{0, −e
a−e}. So by theorem A.1.iii, the function ca,e has a

unique maximum on the interval [max{0, −e
a−e}, 1]. Since ca,e < 0 whenever

0 ≤ p < −e
a−e , it follows that ca,e has a unique maximum on [0, 1].

Theorem A.2. If assumptions 1–3 are satisfied, and caβ > 0 and vaβ > 0,
then there exist unique values pC < 1 and pV < 1 that maximize the functions
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C and V respectively, i.e.,

C(pC) = max
p∈[0,1]

C(p) and V (pV ) = max
p∈[0,1]

V (p).

Proof. Note that C and V are special cases of ca,e, with C = ccaβ,ceα and
V = cvaβ,veα. Because caβ > 0 and vaβ > 0 the conditions of lemma A.3
apply to C and V . The result follows immediately.

The above result is a somewhat more general version of theorem 1 in the
paper. To see this, first recall the following assumptions.

Assumption 4 (Imperfect peer review). The peer review acceptance proba-
bilities are such that α > 0 and β > 0.

Assumption 5 (Positive value). Accurate results have positive credit value
(ca > 0) and social value (va > 0).

Theorem 1 now follows as a corollary of theorem A.2.

Theorem 1 (Unique maxima). If assumptions 1–5 are satisfied, then there
exist unique values pC < 1 and pV < 1 that maximize the functions C and V
respectively, i.e.,

C(pC) = max
p∈[0,1]

C(p) and V (pV ) = max
p∈[0,1]

V (p).

Proof. From β > 0, ca > 0, and va > 0, it follows that caβ > 0 and vaβ > 0.
Hence theorem A.2 applies.

Having established the existence of a unique maximum for each of the
functions C, V , and ca,e, I now prove a number of lemmas that are instru-
mental in establishing the main rushing into print result.

Lemma A.4. If assumptions 1–3 are satisfied, a > 0 and a > 2e, then
pa,e > 0 (where pa,e uniquely maximizes ca,e).
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Proof. Since a > 0, the function ca,e has a unique maximum at pa,e by
lemma A.3. It follows from a > 2e that a−2e

2(a−e) ∈ (0, 1). Using the defi-
nition of concavity (see assumption 2) with t = a−2e

2(a−e) , p = 1, and q = 0
yields:

λ

(
a− 2e

2(a− e)

)
≥ a

2(a− e)λ(0) + a− 2e
2(a− e)λ(1) = a

2(a− e)λ(0),

where the equality uses the fact that λ(1) = 0. Hence,

ca,e

(
a− 2e

2(a− e)

)
= 1

2aλ
(
a− 2e

2(a− e)

)
≥ a2

4(a− e)λ(0).

Now note that (a− 2e)2 > 0 and therefore a2 > 4e(a− e). Since a− e > 0,

ca,e

(
a− 2e

2(a− e)

)
≥ a2

4(a− e)λ(0) > eλ(0) = ca,e(0).

This shows that ca,e is not maximized at p = 0.

Lemma A.5. If assumptions 1–3 are satisfied, and a > 0, the function ca,0
(that is, ca,e with e = 0) is uniquely maximized at p∗ ∈ (0, 1), where the value
of p∗ does not depend on the value of a, and ca,0 is increasing on [0, p∗] and
decreasing on [p∗, 1].

Proof. The conditions of this lemma entail that the conditions of lemmas
A.3, and A.4 are satisfied. Hence there exists p∗ ∈ (0, 1) that uniquely
maximizes ca,0. Because ca,0(p) = apλ(p), a is merely a scaling constant, so
the maximum is unchanged when a changes.

It remains to show that ca,0 is monotonically increasing on [0, p∗] and
decreasing on [p∗, 1]. Note (as in the proof of lemma A.3) that ca,0 can
be written as the product of two concave functions (ap and λ) that are
nonnegative and not identically zero on [0, 1]. So by theorem A.1.ii, there
exist x1 and x2 such that ca,e is increasing on [0, x1), constant on (x1, x2),
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and decreasing on (x2, 1]. Since the maximum is unique, it follows that
x1 = x2 = p∗.

Lemma A.6. If assumptions 1–3 are satisfied and moreover a > 0 and
e ≥ 0, then pa,e ≤ p∗ (where pa,e uniquely maximizes ca,e and p∗ is as defined
in lemma A.5).

Proof. The existence and uniqueness of pa,e and p∗ follow from lemmas A.3
and A.5 respectively. Suppose for reductio that pa,e > p∗. By definition
p∗ maximizes the function ca,0 (see lemma A.5), so ap∗λ(p∗) > apa,eλ(pa,e).
Since λ is decreasing (hence λ(p∗) ≥ λ(pa,e)) and e ≥ 0 it also follows that
e(1− p∗)λ(p∗) ≥ e(1− pa,e)λ(pa,e). So

ca,e(p∗) = ap∗λ(p∗) + e(1− p∗)λ(p∗)

> apa,eλ(pa,e) + e(1− pa,e)λ(pa,e) = ca,e(pa,e).

But pa,e maximizes ca,e by definition, which entails ca,e(pa,e) ≥ ca,e(p∗). Con-
tradiction. So pa,e ≤ p∗.

Lemma A.7. If assumptions 1–3 are satisfied and moreover a > 0 and
e ≤ 0, then pa,e ≥ p∗ (where pa,e uniquely maximizes ca,e and p∗ is as defined
in lemma A.5).

Proof. The existence and uniqueness of pa,e and p∗ follow from lemmas A.3
and A.5 respectively. Suppose for reductio that pa,e < p∗. By definition
p∗ maximizes the function ca,0 (see lemma A.5), so ap∗λ(p∗) > apa,eλ(pa,e).
Since λ is decreasing (hence λ(p∗) ≤ λ(pa,e)) and e ≤ 0 it also follows that
e(1− p∗)λ(p∗) ≥ e(1− pa,e)λ(pa,e). So

ca,e(p∗) = ap∗λ(p∗) + e(1− p∗)λ(p∗)

> apa,eλ(pa,e) + e(1− pa,e)λ(pa,e) = ca,e(pa,e),

But pa,e maximizes ca,e by definition, which entails ca,e(pa,e) ≥ ca,e(p∗). Con-
tradiction. So pa,e ≥ p∗.
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Assumption A.1. One of the following conditions holds: either

vaβ ≥ caβ > 0 and ceα ≥ 0 and ceα ≥ veα, (A.1)

or

caβ ≥ vaβ > 0 and ceα ≤ 0 and ceα ≥ veα. (A.2)

Theorem A.3. Let assumptions 1–3 and A.1 be satisfied. Define pC and pV
as in theorem A.2. Then pC ≤ pV .

Proof. Both sets of conditions imply that caβ > 0 and vaβ > 0, so theo-
rem A.2 applies. Define pC and pV to be those choices of p that uniquely
maximize the functions C and V respectively.

Assumption A.1 specifies two sets of conditions. I prove the result for
the two sets separately. Consider the first set of conditions, as specified
in equation (A.1). Because caβ > 0 and ceα ≥ 0, lemma A.6 applies, so
pC ≤ p∗, where p∗ is as defined in lemma A.5. Suppose for reductio that
pV < pC . Since pC uniquely maximizes the function C, C(pC) > C(pV ).
Since 0 ≤ pV < pC ≤ p∗ and since the function pλ(p) is increasing on
the interval [0, p∗] by lemma A.5, pCλ(pC) > pV λ(pV ). Finally, since λ is
decreasing by assumption 1, (1− pC)λ(pC) < (1− pV )λ(pV ). Putting this all
together yields

V (pC) = C(pC) + (vaβ − caβ)pCλ(pC) + (veα− ceα)(1− pC)λ(pC)

> C(pV ) + (vaβ − caβ)pCλ(pC) + (veα− ceα)(1− pC)λ(pC)

≥ C(pV ) + (vaβ − caβ)pV λ(pV ) + (veα− ceα)(1− pV )λ(pV )

= V (pV ).

But this contradicts the supposition that pV maximizes V . So pC ≤ pV .
Now consider the second set of conditions, as specified in equation (A.2).

Because vaβ > 0 and veα ≤ 0, lemma A.7 applies, so pV ≥ p∗. Suppose

9



for reductio that pV < pC . Then C(pC) > C(pV ) because pC uniquely
maximizes C. Since p∗ ≤ pV < pC ≤ 1 and pλ(p) is decreasing on the
interval [p∗, 1] by lemma A.5, pCλ(pC) < pV λ(pV ). And, since λ is decreasing
by assumption 1, (1− pC)λ(pC) < (1− pV )λ(pV ). So

V (pC) = C(pC) + (vaβ − caβ)pCλ(pC) + (veα− ceα)(1− pC)λ(pC)

> C(pV ) + (vaβ − caβ)pV λ(pV ) + (veα− ceα)(1− pV )λ(pV )

= V (pV ).

But this contradicts the supposition that pV maximizes V . So pC ≤ pV .

The above theorem implies the main result from the paper (in particular,
assumption A.1 is strictly weaker than assumptions 4–6). Recall assump-
tion 6.

Assumption 6 (Credit and social value). Accurate results are awarded credit
proportional to their social value (ca = va), while the social value of erroneous
results is less than the credit given for them (ve < ce).

Theorem 2 (Rushing into print). Let assumptions 1–6 be satisfied, and
define pC and pV as in theorem 1. Then pC ≤ pV .

Proof. Assumptions 4–6 imply that caβ = vaβ > 0 and that ceα ≥ veα.
Thus, if ceα ≥ 0 the set of conditions (A.1) is satisfied, and if ceα ≤ 0 the
set of conditions (A.2) is satisfied. So assumptions 4–6 imply that assump-
tion A.1 holds, which means that theorem A.3 applies.

In order to get strict inequality some additional assumptions are needed.

Assumption 7 (Limited social value of errors). The social value of erroneous
results (weighted by the chance of acceptance) is less than half that of accurate
results: αve < βva/2.

This assumption guarantees that the function V is not maximized at zero
(using lemma A.4).
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Assumption 8 (The speed function is differentiable). The function λ is
differentiable on the interior of its domain, i.e., for all p ∈ (0, 1).

With these additional assumption the previous result can be strengthened
to a strict inequality.

Theorem A.4. Let assumptions 1–3, 7–8, and A.1 be satisfied, and assume
moreover that ve < ce. Define pC and pV as in theorem A.2. Then pC < pV .

Proof. Since the assumptions of theorem A.3 are satisfied, pC ≤ pV . Be-
cause vaβ > 2veα (by assumption 7) and vaβ > 0 (by assumption A.1), the
conditions of lemmas A.3 and A.4 are satisfied, so 0 < pV < 1. If pC = 0
this completes the proof, so assume that pC > 0. Then 0 < pC ≤ pV < 1
so the maximum of C is achieved in the interior of its domain. Because λ
is differentiable on (0, 1), C and V are differentiable on (0, 1). In particular,
since pC maximizes C, C ′(pC) = 0. To show that pC 6= pV it suffices to show
that V ′(pC) 6= 0.

Consider first the case where vaβ ≥ caβ and ceα ≥ 0 (condition (A.1) of
assumption A.1). Because ceα ≥ 0, lemma A.6 applies, so pC ≤ p∗, where p∗

is as defined in lemma A.5. Because λ is differentiable, the derivative of pλ(p)
exists and is given by pλ′(p) + λ(p). By lemma A.5, pλ(p) is increasing on
[0, p∗], which means its derivative is nonnegative, so in particular pCλ′(pC) +
λ(pC) ≥ 0. By assumption 1, λ′(pC) < 0. Putting all of this together yields

V ′(pC) = C ′(pC) + (vaβ − caβ)(pCλ′(pC) + λ(pC))

+ (veα− ceα)(1− pC)λ′(pC)− (veα− ceα)λ(pC)

≥ (veα− ceα)(1− pC)λ′(pC)− (veα− ceα)λ(pC) > 0.

Now consider the case where caβ ≥ vaβ and ceα ≤ 0. Because ceα ≤ 0,
lemma A.7 applies, so pC ≥ p∗. By lemma A.5, pλ(p) is decreasing on [p∗, 1],
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so pCλ′(pC) + λ(pC) ≤ 0. Hence

V ′(pC) = C ′(pC) + (vaβ − caβ)(pCλ′(pC) + λ(pC))

+ (veα− ceα)(1− pC)λ′(pC)− (veα− ceα)λ(pC)

≥ (veα− ceα)(1− pC)λ′(pC)− (veα− ceα)λ(pC) > 0.

This yields the result from the main text.

Theorem 3 (Strict inequality). Let assumptions 1–8 be satisfied, and define
pC and pV as in theorem 1. Then pC < pV .

Proof. As in the proof of theorem 2, note that assumptions 4–6 imply that
caβ = vaβ > 0 and that ceα ≥ veα. Thus, if ceα ≥ 0 the set of condi-
tions (A.1) is satisfied, and if ceα ≤ 0 the set of conditions (A.2) is satisfied.
So assumptions 4–6 imply that assumption A.1 holds.

Moreover, ve < ce holds by assumption 6. Hence all assumptions of
theorem A.4 hold, so pC < pV .

Next I consider a version of the model in which the scientist’s estimated
reproducibility level p (a subjective probability) is replaced by the actual
(objective) reproducibility level. To capture this formally, note that the sci-
entist’s choice of (subjective) reproducibility determines the objective repro-
ducibility. So I introduce an objective reproducibility function o, where o(p)
is interpreted as the objective reproducibility that results if the scientist’s
choice of (subjective) reproducibility is p.

As I argued in the main text, it seems reasonable to assume that the scien-
tist is usually pretty accurate in her estimations of reproducibility (o(p) ≈ p)
and that when she errs she is more likely to be overconfident than undercon-
fident (o(p) < p). So I assume that o(p) ≤ p, which should capture a large
range of cases.

I also assume that the objective reproducibility function is surjective.
This means that any objective reproducibility level is achievable in the sense
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that there exists a subjective reproducibility level corresponding to it.

Assumption 9 (Confident scientist). The objective reproducibility function
o : [0, 1] → [0, 1] is surjective, i.e., for all p ∈ [0, 1] there is a q ∈ [0, 1] such
that o(q) = p. Moreover, o(p) ≤ p for all p ∈ [0, 1].

A credit-maximizing scientist chooses reproducibility pC , the (subjective)
probability that maximizes the credit function C. Social value is maximized
if the scientist chooses her reproducibility such that the objective probability
maximizes the social value function V (i.e., V (o(·)) is maximized). The main
results can now be restated for this expanded version of the model.

Theorem A.5. Let assumptions 1–3, A.1, and 9 be satisfied. Define pC as
in theorem A.2. Let qV ∈ [0, 1] be any value such that

V (o(qV )) = max
q∈[0,1]

V (o(q)).

Then pC ≤ qV .

Proof. Because the assumptions of theorem A.3 are satisfied, there exist
unique values pC and pV that maximize the functions C and V respectively,
with pC ≤ pV . Let qV ∈ [0, 1] be any value that maximizes V (o(·)). Given
that V (pV ) = maxp∈[0,1] V (p) and given that the objective reproducibility
function o is surjective, it follows that V (o(qV )) = V (pV ). Since pV uniquely
maximizes V it follows further that o(qV ) = pV . By assumption 9 o(qV ) ≤ qV .
So pC ≤ pV = o(qV ) ≤ qV .

Corollary 1. Let assumptions 1–6 and 9 be satisfied, and define pC as in
theorem 1. Let qV be any value such that

V (o(qV )) = max
p∈[0,1]

V (o(p)).

Then pC ≤ qV .
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Proof. As noted in multiple previous proofs assumptions 4–6 imply assump-
tion A.1. The result follows immediately.

Theorem A.6. Let assumptions 1–3, 7–9, and A.1 be satisfied, and assume
moreover that ve < ce. Define pC as in theorem A.2 and qV as in theorem A.5.
Then pC < qV .

Proof. Because the assumptions of theorem A.4 are satisfied, there exist
unique values pC and pV that maximize the functions C and V respectively,
with pC < pV . Let qV ∈ [0, 1] be any value that maximizes V (o(·)). By the
same reasoning as above, pC < pV = o(qV ) ≤ qV .

Corollary 2. Let assumptions 1–9 be satisfied, define pC as in theorem 1,
and qV as in corollary 1. Then pC < qV .

Proof. As above.

B The Tradeoff Between Speed, Reproduci-
bility, and Impact

In this appendix I investigate a model in which there is a three-way trade-
off between speed, reproducibility, and impact. The scientist chooses the
minimal acceptable reproducibility p, and the level of impact she wishes to
achieve c (equated with the amount of credit she will be given if she is suc-
cessful), and her speed λ is determined as a function of p and c.

As before, p is interpreted as a probability, so its domain is naturally
constrained to the interval [0, 1]. The impact or credit c is not similarly
constrained. However, I assume that, at least for a given reproducibility p,
there is a maximum impact that can be achieved. The following definitions
formalize this setup.

Definition B.1. Let α, β ∈ [0, 1] and rc, rv ∈ R be fixed parameters.
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B.1.a. The maximum impact function is a function µ : [0, 1]→ [0,∞).

B.1.b. The domain (of admissible choices) is the setD = {(p, c) | p ∈ [0, 1], c ∈
[0, µ(p)]}.

B.1.c. The speed function is a function λ : D → [0,∞).

B.1.d. The credit function is the function C : D → R given by

C(p, c) = βpcλ(p, c) + α(1− p)rccλ(p, c)

for all (p, c) ∈ D.

B.1.e. The (social) value function is the function V : D → R given by

V (p, c) = βpcλ(p, c) + α(1− p)rvcλ(p, c)

for all (p, c) ∈ D.

I make a number of assumptions on the shape of λ. These assumptions
are very similar to the ones I made before, although they have to be adapted
to the new three-dimensional context.

Assumption B.1 (The speed function is decreasing).

B.1.a. For all p, p′ ∈ [0, 1], if p < p′ and c ≤ min{µ(p), µ(p′)}, then λ(p′, c) <
λ(p, c).

B.1.b. For all p ∈ [0, 1), if c < c′ ≤ µ(p), then λ(p, c′) < λ(p, c).

Note that assumption B.1.b excludes the case where p = 1. This is
because assumption B.2 below entails that λ(1, c) = 0 for all c, which is not
decreasing if µ(1) > 0.

Lemma B.1. If assumption B.1 is satisfied,

λ(p, c) ≤ λ(p, 0) ≤ λ(0, 0) <∞,
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for any (p, c) ∈ D.

Proof. The first inequality follows from assumption B.1.b and the second
from assumption B.1.a.

The next assumption has a role similar to assumption 3. It requires
that as the scientist gets close to perfect reproducibility (p → 1), her speed
vanishes (λ→ 0). This is required only when c = 0 (but see lemma B.6).

Additionally, the assumption requires (for fixed reproducibility) that as
the scientist gets close to maximum impact (c → µ(p)), her speed vanishes
(λ → 0). This formalizes the intended interpretation of µ as the maximum
impact that can be achieved at a given level of reproducibility.

Assumption B.2. The function λ vanishes as p or c approaches the edge of
its domain D.

B.2.a. limp→1 λ(p, 0) = 0.

B.2.b. For all p ∈ [0, 1], limc→µ(p) λ(p, c) = 0.

Lemma B.2. If assumptions B.1.b and B.2.b are satisfied, λ(p, µ(p)) = 0
for all p ∈ [0, 1).

Proof. Let p ∈ [0, 1) and ε > 0. By assumption B.2.b, there exists a c <
µ(p) such that λ(p, c) < ε. By assumption B.1.b and nonnegativity of λ,
0 ≤ λ(p, µ(p)) < λ(p, c) < ε. So λ(p, µ(p)) = 0.

Lemma B.3. If assumptions B.1 and B.2.b are satisfied, µ is decreasing on
[0, 1).

Proof. Let p < p′ < 1 and suppose for reductio that µ(p) ≤ µ(p′). Note
that it follows that µ(p) ≤ min{µ(p), µ(p′)}. By lemma B.2, λ(p, µ(p)) =
λ(p′, µ(p′)) = 0. But by assumption B.1,

λ(p, µ(p)) > λ(p′, µ(p)) ≥ λ(p′, µ(p′)).

Contradiction. So µ(p′) < µ(p).
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Lemma B.4. If assumptions B.1 and B.2.b are satisfied, µ is bounded from
above on [0, 1) by µ(0) <∞.

Proof. Immediate from lemma B.3.

Lemma B.5. If assumptions B.1 and B.2.b are satisfied, λ(p, c) ≤ λ(0, c) <
∞ for any (p, c) ∈ D.

Proof. Let (p, c) ∈ D. By definition c ≤ µ(p). By lemma B.4 µ(p) ≤ µ(0).
So c ≤ min{µ(p), µ(0)}. So by assumption B.1.a λ(p, c) ≤ λ(0, c).

Lemma B.6. If assumptions B.1 and B.2 are satisfied, limp→1 µ(p) exists
and limp→1 λ(p, c) = 0 for all c ∈ [0, limp→1 µ(p)].

Proof. By lemma B.3, µ is decreasing, and by definition, µ is bounded from
below (by 0). Hence limp→1 µ(p) exists.

Let 0 ≤ c ≤ limp→1 µ(p) and ε > 0. By assumption B.2.a, there exists
p′ < 1 such that λ(p, 0) < ε for all p ∈ (p′, 1). By assumption B.1.b and
nonnegativity of λ, 0 ≤ λ(p, c) ≤ λ(p, 0) < ε. So limp→1 λ(p, c) = 0.

Lemma B.7. If assumptions B.1 and B.2 are satisfied, λ(1, c) = 0 for all
c ≤ min{µ(1), limp→1 µ(p)}.

Proof. Let c ≤ min{µ(1), limp→1 µ(p)} and ε > 0. By lemma B.6, there
exists p < 1 such that λ(p, c) < ε. By assumption B.1.a and nonnegativity
of λ, 0 ≤ λ(1, c) < λ(p, c) < ε. So λ(1, c) = 0.

Assumption B.3 (The speed function is concave). For any (p, c), (p′, c′) ∈
D and t ∈ [0, 1],

B.3.a. (tp+ (1− t)p′, tc+ (1− t)c′) ∈ D;

B.3.b. tλ(p, c) + (1− t)λ(p′, c′) ≤ λ(tp+ (1− t)p′, tc+ (1− t)c′).

It does not follow from the definition of the domain D of λ or the assump-
tions made so far that (tp+ (1− t)p′, tc+ (1− t)c′) ∈ D, but this is required
for the idea of a concave function to make sense, hence assumption B.3.a.
The next lemma characterizes the meaning of assumption B.3.a.
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Lemma B.8. The following are equivalent:

1. Assumption B.3.a;

2. The set D is convex;

3. The function µ is concave.

Proof. Note first that tp+ (1− t)p′ ∈ [0, 1] for all p, p′, t ∈ [0, 1].
1 ⇒ 2: A set is convex if every convex combination of two points in the

set is itself in the set. Assumption B.3.a requires exactly that.
2 ⇒ 3: Let p, p′, t ∈ [0, 1]. By definition, (p, µ(p)), (p′, µ(p′)) ∈ D. By 2,

it follows that (tp+(1− t)p′, tµ(p)+(1− t)µ(p′)) ∈ D. So by definition of D,
tµ(p) + (1− t)µ(p′) ≤ µ(tp+ (1− t)p′). So µ is concave.

3⇒ 1: Let (p, c), (p′, c′) ∈ D and t ∈ [0, 1]. Then

tc+ (1− t)c′ ≤ tµ(p) + (1− t)µ(p′) ≤ µ(tp+ (1− t)p′),

where the latter inequality follows from the concavity of µ. So (tp + (1 −
t)p′, tc+ (1− t)c′) ∈ D.

Corollary B.1. If assumptions B.1, B.2 and B.3.a are satisfied, µ(1) ≤
limp→1 µ(p), and hence lemmas B.3 and B.4 apply also when p = 1.

Proof. By lemma B.6, limp→1 µ(p) exists. By lemma B.8, µ is concave.
µ(1) ≤ limp→1 µ(p) follows from this.

Lemma B.9. If assumptions B.1–B.3 are satisfied, then for all p ∈ [0, 1]
limc→0 λ(p, c) = λ(p, 0).

Proof. Let p ∈ [0, 1]. First consider the case p = 1. λ(1, c) = 0 for all
c ≤ µ(1) by lemma B.7, so limc→0 λ(1, c) = 0 = λ(1, 0).

If p < 1, limc→0 λ(p, c) exists because λ is decreasing in c (assump-
tion B.1.b) and bounded from above (lemma B.1). Lemma B.1 implies that
limc→0 λ(p, c) ≤ λ(p, 0). This inequality cannot be strict because λ is concave
(cf. the proof of lemma A.2).
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Lemma B.10. If assumptions B.1, B.2.b and B.3 are satisfied, then for all
c ∈ [0, µ(0)) limp→0 λ(p, c) = λ(0, c).

Proof. Let c ∈ [0, µ(0)). limp→0 λ(p, c) exists because λ is decreasing in p

(assumption B.1.a) and bounded from above (lemma B.5). Lemma B.5 im-
plies that limp→0 λ(p, c) ≤ λ(0, c). This inequality cannot be strict because
λ is concave (cf. the proof of lemma A.2).

Lemma B.11. If assumptions B.1–B.3 are satisfied, λ is continuous.

Proof. Because λ is concave, it is continuous at any interior point of its
domain. It remains to show that λ is continuous on the borders, that is at
those points (p, c) with p = 0, p = 1, c = 0, or c = µ(p). I give a proof for
the case c = 0 (the other cases are similar).

Note first that λ is continuous when one of its arguments is held fixed:
the function λ(·, 0) (the restriction of λ along the p-axis) is continuous due
to concavity (at least for non-extreme values of p), and the function λ(p, ·)
is continuous for any fixed value of p: for 0 < c < µ(p) this follows from
concavity, for c = 0 this follows from lemma B.9, and for c = µ(p) this
follows from assumption B.2.b and lemma B.2.

Let p ∈ (0, 1) and ε > 0 (I set aside the cases where p = 0 or p = 1 to
avoid having to worry about certain technicalities, but essentially the same
proof works for those cases too.). By the foregoing there exists δ1 > 0 such
that λ(p′, 0) < λ(p, 0)+ε for every p′ ∈ (p−δ1, p+δ1). By assumption B.1.a,
λ(p′, 0) < λ(p, 0) + ε for every p′ > p− δ1. Similarly, there exists δ2 > 0 such
that λ(p, c′) > λ(p, 0)−ε/2 for every c′ < δ2. And, given the particular value
of δ2 just chosen, there exists δ3 > 0 such that λ(p′, δ2) > λ(p, δ2) − ε/2 >
λ(p, 0)− ε for every p′ < p+ δ3.

Choose δ = min{δ1, δ2, δ3}. Let (p′, c′) ∈ D be such that 0 < ‖(p′, c′) −
(p, 0)‖ < δ. It follows that p− δ1 < p′ < p+ δ3 and 0 ≤ c′ < δ2. Hence, using
assumption B.1.b and the facts established in the previous paragraph,

λ(p, 0)− ε < λ(p′, δ2) < λ(p′, c′) ≤ λ(p′, 0) < λ(p, 0) + ε.
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So |λ(p′, c′)− λ(p, 0)| < ε. So λ is continuous at (p, 0).

Recall from topology the notion of the interior of a set. The interior of
a set A, written intA is the set of all points x ∈ A such that x is contained
in an open subset of A. Any point x ∈ A that is not in the interior of A
is called a boundary point of A. The interior of the domain D is the set
intD = {(p, c) | p ∈ (0, 1), c ∈ (0, µ(p))}.

Lemma B.12. If assumptions B.1–B.3 are satisfied, β > 0 and αrc > 0,
there is a unique point (pC , cC) ∈ D such that

C(pC , cC) = max
(p,c)∈D

C(p, c).

Moreover, either (pC , cC) ∈ intD or pC = 0.

Proof. Because λ is continuous (by lemma B.11), C is continuous as well.
By the extreme value theorem, there exists a point (pC , cC) ∈ D such that
C(pC , cC) = max(p,c)∈D C(p, c) (uniqueness will be shown below).

Note that C(p, c) > 0 for all (p, c) ∈ intD. Conversely, C(p, c) = 0 if
either c = 0, c = µ(p) (by lemma B.2), or p = 1 (by lemma B.7). Hence,
either (pC , cC) ∈ intD or pC = 0.

Let (p′, c′) 6= (pC , cC) be any point in D. To show uniqueness of the
maximum, it suffices to show that (p′, c′) does not maximize C.

Let f : [0, 1]→ [0,∞) be the function defined by

f(t) = C (tpC + (1− t)p′, tcC + (1− t)c′)

= (αrc + (β − αrc) (tpC + (1− t)p′))

· (tcC + (1− t)c′)λ (tpC + (1− t)p′, tcC + (1− t)c′)

for all t ∈ [0, 1]. Because C is maximized at (pC , cC), f is maximized at
t = 1.

Note that f can be written as the product of three concave and nonneg-
ative functions: λ is a concave function of t as a consequence of assump-
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tion B.3, and αrc + (β − αrc)(tpC + (1 − t)p′) and tcC + (1 − t)c′ are linear
functions of t and hence also concave. Moreover, since either pC 6= p′ or
cC 6= c′, at least one of the functions αrc + (β − αrc)(tpC + (1 − t)p′) and
tcC + (1 − t)c′ has a unique maximum (e.g., if cC > c′, tcC + (1 − t)c′ is
maximized at t = 1). Finally, none of the three functions are identically zero
on [0, 1]. So it follows from theorem A.1.iii that f has a unique maximum at
t = 1. Hence C(p′, c′) = f(0) < f(1) = C(pC , cC).

Lemma B.13. If assumptions B.1–B.3 are satisfied and αrc > β > 0, then
the unique point (pC , cC) ∈ D that maximizes the function C satisfies pC = 0.

Proof. The assumptions of this lemma are a special case of the assumptions
of lemma B.12, so there exists a unique point (pC , cC) ∈ D that maximizes
the function C, and either (pC , cC) ∈ intD or pC = 0. Suppose for reductio
that (pC , cC) ∈ intD, i.e., 0 < pC < 1 and 0 < cC < µ(pC) < µ(0). Then

C(pC , cC) = (αrc + (β − αrc)pC)cCλ(pC , cC).

By assumption B.1.a, λ(pC , cC) < λ(0, cC) and by the assumptions of this
lemma, αrc + (β − αrc)pC < αrc. Hence

C(pC , cC) < αrccCλ(0, cC) = C(0, cC),

which contradicts the supposition that (pC , cC) ∈ intD maximizes the func-
tion C. So pC = 0.

Lemma B.14. If assumptions B.1–B.3 are satisfied, β > 0 and αrc ≤ 0,
there is a unique point (pC , cC) ∈ intD such that

C(pC , cC) = max
(p,c)∈D

C(p, c).

Proof. Because λ is continuous (by lemma B.11), C is continuous as well.
By the extreme value theorem, there exists a point (pC , cC) ∈ D such that
C(pC , cC) = max(p,c)∈D C(p, c) (uniqueness will be shown below).
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Let D+
C =

{
(p, c) ∈ D | p ≥ −αrc

β−αrc

}
. Because β > 0 and αrc ≤ 0, 0 ≤

−αrc

β−αrc
< 1. Hence intD+

C =
{
(p, c) | −αrc

β−αrc
< p < 1, 0 < c < µ(p)

}
is non-

empty.
As the name suggests, the significance of D+

C is that it denotes the part
of the domain where C is nonnegative. More precisely, C(p, c) > 0 if (p, c) ∈
intD+

C , C(p, c) = 0 if (p, c) is a boundary point of D+
C , and C(p, c) < 0 if

(p, c) ∈ D \D+
C . It follows that (pC , cC) ∈ intD+

C and (since intD+
C ⊆ intD)

that (pC , cC) ∈ intD.
Let (p′, c′) 6= (pC , cC) be any point in D. To show uniqueness of the

maximum, it suffices to show that (p′, c′) does not maximize C. If (p′, c′) /∈
intD+

C then the proof is done because C(p′, c′) ≤ 0 < C(pC , cC). So suppose
(p′, c′) ∈ intD+

C .
Let f : [0, 1]→ [0,∞) be the function defined by

f(t) = C (tpC + (1− t)p′, tcC + (1− t)c′)

= (αrc + (β − αrc) (tpC + (1− t)p′))

· (tcC + (1− t)c′)λ (tpC + (1− t)p′, tcC + (1− t)c′)

for all t ∈ [0, 1]. Because C is maximized at (pC , cC), f is maximized at
t = 1.

Note that f can be written as the product of three concave and nonneg-
ative functions: λ is a concave function of t as a consequence of assump-
tion B.3, and αrc + (β − αrc)(tpC + (1 − t)p′) and tcC + (1 − t)c′ are linear
functions of t and hence also concave. Moreover, since either pC 6= p′ or
cC 6= c′, at least one of the functions αrc + (β − αrc)(tpC + (1 − t)p′) and
tcC + (1 − t)c′ has a unique maximum. Finally, none of the three functions
are identically zero on [0, 1]. So it follows from theorem A.1.iii that f has a
unique maximum at t = 1. Hence C(p′, c′) = f(0) < f(1) = C(pC , cC).

Combining these lemmas yields the first theorem for this model.
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Assumption B.4 (Imperfect peer review). The peer review acceptance prob-
abilities are such that α > 0 and β > 0.

Theorem B.1 (Unique maxima (redux)). If assumptions B.1–B.4 are sat-
isfied, then there exist unique points (pC , cC) and (pV , cV ) that maximize the
functions C and V respectively, i.e.,

C(pC , cC) = max
(p,c)∈D

C(p, c) and V (pV , cV ) = max
(p,c)∈D

V (p, c).

Moreover, pC < 1 and 0 < cC < µ(pC); and pV < 1 and 0 < cV < µ(pV ).

Proof. For the function C, the result follows immediately from lemma B.12
if rc > 0 (and hence αrc > 0) and from lemma B.14 if rc ≤ 0 (and hence
αrc ≤ 0).

Since the function V is identical to the function C except that rc is
replaced with rv, the result for V similarly follows from lemma B.12 if rv > 0
and from lemma B.14 if rv ≤ 0.

Theorem B.2. Let assumptions B.1–B.4 be satisfied. Assume also that rv ≤
rc. Define (pC , cC) and (pV , cV ) as in theorem B.1. Then either pC < pV or
(pC , cC) = (pV , cV ).

Proof. Suppose for reductio that pC ≥ pV and that (pC , cC) 6= (pV , cV ) (that
is, either pC 6= pV or cC 6= cV ). Because (pC , cC) and (pV , cV ) are distinct,
and (pV , cV ) uniquely maximizes V ,

V (pV , cV ) = (αrv + (β − αrv)pV )cV λ(pV , cV )

> (αrv + (β − αrv)pC)cCλ(pC , cC) = V (pC , cC).

I claim that it follows that cV λ(pV , cV ) > cCλ(pC , cC). To see this, it is useful
to distinguish two cases.

If β ≥ αrv then the supposition that pC ≥ pV yields αrv + (β−αrv)pC ≥
αrv+(β−αrv)pV (moreover, the latter is positive since V (pV , cV ) is positive).
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But then the only way V (pV , cV ) > V (pC , cC) can be true is if cV λ(pV , cV ) >
cCλ(pC , cC).

If, on the other hand, β < αrv it follows that β < αrc. So pC = 0
by lemma B.13 and hence also pV = 0 (because pC ≥ pV ). But then the in-
equality established above reduces to αrvcV λ(pV , cV ) > αrvcCλ(pC , cC) which
(given that αrv > β > 0) is equivalent to cV λ(pV , cV ) > cCλ(pC , cC).

Combining the fact V (pV , cV ) > V (pC , cC), cV λ(pV , cV ) > cCλ(pC , cC),
pC ≥ pV and rc ≥ rv yields

C(pV , cV ) = V (pV , cV ) + α(rc − rv)(1− pV )cV λ(pV , cV )

> V (pC , cC) + α(rc − rv)(1− pC)cCλ(pC , cC) = C(pC , cC).

But this contradicts the fact that (pC , cC) maximizes C. So the supposition
is false, which means that either (pC , cC) = (pV , cV ) or pC < pV .

Assumption B.5 (Credit and social value). The social value of erroneous
results is less than the credit given for them: rv < rc.

Theorem B.3 (Rushing into print (redux)). Let assumptions B.1–B.5 be
satisfied, and define (pC , cC) and (pV , cV ) as in theorem B.1. Then pC ≤ pV .

Proof. Since assumption B.5 implies that rv ≤ rc, the assumptions of theo-
rem B.2 are satisfied. Hence either pC < pV or (pC , cC) = (pV , cV ). But this
clearly implies pC ≤ pV .

In order to rule out the case that (pC , cC) = (pV , cV ) (and thus conclude
that pC < pV ) two additional assumptions are needed. First, in order to rule
out that pC = pV = 0 I assume that the social value of erroneous results is
significantly lower than the social value of accurate results. Whereas before
a factor two sufficed (αve < βva/2), here a factor three is required.

Assumption B.6 (Limited social value of errors). The social value of erro-
neous results (weighted by the chance of acceptance) is less than a third that
of accurate results: αrv < β/3.
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Lemma B.15. Let assumptions B.1–B.4, and B.6 be satisfied, and define
(pV , cV ) as in theorem B.1. Then (pV , cV ) ∈ intD.

Proof. By theorem B.1 either (pV , cV ) ∈ intD or pV = 0. So it suffices to
show that pV 6= 0.

Suppose for reductio that (0, c) maximizes V for some 0 < c < µ(0) and
that αrv > 0 (the case αrv ≤ 0 is handled by lemma B.14). By assump-
tion B.6 β > 3αrv and so t ∈ (0, 1

4), where t is defined by

t = β − 3αrv
4(β − αrv)

and hence 1− t = 3β − αrv
4(β − αrv)

.

Using assumption B.3 and λ(1, 0) = 0 (by lemma B.7),

(1− t)λ(0, c) = (1− t)λ(0, c) + tλ(1, 0) ≤ λ(t, (1− t)c).

But then

V (t, (1− t)c) =
(
βt(1− t)c+ αrv(1− t)2

)
λ(t, (1− t)c)

≥ (1− t)2 (βtc+ αrv(1− t)c)λ(0, c)

> αrvcλ(0, c) = V (0, c),

where the second inequality follows because t was chosen such that

(1− t)2 (βt+ αrv(1− t))− αrv = (β − 3αrv)2(9β − 7αrv)
64(β − αrv)2 > 0.

Since V (t, (1 − t)c) > V (0, c), V does not have a maximum at (0, c). Con-
tradiction.

Second, I assume that the function λ is differentiable in its first argument
on the interior of its domain.

Assumption B.7 (The speed function is differentiable (in p)). The partial
derivative of the function λ with respect to its first argument exists on the
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interior of its domain, i.e., ∂
∂p
λ(p, c) exists whenever 0 < p < 1 and 0 < c <

µ(p).

Theorem B.4 (Strict inequality (redux)). Let assumptions B.1–B.7 be sat-
isfied, and define (pC , cC) and (pV , cV ) as in theorem B.1. Then pC < pV .

Proof. Since all the conditions of theorem B.2 are satisfied, either pC < pV

or (pC , cC) = (pV , cV ). So it suffices to show that (pC , cC) 6= (pV , cV ).
Since the conditions of lemma B.15 are also satisfied, (pV , cV ) ∈ intD. If

(pC , cC) /∈ intD the proof is finished, so suppose (pC , cC) ∈ intD.
Assumption B.7 then entails that the partial derivatives of C and V

with respect to their first argument exist at (pC , cC). Since (pC , cC) is an
extremum of C achieved in the interior of its domain, ∂

∂p
C(pC , cC) = 0. By

assumption B.1.a, ∂
∂p
λ(pC , cC) < 0. Hence

∂

∂p
V (pC , cC) = ∂

∂p
C(pC , cC) + (αrc − αrv)cCλ(pC , cC)

+ (αrv − αrc)(1− pC)cC
∂

∂p
λ(pC , cC) > 0.

So (pC , cC) does not maximize V . So (pC , cC) 6= (pV , cV ).
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