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1. Introduction

In most procurement, the projects (objects) can be delivered at variable quality levels measured by multiple non-
monetary attributes; therefore, it is indispensable to define and assess quality. However, the buyer usually does not usu-
ally possess the specific industrial expertise necessary for quality evaluation. Che (2006) notes that “In many procurement
settings, ... the quality of the job provided is not easy to verify or is simply unobservable to the buyer.” Therefore, a procure-
ment auction usually involves an agent (he) who intermediates between the buyer (she) and the supplying firm(s) (it/they).!
Because the agent has some discretionary power in quality evaluation, he may use this power to seek a bribe from a corrupt
firm. The problem of quality manipulation arises when the agent distorts reports of quality scores of bids. In particular, the
agent can exaggerate the corrupt firm’s quality score and make it more likely to win the contract.

Kuhn and Sherman (2014) report that member states of the European Union lose approximately billion to corruption in
procurement each year. They note that “The cost of corruption in public contracting is not only measured by money lost.
Corruption distorts competition, can reduce the quality, sustainability, and safety of public projects and purchases, and reduce
the likelihood that the goods and services purchased really meet the public’ s needs.” In numerous studies of corruption
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1 In reality, the procurement task is monitored by a street-level bureaucrat, contract supervisor, or inspector. The task is then delegated to a procurement
agency that specializes in that industry. The auction is usually conducted in some government-supervised trading center. A committee of experts scores
the quality of received bids. Thus, there are several layers of agency between the buyer and the firm. We abstract from reality by modeling all these
intermediate parties as one agent.
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in procurement, economists have devoted particular attention to bidding rings,2 which suppress competition and entail
monetary losses to the buyer, but quality manipulation has received relatively less attention. In this paper, we study the
collusion between the agent and a corrupt firm and emphasize how such corruption may distort the quality of a project
and affect the buyer’s payoff. Our main contribution is to show how the buyer can adjust the procurement mechanism to
combat quality manipulation corruption.

In most procurement auctions, firms essentially submit bids as price-quality combinations that include items in the
proposal, incumbent status, capacity, and reputation. The three most commonly used formats of multi-attribute auctions are
(i) scoring auctions (request for proposals), (ii) buyer-determined auctions (request for information, design-build auctions
(Takahashi, 2018), or beauty contests (Yoganarasimhan, 2015), and (iii) minimum-quality auctions (request for quotes or
price-based auctions). In a scoring auction, the buyer announces and commits to a pre-announced scoring rule, and the
contract is awarded to the firm that receives the highest score. In a buyer-determined auction, the buyer does not commit
to a certain scoring rule and instead chooses a firm according to her preferences. If firms know the buyer’s preferences, a
buyer-determined auction becomes a scoring auction with the true preferences as the scoring rule.? In a minimum-quality
auction, the buyer specifies a minimum quality standard and all bids satisfying the requirement are evaluated on price
alone.*

Che (1993) analyzes several formats of scoring auctions and characterizes the optimal scoring rule. Under the optimal
scoring rule, the buyer understates (shades) her true preference for quality based on the trade-off between information
rent extraction and quality distortion. Asker and Cantillon (2008) show that scoring auctions dominate minimum-quality
auctions with respect to the buyer’s payoff.> Chen-Ritzo et al. (2005) provide experimental evidence indicating that scoring
auctions dominate traditional price-only auctions. Intuitively, given the winner’s quality level, rival firms are stronger in
a scoring auction than in a minimum-quality auction because the former auction format allows them to propose their
preferred quality levels. As a result, the winner’s information rent is lower in scoring auctions and the buyer is better off.

Regarding quality manipulation, the analysis of Burguet and Che (2004) is the most relevant work to our study. In their
model, an efficient firm and an inefficient firm compete for a contract in a scoring auction. Prior to the price competition
in the auction, these two firms compete on bribing the agent, and the winner’s quality score is exaggerated by an amount
m, measuring the agent’s manipulation power. A small m does not affect the allocational efficiency. However, when m is
sufficiently large, although the efficient firm has advantages in both the price competition and bribery competition, it cannot
guarantee that it will win the contract because the inefficient firm may spend all of its resources on either paying a high
bribe or submitting a low bid. In this case, the equilibrium involves mixed strategies, and the efficient firm wins with a
probability lower than one, which entails an efficiency loss.

We consider a model that differs from Burguet and Che (2004) in two respects. First, the corruption relationship is
exogenously determined in our model, instead of endogenously formed through a bribery competition.® In reality, explicit
bribery competition is nearly impossible under a well-functioning legal system, and corruption relationships are usually
based on favoritism formed before procurement. Second, in addition to scoring auctions, we also study minimum-quality
auctions as an important alternative auction format. Our analysis not only identifies firms’ equilibrium bidding strategies
but also discusses how the buyer should design the scoring rule and select auction formats under quality manipulation.

This setting allows us to separate the technological rent (of the efficient firm) and the corruption rent (of the corrupt firm),
which leads to three main results of the paper. The efficient firm has a cost advantage and thus receives the technological
rent.” Suppose that the inefficient firm is favored, its quality is exaggerated, and the resulting cost-saving is the corruption
rent. This corruption rent erodes the technological rent of the efficient firm, which is in the buyer’s interest. This gives rise
to our Result 1: The buyer may be better off than in a corruption-free environment because she (sometimes) only needs
to pay the difference between these two rents. In other words, the presence of corruption increases competition, and the
buyer reaps the benefit. This result is the opposite of the conventional wisdom that the presence of corruption harms the
buyer.?

2 A bidding ring refers to a group of bidders that coordinate their bids to avoid competition within the ring. The literature on bidding rings is rich in
both theoretical analysis (e.g., Graham et al., 1990; McAfee and McMillan, 1992; and Hendricks et al., 2008) and empirical studies (e.g., Porter and Zona,
1993; Pesendorfer, 2000; Bajari and Ye, 2003, and Asker, 2010).

3 Che (1993) shows that the buyer can only use the truthful scoring rule if she lacks commitment power. Takahashi (2018) study buyer-determined
auctions with uncertain evaluation.

4 A minimum-quality auction is also subject to quality manipulation because an expert agent is needed to verify the fulfillment of the minimum quality
standard.

5 Asker and Cantillon (2008) also show that scoring auctions dominate buyer-determined and menu auctions. In a menu auction, bidders are allowed to
submit multiple price-quality combination bids instead of the single bid allowed in scoring auctions. The buyer will then determine the winner and the
item on its menu.

6 Celentani and Ganuza (2002) and Huang (2018) also assume that the corruption relationship is exogenous. In the literature on bidding rings, it is
common to assume that the collusion relationship is exogenously given. See, e.g., Porter and Zona (1993), Porter and Zona (1999), Bajari and Ye (2003),
and Athey et al. (2011).

7 Because the buyer does not know the efficiency (type) of the firms, the most efficient firm receives a rent due to incomplete information. The liter-
ature typically refers to this rent as the information rent. In this paper, because there is also incomplete information on the corruption relationship, we
distinguish between the two rents using the terms technological rent and corruption rent.

8 In most cases, the buyer (uninformed party) is harmed by corruption in the literature on bidding rings (e.g., Graham et al., 1990; McAfee and McMillan,
1992; and Hendricks et al., 2008), auctioneer-bidder cheating (e.g., Compte et al., 2005; Burguet and Perry, 2009; and Burguet and Perry, 2014), and quality
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Note that the buyer can influence the sizes of these two rents by adjusting the scoring rule. Under standard assumptions
regarding the cost function, the efficient firm’s technological rent is increasing in quality. In a second-best contract, the buyer
understates her preference for quality in the scoring rule to pay less of this rent. Under quality manipulation, however, if
the quality is manipulated excessively, rent extraction by the efficient firm is less of an issue for the buyer than paying for
the non-delivered quality from the inefficient-and-corrupt firm. In this case, the buyer may deter corruption by inducing a
high quality level such that the efficient firm can prevail.” This is our Result 2: In selecting the scoring rule, the buyer may
overstate her preference for quality to deter corruption.

Nevertheless, over-emphasizing quality comes at the cost of buying the project at an unnecessarily high quality. The
buyer faces the trade-off between deterring corruption to prevent quality manipulation and paying for upwardly distorted
quality. One way to alleviate this trade-off is to restrict firms from proposing high quality. A minimum-quality auction can
serve this purpose, as it reduces firms’ flexibility in quality choice. This leads to our Result 3: The buyer obtains a higher
payoff in a minimum-quality auction because the quality is less distorted than in a scoring auction. This result resolves
a paradox reported in the literature: Minimum-quality auctions are sub-optimal in theory but widely used in real-world
practice (Engelbrecht-Wiggans et al., 2007) and sometimes perform better (Tran, 2011).

Note that the key driving force of these three results is that the buyer can utilize the corruption rent to erode the
technological rent when these two rents belong to two firms. If the efficient firm is favored, the buyer would have to
pay both rents and be worse off under quality manipulation. These results have important policy implications that will be
presented in the concluding remarks.

1.1. Relationship to the literature

This paper offers new insights into two strands of literature: procurement design and corruption. Scoring auctions are
commonly used in procurement with variable quality. Che (1993) finds the optimal direct revelation mechanism and shows
how a scoring rule implements it. However, when the environment becomes complicated, seeking the optimal mechanism
becomes difficult. Branco (1997) considers a case in which firms’ costs are correlated and shows that the optimal mech-
anism cannot be implemented by first- or second-score auctions. Asker and Cantillon (2008) derive the equilibrium of a
scoring auction with multi-dimensional private information and quality attributes, but in a subsequent contribution (Asker
and Cantillon, 2010), they only find the optimal mechanism in a specific environment in which firm types are two binary
distributed random variables. David et al. (2006) characterize the optimal scoring rule within the class of weighted scoring
rules and demonstrate numerically that it is close to the optimal mechanism. Nishimura (2015) shows that implementing
the optimal mechanism requires substantial cost complementarity among quality attributes, meaning that a weighted scor-
ing rule cannot be optimal. Because we have incomplete information on both cost and the corruption relationship, we do
not take the direct revelation mechanism approach; instead, we restrict our study to the two most popular auction formats
and find the optimal way to apply them. In this way, we can characterize key factors of the procurement design problem
when quality is subject to manipulation.

Delegation is inevitable in procurement: The buyer needs an agent to either oversee the entire procurement procedure
or at least conduct the quality assessment. Such delegation creates numerous opportunities for corruption, such as using a
sub-optimal procurement mechanism (Laffont and Tirole, 1991), allowing bid rigging (Compte et al., 2005), misrepresenting
the buyer’s preferences (Gretschko and Wambach, 2016), and promoting collusion among firms (Fugger et al., 2015). Quality
manipulation, the focus of this paper, is a major form of corruption (Lengwiler and Wolfstetter, 2006).

In the presence of quality manipulation, procurement design becomes more complicated. In a single-firm context,
Burguet (2017) finds that the optimal contract depends on whether bribes are fixed or vary with the extent of quality
manipulation. When there is competition, Celentani and Ganuza (2002) show that, unlike usual auctions, increasing the
competitiveness of the environment (having more firms) may not reduce corruption. We find that competition may even
cause corrupt firms to win more often. Compte et al. (2005) find that, when there are quality concerns, policies that pre-
vent some firms from bribing become ineffective. Burguet and Che (2004) and Albano et al. (2017) demonstrate that the
buyer is better off by adopting a non-anonymous mechanism that handicaps some firms. We do not consider discriminat-
ing mechanisms in our analysis and instead focus only on simple and widely used auction formats. We emphasize that the
scope of quality manipulation and the probability of the efficient firm being favored play important roles in the design of
the procurement mechanism.

2. The model

The buyer seeks procurement of a project with variable quality ¢ € R, among firms. If the project is delivered at quality
q and the compensation is p € R, the buyer’s payoff is U(p, q) = q — p. The buyer chooses one of the two auction formats:
a scoring auction with a linear scoring rule (L) or a minimum-quality auction (M). If she chooses L, she specifies a scoring

manipulation (e.g., Celentani and Ganuza, 2002 and Burguet, 2017). Burguet and Che (2004) reach a similar result that “little manipulation power ... simply
makes the efficient firm compete aggressively. Thus surprisingly, corruption benefits the buyer.”

9 In this case, the agent will not be able to help the inefficient firm secure the contract. As a result, the inefficient firm does not have an incentive to
pay a bribe.
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rule S(p, q) = aq — p by selecting a quality weight « >0, which represents the monetary equivalent of quality (Dini et al.,
2006).19 The project is awarded to the firm with the highest score. In a scoring auction, the buyer is not bound to use her
true preferences as the scoring rule, instead, she can understate (a < 1) or overstate (o > 1) her preference for quality.!! If
the buyer chooses M, she specifies a minimum quality standard q. The contract is awarded to the firm that can satisfy the
quality standard at the lowest price.

After the auction format is announced, each firm submits a sealed bid in the form of a price-quality combination. Firm
i is characterized by the cost function C(gq, 6;) with one-dimensionalcost parameter 6;. If a firm wins the contract with bid
(p, q), its payoff is m(p,q;0) = p—C(q,0). A firm’s payoff is normalized to zero if it does not win the contract. The cost
function, C(q, 6), is strictly increasing in q and € and twice continuously differentiable with respect to both parameters.
Following Che (1993) and Burguet and Che (2004), assume that C(0,6) = 0, Cg >0, Cgq >0, Cgg > 0, Cyqp > 0, limg—, oo Cg = o0,
and limy_, o C; = 0. We impose that Cgqq > —C2; as a sufficient condition for the uniqueness of equilibrium in the case without
corruption (Proposition 2).

Because the buyer does not possess the necessary expertise to evaluate the quality of received bids, she hires an agent.
Following Burguet and Che (2004), we assume that the agent can manipulate the evaluation by exaggerating the corrupt
firm’s quality score by m> 0. We refer to this parameter m as the scope of quality manipulation.'> When m = 0, there is no
quality manipulation and we say that the agent is honest. The corruption relationship is formed exogenously.'?

The timeline of the procurement auction game is as follows: The buyer chooses the auction format and announces it.
Then, firms simultaneously submit their sealed bids (p, q). Thereafter, the agent evaluates the quality score of the corrupt
firm. In a scoring auction, the corrupt firm’s quality score is exaggerated by m, i.e., its score is exaggerated from S(p, q)
to S(p, ¢ + m). The contract is awarded to the firm with the highest score. In a minimum-quality auction, the corrupt firm
submits a quality ¢ — m instead of q under quality manipulation. The contract is awarded to the auction winner. To simply
the analysis, we adopt the tie-breaking rule of Burguet and Che (2004): The efficient firm wins the contract in the event of
a tie.

In Sections 2.1 and 2.2, we consider a benchmark model that closely resembles the environment of Burguet and Che
(2004). There are two firms, i = 1,2, with type 8, and 6,, respectively. Without loss of generality, assume that 6 <8,, so
firm 1 is efficient and firm 2 is inefficient. We begin the analysis with the case in which the inefficient firm is always the
corrupt one. Therefore, the buyer knows that there is an efficient firm (i = 1) and an inefficient-and-corrupt firm (i = 2) but
does not know which one is efficient.’* We assume complete information among firms: Each firm knows its opponent’s cost
parameter and corruption relationship.!” In this benchmark model, the technological rent and the corruption rent always
belong to two different firms, so the main intuition can be clearly presented. We then generalize the model to consider a
positive probability of the efficient firm being favored and the case with multiple firms. In Section 3, we discuss the case
with incomplete information on the corruption relationship and incomplete information on costs.

2.1. Scoring auction with linear scoring rule (L)

Suppose that the buyer adopts a linear scoring rule with quality weight o >0. As we know from Che (1993) and
Burguet and Che (2004), for any given «, it is a weakly dominant strategy for firm i to choose quality g;() =
arg maxq {eq — C(q, 6;)}, which maximizes the difference between the quality score and the cost of delivering this quality.'
Note that for « =0, ¢q1 (&) = qa(x) =0.

The maximum score!” that the efficient firm can obtain is

Si(a) = aqqi (o) — C(qq (@), 01), (1)

10 There is no loss of generality from considering a one-dimensional quality measure g in the buyer’s payoff function as long as the cost function is
convex and the scoring rule is quasilinear. The proof can be found in Lemma 1 of Huang (2018). Suppose that the cost function is ((q, ) and the scoring
rule is S(p.q) =V(q) — p. where q € RL; then, one can consider that the firm is producing a quality score v =V (q) with cost function C(v, §). As the form
of the cost function is flexible, one can re-scale the quality measure so that it enters the payoff function linearly. The linearity of the scoring rule does
impose some restrictions on the optimal scoring rule design. We consider the linearity setting due to both analytical tractability and the widespread use
of weighted linear scoring rules in procurement practice.

1 In a buyer-determined auction, if firms know the buyer’s true preference, then it is as if the buyer selection « = 1.

12 Burguet and Che (2004) argue that if there is no monitoring or the monitoring intensity is not correlated with m, the agent will always exert his full
manipulation power. We assume that preventing quality manipulation is impossible or too costly because the buyer lacks industrial expertise.

13 We treat the process of corruption relationship formation as a “black box”. Burguet (2017) “opens” this black box by using several specifications of
bribery models.

4 Under this assumption, the buyer cannot adopt a non-anonymous scoring rule that explicitly handicaps some specific firm(s) as in Burguet and Che
(2004).

15 The assumption of complete information about corruption relationship is widely used in studies of corruption in auctions (e.g., Bajari and Ye, 2003;
Burguet and Perry, 2009; and Athey et al., 2011). It circumvents the difficulty of having two layers of incomplete information on both cost and the cor-
ruption relationship. An alternative approach is to assume that other bidders are unaware of corruption and thus follow the corruption-free strategy (e.g.,
Porter and Zona, 1993; Aryal and Gabrielli, 2013; and Tian and Liu, 2008).

16 This holds under quality manipulation. The proof can be found in Burguet and Che (2004) and Huang (2018).

17 This term is called productive potential in Che (1993), pseudotype in Asker and Cantillon (2008), and effective cost in Hanazono et al. (2015).
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while the maximum score that the inefficient-and-corrupt firm can obtained is
$2(a) = aqz(a) - C(g2(@). 62) +am, (2)

where Ré = am represents the corruption rent of the corrupt firm. Under Bertrand-type competition, the auction outcome
is determined by the magnitudes of the maximum scores. In equilibrium, the firm with a higher maximum score wins the
contract by sightly outbidding the other firm.

We first consider the case when there is no quality manipulation (m = 0). We can easily show that the efficient firm
proposes a higher quality and has a higher maximum score.

Lemma 1. For 61 <05, qi(a)> qy(c). When m =0, $;(a) > $(a).

In equilibrium, the efficient firm wins the contract by proposing the price p; such that s; = aq; (@) — p; =5 (@) =
aqy (o) —C(qa (@), 0y). Therefore, p; = aqq (o) — $H () = aqq (o) — gy () +C(q2 (), B5), and firm 1 obtains profit

p1—C(q1(@). 61) = aqy (@) — C(qq (), 1) — gz () + C(q2 (), B2) = RE,
which is thetechnological rent of the efficient firm.
Lemma 2. For all >0, Rk > 0 and dRL/da > 0 and d?RL/da? > 0.
When m = 0, the buyer’s payoff is
Ugp () = a1 (@) = p1 = q1 (@) — C(ar (@), 61) — R}
Proposition 1. USLB is strictly concave. There is a unique second-best quality weight asp = arg maxy (o o) UéB (), and agg < 1.

Proposition 1 shows that the buyer chooses o by the classical trade-off between extracting firm 1's rent and distorting
quality from the efficient level. This implies that the buyer understates her preference for quality (ccgg <1).'8

Next, we consider the case with quality manipulation (m > 0). The following lemma shows that there is a threshold
quality weight & that determines the auction outcome.

Lemma 3. For any m > 0, there exists & > 0 such that $;(«) < Sy («) for ¢ < &; $1(@) =S$,(&); and $1(x) > SH(«) for o > @.
@ increases in m.

In other words, the efficient firm wins the contract when the quality weight is sufficiently large. The threshold quality
weight & is defined by the solution of §; («) = S, («), that is,

Rf =Rt & aqq (o) — C(q1 (@), 1) — aqz () + C(qa(e), 65) = am. (3)

Let Ul.L () denote the buyer’s payoff, where the subscript i indicates which firm wins the contract. The auction outcome
and the buyer’s payoff depends on the quality weight. By the tie-breaking rule, the efficient firm wins if « > & and p; =
oqq1 (o) — S5 (o). The buyer’s payoff is

U (@) = q1 (@) — p1 = g1 () — aqq () + $2(cx)
=(1-a)q (o) +a[ga(a) + m] — C(qz (), 62)
= q1(a) —C(q1 (), 61) — RS + R (4)

If, instead, @ < @, firm 2 has a larger maximum score and wins the contract. In equilibrium, it proposes the price p, such
that

$2 = aqz() +am— p; =51 ().
Thus, p; = gy () + om — $; (). In this case, the buyer’s payoff is
Uz (@) = qa(@) — pa = qa (@) — gz (@) — am + 5y ()
= (1 -a)qz(a) +a[q1 (@) —m] - C(q1(ex), 61)
= qa(r) — C(qa(ax). 02) + R — RE.

From U () and Uk (a). we can clearly see that the two rents, Rk and RL, offset each other.
In sum, the buyer’s payoff is a function with a discontinuity at &:

Ul() for o < @,
U (e) = {U?L(a) for a > @. (5)

The selection of the optimal quality weight a* is characterized by the following proposition.

18 When the buyer has complete information about costs, she would procure from firm 1 and choose arp = max, {q; (@) — C(q; (@), 6;)} = 1.
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Fig. 1. Buyer payoff and optimal quality weight in L.

Proposition 2. There exist two cutoff values of the scope of quality manipulation, m" and m", such that

o1 = arg MaXyc[0.00) Uk (o) if m < mt,
a*={a& if mt <m <mt,
oy = argmaxypoq UL () if m > mt.

The optimal quality weight consists of three intervals depending on the value of m, as illustrated by Fig. 1. Increasing
the quality weight has two effects: First, it increases the efficient firm’s technological rent relative to the corruption rent.
Second, overstating quality in the scoring rule causes the buyer to pay for an unnecessarily high quality. When m is small, by
selecting o1, the technological rent dominates. In this case, the selection of quality weight mainly reflects the classical trade-
off between rent extraction and quality distortion. When m becomes large, setting oy cannot guarantee that the efficient
firm will win, so the buyer deters corruption by adjusting the quality weight upward to &. Doing so raises the technological

19 Figs. 1-3 are generated in the setting of Example 1 in the Appendix.
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Fig. 2. Buyer payoff and optimal quality standard in M.

rent above the corruption rent, which prevents the inefficient-and-corrupt firm from winning. By selecting &, the buyer
pays zero rent because the two rents exactly offset one another, but it generates an upward distortion of quality. When
such distortion becomes sufficiently large, it is no longer worthwhile to increase «. The buyer chooses the «; that allows
firm 2 to win the contract rather than pay for excessively high quality.

Corollary 1. The buyer overstates her preference for quality (a* > 1) for some m.

By Eq. (3), & is determined by m :R% ()/a and the right-hand side is increasing by Lemma 2. The threshold qual-
ity weight & > 1 if m > R%(l). When a* = &, the buyer overstates her preference for quality (a* > 1). Here, the condition
m> R%(l) can be interpreted as indicating when the scope of quality manipulation is greater than the technological rent

under the truthful scoring rule.

Proposition 3. There exists m> 0 such that UL (a*) > ULy (crsp).
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Fig. 3. Comparison of L and M. Note: When m lies between the two vertical lines, M performs better than L. The starting points of U* and UM at m =0
represent the buyer’s payoffs without corruption. (For interpretation of the references to colour in this figure legend, the reader is referred to the web
version of this article.)

This result is intuitive. USLB(aSB) represents the buyer’s payoff without corruption (m = 0). By (4), UlL(a) =qi(a) —
C(qi(a),6y) —R% +RL = USLB(a) +am. From this expression, we see that the corruption rent erodes the technological rent.
As the buyer pays less rent, her payoff increases.

2.2. Minimum-quality auction (M)

Now consider that the buyer chooses the minimum-quality auction (M) with quality standard q. When there is no quality
manipulation (m = 0), because ((q, 61) <C(q, 8,), firm 1 wins the contract and the equilibrium prices are p; = p, = C(q, 6,)
under Bertrand-type competition. Firm 1 earns a profit R’}/' =C(q,6,) —C(q,61), which is its technological rent under M. The
buyer’s payoff is Ué‘g(q) =q —C(q, 6,), which has a unique maximum ¢sg. The second-best quality qsp is distorted downward
compared to the first-best quality standard qpp = argmaxq{q — C(q, 6;)}.

When there is quality manipulation (m > 0), firm 2 favored by the agent can meet the minimum quality standard by
delivering quality g — m.2 Hence, corruption allows the inefficient-and-corrupt firm to fulfill the minimum quality at a
lower cost. We define the amount of cost saving as the corruption rent, i.e., R’CV’ =C(q,0,) — C(q — m, 0,). When exaggerating
quality, firm 2 wins the contract if C(q —m, 6,) < C(q,6;), or equivalently, RQ/’ > R’}”. The following lemma shows that we
can find a threshold quality standard § that determines the auction outcome.

Lemma 4. For any m> 0, there exists § > 0 such that C(q—m,0,) > C(q,6;) for q <§; C(G—m,0,) =C(q,0;); and C(q—
m,0,) > C(q,6,) for q > §, G increases in m.

The buyer’s payoff is a function with a discontinuity at §:

Uy'(q) =q-m—C(q.61) forq<4.

X 6
UM(q)=q—C(q-m.6) forq=q. (6)

uM(q) = {
where the subscript indicates which firm wins the contract. The feature of the optimal quality standard is similar to the
optimal quality weight.
Proposition 4. There exist two cutoff values of the scope of quality manipulation, mM and mM, such that

@y = argmaXxgo o) UM(q) if m < mM,
q =14 if mM <m <mM,
@2 = arg MaXy(o o) UM(q) if m > mM.
The intuition is similar to that of Proposition 2: The buyer may raise the quality standard to ensure that the efficient
firm dominates the inefficient-and-corrupt firm, but doing so distorts the quality upward. When the loss from procuring

20 To avoid negative quality, we restrict m < gy(t).
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exceedingly high quality outweighs the benefit from deterring corruption, the buyer allows firm 2 to win the contract. As a
result, the optimal quality standard consists of three intervals, as illustrated in Fig. 2.

Corollary 2. The buyer overstates her preference for quality (q* > qrg) for some m.

When m is large enough such that C(qgp, 61) < C(qrg — m, 0;), then § > qrg. When q* = 4 as shown in Proposition 4, the
buyer requires a quality higher than the first-best level (q* > grg). The condition, C;(qrg, 61) < C2(qrg — m, 65), means that
the scope of quality manipulation is sufficiently large that the efficient firm cannot win at the first-best quality.

Similar to Proposition 3, it is straightforward to show that quality manipulation can benefit the buyer because the cor-
ruption rent of the inefficient firm erodes the technological rent of the efficient firm.

Proposition 5. There exists m> 0 such that UM(q*) > UM (qsp).

After obtaining both the optimal quality weight in L and the optimal quality standard in M, we can compare the buyer’s
payoffs under these two procurement mechanisms. We can show that, with quality manipulation, scoring auctions do not
always dominate minimum-quality auctions.

Proposition 6. There exists some m such that UM(q*) > UL(a*).

Fig. 3 illustrates the key trade-off between corruption deterrence and quality distortion and displays the three main
results. When m is small, the buyer will benefit from both rent savings and efficiency improvement because corruption
deterrence requires a higher quality than the second-best level. As a result, quality becomes closer to the first-best level,
and the buyer is better off than in a corruption-free environment (Propositions 3 and 5, Result 1).

As m becomes large, to deter corruption, the buyer must induce a higher procured quality, which eventually exceeds the
first-best level (Corollaries 1 and 2, Result 2). Paying for such an upwardly distorted quality is costly. From Fig. 3-(B), we
see that such quality distortion is less in M than in L. Because the buyer can deter corruption and procure at a lower quality
level in M than in L, M outperforms L in some cases (Proposition 6, Result 3).

Specifically, when m e [m, m!], by adopting L, the buyer must procure at a high quality, g; (&), from firm 1; otherwise,
firm 2 can outbid firm 1 and deliver an inferior project. Under L, firm 2 has the full flexibility in selecting its price-quality
combination, so it will choose g, (&) that reaches the maximum score $,(&). However, under M, firm 2 loses flexibility in
selecting quality level. When the buyer requires a quality standard q = q; (&) in M, firm 2 cannot choose g, (&) in response.
This weakens firm 2, so the buyer can induce a lower quality level in M than in L, i.e., setting q < q;(&@).

One caveat is that the buyer needs to know about the scope of quality manipulation (m) and cost parameters (61, 6,) to
employ these results in practice. Such knowledge of the procurement environment is necessary to utilize the key trade-off
and set the optimal level of the quality weight or minimum quality standard. In selecting between L and M, the buyer also
needs to know whether m falls into the interval [m!, m!]. Therefore, the practical value of these results for procurement
relies critically on the designer’s knowledge and experience.

2.3. Corrupt efficient firm

We now turn to the case in which the efficient firm has a positive probability of being corrupt. The corruption rela-
tionship is formed exogenously.?! Let x< [0, 1] denote the probability of the efficient firm being favored by the agent. The
probability of the inefficient firm being favored is 1 — x. The buyer knows the probability x but does not know which firm’s
quality is exaggerated.

When firm 1 is corrupt, it possesses both the technological rent and the corruption rent, so will win the contract for
sure. In this case, the buyer is made worse off by corruption because she needs to pay both rents. If the buyer adopts L, her
payoff is a function with a discontinuity at &:

@) xX[@i (@) = Ci(@) —=RE —RE] + (1 = 0)[q1 (@) = Gy (@) — Rk +RE] for a > @,
o) =
X[@1(@) = Ci (@) = RE = RE] + (1 = X)[q2(e) — Cy(@) + RE — RE] for @ < @.
If the buyer adopts M, her payoff is a function with a discontinuity at §:

X[g—m—C(q.62)] + (1 -x)[q—C(g—m,6)] ifq=4.

uM(q) = , N
x[q—m—-C(q,0)]+ (1 —x)[gq—m—-C(q,61)] ifq<4g.

In these two payoff functions, the terms following (1 — x) are the same as (5) and (6), respectively.?2 We can show that the
three main results hold as long as x is sufficiently small.

21 In Burguet and Che (2004), this relationship is formed endogenously through a bribery competition.
22 For both payoff functions, the terms following x are continuously decreasing in m. Hence, the optimal « and q will depend primarily on the terms
following (1 — x) that yield similar properties in Propositions 2 and 4, respectively.
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Proposition 7. With x <0.5, under the optimal quality weight for L and the optimal quality standard for M, the procurement
mechanism has the following features: (i) Corruption may benefit the buyer; (ii) the buyer may overstate her preference for
quality (& > 1, G > qpg) ; and (iii) the buyer may obtain a higher payoff from M than L.

Note that, for the existence of the key trade-off between corruption deterrence and quality distortion, the inefficient
firm must be more likely to be favored than the efficient firm. The corruption rent erodes the technological rent only when
they belong separately to the inefficient firm and the efficient firm, respectively. Otherwise, if the efficient firm is likely to
possess both rents, raising the quality weight or quality standard only makes the buyer worse off.

2.4. Multiple firms

Consider the case in which there are n> 2 firms in the auction. Each firm’s type 6 is drawn independently from F(0). We
label firms by the ranking of their types, 61 <60, < --- <05, where a smaller 6 indicates greater efficiency. Let x; denote the
probability of firm i being favored by the agent (37 ; x; = 1).

Firm 1 is the most efficient firm. When firm 1 is favored, it will surely win and earn both the technological rent and the
corruption rent. When firm j# 1 is favored, the winner depends on the relative size of the corruption rent of firm j and the
technological rent of firm 1. Therefore, by treating firm j as the inefficient firm in the benchmark model, the equilibrium
derived in Propositions 2 and 4 can be directly applied here. The winner will still be either the most efficient firm or the
corrupt firm. Therefore, all results in Sections 2.1 and 2.2 hold in the case of multiple firms.

Note that firm 1's technological rent depends on the difference between the first-order statistic 8(;. ) and the second-
order statistic 6(,. ), and this difference is decreasing in n. Therefore, competition reduces the efficient firm’s technological
rent. However, the magnitude of the corruption rent is not sensitive to the change in n.2> Consequently, it is more difficult to
deter corruption by adjusting the scoring rule (or minimum quality standard) when there are more firms. The buyer is more
likely to procure from the corrupt firm and receive a project with manipulated quality. As a result, promoting competition
may not reduce corruption or increase the buyer’s payoff. The optimal scoring rule, auction format, and buyer’s payoff will
depend on the vector X = (X1,Xs,...,X;) and the scope of corruption. In general, the effect of increasing n on the buyer’s
payoff is ambiguous.

There is a body of literature on the relationship between competition and corruption in procurement auctions. It is
commonly believed that increasing competition is a way to reduce corruption (e.g., Ades, 1999; Coviello and Mariniello,
2014). In contrast, Celentani and Ganuza (2002) show the opposite: Competition may not reduce corruption. Li and Xu
(2016) consider the case that the agent controls how many firms to invite to the auction. Depending on the specific form of
bribery, corruption may or may not result in inviting fewer firms to the auction. Whether competition reduces corruption
is an important policy question. In practice, there are numerous regulations intended to encourage competition, such as
adopting mandatory public announcement of procurement information, requirements for a minimum number of firms, and
compensation for entry. However, as shown in this paper, increasing competition reduces the efficient firm’s technological
rent, and thus, may make it easier for the corrupt firm to win the contract.

3. Extension and discussion

In Section 2, we assume complete information among firms on both the corruption relationship and costs. We now
discuss the case of incomplete information.

3.1. Incomplete information on the corruption relationship

To analyze the case with incomplete information on the corruption relationship, we need to specify the beliefs of each
firm about other firms’ likelihoods of being corrupt. In some cases, the auction outcome is uncertain when the technological
rent is greater than the corruption rent. The efficient firm faces two options: (i) bidding conservatively, meaning that it only
outbids an honest opponent, and (ii) bidding aggressively such that it wins the contract even if the opponent is favored by
the agent. The equilibrium strategy sometimes involves mixing between these two options. A detailed analysis of this case
is presented below.

Consider the following modification of the two-firm model. The agent is exogenously matched to one firm and exagger-
ates its quality by m. The agent and the corrupt firm know that they are colluding, but the buyer and the honest firm do
not. The buyer believes that firm 1 and firm 2 are favored with probability x; and x,, respectively. The buyer believes that
there is no corruption with probability 1 —x; —x,.24 If firm 1 is not favored, it believes that firm 2 is favored with con-
ditional probability x,/(1 —x;) and that there is no corruption with probability (1 —x; —x3)/(1 —x;) = ¢. Firm 2’s beliefs
can be specified in a similar way. These beliefs are important in determining the equilibrium strategy and are summarized
in the following table.

2 The corruption rent is am under L and C(q, 6;) — C(q — m, 6;) under M. Both rents do not depend on n.
24 If X; +x, = 0 or X; + X, = 1, the model reduces to that analyzed in Section 2.
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State Buyer's belief ~ Firm 1's belief ~ Firm 2's belief
Firm 1 is favored  x - e

Firm 2 is favored  x, = -

No corruption 1—%1—% 1’1",’7;'*2 =¢ 71’1’3,:2

Consider that the buyer adopts a scoring auction with a linear scoring rule, S(p, q) = g — p. Similar to the main model, a
firm’s quality choice can be separated from price. Denote firm i's quality choice as q; = arg maxq{orq — C(q, 6;)} and its equi-
librium costs as ¢; = C(g;, 6;). We use subscript i = 1, 2 to indicate firms and another subscript j = 0, m to indicate whether
firm i is honest or favored. If firm i is honest, s;g = aq; — pjo. If firm i is corrupt, S;;, (Pim) = @ (g1 + M) — pim- In the equilib-
rium analysis, we need specify the pricing strategies of four types of firms: p1g, P1m» P20, and pom.

First, an honest firm 2 has no opportunity to win the contract and bids its cost in equilibrium, that is, pyg = ¢c;, under
Bertrand-type competition.

Second, a corrupt firm 1 will certainly win the contract. In equilibrium, it submits a price that generates a score that
matches the score of firm 2, i.e., S = ¢ (qq + M) — P1m = Sz = &Gy — P2g = ¥y — C3. Hence, p1y =@ (q; +m) —agy + ¢ =
1 +R§ + RL, which indicates that firm 1 earns both the technological and corruption rents as its profit.

Third, consider a corrupt firm 2. A favored firm knows its opponent is not favored. If the corruption rent dominates
(R% < Ré), the outcome is that firm 2 wins for certain. In this case, firm 2 will bid a price that matches firm 1's maximum
score, that is, aqy — pom +om = wqq — ¢1. Hence, pyp, =am—aqy +oqy +¢1 =¢ — R% + Ré. If the corruption rent is not
large enough to guarantee that firm 2 will win, given firm 1’s price pyg, a corrupt firm 2 wins the contract with a positive
profit if and only if its maximum score is greater than firm 1's score, i.e., ®q; — ¢; +am > @q; — p1o- Hence, a corrupt firm
2’s best response is

Cy, if plo < +a(qy —qz) —am,
= . ’
P2m(P10) {pm —¢€, ifpo>c+alqgi—q)—am. (7)

Finally, consider an honest firm 1. There are three cases: (i) When the corruption rent dominates, firm 1 does not have
a chance to win and will bid pjg = ¢; in equilibrium. (ii) When s, > @q; — ¢q, firm 1 cannot outbid a corrupt firm 2; it
therefore selects the highest price that can outbid an honest firm 2. By matching firm 2's maximum score, g — p1o =
ogy —Cy, SO p%gh =g —0qy—C+C+C1 =C +RLT. (iii) The case in which s,,, <@gy — ¢y is not trivial. From firm 1's
perspective, with probability ¢, its opponent is honest. Then firm 1 can win with certainty given its technological rent.
With probability 1 — ¢, its opponent is favored. Firm 1 can either maintain the price at pi’é)gh, which only wins the contract
when firm 2 is honest, or outbid a corrupt firm 2 by lowering the price. Specifically, firm 1 needs to bid a price such that
g1 — P1g = ®qy — Pom +@m, and thus, p%"" =pom + (g1 — @) —am. If firm 1 sets p%gh, it wins with probability ¢ and

earns profit ¢(p’1’ggh —-C) = (;’)R%. If firm 1 sets p’l%"", it wins the contract for certain and earns a profit p%"" —¢1. Firm 1 will
choose to bid the low price when ¢>R§ < p%"’ — 1, that is pyy, > Ré -(1- ¢)R§. Thus, the best response of an honest firm

1is N

p(p )_{pﬁ"ow, if pom = am — (1 - @)RE, ®)
O Pl py < oom — (1 - @)RL.

The equilibrium is determined by the solution of the system of best responses (7) and (8). We can show that when
the corruption rent is small (R% <@ —¢)R%), an honest firm 1 can win the contract for certain. There exists a pure-
strategy equilibrium in which py,;, = ¢; and pyg = p’l%"" =0 +a(q1 —q) —am=cy + R% - Ré. When the corruption rent is
large (R% >(1- ¢>)R§), an honest firm 1 and a corrupt firm 2 cannot outbid the other for certain, and there exists no pure-
strategy equilibrium. In the mixed-strategy equilibrium, p;g and p,,, follow some continuous distribution functions, G%O(~)
and Gém(-), respectively. In Burguet and Che (2004), a similar mixed-strategy equilibrium is shown when an efficient firm
cannot outbid an inefficient-and-corrupt firm for certain.

In summary, the equilibrium outcome and prices are as follows.

Firm type Outcome Equilibrium price
Corrupt firm 1 Firm 1 wins pim=c1 +RE+RE
Honest firm 2 Firm 1 wins P20 =C2
Honest firm 1 Firm 1 wins if RE < (1 — ¢)R: po=c1+Rk —RL
Uncertain if (1 —@)R, <R <RL pip ~ Gy ()
Firm 2 wins if Rk < RL Po=C
Corrupt firm 2 Firm 1 wins if RE < (1 - ¢)RE Pom = C2

Uncertain if (1—@)Rk <Rk <Rk pom ~ G4 ()
Firm 2 wins if Rk < RL Pom =€ — RL +RL
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Fig. 4. Equilibrium scores in an asymmetric auction.

By a similar analysis, we can show that, in minimum-quality auctions, the outcome equilibrium prices are as follows.

Firm type Outcome Equilibrium price
Corrupt firm 1 Firm 1 wins Pim =C(q.602)
Honest firm 2 Firm 1 wins P20 =C(q,67)
Honest firm 1 Firm 1 wins if RY < (1 — ¢)RY p1o=C(q—m,8)
Uncertain if (1 —¢@)RM <R¥ <RM  pio~G¥()
Firm 2 wins if RY < RY p1o =C(q.61)
Corrupt firm 2 Firm 1 wins if RY < (1 — ¢)RY pam =C(q—m, 6,)
Uncertain if (1 —¢@)RM <RY <RV pon ~GM. ()
Firm 2 wins if RY < RY Pam =C(q, 61)

From the buyer’s perspective, by adjusting the procurement mechanism, she can affect the equilibrium outcome and
prices. Hence, the trade-off between corruption deterrence and quality distortion exists in the environment with incomplete
information on the corruption relationship. Solving for the optimal procurement mechanism is beyond the scope of this
paper. We leave it for future research.

3.2. Incomplete information on costs

Consider a modified two-firm model with incomplete information on the cost parameter . Two firms are ex ante sym-
metric with 6 drawn from the same distribution function F. In the auction, each firm i knows its realized 6;, the realized
corruption relationship, and the distribution of the opponent’s cost parameter, F. First, consider scoring auctions with the
quasilinear scoring rule S(p,q) =V(q) — p. In this environment, Asker and Cantillon (2008) show that there is no loss of
generality from assuming that each firm bids according to its pseudotype, which is the maximum score in this paper. Firm
i chooses a score s; that maximizes its expected payoff maxs, (5; — s;) Pr(win]s;).

Label the firm being favored by the agent as firm 2. The maximum scores are §; = maxq{V(q) —C(q,6;)} and $, =
maxq{V (q + m) — C(q, 6)}. Denote the distribution function of §; as Hy(s), which can be derived from F.>> Denote the distri-
bution function of s, as H,(s, m), which depends on both F and the scope of corruption m. Quality manipulation affects the
auction by shifting the distribution of firm 2’s maximum score “rightward” in the sense of first-order stochastic dominance
(FSD). Therefore, the auction becomes asymmetric. In general, there is no closed-form solution for asymmetric auctions,
even for the case of two bidders (Krishna, 2009). We consider a special case in Kaplan and Zamir (2012) to obtain some key
insights.

Suppose that the maximum score of firm 1 follows a uniform distribution, §; ~ U[0, 1].26 The maximum score of firm
2 follows another uniform distribution, $, ~ U[0, 1 + §], where § indicates the scope of quality manipulation. Applying the

25 See Huang (2018) for an example.
26 If the scoring rule is S(p, q) = 2q — p, C(q,0) = ¢?/60, and 6 ~ U0, 1], one can easily show that § = max, {Zq - q2/9} =60.So 5~U[0,1].
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result in Kaplan and Zamir (2012), the BNE of the scoring auction is

2
S] (S]) — 5(1-%—5 I:-l _ 1— 5(2+5)§%:|’

2+3)$; (1+6)2

=\ _ _(1+8)? 5(2+5)
S2(52) = 5(2+a)s‘2[ T+ 3525 1]'

There are two features of this equilibrium. First, both bidding strategies are increasing in 8. As the type distribution
of firm 2 increases (in the sense of FSD), both firms bid more aggressively, as shown in Fig. 4. The buyer can reap some
benefit from the intensified competition. Second, in equilibrium, firm 1 wins with probability Pr(1 wins|§) =1/(2 +26)
that decreases in §, whereas firm 2 wins with probability Pr(2 wins|8) = (2§ + 1)/(2 + 2§) that increases in §. Hence, the
corrupt firm is more likely to win the contract as the scope of quality manipulation increases, and thus, the buyer is more
likely to procure a project with exaggerated quality.

By adjusting the procurement mechanism, the buyer can influence the auction outcome. Setting a higher weight on
quality results in a greater advantage of firm 2, which is reflected by a larger § in this simple model. The optimal scoring rule
under quality manipulation will need to strike a balance between promoting aggressive bidding and the risk of procuring
an inferior project. A similar trade-off is present in selecting the quality standard in a minimum-quality auction. The nature
of this trade-off is not easily captured by a tractable model due to the analytical difficulty of asymmetric auctions.

4. Conclusion

In a price-only procurement auction, the efficient firm’s technological rent depends on the gap between its cost and the
strongest opponent’s cost. In a multi-attribute auction, the technological rent varies with the equilibrium quality choice,
which in turn depends on the scoring rule. Therefore, the buyer can affect the size of the efficient firm'’s technological rent
by adjusting the scoring rule. In this paper, we introduce quality manipulation corruption into multi-attribute auctions. A
corrupt agent exaggerates a favored firm’'s quality and thus grants a corruption rent to this corrupt firm. An adjustment of
the scoring rule now affects both the technological rent and the corruption rent. In this case, the buyer needs to adjust the
procurement mechanism that to balance the trade-off between corruption deterrence and quality distortion. The optimal
auction format yields three results that are distinct from those in the existing literature. First, the buyer may be better off
in the presence of corruption than in a corruption-free environment. Second, the buyer may overstate her preference for
quality. Third, a minimum-quality auction may perform better than the popular linear scoring auction in certain situations.

These findings offer several important policy implications. First, understanding the nature and scope of corruption is im-
portant in the procurement design problem. Lengwiler and Wolfstetter (2006) suggest reducing the weight of quality when
the quality evaluation is subject to corruption. However, using a sub-optimal scoring rule not only causes direct efficiency
loss but also increases the winning probability of the inefficient-and-corrupt firm. Sometimes, raising the quality weight can
prevent the corrupt firm from winning and avoid the procurement of an inferior project.

Second, in most countries, public procurement is tightly regulated, and the selection of the procurement mechanism is
restricted. For example, the Chinese Law of Tender requires that all high-valued government-related projects be evaluated
by a three-factor weighted linear scoring rule with a capped quality weight. In this paper, we show that allowing for a large
quality weight and adopting minimum-quality auctions are important tools for procurers to combat quality manipulation
corruption. Regulatory policies should offer greater flexibility to buyers in procurement design (provided that the buyer
is benevolent), especially in complicated environments. Using data from public procurement cases in Italy, Coviello et al.
(2018) show that granting greater discretion to buyers improves procurement outcomes.

Third, in industries with a high risk of quality manipulation, eradicating all corruption would be costly and may even be
impossible. In this case, allowing some less-efficient firms to be favored may make them stronger competitors and reduce
the rents of large firms. However, this rent erosion can only happen when the efficient firm is honest. In reality, large
and efficient firms are often those with connections and favored status. Therefore, antitrust authorities should devote more
resources to monitoring large firms and harshly punish them if corruption is found. One practical method is linking the
penalty to the value of contracts that the convicted firm has won in the past. Compte et al. (2005) note that preventing
a rather efficient firm from bribing the agent will promote competition and benefit the buyer. Our analysis echoes this
suggestion.

Finally, note that putting these policy implications into practice requires accurate knowledge of the procurement envi-
ronment. To employ a desirable procurement mechanism derived in theoretical studies, buyers and regulators need to know
the scope of quality manipulation and the efficiency levels of firms from both past data and experience. Therefore, record-
ing and aggregating procurement auction data is extremely valuable for improving procurement outcomes and combating
corruption.
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Appendix

Proof of Lemma 1. g;(«) = arg maxq {aq — C(q, 9;)} satisfies first-order condition (FOC)

By the implicit function theorem,
daie) _ 55 __~Cw _ Cw _g
a0 ?Tg —Cyq Cyq

Therefore, for 61 <0,, we have qq(o) > go(@).
By the envelop theorem, the maximum score is decreasing in 9,

dsi _ dlaq—C(q.6)] _

de de
Therefore, for 61 <05, we have $§;(a) > S, (). O

—Cgp < 0.

Proof of Lemma 2. When m =0, by Lemma 1,
RE = aqi (@) — C(qq (), 01) — gz (@) + C(ga(e), B2) = $1 () = 5a(ex) > 0

We want to show that R% is increasing and convex in «.

L
TR = g1(@) + g} (@) — Gy (4,00} () — G2(e) — G (@) + (G, 0)a) @)
= q1(@) — q2(@) + g (@) [ — Co(q, 01)] g5 (@) [ — Cg(q, 62)]
=0 by Lemma 1 =0 by Lemma 1
= q1(®) — g2() > 0. (10)
By identity (9) and the implicit function theorem,
S R T
Qi(a)——%——qu—CTq>0-

Because Cyq > 0, Cgq(q, 1) < Cqq(g, 62), and thus,

d2RL 1 1

do? ~ () —n) = Caq(q,61) - Caq(q. 62) -0 (1)

a

Proof of Proposition 1. Obviously, the objective function
U (a) = q1(a0) — p1 = g1 () — C(q1 (@), 61) — R:
is continuous in «. Its first-order derivative is
dUL (o)
do

= (1-a)qi(a) —qi (@) +ags(@) + g2 () — Cy(q, 02)q5 (@)
= (1-a)qy(@) — g1 (@) + g2 () + g5 (@) [ — Cy(q. 62)]
— e’
=0 by Lemma 1
= (1 -a)qi(@) — q1 (@) + g2(a0).

d 1 C C
"= — [ ——— )= Mg (q) = — 2999
W= gq <cqq(qf<a>,9>> W=
Its second-order derivative is
d2UL (a
%2() = (1-a)qf(a) - g1 (@) — ¢ (@) + ¢5 (@)

< (1 -a)qf (@) — gy ()
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C 1
=-(1-)_ __ <0
Gy Ca
& Cyqq > — Cia for all o € [0,1] (12)
949 1—_a’ ,
Note that,
, 1
UL(0)= ———— —q1(0) +q3(0) > 0,
55(0) Coa(@.00) q1(0) +¢2(0)

=0 =0
Ug(1) =0—q1(1) +g2(1) <O.

Because USLé (o) is decreasing in [0,1], there exists a unique maximum «gg € (0, 1) that satisfies USL,; (@¢)=0. O

Proof of Lemma 3. Define & (o) = §; (@) — $, (). It has first-order derivative

§'(a) = qi(a) — g2 () —m.
Because q1(0) = q,(0) =0, when m> 0, £/(0) < 0. The second-order derivative of &£(«) is

§"(a) = qy (@) — g5 (w),

which is positive for all o by (11).

Combining the condition that £(0) =0, £/(0) <0, and &’/(a) > 0, we conclude that there exists a unique & > 0 such that
E(a) <0, for @ < @; £(@&) =0; and £(a) >0, for o > @.

&’(a) starts at a negative value at o =0 and increases in «. At the intersection & (&) =0, £(«) must have a positive
slope. Therefore,

§'(a) =q1(@) —q2(@) —m > 0. (13)
By the implicit function theorem,

da —a a

dm =~ (@ -q@-m _ q(@ -q@-m

0. (14)
O

Proof of Proposition 2. (i) Property of UlL
By Proposition 1, Uk () is strictly concave

Ub(ar) = g1 () — C(q1(a), 01) — Rk + RE = Uk (@) + am.

d?Ub(a)  d?UL(«)
do?2  ~  da?z
Therefore, U]L(O[) is strictly concave and has a unique maximum ¢ = arg Maxy[o o) UlL(oc). U]L(~) is increasing on [0, o]
and is decreasing on [oq, o0).
(ii) Property of UL
UL() has a bounded domain, UL(0)=0, and UL(@)=qy(@)-C(q2(@).6;) <oo, so there exists o=
argmax,.(o.4) U (). For « € [0, @], RE < RE, we have

Ui (@) = Uz (@) = q1 () = C(q1 (@), 61) — R + Rt — [q2(@) — C(qa(@), 62) + Ri — RE]
= qi(@) - C(q1 (@), 01) — [q2 (@) — C(q2(@), 62)]+2 (RE — Rf) > 0.
N’

>0 >0

0.

This implies that for all « € [0, @], which is the domain of UL(.), U(a) < Ul ().
(iii) Compare o and &
Because Ul (a) = ULy (@) + @m, we can show that

dut(e)  dUL(a) doyy 1
de  ~ da +m=0, and dm ~ —dzislsf("‘) >0,
o

so o7 increases linearly in m. By Eq. (14), we can obtain that
d*a o
dm? — [qi () — g2 () —m]?

>0,

so @& is increasing and convex in m. Hence, there exists a unique m! such that for m<mk, & < oq; for m>mt, & > «¢; and
& = o; when m = mt.
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(iv) When m < ik, o* = a;.

In this case, U can reach its maximum o4 and UN(&) < Ul(ery). By (ii), for all « [0, @], which is the domain of
UL, UL (o) < Ub(ar) < Ub(@) < Ub(ar1). Hence, the maximum is at oy.

(v) When m>m!, & > o, a* is either at & or .

By (ii), for oty € [0, @], Uk(ory) < Ub(ary) < Uk(ary). This is because Ut is decreasing on [ay, 00) and limy_, o Uk (@) = —c0.
There exists a unique & € [or1, 00) such that Ul(ey) = Uk(@). Moreover, if & < @,U(ap) <UH@), a* =@&; and if @ > @,
U(ap) > UH@), a* = .

Because @& increases in m, we can find m! that equates & and &. For m <k, & <&, a* =@&; for m>mt, @ > @, a* =
. O

Proof of Proposition 3. When the buyer chooses the quality weight optimally, U is continuous on m € [0, m!) and o* = a;.
Uk(a) = UL (a) + am. As m— 0, Ul (a) — UL (o) and o — agp.

L L
lim @)y W@
m—-0  do e m—-0  do vty
UL (o) 9 (1
— = ﬁ{USB(oh) +aym}
UL (a) dor; day
= o | dm TMam TV

Therefore, we have

lim out o 0

- = > 0.

m—0 8m sB

The continuous function U' has a strictly positive slope at m = 0. This is sufficient to guarantee that the proposition
holds. O

Proof of Lemma 4. By the single-crossing property Cg >0 and C(0,6) =0, (g, 61) and C(q, 8) only cross once at g = 0.
C(q—m,6,) is a rightward parallel shift of C(q, 85), and thus, C(q —m, 6,) and C(q, #;) will also only cross once. Denote
this positive crossing point as §, which makes C(§, 6;) =C(G—m, 6;).

Because Cyg >0, for 61 <03, Cq(q, 01) < Cq(q, 02). By the property of parallel shifting, C4(q, 8) = Cq(q —m, 6,), therefore,
Cq(q.01) < Cq(q —m, 6,). Because ((q, 61) is flatter than C(q —m, 6,) and they cross at §, obviously, for q > g, C(q,6;) <
C(q—m,0); for q < 4, C(q,01) >C(q—m,6).

The threshold § is determined by C(§, 6;) — C(§ — m, 6,) = 0. By the implicit function theorem,

i CG-m.6y) N
dm ~ @ —m. ) — Cy(d, 1)

0. (15)
O

Proof of Proposition 4.

(i) UM and UM are both strictly concave.

duM(q) duM(q)

(]1(] =1-Ci(g—m,6), ;lq = —Cg(q—m,6;) <0.
du¥(q) dud (q)

(21q =1-Gy(q. 61), qu = —Cgq(q.61) < 0.

Therefore, there is a unique maximum for U{V’ and Uﬁ"’, denoted as g =argmaxgo ) U{V’(q)and q =
arg maxy(o.o.) UM (q), respectively.
(ii) For any q € [0, 4], UM (q) > UM(q), because

UM(q) - U¥(q) = C(q,61) — C(q —m, 6,) +m > 0.

=0 for q<4

(iii) Compare q; and §.
Because q; is determined by 1 —Cy(q — m, 6,),
dq; _—qu(Q—mﬁz)(—l) _

—— = =1. 16
dm —Cyq(q—m, 8) (16)

Hence, q; increases linearly in m. By (15), § is increasing and convex in m. Therefore, there exists a unique m™ such
that for m<mM, § < q;; for m>m", § > q;; and § = q; when m = mM.
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(iv) When m <mM, § < qq, UM can reach its maximum q; and UL(§) < Uk(qy). By (ii), for all q € [0, §], which is the do-
main of UY,UM(q) <UM(q) < UM(G) <UM(qy). Hence, the maximum is at g;.

(v) When m>mM, § > qq, g* is either at § or gj.

By (ii), UM (§) < UM(g), so UM jumps upward at the discontinuity point. This is because UM is decreasing on [q;, co) and
limqﬁoo U{'(Q) =-

Hence, there exists a unique § € [qq, 00) such that Ué"’(qz) = U{V’(d). Because g, does not depend on m and § increases
with m, there exists a unique 7™ that equates § and §. For m <M, § < g, UY(q2) < UM(§), so ¢* = §; for m > mM, G > q,
UM (qy) > UM(§), so ¢ =q. DO
Proof of Proposition 5. When the buyer chooses the quality standard optimally, UM is continuous on me[0, mM) and
q* = q,. Differentiate UM(q) =q; — C(gqq — m, 6,) with respect to m:

3U{W(Q1) dq, dq,
“om ~dm “\gm 1) =G0

By (16), 991 — 1, so

aU] (ql)
am

The continuous function UL has a strictly positive slope at m = 0. This is sufficient to guarantee that the proposition
holds. O

=1-C(1--1)=1>0

Proof of Proposition 6. Consider the level of m such that q* = § = qrg and o* = &. This implies that C(qrg, 01) = C(qrp —
m, 6,). In this case, the buyer’s payoff from adopting M is

UM(q*) = UM(G) = qrs — C(qrs — m, 62) = qrs — C(qrp. 61).
Because R% = Ré = am, the buyer’s payoff from adopting L is

Ut(@®) =UN@) = q1(@) - 1 (@).
The payoff difference is

UM(q*) — U(ar*) = qps — C(qrs. 61) — q1(@) + C1 (&) = 0.
The difference is positive because qrg — C(qrp, 61) > q — C(q, 01) by the definition of qrg. As long as qq (&) # qrp, the inequal-
ity is strict, that is, UM(q*) > Ut(a*). O
Proof of Proposition 7. Example 1 is sufficient to guarantee that the three main results hold in the case of x> 0. O
Example 1. Consider the cost function C(q, ;) = 6;g. Set firm 1's efficiency parameter as #; =1 and firm 2’s efficiency
parameter as 6, =60 > 1, i.e,, C(q,6;1) = q2, C(q, 02) =6¢q?. (In generating Figs. 1-3, we set # = 1.2 and x =0.)

Under L, by Lemma 3, q1(¢) = §, q2(@) = 3. Equilibrium costs are C; (&) = 2 and G (o) = 2 . Firm 1’s technological
rent is Rk = arqy (&) — Cy (@) — aqa (@) + G () = —( 1). When m = 0, the buyers payoff is U (oz) q1(@) =Gy () — Rk =
g (20 1). The optimal quality weight is asp = 200;1 < 1. The maximized payoff is Uk, (crsp) = 1(209771)'

When m > 0, the corruption rent is R = am. By equating the two rents, we obtain the threshold quality weight &(m) =
49m The buyer’s payoff function is

UL(a)—{% < (ZF) + (1 - 2x)am if o > 4m,

260-1 2-6 ; 40
- 5 ()] + 0 -9 - 5 (5)] -om e g1
The peaks of UL and UL are reached at oy = W and oy = %, respectively.

Using M, when m = 0, the buyer s payoff is U, (q) =q—C(q,6,) = q— Oq?. The optimal quality standard is qsz = %, and
the maximum payoff is U, (qSB) = 49 Compared to L, one can easily show that U;‘g(qSB) < U p(asp) for 6> 1.

When m> 0, firm 1’s technologlcal rent is RM =C(q,0,) —C(q,6;1) =0q*> —q*> = (0 — l)q and firm 2's corruption rent
(provided that it is corrupt) is RY = 0¢? — 6(q — m)2 = 0(2gm — m?). By equating the two rents, the threshold quality § =
%ﬁ). The buyer’s payoff function is

y q—m—0¢+2(1-x)0mg— (1-x)0m? if g > "D
U™ (q) =
q—m—x0q— (1-x)g? ifq<%{9).
The peaks of U’V’ and Ug" are reached at q; = % and ¢, = &;—f’;;, respectively. The procurement quality in L
is q1(@) = 22 > qpp (@ > app), when m > 221 In M, § = %@ > qrgp When m > % > 021, Therefore, for large m,

procurement quality is distorted less in M than in L.
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(A) Buyer Payoff (x=0.3, 6=1.2) (B) Procured Quality (x=0.3, 6=1.2)
_ 1 = ] 1
1 1 L — 1 I L
. . — — U & . . ——
2 i \I(a*) o | i Y
= P U™(q") = P :
P i A q
_ o = 1 1
.- = P q”
= ] ] 1
. &1 ™ - »
- ! ! o o ! !
P = %
= . " L &
s P = i
P - i
] P il HEe—
2 1 n % |
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m m

Fig. 5. Comparison of L and M.

We can easily verify the three main results using this example.

(1) ml* = argmax,,-o UL (@* (im, x)) > 0 and mM* = arg max,,-o UM (g*(m, x)) > 0; (2) the buyer may overstate her prefer-
ence for quality, causing the induced procurement quality to be higher than the first-best level; and (3) for x <0.5, there
exists an interval (m,m) such that for m e (m, m), UL(a*(m, x)) < UM(q*(m, x)).

Restricted by the length of the paper, we show the analytical solution when x = 0. The case with x> 0 is illustrated in
Fig. 5.

When x = 0, the optimal quality weight is

_ 6(1+2m) 0-1
a1 =201 for 0051’" = 60-2°,
* N o m — o
af*=4a= —91_12,9 for 769[2 <m flm ,
oom X
ay = S50, for m <m< 5.

The buyer’s payoff under L is

L _ 0(1+2m)? 01
U] (a1) = 94(929_1) 5 o for 0 <m¢c< 0BT
~\ 20(0—1)m—4 _ 9
UL(C(*(TTI 0)): U{‘(O{): %’ for (50;)7_12 <m§mL,
’ 1-20m)? _
U%(az) = (49(212)) s for mt <m < %7
0 for m > .

The cutoff value m* can be found by solving Uj(wp) = Ut (&@). Here, ml = b=/ b2 —dac Vzl:f““’c, where a = 1204 — 2403 — 402, b=
—864 42803 -24602 140, c=—-(6 - 1)
The optimal quality standard is

_ 1+20m 0-1
- e for0=m = 350%-
* = 15 mO+v0) 0-1 - M
q q="5, for gg=m <m<mV,
0@ =73 formM <m < ].
M — L 0-1
Ul (Ql)—w;m, —— for 0 <m < ;=0
M7y — O+VOm  6(0+1)*m 6-1 - M
UM(q*(m, O)) = U‘l (q) - 0-1 ©-1)2 5 for 2_(9+«/§) <m<m",
UM(q2) = 3 —m, for MM <m <1,
0 for m> J.

The cutoff value M can be found by solving UM (q,) = UM (§). Here, M = =b=y/b"=dac Vzl(’f"lac, where a = 79((“5;’)12)2, b= 29*(;‘7/?71,

—_1
and ¢ = —3.
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|
BIE

m

0.00 0.05 0.10 0.15 0.20 0.25 0.30

Fig. 6. The interval that M outperforms L.

Fig. 5-(A) illustrates these two payoff functions when x = 0.3 and 6 = 1.2. We see that when m e (m, m),UL(a*) < UM(g*).
Here, m = UZ0O-0) ' ang = LEVP=M where a=402[(0 —1)2 + (VO +1)>2-6)], b=—-40(0 +vO)(O - 1)(2 -
0) —46(0 —1)2, and c = (f — 1)2. Fig. 6 shows that when the efficiency difference (measured by 6) increases, the inter-
val (m, m) expands.
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