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Abstract
This paper studies the usage of two innovative contracting designs, namely
“incentive/disincentive” milestones and “A+B” bidding in public transportation procurement. Unlike traditional low price format, the new methods incorporate contract time to the mechanism, aiming to reduce negative externalities inﬂicted on the public by slow completion. With an extensive sample
collected from Oklahoma Department of Transportation (ODOT) between
2005 and 2010, we utilize program evaluation techniques and ﬁnd favorable
evidence of the initiatives: on average, projects are completed moderately
faster without remarkably inﬂated costs on the state, complementing ﬁndings
of existing literature. Nevertheless, thanks to detailed item level observations,
we are able to take one step further and examine how exactly contractors are
revising bids of various construction materials within the project in response
to internalized completion time. This way we distinguish between projects
which are heavy on items with rigid schedules and therefore costly to speed
up, and others comprising of ﬂexible items that are more economical to accelerate, set incentive values accordingly, and improve eﬃciency.
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Introduction

In the United States, sealed bid low price auction is the most widely used mechanism by Transportation Departments (DOTs) to satisfy infrastructure needs such as
road paving, bridge rehabilitation and intersection modiﬁcation. As advocated by
many, the transparent process and clearly formulated rules of competitive auctions
are conducive to equal opportunities and inhibiting favoritism treatments, leading
to lower procurement cost and higher economic eﬃciency.
Unfortunately, negative externality may arise when there are important considerations left out of the mechanism, causing signiﬁcant eﬃciency loss. One such
case in the procurement context concerns the time duration it takes to complete a
project. In the traditional low price setting, construction plans are prepared by the
state and usually assign the maximum number of days for completion in advance.
Private contractors rarely are involved in plan drafting and consequently have to
go along with the designated duration when projecting costs and submitting bids.
Theoretically, since contractors are bounded only at the upper end, they may choose
to complete at any time within the schedule. In reality, they seldom ﬁnish ahead
of the maximum. The number outlined by state engineers is often a reasonable
estimate of the actual days needed; acceleration is possible but usually costly. Note
that, in the general speciﬁcations of DOTs, there is a daily punitive fee charged
if the ﬁrm fails to deliver on time, but no corresponding remunerative bonus for
early delivery. Naturally, contractors are given little incentive to speed up. At the
meantime, social welfare clearly depends on the duration of construction work. In
addition to commuters’ frustration and agony that are hard to quantify, slower trafﬁc ﬂow, increased commuting time and growing safety concerns in the work zone
may accumulate tremendous negative externalities for the society. For example, Interstate 35 is an important national highway through Oklahoma, stretching north
from Kansas and south into Texas. According to the ODOT daily traﬃc count,
one section between Oklahoma City and Norman carries over 100,000 vehicles per
day. Assume that a project over this section results in a 30 minutes delay for every
traveler on the route. With their time valued at $10 per hour, the total loss to social
welfare is a daunting sum of $500,000 a day.
In order to remedy the situation, DOTs are exploring creative contract designs
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which oﬀer explicit incentive for contractors to internalize the public cost. Two such
initiatives are “incentive/disincentive” milestones (I/D) and “A+B” bidding. I/D
largely resembles the standard structure, except that bonuses are rewarded at the
“incentive rate” for when ﬁrmed satisfactorily fulﬁll the contract before speciﬁed
date in the plan. In case of an overdue completion, ﬁrms would be ﬁned at the
“disincentive rate” on top of the punitive charge that applies to all. Both rates are
set by the state and notiﬁed in the plan. The other design, “A+B” bidding, is more
sophisticated and delegates more freedom to contractors. Here ﬁrms are expected
to submit a two-part oﬀer: the “A” part is the dollar payment for completing the
project, equivalent to the bid under standard setting; the “B” part features the
innovative component, which allows ﬁrms to propose the number of days they need
to complete the project (provided that it is within the maximum set by the department). Weighing B days with the “value of time”1 and summing up the product
and the pecuniary A bid arrives at a one-dimensional statistic, which is the base for
selecting the low bidder. The design ﬁts the format of a scoring auction. Selected
winner may also be subject to incentive/disincentive payments over the time frame
proposed in B. This way, award decisions take into account both the direct cost of
construction procurement and the indirect cost of public externality.2 To distinguish
between components in the A+B bid, A part is called “item bid” as it assumes cost
associated with construction items, and B part is referred to as “time bid”. Sum
of the two parts is denoted as total bid. The standard design where contractors do
not weigh in on time is also known as “A-only” bidding.
This paper relates closely to the growing interest about time incentive application in procurement auction. California Department of Transportation (Caltrans) is
among the ﬁrst to practice speed provisions at a large scale. A region of busy traﬃc
and high population density, California is expected to bear large welfare loss due to
construction delays. Lewis and Bajari (2011) look at the A+B projects auctioned
by Caltrans between 2003 and 2008. Matched with a control group comprising of
similar A-only projects, A+B contracts are observed to be completed much quicker,
taking only 60% of the maximum time allowed. Meanwhile, the winning bid received by Caltrans is noticeably higher by around $1.5 million for a project of $15
1

a.k.a. user cost.
It should be noticed that, since winning ﬁrms are not meant to be paid the B component,
procurement costs consists of A part alone.
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million. Since the increment in procurement cost is substantially outweighed by the
estimated $6.4 million reduction in negative externality, they conclude that usage of
A+B contract should be expanded. In another study based on data from Minnesota
Department of Transportation (MnDOT), Gupta and Snir (2009) concentrate on
a relatively small sample to examine the ex-post cost realization of A+B projects,
rather than the winning oﬀer from bidding. Using a game theoretic model, the
authors predict that, in equilibrium, contractors have incentive to propose unrealistically short duration (B days), ﬁnish late and pay a penalty. The conclusion
mainly results from the distortion in the value revelation process, which raises an
interesting point: the policy may aﬀect competitive bidding and project fulﬁllment
in unintended ways.
Our paper also contributes to the eﬀort by researchers in auction to assess the
eﬀect of public policies on road construction. Using letting records from the states
of Oklahoma and Texas, De Silva, Dunne and Kosmopoulou (2008) capitalize on the
timing change regarding information release of state engineer’s cost estimate, and
investigate its inﬂuences on bidding and contracting cost. Utilizing the above policy break, De Silva, Kosmopoulou and Lamarche (2009) look at the topic of bidder
asymmetry in the survival front. Athey and Leven (2001), and Bajari, Houghton and
Tadelis (2006) both explore strategic adjustments made by bidders in response to
auctions rules that are incorrectly or incompletely speciﬁed. Bidding preference toward certain groups, such as domestic suppliers and minority owned ﬁrms, has been
the subject of a number of studies. Structural estimates from Marion (2007) show
that procurement costs paid by Caltrans are signiﬁcantly increased by the discriminatory policy favoring small ﬁrms. De Silva, Dunne, Kosmopoulou and Lamarche
(2010) focus on a particular minority preference program known as Disadvantaged
Business Enterprises (DBE) to discover that ﬁrms’ underlying cost distributions do
not diﬀer signiﬁcantly for projects with and without DBE goals.
In this paper, we provide an empirical evaluation of speed incentive contracts
based on data collected from Oklahoma. We ﬁrst examine the impact of alternative designs on both proposed duration and bid amounts. Both I/D and A+B are
practiced by ODOT in its monthly lettings, so a direct contrast across the three
regimes is enabled. Furthermore, with detailed item level observations, we carefully
examine how ﬁrms revise bids on items within a project when completion time is
4

internalized. Upon identifying acceleration patterns of diﬀerent items, we can distinguish apart projects which are heavy on rigid-scheduled items and costly to speed
up, and others comprising of tasks more ﬂexible in time and economical to expedite,
customize time incentive assignment and user cost to improve eﬃciency.

2

Data

2.1

Project level data

We obtain data of monthly construction lettings from the ODOT website. The
dataset encompasses all projects contracted between 2005 and 2010, a period when
all three contracting methods are practiced. During six-year window, 1754, 161 and
121 projects are successfully procured under A only, I/D and A+B respectively.
Compared with similar studies, our paper is quite rich in observation from alternative mechanism despite the modest sample size.
Table 1 presents summary statistics by contract design. Of conventional Aonly format, the cost of a project is on average $1.5 million by state engineer’s
estimate and ranges widely, with the largest worth over $66 million and the smallest
under $4000. I/D contracts are slightly bigger at $2.4M, and A+B ones are much
larger than both, worth nearly $9.5M each. Unsurprisingly, similar patterns emerge
out of winning bids and number of days assigned from three groups. Meanwhile,
the relative winning bid, constructed as the ratio of winning bid over engineer’s
cost estimate, appears to be quite comparable. Turning to the nature of work,
A-only contracts are roughly evenly distributed between bridging, surfacing and
other types. In contrast, I/D work is substantially skewed toward surfacing, and all
A+B observations except one are bridge or surface related.3 Regarding geographic
distribution, Figure 1 displays GIS maps of the three contract designs. A-only
projects are located all over Oklahoma. I/D projects, despite the smaller number,
are observed in most regions of the state. However, A+B contracts can only found
at certain locations and usually come in clusters. In fact, over 60% of A+B projects
take place in the Oklahoma City or Tulsa Metropolitan areas, and around 85% are
positioned along interstate highways.
3

Based on ODOT description, categories of work nature are not mutually exclusive. For example, overlap arise when a bridge repair project involves surfacing of its approaches.
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2.2

Item level data

Limited by the usage of time incentive formats in practice, sample size constitutes
a common diﬃculty for empirical analysis. Lewis and Bajari (2011) and Gupta and
Snir (2009) both work with samples under 200 observations. Because of both I/D
and A+B application, our sample is modestly larger, but still may be considered
small by conventional standard. The issue is resolved by our special access to item
level information.
For each project administered by ODOT, a list of necessary materials for construction is prepared by state engineers along with the quantities. Additionally, a
unit cost is suggested for each item in the list. When contractors propose bids, they
are required to follow suit and ﬁll in unit bids for all items in the plan. Hence, a
bid for a project is not merely a single number but a vector of prices weighted by
prespeciﬁed quantities. The ﬁrm’s pecuniary bid is consequently the sum of unit
prices multiplied by quantities. To illustrate the relationship between item level and
project level bids, Table 2 presents the bidtab report of an A-only asphalt resurfacing work from March 2008, where ﬁrm B wins the auction with a project bid of
$475,300. The set of unit prices on all contracted items are hereafter referred to as
itemized bids, not to be confused with the project or overall bid.
Our sample size is greatly increased by item level data. Out of 121 A+B and 1754
A-only projects, nearly 100,000 and 270,000 observations are collected respectively,
dramatically enriching the information embedded in dataset.4 A unique advantage
of itemized data is that we can analyze how bids on various materials within a project
are revised as the contractor internalizes the cost of time. On the one hand, it is
unlikely that bids of idiosyncratic items are adjusted uniformly. On the other hand,
itemized bids submitted for a single project are formulated under the same strategic
considerations, so they ought to be fairly homogenous. Therefore, if itemized bids
from the same project are adjusted in diﬀerent ways when the auction setting goes
from low price to speed incentive, the observed variation should be attributed largely
to the cost sensitivity of an item with respect to completion time, i.e. an item with
steep acceleration cost needs to be revised upward generously in bidding, while an
item with a ﬂexible schedule does not. By identifying such patterns for individual
4

Consistent with the larger value, A+B work is also more complicated and prescribes more
items.
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items, we are able to predict the acceleration cost of a project as a collection of
selected items, and oﬀer more targeted policy recommendations rather than an onesize-ﬁts-all treatment.

3
3.1

Empirical Evaluation
Project Level Bids

Speed Incentive Assignment
The stark diﬀerence in characteristics between groups indicates that assignment of
speed incentives may not be random. Discussion with ODOT staﬀ reveals that the
primary criteria are project size and traﬃc volume at the construction site. Speed
incentive contracts are located frequently in populous metropolitan areas or close
to busy interstate freeways. For the choice of I/D or A+B, it is determined mainly
on the number of days for completion, with the cutoﬀ being 120. As illustrated by
Table 1, this rule is loosely enforced in practice.
We estimate a simple reduced form probit regression to formalize the assignment
guidelines. Regression results are reported in Table 3. The dependent variable is
the binary choice of auction mechanism. Judging from the ﬁrst column, I/D is more
likely to be used for longer projects and surfacing work. As for A+B, all explanatory
variables are positive and statistically signiﬁcant. Larger size, longer duration and
work related to surface or bridge all increase the probability of an A+B assignment.
Furthermore, projects located in the general Oklahoma City or Tulsa area are 36%
more likely to incorporate speed incentives than outside, holding other things equal.
In addition to the variables presented, we also tried including other factors, such as
speciﬁc work types and location dummies. Findings are robust to the changes.
Non-random assignment of speed incentives suggests that the cross-type comparison shown in Table 1 is at least partially tinted by the dissimilarity between
projects of diﬀerent types. Many contracts of the standard format never would be
considered for alternative auction mechanism, and thus do not provide informative
reference for I/D or A+B designs. Based on results from the probit regression, we
select a subgroup of A-only projects comprising of those that would be eligible for
speed incentive consideration ex ante and form a comparison group that resembles
7

projects of time incentive regimes more closely. In particular, for I/D, we include
only standard urban freeway surfacing 207 days or shorter.5 Regarding A+B, we
restrict attention to the subset of road pavement and bridge construction work located in the two metro areas taking 120 days or more. 459 and 120 A-only projects
remain after the ﬁlter for I/D and A+B respectively. Evident from Table 4, the
reﬁned control groups are considerably better matched up with their counterparts
on most characteristics, suggesting that we have quality references to proceed.
Speed Incentive Evaluation
Now we turn to evaluate the alternative contracting methods. First of all, we examine whether time incentives are successful in achieving faster delivery? For A+B,
we measure the completion speed by contrasting the winning contractor’s own time
frame in B part with the number of days assigned by engineers in the plan. Based
on our sample of 121 A+B projects, their ratio is 81.5%, equivalent to a saving of
49.5 days per project. A calculation similar to the one in the introduction would
conclude signiﬁcant eﬃciency gains by commuters.6 However, faster construction
does not come without price. Trade-oﬀ arises because costs are expected to go up
as contractors strive for speedy completion. To quantify the potential changes in
costs, we apply program evaluation techniques to estimate the treatment eﬀects of
speed incentive on bidding.
Following Lewis and Bajari (2011), we ﬁrst utilize a simple OLS speciﬁcation,
where the winning bid is regressed on the speed incentive indicator and a number
of other factors potentially aﬀecting the bid submitted. The setup is as follows:
log(bia ) = β0 1{I/D or A+B}a + β1 log(Ea ) + β2 log(bE
a ) + xia β3 + za β4 + wt + α + εia ,
where bia , the monetary component of the winning bid by bidder i in auction a,
denotes the department’s payment for the project. Binary variable 1{I/D or A+B}
takes value 1 for I/D and A+B projects where speed incentives are given, and 0 for
A-only projects. Other covariates include contract size measured by engineer’s cost
5

The cutoﬀ point is selected as the 90th percentile in the duration distribution.
For I/D, we are unable to conduct the direct analysis. However, the design is heavily used in
circumstances where slow completion may impose severe inconvenience on the public. We believe
it is safe to assume that the number of days assigned for I/D projects should be at most as large
as that of A-only ones and probably smaller.
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estimate (E) and time estimate (dE ), bidder speciﬁc characteristics (xia ) such as
distance to work site and backlog, auction speciﬁc characteristics (za ) such as type
of work and number of competitors, and year dummies. Our main parameter of
interest is β0 that indicates whether the presence of speed incentives has signiﬁcant
inﬂuence over the contracted price of the work. Table 5 presents the coeﬃcients of
selected variables. For both I/D and A+B, engineers’ cost estimate and assigned
completion time assume positive signs and statistical signiﬁcance, consistent with
previous studies. In fact, the magnitudes of both coeﬃcients are quite close to the
estimates reported by Lewis and Bajari (2011). Nevertheless, the binary indicator
for speed incentive comes out negative and marginally signiﬁcant at best, which
suggests that the innovative designs do not inﬂate procurement cost to a signiﬁcant
extent. We also employ the nonparametric matching estimator. With several discrete independent variables and the large pool of standard contracts as control, we
are able to achieve exact match 67% of the time. Finding are consistent with OLS
and are available upon request.
The favorable evidence of incentive/disincentive and A+B designs must be taken
cautiously. Above analysis demonstrates that, on average, the speed incentive designs accelerate project completion (49.5 days per project) without signiﬁcantly
increasing ODOT’s procurement cost, which does not exactly meet with theory expectations.7 Bearing the inconsistency in mind, we examine more closely how contractors are adjusting their bidding strategies when speed incentives are provided.
This can be achieved by analysis at the item level. Upon identifying whether, and
if so by how much bids on individual items are increased to accommodate faster
construction, we are able to predict the acceleration cost and simulate the bid for
a project under diﬀerent contracting regimes based on composition of its items, to
7

Lewis and Bajari (2011) report faster completion of A+B contracts at the expense of signiﬁcant
increased winning bids. One explanations for the diﬀerence between their results and ours is that,
the user cost set by ODOT in weighing days in B part is considerably smaller than the parameter
choice of Caltrans. When speed incentives are smaller, eﬀorts made to speed up would be smaller,
too. Actually, completion time of A+B projects fall as big as 40% in California, compared with
a moderate drop of less than 20% in Oklahoma. Combined with the typical assumption that cost
of acceleration is convex in completion time, it may take a much greater cost increment to reduce
the construction duration from 81.5% further down to 59.5% than from 100% to 81.5%. Lewis
and Bajari (2011) indeed caution about the replicability of their results if policy parameters diﬀer.
Our ﬁnding may provide more relevance to regions with lower population density such as midsize
cities.

9

conduct counterfactual analysis, and to oﬀer customized policy recommendations.

3.2

Item Level Bids

......

4

Conclusion

Our investigation thus far has made two interesting discoveries about the innovative
auction design based on project level observations. First, A+B design is likely to
induce accelerated completion, leading to reduction in negative externality inﬂicted
on commuters. Second, with program evaluation techniques, we have shown that
neither I/D or A+B have signiﬁcantly increased the winning bids and in turn the
payment by ODOT for construction procurement. It will be interesting to utilize
our unique access to itemized bids and carry out a careful assessment over variations
of bids at item level from similar projects under diﬀerent auction structures.
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Project Characteristics

Standard
Incentive
A only
Disincentive
Engineer’s Cost Estimate (in Millions of Dollars)
1.523
2.464
(3.045)
(5.702)
Winning Bid (in Millions of Dollars)
1.412
2.230
(2.807)
(5.017)
Relative Winning Bid
0.932
0.935
(0.201)
(0.157)
Number of Days Assigned
120.4
149.4
(91.1)
(126.1)
Number of Bids Submitted
3.064
2.950
(1.897)
(1.400)
Nature of Work: Surfacing
0.333
0.842
(0.472)
(0.375)
Nature of Work: Bridge
0.397
0.100
(0.500)
(0.300)
Located in OKC or Tulsa Metro
0.283
0.291
(0.300)
(0.301)
Number of Observations
1754
161
Standard deviations are in parentheses.

Table 1: Summary Statistics by Contract Type
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A+B
9.340
(12.816)
8.450
(10.905)
0.943
(0.153)
266.8
(169.4)
3.118
(1.478)
0.604
(0.491)
0.653
(0.478)
0.648
(0.347)
121

1-9
10 - 24
25 - 43

1-2
3-4
5-7

1-2
3-4
5-7

From top: standard, incentive/disincentive,and A+B

Figure 1: GIS Plot of Project Locations by Contract Type
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Item
1.
2.
3.
4.
5

Quantity
12,000
100,000
800
1

Unit Price Estimate
(DOT)
$35 $420,000
$0.3
$30,000
$2
$1,600
$4000
$4,000
$455,600

Unit Price
Bid
(Bidder A)
$35.75 $453,000
$0.25
$25,000
$2
$1,600
$1600
$1,600
$481,200

Table 2: Item Bid vs. Project Bid: An Example

Description
Asphalt Concrete (Tons)
Traﬃc Stripe(Linear Ft)
Cold Milling Pavement(Sq. Yds)
Traﬃc Control(Lumpsum)
Project Estimate/Project Bid:

Unit Price
Bid
(Bidder B)
$37.5 $450,000
$0.2
$20,000
$1.5
$1,200
$4150
$4,150
$475,350

Variables

Incentive
Disincentive
Engineer’s Cost Estimate (in Millions of Dollars)
-0.0015
(0.0016)
Number of Days Assigned
0.0021***
(0.0006)
Nature of Work: Surface
0.940***
(0.112)
Nature of Work: Bridge
-0.812***
(0.095)
Located in OKC or Tulsa Metro
0.050
(0.095)
Urban Freeways
0.396
(0.196)
Number of Observations
1915

A+B
0.0041***
(0.0013)
0.0024***
(0.0006)
0.346***
(0.124)
0.376***
(0.123)
0.951***
(0.141)
0.417***
(0.127)
1875

Statistical significance is denoted by *, ** and *** at 10%, 5% and 1% levels respectively.
Standard errors are reported in parenthesis.

Table 3: Probit Regressions of Speed Incentive Contract Assignment
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Project Characteristics
Engineer’s Cost Estimate
(In Millions of Dollars)
Winning Bid (In Millions of Dollars)
Relative Winning Bid
Number of Days Assigned
Number of Bids Submitted
Number of Observations

Standard
Incentive
A only
Disincentive
Control
Treated
(1)
(1)
3.350
2.464
(4.426)
(5.702)
3.132
2.230
(4.344)
(5.017)
0.945
0.935
(0.153)
(0.157)
151.1
149.4
(120.5)
(126.1)
3.146
2.950
(1.718)
(1.400)
459
161

Standard
A+B
A only
Control Treated
(2)
(2)
5.077
9.340
(6.700) (12.816)
4.796
8.450
(6.327) (10.905)
0.960
0.953
(0.159)
(0.153)
257.5
266.8
(93.6)
(169.4)
3.150
3.118
(1.851)
(1.478)
120
121

Summary statistics are based on selective A-only project. Standard errors are reported in parenthesis. Specifically,
control (1) is made up of standard freeway surfacing projects 207 days or shorter, and control (2) comprises standard
pavement or bridge work in the two metro areas 120 days or longer.

Table 4: Summary Statistics: Reﬁned Samples

Variables
β0
β1
β2
N of Obs

Log of Winning Bid
Incentive
A+B
Disincentive
-0.032*
-0.003
(0.016)
(0.027)
0.950***
0.948***
(0.010)
(0.0024)
0.067***
0.084***
(0.013)
(0.005)
620
241

Statistical significance is denoted by *, ** and *** at 10%, 5% and 1% levels respectively.
Standard errors are reported in parenthesis.

Table 5: Program Evaluation: OLS Regressions
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