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Chapter 1. Introduction

1.1. OverarchingMotivation for the Dissertation

With deep budget cuts and increased regulatory pressures, governments around the world are being
forced todo more withless resourceSt i gl i t z a n d). SRoh shallenges,rhdwevar) 1 5
present a wealth of untapped research possibilities for operations management (OM) scholars
(Cachon et al. 2020, Lee and Tang 2018, Tang RF8 example, how can OM scholars help
government agencies to improve operational decigsiaking that enable efficient utilization of
taxpayercontribution® What can government agencies and contractor firlearn from OM
researcho creategreater value for the societyrhis dissertation isnotivated bysuchrealworld
challengeghat require government agencies to align their activities with the needs of multiple
stakeholders (e.g., contractor firms, policymakers, citizens), while utilizing taxpaygibutions
effectivelyfor delivering esential goods and services.

Given the critical role played by government agencies in fulfilling public needs, there has
been a growing interest towards conducting academic research that can help the government to do
well and deliver greater valle the societyFor example, withithe management literatyrtudies
have identifiecthe performance drivers of U.S. federal government contracts (e.g., Calvo et al.
2019,Bruce et al. 2019\lishra et al. 2016)and examined the impact of informatiochaology
adoption on government efficacy (e.g., Pang et al. 2016, Para. 2014). However, it is
worthwhile to note thatabpite significant investments of taxpayer contributions in the execution
of government technology programs and R&D contrathe challenges associated with their
effective management has received little attention in the existing OM liter&untbermore, e
execution of these programs and contracts is characterized by greater rigidity due to political
pressures, adherence toukgory mandates and most importantly, a need for fulfilling public needs
effectively. Recognizing such challengethis dissertationrexaminesgovernment spending on
technology initiativesby leveraging detailed executibevel data on government technology
programs andesearch and development (R&E9ntractsMore specifically this dissertatiorhas
two objectives (a)highlight the idiosyncratic challengesssociated withthe executon of
governmentechnologyprograms andR&D contracts,and (b)identify mechanismgo improve
program and contract performance.

Thefirst study of this dissertatioimvestigateghe drivers of baseline changes in the execution of

U.S. federal governmeighereafter, federal governmeméchnology programd he secondtudy

1 For example, on an average, in the past five years the U.S. federal government hak78gdatiion in the
execution of technology programs and has award&d50- billion as R&D contracts. Source:
www.itdashboad.gov, www.usaspending.goAccessed April 2021)
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focuses on the performance of R&D contractsidedtifies practices that the federal government
can adopt for improving the performance of R&D contracts thairaferentiallyawardedo small
businesses through the sside policyThethird studyevaluagsthe firm-level implications othe
setaside policy particularly whether the policy increases incentives for federal contractor firms to
avoid growth and remain smallogetherthis dissertation attemgpto generat actionable insights

that has the potentiab help government agenci¢s effectively manag their spending on

technology programs and R&D contracts.

Figure 1.1. An Integrated View of the Constituent Studies in my Dissertation

Taxpayers
$ , o . ,
Study 1. Baseline Changes in Federal Technology Programs
Technology Initiatives Contractor
Government - > :
Firms

Study 2. Set-Aside Policy and Performance of R&D Contracts

Study 3. Firm-level Implications of the Set-Aside Policy

1.2. Baseline Changes in Federal Technology Programs
As noted in81.1, the U.S. federal government makes significant investments in technology
program$ i.e., enterprisavide technology initiatives comprising multiple application
development and maintenance projécts deliver essential services to the public. The execution
of each program is monitored againgbaselind an aggr egate plan represe
estimated budget, schedule and scope. With increasing bipartisan scrutiny on federal spending in
technology programs and continuing debate in the media about tbkvefiess of their execution,
in this study | investigate therivers of baseline changes in the execution of federal government
technology programdn addition,| study how does the scope of a federal technology program
interacts with execution factors, namely, program granularity, program management competency
and execution methodology to affect the number of baseline changes?

The analysis results;l evaededadm dat Ri3l4e df ealx

programdi,atfiamdsi ntcrease in the scope of a fed
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associated with an increase in the number of
an examination of the execution f arcamulsariintdy ca

program management competency attenuate the po

the nulmbeel ohe Ichtasmmgesti ngly, while the execut
moderating effect; the ecdsd yofasagici at endt wod dl @
number of baseline chang€dsi compameethodol ddiye. uT
guestion the increasing push by federal agen

met hodol ogy forcekemekogy mdditidng dcanoraelric anaysis shows
that a reduction in the number of baseline changes in programs with higher scope has the potential
to substantially reduce federal spending in the execution of technology programs.

Findings from thisstudy advance the literature technologyprogram managemeiuty
developing a nuanced understanding of the execution factors that influence costly baseline changes
in federal technology programs. From a policy standpoint, this study highlights the bbakeetihe
changes as a valuable-pnocess metric for federal managers to monitor the execution of

technology programs and identify programs that have greater potential to experience cost overrun.

1.3.SetAside Policy and Performanceof R&D Contracts
To encourage small businesses to participate in public procurement, the U.S. federal government
has established the saidepolicy whichmandates government agencies to award at least 23% of
their contracting dollars to small businesses each Meawithstanding theolicyd s wel f ar e i n't
this practice of awarding contracts by restricting competition to small businesses may reduce the
federal governmentodés ability to select a highl
performancenegatively.In this study I examineperformance differences across federal R&D
contractsthat areawardedas a part ofthe setasidepolicy (vs. through open competitiorih
addition, | examine thmle of nature of contractor firm experience across federal agencies {same
agency experience vs. differeagency experience) aride timing of awardingn R&D contract
(earlyvs.late in federal fiscal yearin influencing the performance of sside R&Dcontracts.

Using detailed executielevel data on 3902federal R&D contracts, the analysis results
indicate that despite restricting competition to small businessessidet R&D contracts perform
better compared to R&D contracts awarded through operpetition. Furthermorealthough set
aside R&D contracts perform better when they are awarded to more experienced contractor firms,
the benefits of experience arise primarily fr

agencies comparedtotief més exper i en c e Finallyfthe resuliséndicagethat a g e n-



setaside R&D contracts awarded early in the federal fiscal pedorm bettewvhencompared to
similar contractsawardedater inthefiscal year

Taken together, these findingspresent an important step towards highlighting the
challenges that are associated with implementing thessd¢ policy in federal procuremeftrom
a policy standpoint, these findings highlight the importance of considering the underlying
dimensionsoh contr act or f thetimidgof azvarding setasdeR&D coatraal,
as such efforts can translate into improved contract executioeffeative utilization of taxpayer

contributions

1.4.Firm -Level Implications of the SetAside Policy

As notedn §1.3 the sefasidepolicy encouragethe participation of small businesses infénderal
procurement procesg.o determine whether a contractor firm is eligible to receive contracts
through the seaside policy, the small businesglministration (SBA) has established size
standards. Thessize standardare based on the number of employees or the average annual
revenues of aontractor frmandc | assi fi es contractor firms as
businesses being elie to receive federal contracts through theaséde policy While the set

aside policy may help small businesses to grow by providing them with increased business

opportunities, the binarsize standarfbr determining aontractoff i r més el i gsebi | ity

aside contracts may also disincentivize growth. To resolve this tehsixaminewhether the set
aside policy disincentivizes small busiressto outgrow the size standakks the setaside policy
also encourages tiparticipation of womesowned and minoripwned small businesses in federal
procurement, the second questionhis studyfocuses onwhetherheterogeneityn small business
ownership (namely, wom@&wned, minorityowned and other small businesses) impdbe
likelihood tooutgrow the size standard

Using accelerated failure time (AFT) models and data864 unique federal contractor
firms, the analysis results indicate tleateris paribusan increase in the cumulative proportion of
setaside contracts executed by small contractor firms is associated with a reduced likelihood to
outgrowthe size standardThis result suggest th#te setaside policy may not help contractor
firms to outgrow the size standard &y doing sofirms stand to lose the benefits of the-aside
policy. Furthermore, the analysis results find that among small businesses contracting with the
federal government, womeswned (minorityowned) small businesses have adovikelihood to
outgrow the size standard in comparison to4m&ned (noAminority-owned) small businesses.

Taken togetherthese findings suggest thtie binary size standardor determininga

contractor fir mo6 s-asield congracts mdy idisingcenttvive there to eutgrow thes e t
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size standard. These findings also echo increasing calls for sngmnall businesses that have
recently outgrown the size standa@lven the lowerikelihood for womerowned and minority
owned small businesses to outgrow the size standard, such efforts may be particularly useful in
encouraging these small businggsesto outgrow the size standard.

The remainder of this dissertation is structured as foll@pters 2, 3 and 4 provide
further details on the constituent studies of this dissertation, and Chapter 5 discusses the key
theoretical contributions and policy implications for the technologgagement angrocurement

practices of the U.S. federal government.



Chapter 2. Baseline Changes in Federal Technology Programs

2.1. Introduction

AWi th so many talented OM researchers who wor k ¢
... To whaotmepamnenprastice or public policy being
reseaf Thrkg 2016, p.179)

AiWhen problems mounted saoledudeteapgreo joefcfti cfi allls breol

deadl i ne backir elbhaesdellhdemled.realj ercte bahsaes| ibreeech at | eas

ti méBsaRO)L5
Governmeousad t he worolwd nfgaccehal | en § e weds oduoricnegs n
(Stiglitz and tRMméenhgdadtdabebpss much of tthlee EL
t opinma nafggiovgr smendibnegenhaas sourcdebbatemuch petéent
media circlesMdRiamged thi2heel Bn  Oalstpect of gover nm
that has receoengecsti pwath y saa fteedcehr gor mspdyamdi n g
i . enterprisewide technologyinitiativesc o mprii 8 @egapp bt eéavt é lomp ment ar
mai nt epnraonjceec t s boga rtrhiee df eaduetr a l gover mmeantdetld viemj
essenti al ser \Greeggsoatyo e2Bd5pulffcce of )Personn
Exampl es tofc hfnppd gy ms myndd @ldet,vihieanh enabl es us
access information admodhiéeti enmagr Benehi s€r Maoasg
which allows military veterans to file disabil

The executiont et hrwileo gy aoedidsog dei dibsats €8 a m e

aggregate plaanprréegorraegsiennatli nbgudget |, schedul e and
the stakeholders in theOfdriagr aoni pPeirosrontnoee |l i tMsar
KerznerTha®,3 a programb6s baseline iismeasured andar
andmonitored Al t hougbr madj ust med tospcei, n baadgebdgroamsche
accommodated withiabaistedhafegest angredmasead amtep r
realignment&i exiastpirmgraemhedul e, buddatt ednd otk
(Of fice of PersonnEdwadadhageaminkKkaddid@dfeZ@I®I ci s
technwomrd ogiyaants hpuohaamswodéhh @nel i nedd mud @ U tei dn me
resul siggifincant addwh aoowh g pp ain@leng2gibliia n

Government AccountabilitfyisnOf hate baepbihe ( GA®N
common acr boeshrmidegsmdimsh more than 50% of suc
rebaselined at | east once and mdExe rtelsaan nQy5 % oma
2The U.S. spends more money on federal technol ogy
consistently exceeded U. Sf.i \$e7 Qytdbaprisd: /(@ n t.Aacddodd  do ge
March 27, 2020
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executi on :maimb b gdorlipvgeana nhygpirlied, met hodol ogy ( Rar
2015, Harris et al . 20009) .

Figure 2.1. Structure of a Federal TechnologyProgram

Federal Technology

Program
—_— ‘ _____ _— e ——— e ‘___
[ + . | ‘ |
| .| | |  Program
| | Activity 1 Activity 2 Activity 3 || | Aetivity 4 Activity 5 : | | Activity K-1 Activity K || Granularity
| I
I Project 1 l : Project 2 I Project N l Program
- __ O ol Scope

The empiri ccaodn dauncstieydgi d et ai | e 240 fag dc¢the avllah o Idag ya
progspmea2freger al. aDgaetnac faereem ttahkee nf e d eapaulb IliTc I Dya s |
acceoyildlnee platform that traclk\e telse i pnart eo ramare
bi nomi al moelgpessi omati on that accounts for unc¢
feder al aademroindas onusmbfear 8 pe @irfoige aimdhsar aot dreisd
hypothesi zedxamliatngnshéepmoderating effects of
rel at i o n sphogramsdomeandvtieeenmnmber dfaseline changes in the programs.

OQur results providec cecmpdntiamnanid nsun esacede hoft hat
federeahnpd eogryam i s posi ttihaee mpoef ma shsacsceil ditnedd ecvhiatnhy
program. More importantly, an examination of t
of progulaar igiry@marnadm managementencoempetséencye rel
bet ween progr amunsboebrp eb aaered i Ihmateecrheasntgiensg. Iltyh,e we f
execution met hodonoodgeyr ad a;,énsys reddeelcEved at hat t he
met hododiorgegcstsleye i at ed wi thhurmmabndr baseaseaei chahges

to t hepludsnei vmefnhoyddDhege results question the i/

agencies and contracting firms in recent years
feder al t echnol oagnyd pWaorbl a mMod Mah alBIOW 3) we <carr
additi omalt recomnal ysis to highlight the effec
federal technology programs and use this analy

that can occur by reducing basdédlrionghchange<rier
program granularity and program management com

Al t hwaghttempted to reduce e nedxo ghehnreei utgyh ccoanrceef!
operationateepandemt odnd isaddpeppeopr vat eambeel

such concerns may still arise eddom seolssen vedy
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results through aneasd dseédohsea le xaneanlty stios .whHicrhs to,ur r
by unobsedorvMsdilfagvmet hod propodqged,am)d Aldsteodnjiin erte
studi ébe y( e2t0gL.&,hi s ainnadidcshiase unobserved heteroge
to bias .Ndtewirtehssutl @ nsd i, n gw et nhdi usc t eswibedpe nrcees i d u a | i
(2SBBJ i mantdi oan tr eat merstt i efadt e @dns p aoddeefl b@agenei t y
concassasci at keywiitneplea dreeadsda diatsipaetcdiléd § cat hems

suppdret r oboamanierssulotf s .

Taken together, our study findamgs adkendihreg
OMI i t eantumpeFRaicrtsitc,e. byt i@cmanage mant of publ i c
progaancsritical yet undemnust ddsueddi mpecretaa cth stoenpt
highlighting the performance issues that are p
|l ie therein for OM scholars to influence publi
2016). a$dadhwhuegg, | i mi t ed number of studies on pub
business Iliterature have primafpirloxessalpeat od m
metrics | ike schedule and9 c&€otvi e¥Oklor,enMias(her.ag .e
2016) , the present study departs f r-mmoctehsiss t

performance memberc,ofnabmged dnloinm ¢tolcdh aggygesuti on of
technol ogy programs. i/%s ktehyatbeinte fsietr voefs tahsi sa nveat
agencies and podgmamfmanagdm®| ogy programs t ha
deviations from theirexcerciugié manb lalmals e hiemet duwbn g
towar d reduci ngThhkea stehliirnde ccohnatnrgiebsut i on of our
demonstrating the role of program granul arity

execution | evel dtaed oupwdrhdas tc@anr dcuaajtuhe num
programs with high scope. Finally, our study
studying baseline changes in federal technol og

conmibutions that can be athi @uvgntc eactihser bgv aims
program granularity and programhmanagembdbric kc o n
broader debate in political iamgd ome dfi @decrialc| tees
progr ams, promiowi sgchnsipgmds ng can be managed

through the use of specific execution factors

2.2. Literature Review
The theoretical kuigludneutpesnried adruerd essttrucdhwmsnsOMf and
t hef or mgsitsemma({ mesearebhool ogy pr @djeeCgta,nmaa neatg e n



al . NRa@&rl8B8yanan Kawtonalet MiOhlnl 20) G,l{dna@dmh6Bbody of
worokpubl i d nsded(tetrigv e s Cad Mios herta adP.a @240.1e 2.0v@16., 201
revi ewwnpheodmg ese@eantcihfy ,apdHicitiows gapsstudy at't
address .these gaps

2.2.1. TechnologyProject Management

The focus on actionablaechanisms to improve the performance of technology projects has been
a topic of longstanding interest for OM scholars (Kwon et al. 20Mtm 2010, Clark and
Fujimoto 1991)These studielwok athow factorssuch agheplanning andequencing of activities
(e.g.,Narayanan et al. 201Terwiesch and Loch 199%pntract payment structures.q.,Kwon

et al. 2010)team coordination (e.g., Mihm et al. 200@8nhd incentive structure (Mihm 2010,
Carrillo and Gaimon 2004mong otheraffectthe performance ohdividualtechnology projects.

Our papebuildson thesdM studies oproject management lexamininghow a set of executien

level factors influences the performanceaocfollection of tecology projectsthat constitutea
technology program. Specifically, we identify the roletlofee factorsthat arerelevant to the
execution of federal technology progranc®@mponentization of programs into activities (e.qg.,
Baldwin and Clark 2000, Wheelwright and Clark 1992), competency levels of managers (e.g.,
Mithas and Krishnan 2008) aride execution methodology employed (e.g., MacCormack et al.
2001).

Theexisting OMliteratureon managing a collection of projettas investigated issussch as
choosing an appropriate mix of projects (Chao and Kavadia®),2@@ntifying the sequence in
which these projects are to be carried out (Wheelwright and Clark 1992) and allocating limited
organizational resources among the projects (Chao et al. 2009). Except for a recent study by Crama
et al. (2018) omowformalizedhelp-seekingnfluencegheperformancef a collection of projects
theextantOM literature offeslimited guidance on the effective executionte¢hnology programs
that arecomposedf multiple interrelategrojects.In particular,given the structure of programs,
while the effective execution of individual projects is often a necessary condition for programs to
succeedsuccess at the program level requires manageesdount for the interdependencies
among a collection of projects withinprogramand constantly balarethe shorterm tactical
objectives ofndividual projecs with the longterm strategic objectives of a progrdmthis study,
we account for the mulproject structure dechnology prograsby usingmeasurethataggrega
executionevel factors from the project to the program level. Our emphasis on studying programs
(as a collection of multiple interrelated projedts)s extends tradition of work by OM scholars

who have emphasized the need for grefitens on aggregafevel planning and execution of a
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collection of project¢Clark and Fujimoto 1991, Crama et al. 2Q18)

Finally, our study alsduilds upon an emerging stream of reseandhe information systems
domainthat ha highlighted the esseat role of program management in carrying out complex,
enterprisewide technologydeploymentsand called for greateesearch on this domain (Gregory
et al. 2015, Jiang et al. 2014). Specificadlys Ji ang et al existifgditerattea p. 8 2)
program management i s sparse and asdthatl(Gregoryn t he
et al . 2 MateSreseaneh on IT Pprpgrams in general and IT transformation programs in
particular could thus contribute to a better understandifighe complexities and mechanisms
involved in ensuring successful deployment of IT resources in organizatnstudy represents
aconcerteceffort in this direction.

2.2.2. Performance of Public Sectdnitiatives
This study isalso related to atream of academic researatross OM andhformation systems
disciplinesthat examina the performance of public sectantiatives (e.g.,Cal vo e% al . 2
Coviell o Mits harla. e2t0 l1la7l,. 2 .Hawiever,nfRuay of ghese studiekhve 2 01 6)
focued on examining the drivers of traditional eafiprocess performance metrissich as
schedule and cost overru®r example, Calvo et al. (20)Llexamined the effects of regulatory
oversight on schedule and cost overruns in public sector constrpotigcts, whereallishra et
al. (2016) examingthe effects ofproject risk and process maturibyn similar enebf-process
performance metricRkelatedly,Pang etl. (2016) linked the information technology budgets of
chief information officers (ClOs) atthe state government level toreduction in overall state
expenditures as a performance measure.

We differentiate our study from treforementionedby conceptualizing and investigating the
drivers of an iinprocess performance metric, thember of baselinehangedhatarise during the
execution of federal technology prograf@ven thata pr o g r a mié an adgregate plann e
captuing thep r o g rindtiah plannedbudget, schedule and scope that is agreed upon theall
stakeholdersabasel i ne change during execution 1indic:
execution has deviated significantly from its expected budget, schedule, and scope goals, rendering
the existing baseline ineffectivieurther, the process pfoposing and appving a baseline change
in federal technology programs is both effort intensive and time consuming, requiring significant
attention fromcontractor firmsand agency personnel (associated with the program) to negotiate
and agree upon the revised baselind,raconcile the revised baseline with execution level details.
Therefore, lp representing thaumber of baseline changas an irprocess metrifor evaluating

federal technology progransur studyinformsfederal agencies and programanager®nhowto
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continuouslymonitor the executionof theseprogramsand calibrate the appropriat&ctorsto
reducebaseline changeFinally, sucha focusalso distinguishes our study from prior research on
information systems development (e.g., Dibbern et al. 2008alGaml. 2003) that has studied
execution challengesuch as requirements volatility or scopeep butcharacterized them as
exogenous in naturdén conceptualizing baseline changes as apratess metric, wexplicitly
recognize it as an endogenous swain our study that is likely to be influenced factors in the
programbés execution environment

I B ummaéy yex amieanx enqgo fiyih@n federbakchoveogwmeptogr a
contri gutoevi ng fr & e dtphrscehe k s t op uibnlfilct épnoohecgahgl e mi c
rese(aergCél vo2 @iMi sslh.r 2 OelRea,red . al) FuROh6ér mer extend t
boundafri psagdamr oj ect manage naemdnf otrumdiite oni vyEs
Il it erAtideentbiyf yi ng mechexéecmbi 6 edempirovecthhel o
t hate composed of mul,anhplsdiuidiyti enrgr & lheeip edd ¢ preg jSe C
perfor mantclkee meu mb er of ,tbhaastd Isien ed uoh anmgg etshe exec

prog.r ams

2.3. Hypotheses Development
2.3.1 Program Scope anthe Numberof Baseline Changes
As not edf eedaerel ai henforl magrya m c¢c an Iseotfc omesd ir duierda taesd aa n
proj ecatreeat hia¢d out by the feder al goveEmamént
projwethin a pr agrrtamproa mirdysademddegratvaokren t o accompl
oft hper o ggsatmr at egi ¢ objecti vVRRED | .6 Gt Begfoer/daeme nala.l | 3
define the scope of t e fwetek htprhdgmaem.ds t o be
Akey challenge associ agadc avlilt e tpp menjphe ihtgs aingd t
i ndi vi duahavnem o a g thaad talnycee -tsdhromt prevjedctobjtelcd i ves
| o6 g pmo glr avoeblj e ctthiate saragergnat ure (Gregory et al
Fuj i mot Barlal%iup saatri maghte basel i nva 1 dafrs g moagnraagnesr s
may e x ptehrei elnicnei t s of t hBeailrd wionu @8RBI @nlcaat rikddOe/dad )i ,t y
wouda@astrnimbi 'ph®cess the assumptions and constr
in a pragrcamrnterfderpendarfdi@geejndic tas spggmod riamt egr at
potentially conflicting estimates odomturdgettora
firmessnay result in signifihgcaanpgr Ggnraacnt ¢ i ad i ebsa sie
necessitating bnags eebxienceuA d memages dumbaeryalosfo pr oj

compound t he uncertainties associated wi t h c
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technol ogi cal resour ces) mahdprpdjeeceqgtraatiimga derd o o

in turn, can furtbéeasehtneasbdaniges! dkeli ngopdog

Finally, as program scope increases, so0 too d
only a smal |l erl |Is upbrsoegtr aom itnhfeo ronvaetriaon ( Kwak and
individual ©project estimates that may not acco
program objectives and in integratin@g6édeFowrver a
and Sterman 2003) . Fyoera ri ncsatsaen cset,udiyn otfhed rl amud
i mpl ementation in a major commerci al bank, Gr

constant tradeoffs faced byingdisbwiodt glereopeoi ec

objectives -lvivtel rbggrcamves t hat are |l onger t
Col | editseared wme nttshpsriuogggreashiasr yeh 8ceo pa gr eatfer | i K
expei mbgarsce |l i ne changes. during their execution

2.3.2 Moderating Effect of Program Granularity

Act i wietpireessent the organizatilbmobéha $malhrat we
worwi skever al a c tiimgghiten eis vpiccowieslpirtoug™emr ogr essi ve
componemtfi zaattieccrhnol ogy program into multiple e
management decision (Gregory Wheal wrkPQbhpb, aBdl G
Typicallyacttvisy atevxélle that work in a federa
contrfaetmMICl driktadbngDdent with priometiterat

al . 2012, Rai etpralggradWI9gr, i twe adse dp megreame s
componentized into activities.

Ont hoene hand, increasing | evels of program gr
program scope in terms of technologicalofand i n

program sg otpleateantstuenet a cotfi rcdail wigdypsyleet snor e ef f ect
al i gned, t dperroeghrgacnh e kbop Btnegrtns sltornagt wigi tichieas b j enat ied e s
basel hoeeasing |l evels of program granularity

problems that may arise during execution of pr

That i s, the bounded rationalstfyfomsponognamsdgd w
scope (which imvarges pmocaa@s$siofg i nformati on)
i ncreasing |l evel s of program @s®@mall ar i tayno ¢ wh

i nf or mat inmoong)e.t hFuorutghhe rt ads kd i pvai rstiiotni oorfi tlgppbeocyi ,f into d |
activhatesftermpramgesmencdur omgar e (Juwb rcaknhayn yaadnd r eets
201@akpinar )ewi tahl .1 i2M0 X0 d stphiel | oweerra | eHifaeack sy |jonne
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i ncecdayel of granul arity @slnsoowdeaddfdeicte s( T ehrewipeostc
Loch ,592¢%) t hat estimation dcueg otre lirddea«recdidg s iogn
or uncieohaeaiawyhéaveyli mited efrfseotrs cihml d emighear
activity. Gi ven t hesiendresmaedoiftggl awmeiellasrt weca kpeant et
positive associati ont hhea mimde b apred d maem chanme sand

On t he owihtelr & nidn c rsecaqsped n nr pa vigmra@amgr anul ar it
ithendihfey amount of information exchange and cc
i ntegrati(8gbramawvyameastFoal .ex2alnp2 e, feder al e my
fignmarr rtyhensge oaucdt i vi ti es nmuc tu rcdaermutnd rcd tteh a efgaud:
each &otdheeca rsd othe track these decisions. As procg
i nformati oann dp rooacersdiimagt i dogptl iewcaino sesstehe | i kel i hoot
integration glitches ané€),trhewcerbky (i Midsulctiégn ga md c¢
progs abnasAddi alewint h an i ncreasaegreapeognambec o pd
may amplify the exftfemnt d or evdpuiicrhed hteo aicntueadr &t e
(Staats gt vahgchradngre ggrooegebaams el i ne dur.Thgtits ex
for pr oggraenasst efpifeteh benefi ts of granularity can
f or-orcdi naantd oinn taecgrroastsi oan gr eat er Ginvuemmb etr h eosfe aocpt pi
ar gumoeintes rol e of program granularity, we prop

HYPOTHES®S]I SProgram granul arity moderates the

scope andboefhebasel i ne ¢ htaencghengoil iogsy@ent el a ta |
streonfgtdlhs scdedrieammsses ogram granularity increa:

HYPOTHEK®K]I SProgram granul arity moderates the
scope andboefhebasel i ne ¢ htaencghengot iomgiyamfoile halt he
str entghtihs oafd snacaiaatsipssrogr am granul arity increasct

2.3.3 Moderating Effect of Program Management Competency

Existing research has coanteiproditaiteerzeedi camp&newt
practi cali nknao wkoengagien Mi t has amd i Kroiws ferncahrh 0 Zz@Q 8
knowliemdgae defnaeanes unhder s tuasnadbi Inegt Hod @ yaeabrfi cceapttoso | s

and tedcdhmaitgae®o rpapfao reodnlaalrdimaSunch knoah eldg e

acquired throughnfonmababhdHdopatddmowpr D6 ed ©i ocancaglu
certi f(iaatliiovhasnCa&rntr ialll. o 2d)®Fr, &a@fl m&m 200l gehe ot h
hands, devel oped through everydany tphreq ddtaimmge ma red
al ,ROcdkKman and). SPuicsha nkon 02s0i Oeichg eutnod e r st aedihmg cal |
knowl edge can beo spethdt ,nm aapsplagend cuhar de mbnd:
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organi zat i(ofmerldoonwsDa &6} pnt owi,t bwe fh epcrhotgor a m
managecnoemmpte i eanay fedenmil ogryt heoansbi nati on of tect
pr acknacvalleadagrbuyperdo gmama ger s .

We propose that highemalvdealj®r @ofv ec crmpmet esmoame
bounded rationality and cognitio¢t abigasT@scapeocC
S uc c esxsefcudtf t @eno h nprd @mggryam requires an understandi
constituewhi dphrf @amegatésm s caonpde how each project CoO
overall program objectives. This understanding
technipcalckancdalledge acr og Grmwglotriyplesen gaalro j 2t tlasl ,. -
A higheafprlegsredm managememthciocnbbnspre e s @cyt wo f or me
knowl,edgbl es a deeper wunderstandi ng anfd thlbev i n:
t hey rel at e rtoagor bayne cSaurcehir Batingr st andi ng not only h
esti mat hporno golfaans ebune ailtem ec at ircenf ewidtiibas s e bi ne
Fu
t e

-

mbeei ven that managers experience the | imit
hnorl ogyéd mé arger scopet,otdheyr ah ef anor o Il u tkied ry:

| e

c
probl émxiagiting approaches (MosswehliamcsraaaaiSi @ ¢
vel s oadnpirechknacmBhédge broaden the haegmanbhgerki s
;]

uséewwsti nmeaptriongigbaans el h negtuhneasregument s suggest t hat
program managemeprt| cempgt €pnc htee sh mporliadgncaarht | n
| argert € 0aapnk mpmoewndt hien accur acy i draandiliscrme
est i atteidmlxseocnighper o gr amews t himat ¢ Wethhaesregrfioopees e

the following hypothesis
HYPOTHEXSPBogr am mamagpemesdey ates the positiv
bet ween pr ogtrhaemmbdo ppbeasaeednd ne chaobemrl @a@ryam f e o
suchthbhatst rtehnigst ha sdsfoccri eaapsiremsy r am manage ment C
i ncreases.

2.3.4. Moderating Effect of Execution Methodology

Building upon prior studies (e.g., Rahmani et

execution methodol,ogyecahsnia useagtu ioafe leisatalhbd d st da
by rnelept ejteocntsst afteudd rnagl pgreadgimarm.oglyhe execution
technology program can be broadl ydrdlvaesnsi faigad ei
hy bRiagnesSh etAualkti n2@h?d, Dev-dni 2609 net hbdepbgnedo
t o aBwvat @&nfealhlodol ogy in practice, refers to a

execution of a phej dbirgnhyyceonhductedednand sequ
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out put of one phase becoming tHegiiveputmeft dirodal
much of the planning effort occurs wupfront i
documenting the requirements and ncarnrdyemyu emnwte
requirements gathering followed by design, dev
al so pursue vadiratvieoansmeafhotdhbii gy admrishpadaal t he
met hodol ogy wherein egowtjedtisn cotnnt u mtuer e d  ared es
additional features being incorporated at the

An al ter natdirvie etho meheéhopdlodnogy is the agil e me
of upfront ©pl anni nngs teefafdo,r tf oicnu sae sp rtohjee cetx,e cauntd oit
smal |l er set of p Riathmianii zeedd urad ¢ ni 2r&ainde,nDesvi(n 2 0 (
di stinguishiheg agedteume ttéhmpghdissigyes on the early
rel efasworoki ng prototypes which allows <c¢clients
context) to review and relviKeesenke rR28d @& rreenseunlitts,
anncrease in program scope eamhbBngesesasdé hehaea sfg
met hodol ogy can help in developiervglarkegui eemenmn
objectives contribute mor etvlee ad pp @mtowgmiatmy gto@a | rs«

and i mmedi atehyoaddfeasuresbesfore moving onto
buiyn into the program scope and minimizes the
revisions (Maruping et al. 2009) .

Finally, research in software engineering |

met hodol ogy (or controlled flexi-brnilvary)andaag

met hodol ogi es (Ramasubbu et al . 20 ¥Y5).f T ries an
met hodol ogy whi |l e mai nt aining t he i dentviefni abl
met hodol ogy. While flexibility enatbsl eéosasaeldguwieck

strong management contsr celnsdiureisndg huartc @ rhtea ipmr oggirte
the estimated baseline (Harris et al -dr2o0edn) . S
aspect of the hybrid appr oparcég csaapes, awhtiicghh treerd u
| i kel irhoboads effad ne changes , by ooacorpoimfheimgi tent
feedback enables a better wunderstanding of prc
baseline changes. As the hybrid met hodhrbilamegry co
and agile methodologies, we anticipate that th
association between program scope and the nur
mechani sms through whichmeatfiddoleoagy typresi of | &«

of a federal technology prodgriamen wae tposodfd | a dya,t
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agile or hybrid methodology is Ilikely to weake

and t he bnausmebleirneofchanges.

HYPOTHBSIBxecution methodol ogy moder ates the

scope and the number of baseline changes in
strength of this assocdamedthiodm| ocogyr @®asdehewhegmr
is deployed in the -priogermammeteci@adolvegyt.o t he p

24. Research Design
24.1 Data Collection

We coll ect det aitleecdindbogy aomshfefedeEm al @ o vielr n men
Dashboard. Thie a4ad iDmapdhdbiomd drkbeynittheatfievcker al govV .
make its itneelmnmreoginsa msn more transparent and f e
i nvestments. The JWVel®ididé Warsi nl ga tehcEecelodn d my was
experiaemraijmg rwbeadxeiren warsd si gni ficant pressur
t manasgpeendi hg andtpaogpdieteg cigrapessitmiemgdist,e not e
irTheDagdhboard gives the public access to the sa
to oversee the performadbhe ofespedsei bl | iltTy i hoE
updati ngr epractgerda mdfeaed ear aoln ItTheDas hthe€Cd IOd f wddast &l wi

government agencies. This website di snpalnmeeylisyy a s
the agency | Mighe th ws ii veadadidive Crl Op eervtaThieat i on
agency | T poontfaoilno detpairlted financi al i nf or ma
program funding, tot al program | @&f epcoyrctifeol ¢ @s t

technol ogy ips o@ r s(mbBseRainbofiffth e5 busi ness cakse repo
evaluation repeaainfdbmes epdr mgar amf or ma®@MB nE »lhriolvii td e
300The business case repend dlejsaescstobca gast readipid omga la
perfor manwhe reahdes Ct ©, eval uati onGrepokt |2yedssasn
to accomplish its goal s.

Data obtained from these three sources are

progr ams, proj ecte@atnac tsiowif toildes H bllandee ycil eked t

4 Exhibit 53alsoconsists af (i) agency cloud computing portfolio repdinatcontains detailsf an

agency s i n v & slaudhemputing infrastructure, afi agency IT priority proposal repdtiat
contains proposals for programs that can demonstrate a favorable return on inivestinie 18 months.
Exhibit 300 reports the justification, planning and implementatiorvefygechnology prograrthat are
listed inthe agency IT portfolio report.
(https://obamawhitehouse.archives.gov/sites/default/files/omb/assets/egov_docs/fylteguidaexhibit
s_53 and_300.pdAccessed: June 11, 2020)
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eaoh her thhmiougé n tef iussraini ue t ceon thiafoigé mvme |

informatossa the differenthdeelpemdesntbsardriamdde gom:d
in ourFost wdiy. analysis, we downloaded data frol
initial sampl e of f2r5@dm t 24 hh e ttehgagt! piangvgonl eavineeds ¢ o |
projects. waseoppedramom oubeeasunénad il mag wamplhe
control variabl ¢ epMOdrgg@Erma ngso.u r dex t |, we excl udec
which we wer e urmpdlalnmaetdoe s ed fr | o @®p df loarn da 4gir atnaull a
progthmed exogenous valwues for program scope
i denti fi edwiatsh ia fHiugehstvddllsateadrodvea€o0o e kbsequentl|l y |
the estimatirerdustdmugliymmhlieed Ot opr Oqr aanse 1f eegdee,r a &

technprlogryam in our sample consists of 3 proje
an aver age-26bdnidlgkltacb2féi B 6arhles mep | emebaurd g amp | e

program from our sampl e.

24.2 Dependent and Independent Variables
Nu mboefr Basel iiAfee Chaamlyreml ogesyamas el i ne dawan nlge itev
execuatsi @anorhe $ nigd jeochraomge a series of iherpdmegt aim
scope, dhujneccttiiomead, rceognutirraecnteinntgs r esponstihbaitl i ti e
r ensdtehre edviasteil ngfef eacicuemdmiltyb hpmggerexme cuti on
Revisions to the baosvegh na ®@ir@orcoaursr iierdiyheeuwt ptirh
invol vement and appr ovalheo fChtiheef alfnffeocrtneadt iso na kGef
Managementt h@f ffieaderamfl agency assocoht emthgdwistoh t h
o OCI O RiOg®mA)id | ustwartietse s 1 ea s stohper agpordd waagl hhr o v
obaseline changes i n Weddkiradudsecthmed @ gsyt e 0 girm
A22 i n thaeapphkmant

ThdNumbeBaselChargeas a fedemmllogrys nmmeasuaedount o
the baseline c¢hatntpe © relaxaet c ubtoicoono.ndur uagi ng this
exclude basadltiriduechkrdregtelsalt ef aot ousder the direc

managers arfdgsoohnas:fijlaxt er nal management deci si or
|l egislation or mandates from the OMB or I nterr
availability of funds for a program-a(leh.bgc.o,n pen
of budgetary resources among feder al agenci es

age@cystructure and/ o Furthemesretoredicethertfeeptuol ométtede nt s .

variablesthat mayaffect decisions regarding execution methodology and the number of baseline
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changes in a progranwe carefully studied the explanations associated with baseline chande

excludal thosewhich hintedat progressive elaboration of program requirementsheruse of

iterative approachess a reason for baselinechandeb e aver ag el uwdddu eb & soe| it mee
changes i n3bairt saampd team @4 7Tch bd2v iAat it e @l i ne s
includes examples otr basmpli@me changes from

Figure 2.2. Process to Propose and Approve Baseline Changes in Federal Technology

Programs
. 4 Is )
— S “" Baseline - 0
" start  — Compare a program’s existing _budget - No
~ and time with 1ts remaining scope 2
N “._required?
v Yes

| Prepare Baseline Change Request

Y
A S A4
. Yes o pprove No c .
Present new baseline to CIO for & new C ontl_nue program t:\c_cutlon
approval N with existing baseline
- baseline? -
v
Approve No
new
baseline?
Yes
2 —
Continue program e.‘l(ecutlon with e Stap g
new baseline ~_
Responsibility for each step (color legend)
I:l ) Agency Program Both contractor and Agency Cluef Information
Contractor I:I Management Office (PMO) agency PMO Officer (CI10)
SourSama:l | Business ADepaismenat i ofh Jedtilge (.

ProgramE&clhhpegroject within a phadoamplhiassh eas sg es
of the&Gprsdagraamgi ¢c object AVtes e Geegem@icaitreg!| e g
number o)t hpra@jffeqpotessent s a wider tshaatheofpr ®gr aime g
trying to accompl i sh. Given that each project
out put, weogeecampuag ein terms of the totpllammueter
t oclohenp laet "tdaehpgr o g r alrh e vaavleuw ea goef  pirno goruarm Scnopplee i
with a stand3a2zbdo deovdaurntonf wmiathéepdesail bitlechynol
with the s @hannpmerdbeat sofmay di fafnedr diunr attmiagnhs o f

create qualitativeediciomMerencéori n htesei f acdtc op s
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https://www.sba.gov/sites/default/files/SOP_90-52.pdf
https://www.justice.gov/jmd/file/705791/download

i mhreobustness c¢h#®&a@8ksweadlti isadattsesremdadt&ipveec i f i cati ons
program scope measure to examine the validity
Program GnfMen uleamsiotrggraanud sartitegy sum opfl atnhnee dn u ml
activities associated with each mbejplodnniend a
activities in a prograanerntdage graeladuerofi hmo@graam
sampl & Tist h15a. st andalrdd|l tbpiuggram dgfaafihlearietycal
di stinct concepbHt &b Pl ipmr oty wmpneondddiox & & wusg threat e
di stinction between gpreyvampglte afnhdf adei &lr bimeshna
our studyhe amphasuagrisated withcaohledebe wontcemrce
practhiade.i sT programs of greater scope may hav:
carried out a BoBuisngheasns alhteknati ve measure
partials out the effects of program scope and
Program Manageme&nter @orhpateermdy :t echnol ogy pro
manager s, and each ramadgeeradiisngr eas psopnesciibfli ¢ pr
Program management competency i st limmiaged sf i omt;
program and proj ecatntdmanagememini cdamaikm® wl edge i
form of imommalantdr awvwantdhi scandpnsheTbeder al gove
the Federal Acquisition CertificRitRPM)N tfort rPaolg
experdfemadetraining requirements foamsnandigmilsari
t he Defense Acquisition Workforce | mprovement
defense agencies to have a similar certificatd.i
Specifically, f or a ginvoelno gpyr opjreocgtr awn,t htihne af efdee
measures program management competency by wusin
i nt o acomusBstgeanr s of experienden arhnde oearotgirfainc aatni
management Abmagnwogrelsents the highest l evel
competwehrease arsat i ng of 9 represent’fTahbABei n otwee t |
onlswepl eensbeetsh e measur emgnmte ag daolra etasiel wk i nt er
haweversd htedesd/al e plroglr atme managenemta compet &

t ec hnprl ogirwya ma v eérheeggli mgs acr wsishad | ppogli @awmt sThe a

SFor exampl e, tahfeed¢iDanlghb®and omepriers ewd ismémn asgceern alvd
iFA®/ PM sdernviedr or DAWI A | evel 3 certificatéeéwmn with
experience (within the |l ast ten yeéarcsthprhogryaams | eas:
ratingnaoifaadtmasnadgiet hedrascertificati ofprwijtelct 4 mamna gne me
experience i noatnhdeiah grsebtfafmbsvme nyadjrea schearst i fi cati on, but
2 years of project managenent experience in the | as
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oprogram managemenprsea@mapmd einrt wd urh saa mplaen diagy d7 d
of 32. 3

Execution Met mod@ldbegwerdlert e@ahnol ogy program
foll owing tpt-Hodokagi agil ei tosx e dhytbirom. Idurowmmg
di stributi ometohfoded magysi @B ogrsadmddr ogubalie (
pursupt-dhbhmenhod®pooyg 248638 pPur sued the agile me
the rempirmigm@5% @E2rsued the hybrid methodol og
var i Algliadngdy br i do represent the three different
were employed within federal technol ogy progr a

2.4.3. Control Variables
Vari ations i n t he characteristics of feder al

heterogeneity among programs and can offer alt

changes. To rule out such alteaelrn@togreamxphamad
in our analysis. Table 2.1 describes the depen
study, Tabhéeeda2.5 in the online supplement incl
correlationsl eso.r all the variab

2.5. Analysis and Results
2.5.1. Model Specification and Hypothesis Testing

The dependent variabl e, Number of Baseline C
overdidpkeati o, its wvariance is (sagnbahceattl
mean=3.14). Taking this i-nhvamcanunupohbhsesdrvedc
across different federal agencies, we follow A

negative binomi alwiepragenoynw Epredfetheécobs (in
to model the number of baseline changes in f
Kennedy 2008) . Further more, because progr ams
program smanif esyéarcodndpedi ffioo wmgbgsemeed heter

to including a host of control variables (as s
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Table 2.1. Description of Dependent, Independent and ControVariables

Vari abl e Ne

Variable Description

Dependent Vari
Number of Bas
I ndependent Va
Program Scope

Program Granu

Program Manag
Competency

Execution Met
Executi on Met
Hyvrid

Control Vari ab

Program Dur at
Program Budge
Program DME P

Program Type:

Program Sourc

Number of Con

Number of Con

Modul ar Contr

Program Start

Percentage of
Contracts

Average Contr
Experience

abl e

The total count of baseline chang
riabl es

The total pl anned number of proje
The total pl anned number of indiyv

Average value of the competency |
A23 in the online appendi x pruoswidd ¢
capture program management compet

A dummy vari abléod &t heaxte ciust icoond ente tahst
60& execution medtrhiovdeonl ogy was pl ¢
A dummy vari abléd &t heaxte ciust icoond ente tahs
an@dd& execution medtrhiovdeonl ogy was p
Il es

The difference between the end de
dat e eoafr Itiheest project within the |

The initial planned budget (in $

The extent of Devel opment , Moder
compared to Operatiomesr kK iMaialtperna

A technology program i s categori z
attention due to its importance t
policy implications and idarasgoe
created a dummy variable to repre

Denotes the reason for the existe

T Ilegislati vtehenapdagram i s camaimnae:

T audit  : fitmeéi pgogram is carried o

T agency ptagram i s carri@®dsotuttie

T presidenti arogriaomritsycarried ou
president i alr neexneocruatnidvuem,oroder ;

T other :reparsoognrsam i s carried out L

We <created fourl edgunsnhyat\ a/ved ianbal nkedpastn
plangameési denttioalr eprriecsreintty progr am

The total pl anned number of contr
The total pl anned number of disti

The % of contracts fiendea apr ogouri adne
contracting wherein the devel opme
system is carried out in the form

The year in which a program stfaorrt
di fferenton toarr 2P Eyirepar r@sO 0(8 20009, 21
202015

The % of fixed price contracts in
The ratio of total number of prio
technol ogy program to the total n
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For federal t ewihtnhoilno gay g rivaegnrmeand) e In c sap$eoclilfowsat i or
066001V OI QéwEMWQI

Dl EQYE BRI € Q@ENE 6 d DT QO D

T ai & QIUEE O QUG QHBE Q0 QE dw

I 00QOODHAE QAP QQRINDOQOODH AR D adoQdiI QQ

Tl €QIYoE R'G1 € Q@ad: 6 @i "E@dIcE "QI"YoXE 1 Q

01 € QIDEXE O QQBQL G Qo QF @l £ "QI"YoE N Q

DOQOODHAR D ad VARG N & 1 € "QI"YoxE n Q

OOQOOBHAR V¢ adoQdI QQ & o6 - --- p

I n equb}i ®na vector of conitinobhg@mepabt-es f bme
i nvariant unobserved hetjamadendihtey i @s 9csyinatrad i
The estimation results for theées iewuBdbloammodekbkss
report het e obsilsé dassttaincdiatryd errormpg ogstaat er g ab
dummiCeosl .ulnnpresents the results from the base
variables, followed by theodditiimndni rotf eri axdteipaem
col ud3nhwe wod mnt o i nterpref Pphegnanmosd ebinteocc t
interpret t heoimeeercalttii aqmo rd feefedsaetr s0f I nter pret ati
mul ticoll i neacreindyelrc d meeircnohetpiemacdctuasb desd t heir m
valiuesour estimati ovarmadaeédlomn. | KHHa shsiiogehheaskta ot ovi t
independent variablefoandlthéeéhmodedat sohnebluec
the sugowddst edl( detnhor diyi0.2e0.0,8 )b @atnwee@ nt Heu gde/st i ng
t hrmaul ticollinearity is not an issue in our ana
Focusing on tohHe pmaign aeaefefsefatpsgd o $ htait ve associ a

bet wereongr absaBo pEI®ntdhe number of baseline changc

t hat keeping all/l ot thmirn cvraepdrsady riesn sccpteartte,d avi d
28% increase in the nmee% =df2)8b aRedamaei md atnlge sm
ef fsectfiModmiwe6 fi nd t hat an increase (B@&Qprogr am

p<0.05) the positprwvwegmramadsd @pme ha rpd bteh avereinnmber

is, as program scope increases, increasing | ev
number of baseline changes. Hypothesis la is t
priedt ed a positive moderation effect, is not s
We also find that an increase in(pfigo@22am ma

p<0.05) the positive relationship between prog
i s, as ppreo gir @ aenr esacsoe s , increasing |l evels of p

associated wi t h a | ower number of baseline C
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Surprisingly though, the main effect of progra
angli gni(fbi=OapBt®4 05). Taken in consideration wit
program management competency, these results
management competency duri ng prvoegrsan fe xpe cogtriaam
increasing levels of management competency may
finding i s consi stent wi-d drp ernedceenntt bsetnuedfiietss oon

competency across Vvar iamws Pg etatnion g2s0 0(6e .ign. ,t hHu cc

surgery, Haas and Hansen 2005 in the context o
(2005) note, managers with high competency | e
knowl-eadagrech eddelamewler activities; al though s
hi ghly compl eixntoensinfeoramatttiiomgs (as in program
detract from i mportant aspects of the WwWomwlkerat
(as in programs with | ower scope).

Regarding the role of execution methodology,
effects on the relationship between program s
l ack of suppserit fBor |IHypdhte absence of support f
the main effect of execution methodology in co
met hodol ogy has a si ghb=0 .g27t,1)p owii tt & fvtel aasseslwimm e
changes. Specificalltyyvennmeompdpoi sgy, tobhel ase
federal technology programs is associated with
(1< 34'=0. 28) .
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Table 2.2. Main Analysis Results: FixedEffects Negative Binomial Regression Model

Dependent Variabld&lumber of Baseline Changes

@) 2 3 4 ®) (6)
Main effects
Program Scope 0.028" 0.060" 0.040" 0.036" 0.072"
(0.014) (0.019) (0.013) (0.014) (0.021)
Program Granularity 0.001 0.006°  0.003 0.002  0.006"
(0.002) (0.003) (0.002) (0.002) (0.003)
Program Mgmt. Competency 0.055" 0.066° 0.054" 0.057" 0.064"
(0.025) (0.026) (0.026) (0.025) (0.028)
Execution Methodology: Agile 0.247 0.252 0.245 0.238  0.258
(0.132) (0.133) (0.139) (0.138) (0.145)
Execution Methodology: Hybrid -0.120 -0.115 -0.085 -0.119  -0.081

(0.181) (0.173) (0.181) (0.182) (0.174)
Moderation effects

Program Scope x Program Granularity -0.002" -0.001"
(0.001) (0.000)

Program Scope x Program Mgmt. Competency -0.025™ -0.022"
(0.009) (0.009)

Program Scope& Execution Methodology: Agile -0.003 -0.016
(0.024) (0.027)

Program Scope& Execution Methodology: Hybric -0.028 -0.006

(0.024) (0.020)
Control variables

Program Duration 0.044 0.043 0.035 0.045 0.043  0.038
(0.025) (0.025) (0.024) (0.025) (0.025) (0.025)
Program Budget -0.000  -0.000 -0.000 -0.000 -0.000 -0.000
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Program DME Percentage -0.043 -0.057 -0.119 -0.036 -0.052 -0.088
(0.178) (0.176) (0.180) (0.172) (0.176) (0.176)
Program Type: Major 0.152 0.057 0.157 0.053 0.050 0.141
(0.213) (0.186) (0.183) (0.181) (0.188) (0.177)
Program Source: Legislative Mandate 0.041 -0.015 -0.028 -0.068 -0.013  -0.072
(0.106) (0.102) (0.104) (0.101) (0.104) (0.103)
Program Source: Audit Finding -0.121 -0.133 -0.114  -0.148 -0.135 -0.130
(0.145) (0.125) (0.131) (0.123) (0.122) (0.126)
Program Source: Agency Plan 0.439" 0.389" 0.363" 0.394" 0.373" 0.380"
(0.122) (0.118) (0.121) (0.114) (0.119) (0.119)
Program Source: Presidential Priority 0.035 0.004 -0.031 0.039 0.010 0.013
(0.137) (0.123) (0.122) (0.121) (0.127) (0.123)
Number of Contracts 0.010 0.010°  0.009 0.011" 0.009  0.010
(0.006) (0.005) (0.005) (0.005) (0.005) (0.005)
Number of Contractors -0.112 -0.102 -0.107  -0.083 -0.110 -0.092
(0.100) (0.094) (0.094) (0.093) (0.096) (0.093)
Modular Contracting 0.024 -0.031 -0.063 -0.031 -0.029  -0.047
(0.119) (0.117) (0.120) (0.115) (0.117) (0.116)
Percentage Fixed Price Contracts 0.028 0.003 0.016 -0.035 0.015 -0.023
(0.187) (0.158) (0.160) (0.149) (0.159) (0.149)
AverageContractor Experience -0.002 -0.001 -0.001 -0.002 -0.001 -0.001
(0.004) (0.004) (0.003) (0.004) (0.004) (0.003)
Intercept 2.532"  2.345"  2.710" 2543 2.327" 2.924"
(0.416) (0.401) (0.391) (0.384) (0.432) (0.423)
Agency Fixed Effects Yes Yes Yes Yes Yes Yes
Program Start Year Dummies Yes Yes Yes Yes Yes Yes
PsuedeR? 0.468 0.503 0.515 0.522 0.505 0.532
Log Pseudolikelihood -470.902 -462.824 -459.870 -458.217 -462.468 -456.003
Number of Observations 240 240 240 240 240 240

*** n<0.01, ** p<0.05, * p<0.1; twdailed tests used to report statistical significance le\Rtbust standard errors
clustered by agency and program start year dummies in parentheses.
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Finally, to enable an inteffeevesundsepstit anhddn!
granularity and program management competency,
values of progr aifdi. 5§c &pPg amnrdo shsi glhow +(1 SD) val
management compet ediciytiion,ougi wamopfl leian tléenthac cioe m |
i n -nhiomear models do not represent the true eff
Norton 2003), we also plot the average margi
graanruilt y and managembobhgcwimphbt e sagy oOn sO 501 gsmiegen i
23(ankd) provides the plots of average marginal
that increasing | evels of pmeongtr acno ngpreatneun cayr i & tyt
positive association between program scope and
Hy p ot hae sagnsd

Figure 2.3. Moderating Effects of Program Granularity and
Program Management Competency

Average Marginal Effects of Program Scope (with 95% Cls) Average Marginal Effects of Program Scope (with 95% Cls)
I

|
Region of Significance <—— |

Region of Significance <——

Effect on Linear Prediction of Number of Baseline Changes

Effect on Linear Prediction of Number of Baseline Changes
2
| | | | |
O —————————
;' B ———————
L -—— -
i —————e
4 —— ——1
- ————
1 ]
o4 —— |
4 ————y

Program Granularity Program Management Competency

2.5.2 Financial Implications of Baseline ChangeComparativeand Econometric
Analyses

An i mport amat iava@gtuimegst dauhrats teuxdcye ssi ve rebaselini

in spending ahddeoat preedirnaarhssughylonwidohp rsoers ulet s

ohddi tainant eisl l ustrate the financi al i mplicati
Webegi nompatrihemgc ost performance of feder al t
categdriigsfasmbea of baseline changes (i .e., progil
four or more, bajehBAwuantarn gefs basel ine changes
first quartile, encountf en)Angl ati vraa s ta toen ea nbad syesli
across these categories in terms of program cft

wastatistical tsyt aitn sit-g el=fledd8n®? P{ F hi ghlighting

categories in terms of progr amvechfaguancd eeah spriocgsr
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across the two cate@osbtea ®wwms i=rgh gtcheanPfl carnnmuelda 0 |
ProgBad@etomparcesmol afi ves(odbdthyorwairmmimg t he i no
cost overruns for a)iln dpircoagtreasmdt dirant t dtahci fts a cvaatd eugey r
hi gbmber of baseline c¢hangelsonuxmdewadssefltihme ohfar
byw167 mA |tlsvaommptl estt comparing the mean values o
two quartiles is statistically significant (t=

Gi vteheeb orvees ul t s, we econometri calalcyt urmad d elr otgh &

coand the number of baseline cthlaemgpsedimdtaeprwva

the number of baseline changesl If omoddll rpeDwlrtasn
6 of 2Ta.blecondac weradrgegasne s ¥ akateBadgCamotn t he
pread ctafuebe number of baseline changes, whil

agency f iTxoe dr eedf ufceec tssk e wnrecsgar ceigmt  tvlad ua st uavle use
transformation of these valuds aseea ®@8 pennhdeabtl e
coefficientdofvatbhe her exdiimbter of bi acsael I I'i yn es icghnai nfgi
(P0245, pRHO.alhd can be interpretledinmcr dadd owsrn de
in the number of basehiem24d biamgresadses @octswdaé art e
progogast .VhAiues to illustraceutbhepfayge smingloss a
baseline changes) ithabgcams bef akaoget i sbede, v
from Z3aniltehneai n anal ysi s results pZWe emdtea ti ma t(
when program scope is high (i.e., at +2i %D | ev
me aonb s er vedaf v@arl awwggrsam granul arity and 4@r,o0garnadm me
ati i )obhsiegrhv eadf vparl augersam gr aSiiledreiainyg rr ogr amama+h &
competienecy (at #8l1%BhaAD lisvyvelwhen program scope
baselineedbabrFed (4€.9,31540%F0. 329 program granul e
program management competehcgphsevakedes. f Basmed |
Tab23eesul t s, this reduction in tha2% udmebcerre aosfe b
i actpmradgr avna |cices@4 (89)1 2 4. 528 %) 3

As an example, given that the median actual
is greater than +2 SD | evel is $23.97 million
decrease in the oaclteucatli vperloygr anhmecsestr.es@!l t s not

amount of taxpayer contributions can be saved
to experience baseline changes), they also pr
firms on how such savings can be achieved by

granularity and management competency.
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Table 2.3. Examining the Effect of Number of Baseline Changes on Actual Progra@ost

Dependent Variable:
Actual Program Cost

Predicted Values of Baseline Changes 0.245 (0.078)"
Program Duration 0.142 (0.059)
Program Budget 0.003 (0.001)"
Program DME Percentage 1.261 (0.354}"
Program Type: Major -0.184 (0.389)
ProgramSource: Legislative Mandate 0.141 (0.212)
Program Source: Audit Finding 0.081 (0.258)
Program Source: Agency Plan -0.503 (0.264)
Program Source: Presidential Priority -0.479 (0.201]
Number of Contracts 0.000 (0.008)
Number of Contractors 0.172(0.126)
Modular Contracting 0.065 (0.285)
Percentage Fixed Price Contracts 0.321 (0.342)
Average Contractor Experience 0.001 (0.002)
Intercept -1.448 (1.168)
Agency Fixed Effects Yes
Program Start Yeabummies Yes

R? 0.665
Number of Observations 240

*** p<0.01, ** pabDl 68, tetspsOustpdtwo report statistical

Robust standard errors clustered by agency and start year dummies in parentheses.

Noteis) The predicted values of baseline changes
using the full mo de |l results presented in colur
above model , the coefficient of predicted val
statisticdglbl=y pRiOPrPilandanan be interpreted as fol
ceteris paribus, a 1 wunit increase (or decreas:¢
changes is associated with nearly 24.5% increa:

program s.ost value

2.5.3. Robustness Checks

We conduct a number of checks to2dxezmintha@ai nse t |

results from these addgietciidryalt haenaneyansais e Bifr ptr o
into account the budget-spédciatti odh thel ps puegrt al
gualitative variations that may arise among p
budgetary allocations. A composite measure of
component anal ysi smmens$i dmwo: utnidert gi alg dumber o]
program and the planned budget of24a we ofgyrad. t |

increasing level s¢b66f 0Pp6®.g0 B)m agmda npurlagridm manage

(b&. 0PS50Q) 08ttenuate the positive associ

baseline changes, thereby supporting the

Second, it may be argued that progr ams

ation b

mai n
wi t h

number of |adwoiugiht ipegrAm scope and program (gr ¢
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()} =0p<d06.,01), we ran additional analysis by par:
t hat would be explained by program stcyop@n Sp
program scope to generate residuals that are u
Our results wusing this revi24e)d cnoenatsiunruee (tsoh osvhno w
support for the moder atair o(nbyge DRE&OLt O5pf apdogpr &
management (cBEMPEB€nNn O0% ) .

Third, we includebDegneaddf twihoecrdll acpagprt iua kelse t he

program duration in which the propgdettsThhsampa
is based on prior empirical studies on new prc
Ei senhardt and Tabrizi 1995) and can be <cons

interdependenci es amongrtalme disfi fngr & rmte psrtajrec tas
compl eted projects Demgraeeprodgrowmg | vagpt meastir ehe
overl apping days in project duration to the cu
col umn 249 f aTathbelr controlling for this variabl
effects of pr(obgtr.a0np 4d@r. dn ulaanrdi tpyr ogr am MmBragemer
0.022, p<0.05) continue to show consistency wi

2.5.4.Addressing Endogeneity

Given the significant moder ation effects ass:
management competency, we explored the possib
unobservable variableendogenei Nepatugrdsraregmad ulit
approach to address these concerns.

First, we use a diagnostic approach suggeste
tudi D y( etgtag .aLPedHy9 t he extent to which the
e driven by wunobserved factichgbli Splecifiheme | vy,

enotes the coefficient estimate f odelt h(ei .ree.l ,att

- O T un

ul | mo d e | i frefiersase) f hehiclbefficient esti mat
a more restricted model (i .e., with fewer <cove
effects of unobsmaeddt ooabbe abd mparwediltdo t hat of
are carefully chosen)Alttoongx pleai nalawa(y2 0tOh5e) rseusg
consider an estimate robupskltoFebimeous okswholb

v a |l u ¢ ®r the moderation effect of program granularity to be considerably greater than the

6 We are grateful to the anonymous revieam forseveralperceptive suggestions relating to this section
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suggested thr espdnbahudd©O (17 289) 7 .rBe&dkigndicates thatf |
the effectsof unobserved variables need to be 7.25 to 17.89 times stronger than those of the
observed values in the full model to reduce the estimated moderation effects of program granularity
to zero. A similar range gf is also obtained for the moderation effet{ppoogram management
compet enc Yypoghmhdh.cohpden®O 2)8 . 54) . Overall, these res
notion that the moderation effects in our analysis are less likely to be affected by unobserved
heterogeneity.

Second, notwishsvaddnsgagweei nseramewd al var.i
to address endogeneity concerns associated wit

run separ ate regression model s to predict pr

copretency using a set of I Vs and control wvariat
justification for their validity:
Pr iyoerar Program Ghasulvaritpyl e instruamedts fc

measures the aversagien noutnhbeerr porfo garcatmsv itthiaet ar e

but were started in the prior year relative t
guiding tool for program managers when det er mi
Heme , we expect it to directly influence the |
However, thesebgtimggaetdevariable is unlikely to
changes of a focal progr am.

Pr iyoerar Percents Shhhirsg Warniiablte ei nstr amants f

measures the percentage df20adtaiywi tiine sotvhietrh pa o

similar to the focal program but were started
Govement Accountability Office recommends t hat
delivered2wi dhys 9GAO 2012). Al el se remainin
activities to AeO0Odelaiyser ¢edhewigtr piamn €e9@1 snt hbaenee
into a |l arger number of acRriiyoertare®er Tentth &thoe 1t
may serve as a guiding tool for program manageée
the focal prtolgir & ma-lg elwevgateagged variable is unl
number of Dbaseline changes of a focal program.

7 The value of) for the main effect of: (i)program scopeangesfrom 292-18.61, and (ii) execution
methodology: agile ranges from 7:19.19, suggesting that unobserved factors are less likely to drive these
effects.
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Table 2.4. Robustness Checks: Alternative Model Specifications andariable Measures

Dependent VariableNumber of Baseline Changes

©)

Degree of Overla

(10)

Two Stage Residui
Inclusion Model

(11)

Using Treatment

Effects Model

Main effects

Program Scope

Program Granularity

Program Mgmt. Competency

Execution Methodology: Agile

Execution Methodology: Hybrid

Moderation effects

Program Scope x Program Granularity
Program Scope x Program Mgr@ompetency
Program Scope x Execution Methodology: Agil
Program Scope x Executidhethodology: Hybrid
Control variables

Program Duration

Program Budget

Program DME Percentage

Program Type: Major

Program Source: Legislative Mandate
Program Source: Audit Finding

Program Source: Agency Plan

Program Source: Presidential Priority
Number of Contracts

Number of Contractors

Modular Contracting

Percentage Fixed Price Contracts

Average Contractor Experience

Degree of Overlap

Lambda (&)

0.067 (0.030)
0.006 (0.003)
0.065 (0.027)
0.254 (0.142)
-0.083 (0.171)

-0.001 (0.000)
-0.022 (0.009)

(1) (8)
Program Scope Program Granularit Controlling for
(Revised) (Revised)
0.246 (0.079) 0.063 (0.018)
0.008 (0.003}" 0.145 (0.066}
0.041 (0.028) 0.062 (0.027)
0.252 (0.139) 0.265 (0.145)
-0.088 (0.174) -0.086 (0.177)
-0.006 (0.00Z)" -0.029 (0.014)
-0.095 (0.040) -0.023 (0.009)
-0.068 (0.108) -0.013 (0.027)

-0.013 (0.074)
0.026 (0.025)

-0.154 (0.176)
0.144 (0.180)
-0.077 (0.103)
-0.131 (0.131)
0.365 (0.118)
0.023 (0.118)
0.010 (0.005)
-0.087 (0.093)
-0.054 (0.118)
0.023 (0.153)
-0.001 (0.003)

-0.023 (0.022)

0.039 (0.025)
-0.000 (0.000)
-0.079 (0.177)

0.119 (0.181)
-0.071 (0.102)
-0.128 (0.123)

0.382 (0.120Y

0.023 (0.124)

0.010 (0.005)
-0.096 (0.095)
-0.043 (0.115)
-0.016 (0.148)
-0.001 (0.003)

-0.015 (0.027)
-0.007 (0.020)

0.039 (0.026)
-0.000 (0.000)
-0.091 (0.178)
0.144 (0.179)
-0.078 (0.108)
-0.133 (0.127)
0.378(0.120)"
0.017 (0.127)
0.010 (0.005)
-0.090 (0.094)
-0.049 (0.117)
-0.022 (0.150)
-0.001 (0.003)
0.080 (0.320)

0.061 (0.024)
0.009 (0.004)
0.030 (0.037)
0.261 (0.144)
-0.099 (0.175)

-0.001 (0.000
-0.021 (0.009)
-0.011 (0.026)
-0.011 (0.021)

0.041 (0.025)
-0.000 (0.000)
-0.088 (0.173)
0.137 (0.175)
-0.077 (0.106)
-0.127 (0.130)
0.399 (0.119}"
0.018 (0.122)
0.010 (0.005)
-0.083 (0.091)
-0.024 (0.115)
0.011 (0.145)
-0.001 (0.004)

0.064 (0.019)
0.006 (0.002)
0.040 (0.017)
0.471 (0.274)
-0.007 (0.103)

-0.001 (0.000"
-0.018 (0.007y
-0.006 (0.024)
-0.014 (0.020)

0.016 (0.023)
-0.000 (0.000)
-0.126 (0.132)
0.150 (0.138)
-0.072 (0.087)
-0.051 (0.100)
0.214 (0.090)
-0.088 (0.108)
0.006 (0.004)
-0.012 (0.056)
-0.060 (0.101)
0.014 (0.125)
0.001 (0.002)

-0.307 (0.225)

Intercept 2.900 (0.376) 2.884(0.437)" 2.907 (0.433) 2.635 (0.434) 2.916 (0.403)
Agency Fixed Effects Yes Yes Yes Yes Yes
Program Start Year Dummies Yes Yes Yes Yes Yes
PseudeR? 0.527 0.528 0.531 0.536 0.478
Log Pseudolikelihood -457.091 -456.755 -455.967 -454.670 -
Number of Observations 240 240 240 240 240
*** p<0.01, ** padled, tespsOubedt wo r &Rpbostdstandardreots clustereddondgensyiargd programc a n ¢ e

start year dummies in parenthesdltes: (i) Includes residuals from first stage models predicting Program Granularity and Program Mgmt.

Competency. (ii) Includes selection hazard,a mb d, drom(fiest)stage moel predicting Execution Methodology: Agil
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Pr iyoerar Program Managembans Campabéepcyinstrum

management acnodnpmredaeswcryes the average program ma

ot her programs that are similar to the focal p
focal progr am. PAryoesmx a riRir oagtriaonn Mafn ai gse niei nktre V@&o ntpoe t
as a guidance for federal agencies when identi
management competency for the focal progr am.

and associated with otheaeffprcbgthmspumbewoafdba
a focal program, except through its influence
focal progr am.

Number wgfkafBbaCBrampeet ency Hrmogr avnasri abl e i nstrun
managementyamampmnetassrua es t he number of progr ams
were started in the same year as the focal p !
competency | evel awartihebfiffeecals pecgnamt rnétmes i n
practices pursuetdhwtyulfddleirlael yagiemfcorem deci si o
management competency |MKwvweéd,seinti twhoiun da nfoac adli rper
the number of baseline changes in a focal prog

I n adtdddnoept ual, jwestpiefrifcoatm osnt ati sti cal test
chosen i NthteL amgnasge Mul tiplier t essitgni 6 f ¢ aumntc
(Kl ei bRaagmenr k=65,t ap&HGatri cpr ogr aml gf sRaH@ NI ky st at i
=201 p<0.01 for program manadgte neexhcel ucdoendp eitnesntcryu)
are correlated with Fbetbadmgeamdanw&mitalbsligani
coefficients of stthag ei msetgrrersesn tosn imo dfeil s -i s si gt
of f val uet atf2 81J0i o(=F0. 01 f or p r-otg a t&dinfs tgpr<aBn Wl la rfi at
program manhagement competency), suggesting the
tdoveri dent icfoindatniuers tteostdemonstridaeseasti atli sti C ¢
=1. 2p=D6 or progr ahkags-anatkds,PBPF or program manag
competency), indicating thetlpatesentesfoifesatt hee

assumpTtaiboa&i A t hesuopmpllipneent des results for t he

8 Given that the exogeneity assumptifrinstruments cannot be directly testee also used an alternative
instrumentfree approach, namely the Gaussian Copula approach suggested by Park and Gupta (2012) and
used in recent studiée.g.,Atefi et al. 2018. The results from the Gaussian Capapproach are presented

in the onlinesupplementOverall, the hypothesized results based on the main analysis, the 2SRI estimation,
and the Gaussian Copula approach are consistenéagtiother, demonstrating the robustness of the results.
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predicting program granularity and program man
Given that our mai Al imoedaerl;s tdaflyei rritwesriedsuta li si nncd r
approach is predteage dproesckirc ttohre stuwbost i tuti on a
consistent estimators (Terzaratimayg . tROOBHediTht
from tshteadge rmadel and including them as- addit:i
stage model examining the moderating effects o
changeem t he sescudnd issthaogvetl OorfBm b24ewe not e t hat
moder ati on effects (dfs. PpPbBOram) gandulparoigtryam r
compet(dic 2 p<0. 05) are consistent ndi thtitmg tm

endogenei¢lyyitsolerssaldc&ncern in our analysis.
Lastl vy, given theofagighefegaeout mannmefhedol og
possibility thdtf diciéckleetihebseasmMagbbe a treat men:

modehat dtatdadmptss endogéneibynebmroceghisabt¢entr ol
approwedl dr )Nddhaeel@flDshi s approach are discusse
Over al Ishiomnc olllmfimnTadb | eve f i nndaitnh actafgteitde @fXx ec ut i
met hod(obl 2yl p<C.majiomstwsttdéant he mainh tamald gy sr eadws
endogeneitty concerns

2.6. Discussion

2.6.1 Summary and Contributions

I'n sumasaed , o t ldetan dIrypan Dahsel bf eeadredrjan d tThat an
in program scope is assaaimbtelrd b as ¢ hi Maer ed hnacm gee
i mpor thainst | rye | artda gantsihvi epl Y ysmao dver adteevde U t: f aacg roar s
granul apriogdgyr aam dmaoagemmemic gt i s, increasing | ev
pr ogmamagement actotnepneuteetnpcoys i t i ve association bet
t he nafmblrasel iSue pah asnvgapdxne,c ulb i on met hodoel ogy doa
t hreel at i onspri gscotpwemem b er of basédlinisne adhandes
agile methodol phg-gnicmeniplac diakl degsgysaoci at ed wi th an
numiodr basel iApobenbdamiasati onbeamwlgd | ke meibhsdaodol o
characterized by del ayed commit ment to progr
requirement b aanfde ceorhdbmmygeditec ex pendi ng i nsuffici
underisnpgaogsrcagrpes ul t i mge vii s boodnlasdl sagt( Mo ez arT h2i0sl 3)
findihmgghlights the needthenipayl cdraesifulsiimagt toé n 1
agile methodologggile mathodaol adgp tmhatyil @l d oiwn f
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requirementé, i ai tpiralgr hiadseed Inloye udsehoatddquat e fl
accommepdaheadapthhdr emys reducing the need for b
execulhsdnfdyndi ngs make the tfowlalrdwi @ v @mmd migb ut
practice

First, cownr rdthbudye $dgn oiwap arst anamows@Mrshhaglapr s
hel p governndot vaarpd rmdteast 4oy val ue Lfeer athide Tamm!
208LWe investigatbt. shefedecakbcbhbovébgaredtiodye mtmsf
mec haniremaicteo addi tiodnalax@xapemndictputoedtaant i oinen d
due to baseAlimeughapgegrams play a pivot al r ol
delivering secure and essential services to th
taxpayer cojtthreirbeurtoitoendsaels ¢ftpri esgr ams t o achi eve
thel arbrueddget amBdf o ¢ mgtl h e ee x efcaud droanl otfechaol ogy
rel eweatntunder studi ed area oWweaddseaschntoeasdiend
acadecnhioclt asosnduct OM resear ctho tihmfi u theamsc et fhgel jpcoyt e
Lee andB8lamd eXx@X) et al . 2016

The secondi serbamhagnutiinpmor t ant but ewalleuasttiumdg e
the exetedéeahodl og,y hpr aggmbrms of Ab d hepluigrhoer ¢ h a
studies in simocasfedadpPnedmestshiaee® such as sche
ovesfta.€pl,vo e&tMiaslhr a2 0elta ali st20b@) s hstnugd yf eiast utrhe
us e @fr o Omestsr ma n itptw corge xaenc LAtk ielye n e 6 u b o fi is c t$ heay
cammerve as earlfyfrevdiageingi e gaad soontdreact dry firm
t hat may be facing execut i onmiechoaul rl seen getso raencdt i e
tur nasw@mag Maensi. mportance of turnaroandi dé&fony:
t hat t epcrhongorlaonygsy r epresent umdpotakenabgta@aaveder
signi fi canntt hfeofwbtgpdrgienyt and gr owt h.

OQur thirdiéardternitle of &yid antgi on wheivcenl ifnatcetroarcst wi t
scope to affect the Spembd¢drcafl ilihnddsiecpdstnes tchhaatnere s
of baseline ctvahgehbichgahn phbreolpneendovscgeadoigm g m gr anul a
and program man alge mamtbeec cangaedt neénpciyese nt t he | eve
work in a program is typag(amAQA y2 000udt,s oQuracrekd atnod cL
our findingdnepeert at ioif g ge fofge atm gr anul arity high
breaking downhihpgrhogsscaompse i nto a gasatappnaambkr t
reca breu mboefr basel ilne <lhmngest findroggh saggagste

evaluation of the scope, of eaelf edér progeamnagl a
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program management ¢ ompgeatl é rbaoya roeadnu cbee tahpep rnoupmrbiear
changes during program executi on.

Fi nalulry,study highlights the financi al i mpl i c
technprd ogryamsal ISypecwef ifci ndhlatbbeenprebmrasmssnedl| vy
(i fear morien tsoammegpsl @r e associated with a signifi
of program execution, ther eyl 6®islullitcamw giary er ad
contribhbutihomeswar ry <adetptéanainal ytshfas ntamein @flussr af
usihng h | grveer sl avdintayy eared t f coor m ppervwaeghr ltagniso pak e n
toget heseceshhtvve consequenti al i mpl i cian i bhat fohe
highlight how execution factorsradsoei@hednwml
baseline changes i n, gmribhgerracebsytl et lt obhi gh assopea

program.execution

2.6.2 Implications for Policy

From a policy standpoint, our research highli
baseline anhpngessasmetric for evaluating the
pr ogrBamsaruesvei si ons to a program' s bparsoecleisnse nteatnr i
capturing the number of baseline <chbafnigrenss c an
acountable even when programs undercdahteeirrr usnup e |
(due to continuous rebaselining).poltresnaddeéihgson,
in taxpayer contributions hiimcpragrn ams ol gerfvaenh § g
grantuybagir ogmamage ment competency highlfiogrht an

policymaker sal tSmeaiagibfrioauasl lgyl,assi fi cati on scheme
programs exist on d&ihre tfeerdmes adf |tTh éDiars hdomwar de ( €
presidenti al pri or ictoyn)s i edma jvehles tesdameamattpe goagrriazm tiis
t echgnyolpor ograms withitmexmipsegmineyi bh@asfeddumnh he D:e
a categmay zhedlippnin directing manager,jealamigt t ent
both federal agfeingcmteos iannvde scto nnuorraec tenofrfnogr ta ipmr oggrr

identifying manageprsogwidrmh maeagementewetle lodad
projects withsampl ipagatgirams cddmapl e n2eOnlFde d hrea lo b j
I nf ormation Technol odgtyh eA cfqgiurissti tmaojno rReffeodremm aAl  r €
technol ogy domai Mmwhmnmchhesekbhstta8a0pyefdiedleer gt eat
technology programs across agencies through r

0

program kteeembpwwhi hg agencies to adapt to the
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(S o uhttps:@management.cio.gov/implementat)on/

Finally, our finding thatsstolte attee oitthhegialne i 1
numbebrasocefl i ne ast ma n gge £ a tf @ ro maftletadetrta loanad ecacmesact
firms to inwviersttd gbobkbnsbrngfthhveadiunidt iaahld i bsatlsaacli&il n e
t o acfcooounptr ogressi ve el abopradgeoaencadt! itrdeqwg Ir eimte n
di fficult to foresee the magnitude of changes
the presence of greatefpproeodrakgi neitmgt Aonddliady
ensure that some of the changes r enradms umiitnhg n
approval processanbaacsmiud g bfeora vroag Wiesli. n gapgnp hta s m ¢
of slack in theriamistiual nlgasgl il me e i\ @l 9493y, M

recomme mét htehadr,i gi nal contract is written witdt
flexibility to permit a wide scope ofélancta vity
properly scoped Agile effort, these changes wc
constructive change, and ®hus would not requir

2.6.3. Limitations andDirections for Future Research

OQur study hasatl iamistoa tsie ofnoger o sa soapapeocrht. u rFii trisees, our
onl y exrm nporl omgrya ms e xle. cBuetdeedr ably gtohveer nment . More r
underwheatnhheer study findings can be extended to
progr ams, ci vil infrastructusie prtdheramdundrited
the €eotsisonal nature of our datactl iofi ttsi meurom
hypothesi zedheetcatienoshopsgindudiepalrtdaganolbodgy e
progr amost coanclryease our underd$teaeredi hgcoforBowhang
but also shed |libghteannithmge a@aspgpeanti zafi pnagram |

agenanidktisanp | i ¢ att hneumdodfr oras el ii me pochh®riggad, t he us

coubnatsed measures (e.g., number of baseline ch
our i apito examine the effect of qualitative v
performance. Future research can inform existi
studying how qualitative variatbbhensni prbofpea
complexity of projects and activities) influen

a pFRiongallaltmhwel gdhont r ol f or unobs$ &eevdeedr ahle taegreongce

0
n

in our, anthl ysi ageserbli éichaharacteristics (e.c¢
abgebhbouayget) maywei refxlecedé ®ah gl ogrFfaumhsur e st udi
a

n collect data on agencyf fchqirameeui sonhcs and
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2.6.4. Concluding Remarks

This study was motivated by the recognition t
technology program can often result in signifi
signiifnwaxntment s of taxpayer contributions by
technol ogy programs and continuing debate in
understanding the drivers of baselineandhange
contemporary tppsftdunddfirnognsg d é r tyghreoQureedipida anlslayg h't s

iho the key drivers of basel i naendc hipdnegetisio i enb [fee
policy implieaatbhentedhbhmtloc ¢goemtatcakran@da geex ¢ hret i on

ofittechnpl ognzda mse.n t he i mportance of federal t e
essenti al services to the public and the grov
governments globally in such programs, we beld]
pocdlyimakers to advance this |Iine of inquiry at 1
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Chapter 3. SetAside Policy and Performance of R&D
Contracts

3.1. Introduction

"Small business setsides are of perennial interest to Congress because of their role in
effectuating the longtanding declared policy of the Congress that the Government should aid,
counsel, assist, and protect, insofar as is possible, the interests abssiradiss concerns in
order to preserve free competitive enterprise..."

Congressional Research Service (2015, p.1)

ifiGovernment promotion of R&D is one of the mo
the government as a customer, an investor, or a benefactor (depending on the circumstances)
oughttoshedlightom ef fi ci ent ways of channeling gover

Aghion and Tirole (1994, p. 1207)

Governments around the world have established preference programs to reduce the under
representation of small businesses in public procurement (Athey et al. 2013, Calvo et al. 2019). As
a part of these programs, small businesses receive preferentiattreatrihe awarding of public
contracts (Chatterji et al. 2013). Nearly 43% of the countries worldwide have some form of federal
legislative provision to encourage the participation of small businesses in public procurement
(World Bank 2016). For examplé, he U. S. f e d e r adide pglioyvf@ rsmathe nt 6 s
businesses mandates that at least 23% of federal government prime contracts be awarded to small
businesses. Similarly, under the Kankouju program in Japan, more than half of public contracts are
reseved for small and medium businesses every year.

Notwithstanding the welfare intent of preference programs in public procurement, much
debate exists in prior research about the ambiguity surrounding their performance implications and
the fextsacicotsy ithapayingo for such programs (
found that although preference programs facilitate the creation of new businesses (Chatterji et al.
2013) and increase their participation in public contracts (Nakabayashi Rigitign 2007),
reserving such contracts for specific groups of businesses can decrease revenues (Hyndman and
Parmeter 2015) and increase the cost of providing the goods and services to the public (Marion
2009). Beyond these mixed findings, an evaluatiopreference programs at the contract level
remains sparse in the extant literature.

Performance evaluations at the contract level of an economic transaction have the inherent
benefit of limiting the extent of unobserved heterogeneity affecting the treomsant providing a
direct empirical assessment of the transaction performance. Additionally, such evaluations can

identify 1important contingencies related to a
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execution and that, therefore, need to bévelgt considered by government agencies during the
procurement process. ldentifying such contingencies can not only help in improving the
performance of future contracts awarded through preference programs, thereby enabling the
efficient utilizatonofaga x payer 6s i nvestment in these progr a
sustenance of policy initiatives for supporting small businesses.

In this study, we evaluate the impact of preference programs by comparing the performance
of contracts that are awded preferentially to small businesses through thasidepolicy of the
U.S. federal government with that of similar contracts awarded through open competition- The set
asidepolicy represents a relevant context for evaluating the impact of prefguesg@ams at the
contract level for the following reasons. On the one hand, awarding a contract througlatigeset
policy requires a federal government agency (hereinafter, federal agency) to conduct a search only
within small businesses, reducing theslihood of finding a highly qualified firm for executing the
contract. This potential for adverse selaatie higher for R&D contractécompared to routine
service contracts or general construction contracts) as such contracts involve knantktkiee
tasks and greater uncertainty in the execution process (Azoulay et al. 2019, Crama et al. 2017). On
the other hand, by excluding large businesses from participation, tasidepolicy attempts to
level the playing field in terms of competition, therefaycouraging more small businesses to
participate in the procurement process and improving the likelihood of finding a highly qualified
firm for executing a contract (Athey et al. 2013). Taken together, the tradeoffs associated with the
setasidepolicy ard the uncertain nature of tasks in R&D contracts provide a relevant setting to test
the effect of preference programs on contract performance. Our study, therefore, has the following
objectives.

First, we examine whether the performance of R&D contrawsirded through the set
asidepolicy differs from those awarded through open competition and, if so, in what way. Second,
we examine how characteristics of the contracting envirordneamely, contractor firm
experience (i.e., the number of R&D contracteaied by a contractor firm for the federal
government) and contract award timing (i.e., awarded earkater in a federaliscal year®
interact with the seiside status of an R&D contract to affect its performance. Given that contractor
firms can diffe in terms of their experience with federal agencies, we partition contractor firm
experience into two underlying dimensiénsameagency experience (i.e., the number of R&D
contracts executed by a contractor firm for the same federal agency) and ddfpFaay
experience (i.e., the number of R&D contracts executed by a contractor firm across different federal
agencies). We examine whether and to what extent do these underlying dimensions of contractor

firm experience affect the relationship between arcantc t -as&e ssatug and its performance.
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The performance measures of interest are schedule overrun and cost overrun, metrics that capture
the delay and additional cost incurred in executing an R&D contract, respectively.

To accomplish the above objes, we utilize a thresholdased rule set by the federal
government to award contracts through theasedepolicy. According to this rule, contracts with
a value less than or equal to $150,000 are more likely to be awarded througketfidegsilicy,
while contracts above this threshold are less likely to be awarded through-tsidsgtlicy
(Federal Acquisition Regulation Part 19). This threshmded rule allows us to employ a
regression discontinuity dddestagaaffectpits pesfamnca.e h o w
The empirical analysis is conducted using detailed execléie data on 30,902 R&D contracts
executed for 49 different agencies of the U.S. federal government with 55% of the sample
representing sedside R&D contracts.

The analysis results indicate that-astde R&D contracts experience significantly lower
levels of schedule overrun and cost overrun compared to similar R&D contracts awarded through
open competition. However, the performance ofaséde R&D contractsapends on both the
specific nature of contractor firm experience and the timing of awarding the contract. Specifically,
with regard to the effects of contractor firm experience, we find that althougtsidet R&D
contracts experience lower levels of sailedand cost overrun when they are executed by
contractor firms with greater experience, such benefits are derived primarily from a contractor
firmés -adendy fex@oeriennet That is, we do not observe any benefits associated with
increasinglevelsad c ont r ac t-agencyekperimrice. This eesuk highlights asymmetries
in the effects of contractor firm experience and suggests that differences in terms of not only the
extent of experience, but more importantly, the type of experience, hasfecaig effect on the
performance of sedside R&D contracts. With regard to the effects of contract award timing, we
find that contracts awarded early in a federal fiscal year (i.e., between October to December)
experience lower levels of schedule andtooverrun than those awarded later in a fiscal year
through the seasidepolicy vs. through open competition. This finding suggests that timing of
awarding a R&D contract (i.e., early or later in a fiscal year) represents an important factor that
affectsa f eder al agencyob6s ability to identify an
performance of seiside R&D contracts.

While the appropriateness of our empirical approach rests upon the $150,000 threshold
based rule set by the federal govaemt for awarding contracts through the-asitlepolicy, we
check for the possibility of Aprecised mani pul
(Lee and Lemieux 2010). We proceed by noting

handbook,federal acquisition regulation (FAR), has provisions to deter stakeholders in the

40



contracting process (e.g., contractor firms) from precisely manipulating the contract value (FAR
Parts 3 and 31). Nonetheless, to formally check for this possibility, wewfoecent literature
(Cattaneo et al. 2019, Barreca et al. 2016, Lee and Lemieux 2010) and carry out multiple
falsification tests which indicate that precise manipulation of contract value around the $150,000
threshold is less likely to be a concern im analysis. In addition, to ensure that our results are not
reliant on the identifying assumptions of a single estimation approach, we also emplestagevo
least square (2SLS) and matching techniques to check the sensitivity of our results. Thesaladditi
specifications provide further support to the robustness of our study findings and reduce concerns
about unobserved heterogeneity impacting the results.

Our study makes the following contributions towards advancing research and practice.
First, by fausing on small business preference programs in public procurement, a relevant yet
understudied research context in the management literature, our study represents an important step
towards highlighting the challenges associated with managing such mitiiagnies and responds
directly to calls for scholars to conduct research that has the potential to influence public policy
(Cachon et al. 2020, Lee and Tang 2018, Tang 2016). While limited prior research on public
procurement has studied the impact ofeymment oversight on contract performance (Calvo et al.
2019), we advance this research by studying whether and to what extent awarding contracts through
small business preference programs impacts contract performance, after controlling for the
c o nt rowecsighd Evel. Second, although prior research on preference programs in public
procurement has highlighted the welfare implications of these policy initiatives (Athey et al. 2013,
Chatterji et al. 2013), the present study departs from this trend byirérg the impact of small
business preference programs on contract performance. A key benefit of studying contract
performance is that it provides a direct empirical assessment of whether taxpayer contributions in
such policy initiatives are being utilidefficiently and enables federal agencies to proactively work
towards improving the performance of contracts awarded through preference programs. The third
contribution lies in identifying two characteristics of the contracting envirorimtdr nature of
contractor firm experience and timing of awarding an R&D condradhich need to be considered
by federal agencies and contracting officers while awardingssdé R&D contracts. Specifically,
our study demonstrates that-astde R&D contracts perform bettwhen they are executed by
contractor firms with higher levels of differeagency experience and when these contracts are
awarded early in a fiscal year.

In summary, these findings advance our understanding of the impact of preference

programs on cordict performance, providing insights on how taxpayer investments in such policy
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initiatives can be managed by carefully considering the characteristics of the contracting

environment examined in this study.

3.2. Literature Review

Our study builds upon prior work at the intersection of two streams of research: the
emerging management literature on public procurement (e.g., Bruce et al. 2019, Calvo et al. 2019,
Coviello et al. 2018) and recent studies in the public economics donadihave focused on the
use of preference programs in public procurement (e.g., Athey et al. 2013, Chatterji et al. 2013,
Nakabayashi 2013). We highlight some of the key studies across these streams and discuss how
our study builds upon prior work.

Within the management literature, Coviello et al. (2018) use data from public procurement
auctions in ltaly to examine how different auction formats (which affect the level of discretion
exercised by lItalian authorities) impact procurement outcomes (e.g., hafitidders, types of
winners, value of winning bids) of construction contracts awarded by the Italian government. Bruce
et al. (2019) use data on U.S. federal government R&D contracts to examine the drivers of
contractual form choices between grants andperative agreements which heterogeneously
determine the level of oversight exercised by the federal government. Relatedly, Calvo et al. (2019)
examine how the level of oversight exercised by the U.S. federal government impacts the
performance of publicnifrastructure projects executed by a contractor firm. While this stream of
work sets the foundation for our studyds focus
this existing work in the following key ways.

First, we examine a relatively undaudied feature of public procureménite.,
the use of small business preference progdaarsl its impact on contract performance, after
controlling for the level of oversight exercised by the government. Thus, whether the set aside
progran® which mandatedt federal agencies award at least 23% of its annual contracting dollars
through the seasidepolicy to small businesses under certain condifoissactually beneficial for
the federal government, as evaluated through contract performance, is thequesgtiah in our
study. With the U.S. federal government having a mandate to award at least 23% of its annual
contracting dollars through the setidepolicy, an examination of the performance differences
between sehaside contracts and open competiti@ntcacts represents a consequential line of
inquiry for both researchers and policymakers alike. Furthermore, while oversight levels and the
set aside program are both associated with the $150,000 thrésiseld rule, the set aside program
is of particula interest from a congressional and executive branch standpoint and is closely

regulated by the U.S. Small Business Administration with each agency being held accountable for
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noncompliance. In particular, unlike oversight level which is not subject toralateg both
congressional and executive branches of the federal government are focused on supporting small
businesses. Thus, from the federal government standpoint, the sgigdisigleemains a legislation
of significant consequence (Congressional ReteService 203).

Additionally, in contrast to Calvo et al. (2019), which examines the moderating effects of
a contractor firmbs overall experience on the
performance, we partition contractor fiemperience into sarregency experience and different
agency experience and study how these underlying dimensions of experience moderate the
rel ati onshi p b e-basiWestatus aamd periommancea Althodgh the asgsessment of a
cont r actwnmll experienoedmsay mrovide federal agencies with valuable information to
reduce adverse selection issues associated with awardagideR&D contracts, contractor firms
may differ from one another in terms of the extent to which their experienceumalated from
working with a focal federal agency or with different federal agencies. The performance
implications of such differences in contractor firm experience remain unclear. To that end, we
examine how samagency experience and differeagency gperience moderate the relationship
bet ween an R&&idestamsandgperforthances e t

Finally, we also distinguish our study from Calvo et al. (2019) by examining how the
timing of awarding a contract (whether early or later in a federal fiseal) ynoderates the
relationshiop bet we e nasida rstatuR &l performanee.a The Gexlerals e t
government 6s -maont peaidd that spans betwesen @ctobe? 1 of a calendaanyear
September 30 of the next calendar year. The staa fiscal year involves fresh budgetary
allocation and a reduced pressure to meetodtiidcal year targets. However, as the fiscal year
progresses, there is a substantive increase in the number of tasks requiring the attention of federal
agencies (Congremnal Research Service 2008). As the reallocation of attention towards
completing other activities at the end of a fi
the most qualified contractor firm for seside R&D contracts, we study whetlad to what extent
the timing of awarding a contract interacts with itsastle status to impact its performance.

Beyond the management literature, prior research on preference programs in the public
economics stream has reported mixed findings réggitteir impact. For example, Blanchflower
and Wainwright (2005) find that sasidepolicies result in an increase in the value of contracts
awarded to underrepresented small businesses, while Chatterji et al. (2013) find that preference
programs faciliate the creation of new businesses. Similarly, Nakabayashi (2013) finds that
participation of small and mediusized businesses in public contracts would be reduced by at least

40% without preference programs. Notwithstanding such welfare benefits, Athley2913) find
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that the restricted nature of competition for public contracts under preference programs reduces
auction revenues for government agencies. Relatedly, Marion (2009) finds that, by restricting
competition, preference programs increase gowent expenditures for constructing highways, as

they raise the prices at which highway construction contracts are awarded to contractor firms.
Collectively, the prior research on preference programs suggests that although preference programs
may enable geernments to reach out to underrepresented small businesses and promote their
growth, the efficiency of such programs remains debatable.

Further, these studies provide limited insights on the impact of such programs at the more
granular contract level dhe procurement process. A focus on contract level is important as it can
reduce the extent of unobserved heterogeneity impacting a transaction and enable a more precise
assessment of the transaction performance. We address this gap by examining thmaupefor
differences across R&D contracts awarded through thassgepolicy vs. those awarded through
open competition. Furthermore, a better understanding of the impact of preference programs on
contract performance can help to identify contingencieimglto the contracting environment that
can affect contract execution and enable different stakeholders (e.g., contractor firms, federal
agencies) to take appropriate actions to effectively manage contract performance. To that end, we
study how the naturef contractor firm experience and the timing of awarding an R&D contract

impact the performance of saside R&D contracts.

3.3. Hypotheses Development

3.3.1. Background: The SeAsidePolicy

As noted earlier, the sesidepolicy mandates that each year at least 23% of the total value of all
federal contracts should be preferentially awarded to firms that qualify as small businesses, as per

t he Small Business Administrati ono sasidegolicy!l at i on
constitutes a substanti al portion of the U.S.
more than $100 billion of federal government contracts awaadedpart othis policy in recent

years. The specific details on how contractstarbe awarded through the setidepolicy are

listed in the FAR, a 232page contracting handbook that provides detailed information on
contracting rules and regulations for federal agencies to follow in the procurement process. In
particular, the valuefa federal contract is an important determinant of whether the contract will

be awarded through the sa&didepolicy. As illustrated in Figur@.1, while a federal contract with

a value between $3,500 and $150,000 is automatically set aside for snmadkbasj contracts with

a value above $150,000 are set aside for small businesses only if there is an expectation for the
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Rule of Two to be mét that is, if at least two or more small businesses that are competitive in

terms of market prices, quality, andidery should be expected to submit an offer.

Figure 3.1. Process for AwardingSetAside Contracts
T Assign R&D contract code

( Start ) .
S and determine contract value

Is contract Yes
value < — Set aside for small businesses |——
$150,000?7 [

Has at
least one Yes.
offer been
received?

l No No

v

Can two or

more small Yes
business do

the work?

v
‘ No Solicit offers through . Award contract to
open competition best offer

»_ Stop )

Additionally, if a contract with a value between $3,500 and $150,000 is set aside for small
businesseand only one offer is received, the contracting officer must make an award to that firm.
However, there are some exceptions. First, if contracts with a value between $3,500 and $150,000
are not set aside for small businesses, the contracting officer ffiaitllg record why such a
decision was made. Second, if no offers are received forassisiet contract, offers for the contract
are then solicited through open competition. Given these exceptions, perfect compliance with the
$150,000 threshold associateith the contract value is typically not observed.

3.3.2. Implications for Contract Performance

We first consider whether and how the performance edsidie R&D contracts differs from those
awarded through open competition. On the one hand, for-asglt contract, the mandate to
exclude large businesses can limit the pool of eligible bidder firms, thereby reducing the breadth
of search that can be carried out by contracting officers to identify the most qualified contractor
firm to execute the contch This limitation in the breadth of search can lower the likelihood of
selecting a highly qualified contractor firm to execute aaséle contract, thereby negatively
impacting contract performance. That is, in comparison to a scenario wherein dlilifesstan

be evaluated, a limitation in the breadth of search may result in suboptimal performance outcomes

(Gavetti et al. 2005, Levinthal 1997). With regard to the selection of a contractor firm, as long as
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the entire pool of firms (i.e., both largenis and small firms) is not searched, there might always
exist a possibility of selecting a contractor firm that is not the most qualified, thereby negatively
impacting contract performance. Moreover, selecting the most qualified contractor firm from a
limited pool of participating small businesses may be particularly difficult for R&D contracts, as
these contracts involve highly knowledggensive tasks and entail a greater level of uncertainty
in the execution process (Crama et al. 2017). In sum, rhitedl breadth of search for satide
contracts and the knowledg@ensive and uncertain nature of tasks in R&D contracts may together
lower the likelihood of selecting a highly qualified contractor firm forastle R&D contracts,
thereby negatively imgcting contract performance.

On the other hand, by excluding | arge busin
playing fieldo for smal | busi nes s asidepgolcy partic
increases incentives for small businesses to compete fasislet contracts. This, in turn, can
encourage more small businesses to compete feasilt contracts, as such businesses now
anticipate more homogenous competition and foresee a higherdid@ldf winning exante. To
that end, prior research has found that limiting competition to small and metiacthbusinesses
increases the participation of these business types in public contracts and auctions (Hyndman and
Parmeter 2015, Athey et al. 20D8akabayashi 2013). For example, Athey et al. (2013) find that
limited competition increases small business participation such that there is a greater overall
number of participants in saside auctions. To be successful in such a competitive marketplace
for setaside contracts, small businesses may have to push themselves harder and improve their
capabilities (Ethiraj et al. 2005), which in turn may translate into better performance outcomes for
setaside contracts. Our conversations with federal comigaaifficers highlighted that although
small businesses do not compete against large businessesdsidsetontracts, they still need to
outperform several other small businesses that are aiming for the saas@lsatontract. That is,

a potential forincreased participation by small businesses foasigle contracts may not only
provide federal agencies with more choices to select a highly qualified contractor firm, but also
compel small businesses to enhance their capabilities, thereby improvingct@arformance.
Taking the above arguments into consideration, we propose the following set of competing
hypotheses regarding the performance ofasete R&D contracts and open competition R&D
contracts.

HYPOTHESIS 1A:SetAside R&D contractdhave lowerperformance than those awarded
through open competition.

HYPOTHESIS 1BSetAside R&D contractshave higher performance than those awarded
through open competition.
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3.33. The Role of Contractor Firm Experience

The overall experience of a contractor firm comprises two underlying dimensionsaganey
experience, which arises from executing R&D contracts for the same federal agency as the focal
contract, and differerigency experience, which arises from exexutR&D contracts for a
different federal agency relative to the focal contract. The performance benefits arising from
increasing overall experience of a contractor firm, as documented in prior reGegrcAlcacer

and Oxley 2014C | a r k 20&3),sugdst.that both dimensions of contractor firm experience
should contribute to better performance outcomes fesside contracts. However, due to specific
mechanisms through which these impacts occur, the impact ofagamey and differerdgency
experiere on the performance of s&tide contracts could vary.

When a sesside contract is awarded to a contractor firm with increasing levels of same
agency experience, the contractor firmbds fami/
the focal gency may result in improved contract performance. First, under restricted competition
when the likelihood of finding a highly qualified contractor firm may be lower, awarding a set
aside contract to a contractor firm with increasing levels of ssgeacyexperience may improve
contract performance because of the contractor
resources (e.g., technological assets, project managers etc.) and an accumulation-spag#itcy
tacit knowledge. Second, withalimited pool of bidder firms, a contractor firm with greater (vs.
lower) levels of samagency experience is more likely to be able to influence the focal agency
aboutaseasi de contractés business and tecwttmi cal r
a manner that is consistent with its requirements and performance expecikers.together
with the discussion i83.2regarding the low likelihood of selecting the most qualified contractor
firm for setaside contracts, the above argumentgesgthat when a saside contract is awarded
to a contractor firm with high levels of sataeg e ncy experience, the cont |
and influence over the focal agencyds resource

A cont r adifferemtagéncyrexpérisnce may also help to improve the execution of
setasi de contract s, al beit through a different s
sameagency experienc€irst, under restricted competition when the likelihoofirafing a highly
gualified contractor firm may be lower, awarding a-a&sitle contract to a contractor firm with
increasing levels of differerigency experience may improve contract performance due to the
contractor firmds albng procesg bytdevelopiogcaedeeper &dgmitivei t s |
understanding or a conceptual schema (Schilling et al. 2003) about executing R&D contracts.
Second, within a limited pool of bidder firms, a contractor firm with greater (vs. lower) levels of

differentagency egerience is more likely to be able to identify and transfer best practices
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(Huckman and Staats 2011) from other federal agencies to improve the performance of the set
aside contract awarded to it by the focal agency. Such opportunities to identify asfelr thast
practices are particularly relevant for successfully executing R&D contracts, because producing
novel solutions in a timely and cesffective manner often requires borrowing ideas from disparate
areas (in this case, from different agencies)arathan through an intensive focus on a single area
(in this case, on the same agendgken together, the adverse selection issues associated with the
setasidepolicy may be reduced by selecting a contractor firm with greater levels of different
agencyexperience as such contractor firms may have increased opportunities to acquire technical
knowledge relevant to contract execution from a variety of sources, resulting in a faster rate of
learning (Clark et al. 2013) and improve contract performa@senthese distinct, yet beneficial,

i mpacts of a ¢ o-agencyaand differerdigency rexperiensea weepropose the
following hypotheses:

HYPOTHESIS 2A:SetAside R&D contractshave higher performance as contractor
f i r ms-ageyaenperiendacreases.

HYPOTHESIS 2BSetAsideR&D contracth ave hi gher performance &
differentagency experience increases.

334.TheRoleofCont ract ds Award Timing
As noted earlier, the f ednenthgpériodgmeivstartsom@ctobed s f i s
1 of a calendar year and continues to September 30 of the next calendar year. At the beginning of
a fiscal year, federal agencies start with fresh budgetary allocations and are at the early stages of
implementing the current fiscalger 6 s budget . However, as the fi
agencies not only face increased pressures to meetfdisdal year deadlines but are also tasked
with seeking Congressional funds for the next fiscal year and start budgetary plannindgiscathe
year after the next. Figu@2 provides an overview of the typical activities performed by federal
agencies over a fiscal year.
In sum, at the start of a fiscal year, it is likely that federal agencies are less constrained for
time as they have lesser number of activities to focus on. This, in turn, may enable federal agencies
to exert additional effort for identifying a highly difeed contractor firm from a limited pool of
eligible small businesses to execute aasidle contract. That is, while the sstidepolicy may
limit the pool of bidder firms to small businesses, lower constraints on time at the start of a fiscal
year may enable federal agencies to increase the depth of their search within this limited pool of

small businesses to identify the most qualifiedtcactor firm for executing a saside contract.
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Figure 3.2. Timeline of Activities for Federal Agencies over a Fiscal Year

Implementing Fiscal Year 2012 budget ‘

Seeking funds for Fiscal Year 2013 budget ‘

Planning for Fiscal Year 2014 budget

Oct Nov Dec | Jan Feb Mar Apr May Jmm Tul Aug  Sep Oct Nov Dec | Jan  Feb

2011 2012 2013
Calendar Year

For example, at the beginning of a fiscal year, federal agencies may have m@te {i
evaluate individual of fers <carefully, provide
requirements etc., thereby helping to reduce any adverse selection challenges associated with
awarding contracts through the -ssidepolicy and improvingcontract performance. Moreover,
this additional time and effort may be particularly useful in identifying a highly qualified contractor
firm for executing R&D contracts as these contracts are characterized by requirements that are
difficult to understandin comparison to routine service contracts or general construction contracts)
and involve knowledgintensive tasks (Crama et al. 2017). Taking the above arguments into
consideration, we propose the following hypothesis regarding the performanceasfied®&D
contracts awarded early in a fiscal year.

HYPOTHESISS3: SetAside R&D contracts awarded early in the fiscal year have higher
performance than those awarded later in the fiscal year.

3.4. Research Design
34.1. Data

We collected detailed data éederal R&D contracts from USAspending.gov, the official
source of U.S. federal government spending data, to test our hypotheses. This website was
developed as an outcome of a congressional legislation, the Federal Funding Accountability and
Transparency £t (FFATA) of 2006, which requires every federal contract, grant, loan, or other
financial assistance award to be displayed on a publicly accessible and searchable website. The
mi ssion of this website is to fsimentspendseverAmer i c
year and how it spends the money. 0 The websit

the U.S. federal government from October 2007 to the current date.
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Contractlevel data on this website are organized into two distinct streawvedlevel
data and transactidevel data. Award e v e | data contain informatio
characteristics (e.g., a contractos tiasidet i al \
status), while transactidievel data containinfonat i on on any modi fi cati ons:s
baseline characteristics (e.g., changes made t
The transactiofievel data also provide information on the actual dollar amount spent to execute a
contract. We link the awartkevel data of each contract with its transaclievel data using the
Procurement Instrument Identifier (Pli®a unique alphanumeric code associated with federal
government contraddsto create an integrated dataset that containgdpevariables used in our
analysis. Although the website contains data on all R&D contracts awarded by the U.S. federal
government from October 2007 onwards, the threshold value to determiagideestatus was
increased from $100,000 to $150,000 in ®eta2010. Our study sample therefore comprises R&D
contracts awarded by the federal government from October 2010 onwards. Specifically, we
collected awardand transactiofevel data on 46,763 R&D contracts awarded between October
2010 and March 2018 to wstruct our dataset. From this dataset, we excluded 50 contracts that
bel onged to a fibundled contracto package, beca
on how other contracts in the bundle perform. Of the remaining 46,713 contracts, weerkstri
estimation sample to R&D contracts with a value between $3,500 and $700,000, since contracts
that do not fall within this range are subject to different mandates. We also excluded contracts
which represented a ofiene purchase or maintenanceR&D equipment. Therefore, our main
analysis is based on a sample of 30,902 R&D contracts awarded by 49 different agencies of the
federal government. Overall, nearly 57% of the R&D contracts in this sample weasidset
contracts and, on average, a cortoaéirm had been awarded 46 R&D contracts by the federal

government in the past.

3.4.2. Dependent and Independent Variables

Schedule Overrun and Cost Overriine dependent variables of interest in this study are
the schedule overrun and cost overrun of an R&D contract in our sample. To determine the schedule
overrun and cost overrun measures for a contract, we first retrieved the estimates of the planned
duraion and the planned cost from the awbrdel data associated with each contract. Next, we
obtain information on the actual duration and the actual money spent for each contract from the
transactiodevel data to compute percent schedule overrun [(actuahtidn i planned
duration)/planned duration] and percent cost overrun [(actual moneyi gpanned cost)/planned

cost]. While percent schedule overrun measures the delay experienced by a contract relative to its
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planned duration, percent cost overruramges the additional cost incurred in executing a contract
relative to its planned cost.
SetAside.The awardevel data in our sample provide information on whether an R&D
contract was awarded through the-asilepolicy or through open competition. Wamnstruct a
dummy variable, SA r epresenting the treatment status o
setasi de R&D contract and 606 for an open compet
SameAgency Experiencéhe awardevel data provide the name and a uniqumeric
identifierd the Data Universal Numbering System (DUNS) nurdbef each contractor firm. We
use the DUNS number to count the number of R&D contracts awarded to a contractor firm and
construct experience measures for each contractor firm in our sdinplsameagency experience
of a contractor firm is measured as the total number of R&D contracts executed by a contractor
firm in the past for the same federal agency as the focal contract.
DifferentAgency ExperienceThe differetagency experience of eontractor firm is
measured as the total number of R&D contracts executed by a contractor firm in the past for a
different federal agency relative to the focal contract.
Early in Fiscal Year As noted earlier, the federal fiscal year begins on Octobéeéch
calendar year and ends on September 30 of the next calendar year. As an illustrative example, the
2013 federal fiscal year begins on October 1 of the 2012 calendar year and ends on September 30
of the 2013 calendar year. Early in Fiscal Year regmés the quarter of a federal fiscal year in
whi ch an R&D contract i s awarded. 't is a dumnm
in the first quarter of a federal fiscal year
16% of the comacts in our sample were awarded early in a fiscal year i.e., in the months of October
to December.

3.4.3. Control Variables

Variations in the characteristics of R&D contracts and contractor firms executing the contracts can
offer alternative explanations for performance differences. We therefore control for several such
characteristics in our analysis. TaBl& describes theontrol variables along with the dependent

and independent variables, and TaBl2 provides the pairwise correlations and descriptive

statistics.
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Table 3.1. Description of the Dependent, Independent an@ontrol Variables

Dependent Va

Variabl e Description

Schedul e Ov

The delay experienced by a contract

Cost Overru

The additional cost incurred in exec

I ndepeVadreinatb |

SA

A dummy variabl él@hiamh RI&D cohed axs w
asipdiegan@®& her wi se.

Sanfegency EX

The number of R&D contracts executed
fedagahcy as the focal contract.

Di ff-Agenty
Experience

The number of R&D contracts executed
feder al agency relative to the focal

Early in Fi

A dummy variabl éli@hianh Ri&D codhded aaxgs i
of a federal fiscal yoedadr h € Owit od.er t o

Control Var i

Contract Du

The difference between sherordagtiaeadf
number of days.

Contractor

The average annual revenues of a cont
(from the award year of an R&D contr

Contract Pr

A dummy variabl etwhieaohciontcadedpabci
(T&M) 6 weheen contract pricing is fixed

Competition

Number of offers received for a cont

Oversight L

Contracts wusing simplified acquisit.i
contracts not using SAP have high ove
construct a dumipdveanr i SaAP e sc oudseedddl apsh e
SAP is not used (high oversight).

Region of CDenotes the geographical region (Nor ¢
E 9 u.s.) i n whdomtireahcee x B&Dt ed . We <creat
xecution .

represent the region of contract exe

The year incwhitclhcéanwBR&Dawarded. We
Contract Aw4qfepresent the dthéeecentrawhsdi peaus §

2014, 2015, 2016 and 2017) .

A dummy variabl elvihiam R&Dcodrdr act
Task Type ana@dd& it is a research contract.

A code used by the U.S. feder al gov

contract being executed that takes i
R&D Contrac|medical) and the stage of R&D (e. g.

devel opment) . We created 433 dummy v

R&D contracts in our sampl e.

A quadratic polynomi al representing
Control Fun threshold value of $150, 000.

Federal Age

The federal agency awarding the R&D
represent the federal agencies award

Contractor

We created dummy variabl es f or :Ghveethér
small business or not, (b) whether mamofit or not, and (c) whether, corporat
partnership or sole proprietorship.

52



Table 3.2. Pairwise Correlations and Descriptive Statistics for alContracts

Variables 1 2 3 4 5 6 7 8 9 10 11 12
1. Schedule Overrun 1.00

2. Cost Overrun 0.27 1.00

3.SA -0.11 -0.09 1.00

4. SameAgency Exp -0.02 -0.02 0.11 1.00

5. DifferentAgency Exp -0.01 -0.01 0.01 0.28 1.00

6. Early in Fiscal Year -0.01 0.01 -0.01 0.03 -0.03 1.00

7. Task Type (0: Res, 1: De 0.05 0.04 -0.18 -0.03 -0.02 0.04 1.00

8. Contract Duration -0.09 0.04 -0.09 -0.02 -0.01 0.01 -0.04 100

9. Contractor Firm Size 0.05 0.05 -0.22 -0.01 -0.01 -0.01 0.04 0.02 1.00

10. Contract Pricing 0.13 0.17 -0.21 0.01 -0.01 -0.01 0.06 024 021 1.00

11. Competition -0.06 -0.05 0.23 -0.01 0.02 -0.01 -0.02 -0.04 -0.04 -0.01 1.00

12. Oversight Level -0.02 -0.01 043 008 0.01 -0.02 -0.11 0.07 -002 013 021 100
Mean 0.17 002 0.57 3127 14.76 0.16 0.19 324 740 0.08 90 0.79
Median 0.00 0.00 1.00 4.00 1.00 0.00 0.00 274 46 0.00 4.00 1.00
Standard Deviation 0.62 0.11 0.50 105 88 0.37 0.39 277 3800 0.28 214 041

Notes.Correlations indicated ibold are significant at p<0.05 level.

3.4.4. Research Method
We noted in §3.1 that R&D contracts with a value between $3,500 and $150,000 (above $150,000)
are more (less) likely to be awarded through thasiglepolicy. This thresholébased nature allows
us to use a regression discontinuity design to test howdawgaR&D contracts through saside
policy affects contract performance. The key intuition behind this method is that contracts are likely
to be randomized around the threshold. Thus, estimates of the treatment effect can be obtained by
comparing the peokmance of R&D contracts around the threshold. As noted e&heepresents
the treatment status of an R&D contrattiat takes a value of 1 if the contract is awarded through
the setasidepolicy and 0 otherwise. LeR represent the contract value represent the threshold
value of $150,000, an¥ represent the outcome variable. The treatment effect of tresisket
policy at the threshold is given by:

R R O @

The discontinuity design is referred tosdmrpwhen the magnitude of the denominator in
the above expression equals 1 (i.e., perfect compliance to the treatmdnBzgiidhis magnitude
is lessthan 1 (i.e., imperfect compliance to the treatment). In our study, we have a case of fuzzy
design because federal agencies have some discretion in deciding whether to award an R&D

contract through the sasidepolicy, based on their assessment of whetloatracting conditions
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have been met. This is confirmed through an examination of tasisket status of R&D contracts

in the dataset where 62% of contracts with a value less than $150,000 vasids&bntracts and
36% of contracts with a value abdd®50,000 were setside contracts. Given the fuzzy design, we
use parametric regression models augmented with a control funci@iyin i that is typically
approximated by a polynomial. This approach, outlined by Angrist and Pischke (2009) and Lee and
Lemieux (2010), consists of estimating a t8tage regression model where the endogenous
variable SA, is instrumented bgb han indicator variable that takes the value of 1 when the contract
value is less than or equal to $150,000 and 0 otherwisédir$tend second stages of the regression
model include the same control functions®Y i 8WNe use® p'Y A p b 7in the

first stage as the excluded instrument for the treatment SAtushe first stage model estimating
the treatment status an R&D contract is specified as follows:

YO QY i @ «QY i ® | v 2
where @ represents the control variables d@Y 1 is the control function which is
appoximated using a secoratder polynomial in'Y i & By interacting the control function

with Z;, we allow the relationship between contract value and treatment status to vary on both sides
of the threshold (Angrist and Pischke 2009). The predietdde,”YO, from (2) is used in the
second stage along with the control functif®)Y 1 and® to estimate the dependent
variables, schedule overrun adst overrun. The secorstiage model is specified as follows:

w QY i YO T - 3
where } captures the treatment effect. To estimate the moderating effects ofaganey
experience, differerigency experience and task type, wediseSameAgency Experience; x
DifferentAgency Experiencandz x Early in Fiscal Yeams excluded instruments f8A x Same
Agency ExperiengceSA x DifferentAgency Experienceand SA x Early in Fiscal Year
respectively

3.5. Analysis and Results
3.5.1. Main Analysis

We start by examining visual evidence in Figure3a3and 33b regarding whether a discontinuity

9 Prior studies have also used higleder polynomials (e.g., cubic, quartic) to model the control function
(e.g., Bradley et al. 2017). Gelman and Imbens (2019) however note that the causal effects of interest can be
sensitive in such control functionstiincreased levels of Type 1 error. Nonetheless, as no&sl 2n we
conducted analysis using both cubic and quartic control functions and obtained consistent results.

0 BecausesA is endogenousSA x SameAgency Experience, SA DifferentAgency Exprience,andSA

x Early in Fiscal Yearalso become endogenous, and this needs to be accounted for in the estimation
(Wooldridge 2010).
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Schedule Overrun

exists in schedule overrun and cost overrun of R&D contracts around the $150,000 threshold. We
note from this figure that a discontinuous jump exists in botedhedule overrun and cost overrun

of R&D contracts around the $150,000 threshold. Subsequently, Talplee8ents the results from
equation (3) in a hierarchical manner separately for schedule overrun and cost overrun as the
dependent variables. We usdurons 1 and 5 to interpret the main effect6d, and columns 4

and 8 to interpret the moderating effects.

Figure 3.3. Graphical Representation of the Relationship between Schedulaverrun, Cost
Overrun and Initial Contract Value at $150,000 Threshold

a) Schedule Overrun vs. Initial Contract Value b) Cost Overrun vs. Initial Contract Value

Cost Overrun
|
1

+

T T T T T T T T T T T T T T
0 100000 200000 300000 400000 500000 6000 0 100000 200000 300000 400000 500000 600000 700000

Initial Contract Value I[nitial Contract Value

Notes.The yaxis in figure 33a and figure Rb represents schedule overrun and cost overeapectively.

The solid line represents a linear relationship between schedule overrun and cost overrun, and initial contract
value. The dashed line represents 95% confidence intervals. The dots represent mean values of schedule overrun
and cost overruncaoss $10,000 intervals of initial contract value

Focusing on columns 1 and 5, we find that the coefficientYofis negative and
statistically signifie@n24Zorpd®.thl) cho88 ud ®@stov
p<0.01). This resultndicates that with a ongnit increase in treatment probability (i.e., the
probability that an R&D contract will be awarded through theasétepolicy), the schedule (cost)
overrun of R&D contracts is reduced by 21% (8%) in comparison to those thataded through
open competition. That is, we find support for Hypothesis 1B but not Hypothesis 1A. To understand
this result better, we compare the average competition (i.e., the average number of offers received)
between seaside R&D contracts anapben ompetition R&D contractsWe find that the average
competitionforsea si de R&D contracts (e€=132) i ®&higher
contracts awarded through open competifion =34) , and this difference
(p<0.01).This difference in competition levels is consistent with findings in recent studies that
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have highlighted increased competition for contracts awarded through preference programs for
underrepresented businesses (e.g., Athey et al. 2013, Hyndman and P20dteBpecifically,

as At hey et alAsmalusines3? setside.excludesibaybigders, But increases the
incentives for smal/l bi dders to participate be
in small bidder participation calead to a greater overall number of auction entrants.T h i s
increased participation of small businesses may provide federal agencies with more choices to
select a highly qualified contractor firm for setide contracts, thereby improving contract
performance.

Regarding the moderating effects of samgency and differerdgency experience of
contractor firms, we find that only the coefficient '&fox DifferentAgency Experiencés
statistically signif {0cl@3np<0.06)oand sstc hewdai0ore24no v(elr = u
p<0.05). This result suggests that, in comparison to the experience accumulated while working for
the same federal agency, the experience accumulated while working for a different federal agency
is more beneficial in reducing the sduée overrun and cost overrun of-sside R&D contracts.
Therefore, we find support for Hypothesis 2B but not Hypothesis 2A. The lack of support for the
moderating effect of sarregency experience suggests that the execution of federal R&D contracts
beneft more from accumulating diverse knowledge from different agencies, in comparison to the
specialized knowledge accumulated by working for the same federal agency. Regarding the
moderating effects of the timing of awarding a contract, from columns 4 amd fd that the
coefficient of"YOx Early in Fiscal Yearis negative and statistically significant for schedule
overrun p =0.293, p<0.1and cost overrurb(=0.094, p<0.}, respectively. This result indicates
that an increase in treatment probabiigds to a grater reduction in the schedule @odtoverrun
valuesof contracts awarded early in the fiscal year in comparison to those awarded later in the
fiscal yearHypothesis 3 is therefore supported.

Finally, to enable an intuitive understanding of the moderating effects, we plot the average
mar gi nal ef fects eabide ataus RecRoEs various levels af diffesgansye t
experience and early in fiscal year §chedule overrun (Figures 3.4a andb3.dnd cost overrun
(Figures 34c and 3.4). Specifically, Figure.4a (3.4) shows that increasing levels of different
agency experience reduce the schedule (cost) overrun associated \agldsdR&D contracts.

Figure 3.4b (3.d4) shows that sedside R&D contracts awarded early in the fiscal year have lower

schedule (cost) overrun in comparison to those awarded later in the fiscal year.

56



Table 3.3. Main Analysis Results: Estimates of Treatment Effects on Contract Performance

Dependent Variable Schedule Overrun

Dependent Variable Cost Overrun

1) (2) 3) (4) (5) (6) ) (8)
Main Effects
31 - 0.242 (0.054)°  -0.230 (0.056)° -0.198 (0.060)° -0.184(0.062)" | -0.088 (0.010) -0.089 (0.01T}* -0.073 (0.009)° -0.074 (0.011y
SameAgency Exp. - 0.002 (0.004) 0.029 (0.052) - 0.002 (0.004) 0.030 (0.053) 0.001(0.001)  -0.003 (0.011) 0.001(0.001)  -0.002 (0.010)
Different-Agency Exp. - 0.004 (0.002) 0.012 (0.013) - 0.003 (0.002) 0.010 (0.012) 0.001 (0.001) 0.005 (0.004) 0.001 (0.001) 0.004 (0.003)
Early in Fiscal Year -0.002 (0.011) - 0.001 (0.011) 0.166 (0.099) 0.171 (0.099) 0.002 (0.002) 0.002 (0.002) 0.056 (0.020) 0.056 (0.020)

Moderating Effects
3 | x SameAgency Exp.

3 I x DifferentAgency Exp.
3 ! x Early in Fiscal Year

Control Variables

Task Type (O: Res, 1: Dev)

Contract Duration
Contractor Firm Size
Contract Pricing
Competition
Oversight

0.311 (0.177)
- 0.126 (0.009)"
0.006 (0.004)

0.123 (0.026)°

- 0.013 (0.004y"
0.019 (0.018)

- 0.052 (0.088)
- 0.112 (0.043y"

0.312 (0.174)
- 0.125 (0.009)"
0.015 (0.006
0.124 (0.026)"

- 0.012 (0.004y"
0.020 (0.018)

- 0.288(0.165)

0.317 (0.177)
- 0.128 (0.009)"
0.006 (0.004)
0.121 (0.026}"

- 0.012 (0.004y"
0.020 (0.017)

- 0.054 (0.090)
- 0.103 (0.042)
- 0.293 (0.165)

0.318 (0.174)
- 0.127 (0.009y"
0.015 (0.006
0.121 (0.026)"

- 0.011 (0.004y"
0.021 (0.017)

0.051 (0.044)
0.002 (0.001)
0.000 (0.001)
0.029 (0.006}"
- 0.004(0.001y"
- 0.000 (0.003)

0.006 (0.020)

- 0.027 (0.011)

0.052 (0.044)
0.002 (0.001)
0.001 (0.001)
0.030 (0.006}"

- 0.004 (0.001"

0.001 (0.003)

- 0.094 (0.033)"

0.053 (0.044)
0.001 (0.001)
0.000 (0.001)
0.029 (0.006}"

- 0.004 (0.001Y"
0.000 (0.003)

0.005 (0.020)
- 0.024 (0.011)
- 0.094 (0.032y"

0.054 (0.044)
0.001 (0.001)
0.001(0.001)

0.029 (0.006Y"

- 0.004 (0.001Y"
0.001 (0.003)

Federal Agency FE
Region FE

Year FE

Control Function

R&D Contract Code FE
Contractor Firm Type FE
Constant

N

Yes
Yes
Yes
Yes
Yes
Yes

- 0.077 (0.134)
30902

Yes
Yes
Yes
Yes
Yes
Yes

- 0.083 (0.135)
30902

Yes
Yes
Yes
Yes
Yes
Yes

- 0.138 (0.148)
30902

Yes
Yes
Yes
Yes
Yes
Yes

- 0.144 (0.149)
30902

Yes
Yes
Yes
Yes
Yes
Yes

- 0.026 (0.012)
30902

Yes
Yes
Yes
Yes
Yes
Yes

- 0.029 (0.012)
30902

Yes
Yes
Yes
Yes
Yes
Yes

- 0.046 (0.020
30902

Yes
Yes
Yes
Yes
Yes
Yes

- 0.048 (0.0207
30902

Notes™ p O0 ."®DO0 . P60 . 1.

Het eroscedasticity
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Figure 3.4. Moderating Effectsfor Different -Agency Experience ancearly in Fiscal Year

a) Average marginal e f-abidecstatas b) Average mar gi nal edsifestatas
across levels of differerggency experience witkchedule on contracts awarded early vs. later in a fiscal year
overrunas the dependent variable schedule overruas the dependent variable
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3.5.2. Robustness Checks
We examined a number of alternative model specifications to test the robustness of our main

results. The robustness checks are presented in 3dkdad discussed below.
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Using Higher-Order Polynomial Control Functions Although Gelman and Imbens
(2019) rote that the causal effects of interest can be sensitive to fogher polynomial control
functions, we reestimate our main models using both cubic and quartic control functions instead
of a quadratic control function. As the control function approx@s@te relationship between the
forcing variable (i.e., initial contract value) and the dependent variable (i.e., schedule overrun, cost
overrun), a misspecification in the order of the control function can bias the estimates. Our
estimates are, therefonmore likely to be reliable if they are robust to different specifications of
the control function. The results obtained using cubic and quartic control functions (TBebia A
the online appendix) are consistent with the main analysis results.

Controling f or Contract or FWacmeéatsan Rdaisonhal vBrablef o r ma n
Contractor Fir mpmichRaptares the averdge pash perfarngance of a contractor
firm executing a federal R&D contract, and we include it as an additional coatiable in re
estimating our main models. Including this control variable helps to account for the potential impact
of a contractor firmbs past performance on the
each contractor firm, we measure itstpaesrformance by calculating the average schedod
overrun(a composite measure of contract performawnteall federal R&D contracts executed by
the contractor firm in the past. The analysis results (columns 9 and 12 of3blased on a
sample oR7,211 contracts (as 3,691 contracts in our sample had been executed by contractor firms
with no information about their past performance), remain consistent with the main analysis results.

Estimation using observations around the $150,000 Threshulhile the main analysis
results are estimated using all the observations in our samplegs@gmate the main models using
observations that are in the neighborhood of $150,000 threshold (Cattaneo et al. 2019, Lee and
Lemieux 2010). Following guidanceoin Calonico et al. (2014), we use a editeven procedure
to select an optimal bandwidth of observations around the $150,000 threshold which minimizes the
biasvariance tradeoff in the estimation process. Because this estimation is performed with
observabns around the $150,000 threshold, we include only thetrpa¢ément variables as
additional covariates in the estimation model (Cattaneo et al. 2019, p.104). The analysis results,
using observations around the $150,000 threshold, are consistent withith@nalysis results.
Specifically, we find that the coefficient 8f! is negative and statistically significant for schedule
overrun (b=710.087, p<0.1) and cost overrun (b=
of DifferentAgency Experiencaye find that the coefficient & ! x DifferentAgency Experience
is negative and statistically significant for schedule ovefbur 7T 0 . 2 1 § and qost Overfurbd
(b=1 0. 16 1. Regprdir@ thé mmoderating effects of Early in Fiscal Year, we find lieat t

coefficient of3 | x Early in Fiscal Year is negative and statistically for schedule overrun
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(b=17T0. 864dnd cogteverrug p =17 0. 3 6 8Takerptegéthef) th¢se analysis results
using observations around the $150,000 threshold support thegrfdim the main analysis.
Addressing ®ntractor firm -level heterogeneity using firmcluster fixed effects:Our
estimation sample comprises 30,902 R&D contracts executed by 9,927 contractor firms, of which
6,308 contractor firms (~64%) have executed omie contract for the federal government.
Because a fixed effects specification utilizes variation within each-sezd®onal unit (i.e., each
contractor firm) and excludes singleton crssstional units for estimation purposes, the use of a
contractor fim fixed effects model would not only reduce the estimation sample but also reduce
the observations per prediction parameter to significantly below 10 (Wooldridge 2010), resulting
in incorrect inference. We pursue an alternative approach that uses ldatalcistering technique
to create homogenous clusters of contractor firms based on (a) average annual revenues in the past
three years, (b) headquarter location, (c) ownership category (i.e., whether -awameoh
minority-owned, or other business), (d)ofit motive (i.e., whether neprofit or not), and (e)
organization type. The cluster analysis results in the identification of 573 firm clusters which are
included as an additional fixed effect in the full model. The analysis results for schedule overrun
(column 11 of Tabl&.4) and cost overrun (column 14 of TaBld) remain consistent.

3.5.3. Falsification Tests

The appropriateness of our empirical approach rests upon the identification assumption that no
precisemanipulation of the forcing variable (i.e., initial contract value) is occurring around the
threshold in such a way that contracts aresalicted into the treatment and control grodigshe

notion of Aprecised mani purs(ag.icantnactay brmd) ate ablel g g e s t
to exercise complete control over the initial contract value and adjust it to directly influence
treatment assignment.To address the potential for precise manipulation, the FAR includes
detailed regulations on allowkghcosts as well as reasonableness of contract value estimates (FAR

Part 31) and improper business practices (FAR Part 3). Furthermore, contractor firms can be barred

from participating in federal contracts or receive stiff penalties if there is eviden@ngulation

I A discontinuity in the distribution of initial contract value around the $150,000 threshold (FigurénA

online appendix) may indicate that stakeholders are able to adjust this value below the threshold and influence
treatment assignment. To that end, our finding thaasiele R&D contracts (which are more prevalent below

the $150,000 threshold) halM®ver schedule and cost overrun values represent a conservative estimate of the
impact of the seasidepolicy on contract performance.

2As Lee and Lemieux (2010, p.293) note, fAthe key wc
indeed, in virtially every known application of the RD design, it is easy to tell a plausible story that the
assignment variable is to some degree influenced by someone. But individuals will not always be able to
have precise control over the assignment variable. o
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during the award process. Notwithstanding these deterrents, the subjectivity associated with initial
estimates of contract wdlf we easm dmmadisays infrencee ncy t
the assignment of treatments to contra€ts.examine whether this can impact our results, we

follow recent literature (e.gCattaneo et al2019, Barreca et al. 2016) and carry out several
falsification tests to formally examine this possibility.

Distribution of Pretreatment Variables around th&hreshold. First, we examine the
distribution of the pretreatment variables (i.e., variables that are determined prior to treatment
assignment, and thus, cannot be affected by the treatment status) around the threshold. Lee and
Lemieux (2010) suggest thir observations to be comparable around the threshold and indicate
the absence of precise manipulation, the pretreatment variables should have similar distribution
around the threshold. We identify several pretreatment variables to carry out this ¢xam(da
contractés task type, (ii) contractbés region o
performance, and (v) number of employees and revenues associated with the contractor firm
executing the contract. We regress each of thesteeptment variables on a dummy variable, Z
coded as 1 if the contract value is less than or equal to the $150,000 threshold value and 0 otherwise.
We are interested in comparing the distribution of pretreatment variables just above and below the
threslold, so we estimate these regression models using a set of contracts whose values lie within
+5% of the $150,000 threshold value. We also include different polynomial control functions
(quadratic, cubic and quartic) in these models to account for thiemskip between a pretreatment
variable and contract value, since the relationship may not necessarily be linear. Table 3.5 presents
the coefficients of Zrom each regression model. We find that the coefficients of the pretreatment
variables are statistilly insignificant, indicating that their distribution does not change
significantly around the threshold. This result suggests that precise manipulation of contract value

is less likely to be a concern in our analysis.
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Table 3.4. Estimates of Treatment Effects using Alternative Specifications

Dependent Variable Schedule Garrun

Dependent Variable Cost Overrun

Controlling for a Using Firm Controlling for a Using Firm
Contract Donut RDD ClustersFixed | Contr act Donut RDD Clusters Fixed
Past Performance Effects Past Performance Effects
(9) (10) (11) (12) (13) (14)
Main Effects
3! - 0.150 (0.070) -0.199 (0.059)° =-0.196 (0.062y" | -0.077 (0.012y* =-0.073 (0.010y" ~-0.075 (0.010}"

SameAgency Exp.
DifferentAgency Exp.
Early in Fiscal Year
Moderating Effects

3 I x SameAgency Exp.

3 | x DifferentAgency Exp.
3 I x Early in Fiscal Year
Control Variables

Task Type (0: Res, 1: Dev)
Contract Duration
Contractor Firm Size
ContractPricing

0.042 (0.066)
0.011 (0.014)
0.219 (0.106)

- 0.075 (0.109)
- 0.120 (0.047}
- 0.344 (0.168

0.342 (0.251)
- 0.136 (0.010)"
0.017 (0.008)
0.122 (0.029}"

0.022 (0.042)
0.007 (0.010)
0.171 (0.103)

- 0.040 (0.076)
- 0.088 (0.037}
- 0.305 (0.180)

0.325 (0.180)
- 0.126 (0.009)"
0.014 (0.006)
0.117 (0.026}"

0.035 (0.049)
0.016 (0.014)
0.188 (0.096)

- 0.145 (0.134)
- 0.205 (0.073y"
- 0.317 (0.1671)

0.336 (0.174)
- 0.131 (0.009)"

- 0.024 (0.020)
0.125 (0.026}"

0.004 (0.013)
0.004 (0.003)
0.066 (0.021}"

- 0.006 (0.023)
- 0.024 (0.011)
- 0.101 (0.033y"

0.083 (0.059)
0.001 (0.001)
0.002 (0.002)
0.029 (0.006}"

- 0.002 (0.009)
0.004 (0.003)
0.058 (0.020Y"

0.006 (0.018)
- 0.023 (0.010)
- 0.100 (0.035)"

0.057 (0.046)
0.001 (0.001)
0.001 (0.001)
0.029 (0.006}"

0.001 (0.009)
0.005 (0.003)
0.062 (0.019}"

- 0.010 (0.027)
- 0.034 (0.016)
- 0.101 (0.032y"

0.058 (0.045)
0.002 (0.001)
0.002 (0.003)
0.031 (0.006}"

Competition - 0.011 (0.004)° -0.012 (0.004)" -0.011 (0.004}" | - 0.004 (0.001)" =-0.004 (0.001I)° -0.004 (0.001y
Oversight 0.014 (0.020) 0.021 (0.017) 0.032 (0.017) | -0.000 (0.003) 0.001 (0.003) 0.002 (0.003)
Past Performance 0.010 (0.007) 0.001 (0.001)
Federal Agency FE Yes Yes Yes Yes Yes Yes
Region FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes
Control Function Yes Yes Yes Yes Yes Yes
R&D Contract Code FE Yes Yes Yes Yes Yes Yes
Contractor Firm Type FE Yes Yes Yes Yes Yes Yes
Constant -0.046 (0.179) -0.135(0.149) 0.287(0.367) | -0.060 (0.024) - 0.048 (0.020) - 0.091 (0.047)
N 27211 29628 30902 27211 29628 30902
Notes™ p O0 ."®DO0."P60. 1. Heteroscedasticity robust standa

region in a given year.
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Estimate of Treatment Effect for Schedule Overrun

—
T

Table 3.5. Distribution of Pretreatment Variables around the $150,000 Threshold

. Nature of Control Function (Parametric) Non-
Pretreatment Variable . - - .
Quadratic Cubic Quartic Parametric
Task Type 0.03 (0.05) 0.05 (0.06) 10.03(0.04) 10.07 (0.04)
Region: Outside U.S. 0.01 (0.01) 0.01 (0.01) 0.01(0.01) 10.01(0.01)
Region: Northeast U.S. 0.01 (0.08) 0.01 (0.08) 0.06(041) 10.03
Region: Midwest U.S. 10.05(0.05) 10.05(0.05) 10.06(0.34) 710.02(0.05)
Region: South U.S. 10.05(0.09) 10.04(0.09) 10.15(0.31) 0.07 (0.12)
Region: West U.S. 0.09 (0.08) 0.08 (0.09) 0.15 (0.16) 0.01 (0.13)
Competition 0.04 (0.16) 0.06 (0.15) 0.07 (0.51) 10.11(0.11)
Contractor Firm Employees 10.01(0.18) 10.02(0.19) 10.12(0.19) 0.17 (0.12)
Contractor Firm Revenues 10.17 (0.11) 710.12(0.12) 710.17(0.11) 10.01(0.12)
Contractor Firm Past Performance 10.09(0.09) 10.03(0.09) 10.05(0.12) 0.01 (0.06)

Notes.Heteroscedasticityobust standard errors clustered by agency and region in a given year are

in parenthesesParametric estimations include contracts with values within +5% of the $150,000
thresholdvalue. Norparametric estimation includes contracts around the $150,000 threshold

selected using a dathiven method proposed by Cattaneo et al. (2019).

Figure 3.5. Treatment Effects at Placebo Thresholds and True $150,000 Threshold

a) Treatment Effect for Schedule Overrun
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Estimation at Mu | t i. lNéxe we Poerforenetdsts to Tcheckeferh ol d s
statistically significant discontinuity at thresholds that are different from the true $150,000
threshold. As noted in Cattaneo et al., (2019, p89),he pr esence of disconti
cutoff can be interpreted gsot enti ally casting doubt éat t he
di scontinuities cannot be explained by subst:
Following recent studies (e.g., Coviello et al. 2018, Dai et al. 2018), we plot 95% confidence
intervals for the estimates of the treatment effect at different placebo thresholds between $145,000
and $155,000 in Figurg5; for comparison, we also include the 95% confidence interval for the
estimate of the treatment effect at the true $150,000 thregksotaken from the figure, estimate of
the treatment effect at each placebo threshold is statistically insignificant in comparison to that at
the true threshold. This finding suggests that the treatment effect is less likely to be spurious as it
is absent athresholds that are different from the true threshold.

Using a Donut SpecificationFinally, following Barreca et al. (2016) and recent studies
(e.g., Coviello et al. 2017), we estimate a donut specification by dropping all contracts at the
$150,000 threshold value. The intuition behind the donut specification is that if contradhaslue
been precisely manipulated, the contracts closest to the threshold are those mostly likely to have
experienced manipulation. By comparing the estimates from the donut specification with those
from our main models, we can check whether our resultsasitise to the inclusion of contracts
closest to the $150,000 threshold. We note that the donut specification estimates are highly
consistent with the main results for both schedule overrun (column 10 of Fdpland cost

overrun (column 13 of Tablg4).

3.5.4 Estimation using Alternative Identification Strategies
While these falsification tests suggest that precise manipulation of initial contract value is less
likely to be a concern in our analysis, we also check for the sensitivity of our restis t
alternative identification strategies, namely, a generalized methods of moment (GMM)
specification and matching. Our results are likely to be less susceptible to concerns about precise
manipulation of initial contract value if they are robust acdifsrent identification strategies.
Using GMM Specification.In the first stage of the GMM specificatiome use the

following instrumental variablesSameYear Prior SetAside Contractsaand Below Threshold
along with all the control variables to estime a ¢ o0 nRasideastatusd ¥We defne the
instrumental variables below along with conceptual justification for their validity:

1 SameYear Prior SetAside ContractsThis variable represents the total value ofasstle

contracts awarded by an ageriic\ya given year prior to awarding the focal contract. Each
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agency has an annual target for awarding contracts through-theidegtolicy o therefore,
agencies that have awarded a lower value edisiele contracts in a year (prior to awarding
the focal contract) are more likely to award the focal contract through thsidepolicy.
However, this variable, capturing the total value ofasitie contracts awardedor to the
focal contract would not directly affect the performance of the focal contract, except for

its influence on whether the focal contract is awarded through tasisepolicy.

1 Below ThresholdT hi s variable is coded as 1 if a ¢
$150,000 threshold and 0 if otherwise. As noted earlier, contracts with an initial value less
than or equal to $150,000 are more likely to be awarded through thsideolicy, while
contracts with an initial value more than $150,000 are less likely to be awarded through
the setasidepolicy (FAR Part 19). However, this variable would not directly affect the
performance of the focal contract, except for its influence on whetherdhkectantract is
awarded through the sasidepolicy.

In addition to conceptual justification, we perform statistical tests to check for the validity
of the chosen instruments. The Lagrange Multiplier test for underidentification is significant
(KleibergenPaap rk statistic=42.58, p<0.01) indicating the strong predictive power of the excluded
i nstrument s f-aside statux Burthermare, thddst of gomtt significance of the
instruments (Fstatistic=75.31, p<0.01) is greater than theigaitvalue of the Stock and Yogo
(2005) threshold, indicating that the chosen instruments are not weak. Finally, the
overidentification test continues to demonstrate statistical insignificance (Hastaistic=0.22,
p=0.64 for schedule overrun; Hansestdtistic=0.23, p=0.63 for cost overrun) indicating the
presence of at least one instrumental variable that satisfies the exogeneity assumption. Table A4 in
the online appendix presents results -asideom t he
status. The second stage results for schedule overrun (column 15 o8'Baldad cost overrun
(column 18 of Tabld6 ) , whi ch i nclude t he p-aselestausfeomd v al ue
the first stage modealemain qualitatively consistent withé¢ main results in direction and statistical
significance.

Using a Matched SampleFinally, we conduct analysis using a matched sample of
contracts. Matching relies upon O6selection on
contracts in the tréanent group (i.e., sedside contracts) with those in the control group (i.e.; non
setaside contracts) based on observable characteristics, the latter would serve as a valid

counterfactual for the treatment group.
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We first use propensity score matchiR$M) for generating a matched sample of contracts
(Wooldridge 2010). Specifically, we employ a probit model and the following matching variables:
(a) federal agency awarding the contract, (b)
whether ni ti al contract value was above or below
headquarter location (i.e., whether located in Northeast, Midwest, South, West or outside mainland
U.S.), to predict the conditional probability of a contracte@varded through the satidepolicy.

Next, we employ nearest neighbor matching with replacéftengenerate a matched sample by
identifying a contract in the control group that has the most similar conditional probability value to

a contract in the treatment group. This results in a sample comprising 17,511 contracts in the
treatment group and 13,@8atched contracts in the control group, with one contract in the control
group serving as a potential match for more than one contract in the treatment group. To determine
the effectiveness of this procedure, we (i) visually inspect the imbalance ihimgat@riables

(Figure A3.2 in online appendix), and (ii) compare the mean values of matching variables (Table
A3.4 in online appendix) across the treatment and control groups, both before and after matching.
Results from visual inspection and mean congegritests indicate that the matched contracts in

the control group are comparable to and serve as a valid counterfactual for the contracts in the
treatment group. We use this matched sample to obtain the estimates for schedule overrun (column
16 of Table3.6) and cost overrun (column 19 of TaBl6é); and find the results relating to the main
effects of sehside status and the moderating effects of diffeagancy experience and early in

fiscal year to be consistent with the main analysis results.

While PSM has been used widely to reduce imbalance between treatment and control
groups, one key drawback of this technique is that the adjustment of imbalance on one characteristic
might impact the imbalance associated with another characteristic, raisingnsoabeut sub
optimal balance in the matched sample. We therefore employ coarsened exact matching (CEM) as
an alternative technique (lacus et al. 2012) and create a matched sample by exactly matehing a set
aside contract with a nesetaside contract usinthe same set of matching variables. This
technique results in a matched sample comprising 17,092 contracts in the treatment group and
10,231 matched contracts in the control group. To determine the effectiveness of CEM, we compute
the multivariate imbalarecmeasurdy statistic, for the unmatched and the matched sample The

statistic is a measure of imbalance between the treatment and control groups with values ranging

13 Because the number of contracts in the control group (13,390 contracts) are less than the number of
contracts in the treatment group (17,512 contracts), we use matching with replacement (Smith and Todd
2005) to construct the matched sample. Our results reguailitatively consistent when we use matching
without replacement.
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between 0 and 1, wherein higher values indicate greater levels of imbalance aretsacgacus

et al. 2012). We find that thiestatistic decreases from 0.72 in the unmatched sample to nearly zero

in the matched sample, highlighting the effectiveness of CEM in reducing imbalance between the

treatment and the control groups in the mattsampleWe use this matched sample to obtain the

estimates for schedule overrun (column 17 of Talgand cost overrun (column 20 of TaBI6);

and find the results relating to the main effects ofaséde status and the moderating effects of

differentagency experience and task type to be consistent with the main results.

Table 3.6. Estimation Results with Alternative Identification Strategies

Dependent Variable Schedule Overrun

Dependent Variable Cost Overrun

IV-GMM Matched Sample Matched Sample IV-GMM Matched Sample Matched Sample
Estimation using PSM using CEM Estimation using PSM using CEM
(15) (16) a7 (18) (29) (20)

Main Effects

3!

SameAgency Exp.
DifferentAgency Exp.
Early in Fiscal Year
Moderating Effects

3 I x SameAgency Exp.

3 ! x DifferentAgency Exp.

3 ! x Early in Fiscal Year
Control Variables

Task Type (0: Res, 1: Dev)
Contract Duration
Contractor Firm Size
Contract Pricing
Competition

Oversight

- 0.145 (0.057y"

- 0.005 (0.009)
0.009 (0.008)
0.068 (0.033)

0.011 (0.011)

- 0.077 (0.029y"
- 0.129 (0.047y"

0.369 (0.173)
- 0.126 (0.009)"
0.009 (0.004)
0.144 (0.026}°
- 0.011 (0.004y"
0.014 (0.018)

- 0.189 (0.062)"
0.031 (0.053)
0.010 (0.012)
0.171 (0.098)

- 0.056 (0.091)
- 0.100 (0.042)
- 0.295 (0.164)

0.318 (0.174)
- 0.127 (0.009)"
0.015 (0.006}
0.119 (0.026}"
- 0.012 (0.004y"
0.021 (0.017)

- 0.285 (0.062)"
0.123 (0.074)
0.018 (0.016)
0.118 (0.089)

- 0.126 (0.082)
- 0.119 (0.049)
- 0.192 (0.133)

0.379 (0.207)
- 0.119 (0.009y"
0.007 (0.005)
0.105 (0.028}"
- 0.011 (0.004y"
0.018 (0.019)

- 0.053 (0.007y’
- 0.002 (0.001)
0.003 (0.002)
0.009 (0.006)

0.004 (0.003)

- 0.018 (0.008)
- 0.019 (0.009)

0.038 (0.042)
0.001 (0.001)
0.001 (0.001)
0.035 (0.005}"
- 0.003 (0.001y"
- 0.002 (0.002)

- 0.074 (0.011y
- 0.002 (0.010)
0.004 (0.003)
0.056 (0.020}"

0.005 (0.020)

- 0.024 (0.017)
- 0.094 (0.032y"

0.054 (0.044)
0.001 (0.001)
0.001 (0.001)
0.029 (0.006}"
- 0.004 (0.001y"
0.001 (0.003)

- 0.084 (0.011y"
0.008 (0.018)
0.005 (0.004)
0.060 (0.021"

- 0.006 (0.019)
- 0.026 (0.012)
- 0.090 (0.030)"

0.081 (0.052)
0.001(0.001)
0.001 (0.001)
0.029 (0.006Y"
- 0.004 (0.001y"
0.001 (0.003)

Federal Agency FE
Region FE

Year FE

Control Function

R&D Contract Code FE
Contractor Firm Type FE
Constant

N

Yes
Yes
Yes
Yes
Yes
Yes

30902

Yes
Yes
Yes
Yes
Yes
Yes
0.001 (0.111)
30741

Yes
Yes
Yes
Yes
Yes
Yes
0.001 (0.085)
27323

Yes
Yes
Yes
Yes
Yes
Yes

30902

Yes
Yes
Yes
Yes
Yes
Yes

- 0.024 (0.030)
30741

Yes
Yes
Yes
Yes
Yes
Yes

- 0.019 (0.032)
27323

Notes™ p O0 ."@DO0 . Pp6EQ) pDO. 15.

in a given year are in parentheses.
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3.6. Discussion
3.6.1. Summary andContributions

The U.S. federal government awards nearly $500 billion in contracts annually of which at least
23% must be awarded to small businesses through tkesidetpolicy. While this mandate
encourages the participation of small businesses in therdieprocurement process, awarding
contracts by restricting competition to smal/l
to identify a highly qualified contractor firm, and negatively impact contract performance. In this
study, we attempt taddress the broader question of balancing the welfare intent and the efficiency
implications of small business preference programs in public procurement by empirically
examining the performance differences between R&D contracts awarded through-dkdeset
policy vs. through open competition. We also study how variations in contractor firm experience
and timing of awarding an R&D contr acdasidei mpact
status and its performance.

The analysis results using degagilexecutiodevel data on a large sample of federal R&D
contracts finds that seiside contracts experience lower schedule overrun and cost overrun in
comparison to open competition contracts. However, the performanceasidetR&D contracts
depends orthe nature of contractor firm experience (i.e., sagency vs. differeragency
experience) and the timing of awarding a contract (i.e., early vs. later in a fiscaWihamnegard
to the effect of contractor firm experience, we find that the bengfitsore experience for set
aside contracts arises pr i {agencysdxperiehce.Surpriginglg ont r a
we do not find any benefits associ at-aggncywi t h i r
experience. With regard totlef f ect of a contract 6sasidewR&Dr d t i mi
contracts awarded early in a fiscal year perform better than those awarded later in a fiscal year.
Taken together, these findings make the following contributions to research and practice.

First, our study is an important step towards highlighting the challenges associated with
the use of small business preference programs in public procurement. Although contracts awarded
through preference programs encourage the participation of underrgpdesasinesses in public
procurement , they constitute a significant p
expenditures funded through taxpayer money. It is, therefore, important for these contracts to
achieve their objectives within the plannschedule and cost. While prior research on public
procurement has examined the impact of government oversight on contract performance (Calvo et
al. 2019), our study advances this research by examining a relatively understudied feature of public
procuremetd the use of preference progradnand its impact on contract performance, after

controlling for the contractds oversight | evel
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federal R&D contracts awarded through theastiepolicy (vs. open competin) from their
oversight level, we also address increasing calls for academic scholars to conduct research that has
the potential to influence public poli¢€achon et al. 2020, Lee and Tang 2018, Tang 2016).
Second, although prior research on preference programs has highlighted the welfare
implications of these policy initiativésfor example, creation of new firms (Chatterji et al. 2013)
and increased participation of underrepresented businesses in publiceprent (Nakabayashi
20139 a distinctive feature of our study is in evaluating the impact of preference programs at the
more granular contract level of the procurement process. Specifically, our finding thaideet
R&D contracts perform better than opsmpetition R&D contracts complements these studies by
highlighting that policy initiatives for supporting small businesses in public procurement may not
necessarily compromise contract performance. Moreover, this focus on examining the contract

level imdications of preference programs is important because it can help to identify important

A

contingencies related to a contractdés enviro

therefore, need to be considered by stakeholders during the procuremeesspThe consideration

of these contingencies in awarding-aside R&D contracts can not only improve the performance
of future sefaside R&D contracts, but also can facilitate the continued sustenance of policy
initiatives aimed at supporting smalldinesses.

Relatedly, the third contribution of our study lies in identifying two contingencies related

to a contractodés environment, the nature of con
contract, that i nt-asidestatus towafiedtits parférreance.Spetificall}cweb s s e

find that the performance of saside R&D contracts is better when these contracts are executed

by firms with more differeragency experience and when these contracts are awarded early in a
fiscal year.This finding regarding the moderating effect of contractor firm experience offers a
better understanding about the differential effects of sagaacy experience and differeagency
experience on the performance of-aside R&D contracts. Such an undarsling can enable

federal agencies to go beyond the overall experience of a contractor firm and develop more nuanced
metrics of contractor firm experience, which in turn may facilitate the identification of a-better
gualified contractor firm to executesgtaside contract and improve contract performance. Our
finding regarding the moderating effect of a
greater attention to contracts awarded later in a fiscal year contracts as such consideration has direct
consequences for contract performance. Taken together, these results have implications for the
federal government in that they highlight how heterogeneity in the nature of contractor firm

experience and an R&D cont r aedfsasidaR&d codtradts. mi n g
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3.6.2. Implications for Policynakers

From a policy standpoint, our research highlights the importance of studying the eontract
level implications of small business preference programs in public procurement. Existing
evaluatons of the seasidepolicy by the federal government have focused largely on tracking the
participation levels of small businesses in the program and in identifying mechanisms for increasing
their participation levels (Congressional Research Service 2081 findings regarding the impact
of the setasidepolicy on contract performance complement these existing evaluations by providing
a holistic assessment of the overall impact of theasiele policy in the federal procurement
process.

In particular, arr findings regarding the role of the nature of contractor firm experience and

an R&D contractds award timing highlight seve
While the FAR provides guidelines to federal agencies for identifying a highlyigdadibntractor

firm (e.g., consideration of a contractor firm
contractor firmds prior experience in executir
contracts through the sasidepolicy. Gven t he di fferenti al effects

agency experience and differaagency experience on the performance eés&te R&D contracts,

an actionable recommendation for the federal government is to track these underlying dimensions
ofamntractor firmds experience for ident- fying
aside R&D contract.

From a contractor firmbs standpoint, whi | €
repeated contracting with the same agency (e.@g duced wuncertainty about
process and greater trust between the two sides), the focus on diffgeact experience can also
encourage contractor firms to execute R&D contracts for different federal agencies within the same
technicaldomain to augment their expertise. Our finding thatasele R&D contracts awarded
early in a fiscal year experience lower schedule overrun and cost overrun than contracts awarded
|l ater in a fiscal year hi ghl i g hmpactinghentractol e o f
performance. Such an understanding may direct greater managerial attentiocasides&®&D
contracts that are being awarded later in a fiscal year and encourage federal agencies and
contracting officers to invest more effort into the ttant award process (e.g., evaluations of the

offers received, clarification on contract requirements etc.) for these contracts.

3.6.3. Limitations and Directions for Future Research
Our study has limitations that serve as opportunities for future réseairst, our sample is

restricted to R&D contracts below $700,000, since contracts that fall above this range are subject
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to different mandates and may confound our estimates pertaining to the effectasidiaablicy.
Future research should examineetiter and how the performance of higdlue R&D contracts
awarded through the saside policy differs from those awarded through open competition.
Second, our study focuses solely on R&D contracts awarded by the U.S. federal government.
Future research nanform the existing literature on preference programs by examining if our study
findings and implications can be generalized to other contract types (e.g., construction contracts,
maintenance and repairs contracts) or to other countries (e.g., publicggn@nt in Japan, Canada
and South Africa that have similar preference programs). Third, while our study evaluates the
impact of the seasidepolicy on the schedule overrun and cost overrun of R&D contracts, it does
not offer any insights on the lorigrm implications of preference programs for small businesses
(e.g., longterm revenue growth, survival and employment generated by small businesses). Future
studies in this direction can provide a comprehensive understanding about thertong
implications of preference programs in public procurement. Furthermore, while the uncertainty
associated with an R&D contract is implicitly considered in establishing its schedule and cost
performance metrics (FAR Part 35), future research can extend our study fibglingsng
measures other than schedule overrun and cost overrun for capturing contract performance. Finally,
our study evaluates the performance implications of a specific legislative provision,-fdsédset
policy, which encourages the participation ofal businesses in public procurement. Future
research can evaluate the impact of other legislative provisions (e.g., regardaumnsabting to
small businesses, acquisition of environmentally sustainable products) to further inform policy
making in pulic procurement.

Notwithstanding these limitations, our study provides consequential, theoretically
grounded insights into how the execution of R&D contracts awarded through-dedsgtolicy
can be improved. The importance of preference programslit puocurement towards delivering
policy mandates and creating more opportunities for underrepresented businesses cannot be
overstated. While this line of inquiry has received less attention in the academic literature, it has

the potential to generatesights that have significant academic and practical relevance.
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Ch a p t.&im-L£vel Implications of the SetAside Policy

4.1. Introduction

Governments around the world value a thrivémgall businessector, sincemallbusinessespur
economic growttby creating new jobs and driving innovation (International Labor Organization
2019, U.S. Small Business Administration 201IB) support small businesses and increase their
representation in public procurement (Bruce et al. 2019, Calvo et al. 2019,I€evial. 2018)
governments have established small business preference prégpality initiatives that mandate
government agencies to award contracts exclusively to small businesses (Athey et al. 2013,
Nakabayashi 2013As noted in Chapter,3he U.S.é d er a |l g csetasidepaticy fortsrbad
businesses mandates that at least 23% of federal government prime contracts be awarded to small
businessééannually

On the one hand, by reserving at least 23% of federal prime contracts for competition
among small businesses only, theasitle policy increases opportunities for small businesses to
participate in the federal procurement process, thereby helping thgnovioOn the other hand,
the setaside policy may increase incentives for small businesses to avoid growth and remain small
becauséusinesses competing for federal contracts are classified assgithior large by the
federal government, and only smhilsinesses are eligible to receive federal contracts as a part of
the sefaside policy. This binargize standard, i.e., classifying businesses as small or aeye,
increase incentives for contractor firms to remain small because once a contracturtdirows
the small business size standard, it becomes ineligible to renefiaside contractsAs noted
earlierrsetasi de contracts constitute at | east 23% o0
procurement budget and represent an importamteaf revenues for small businesses.

Highlighting the challenges faced by contractor firms that have recently outgrown the small
business size standard, Rep. Steve Ch@RaDh.), Chairmanof the House Small Business
Committee notesii Af t er a essrhaslptoverbits sucaess by growing out of its small
business size standard, it exists in a murky limbo: it is too large to benefit from small business set
asides, yet is too small to compete with biltbro | | a r Erhphasinrg .fuéther on these
challenges faced by small contractor firms, Rep. Gerry Con(bHya.), sponsor of the small

business growth adbighlights i | n n o v a tperfereing hsmall husinesses are becoming

1 Typically, manufacturing firms with less than 500 employees ormanufacturing firms with less than
$7.5 million in average annual receipts are classified as small businBssewlustry-specific qualification
criteria for small businesses are detailed in https://www.sba.gov/festerhcting/contractinguide/basie
requirements(Accessed May 2@)
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victims of their own succedgraduating from small business programsyota find themselves in
the untenable position of facing off against mhitiion-dollar firms.d To sum, there has been
increasing bipartisan Congressional scrutiny vamether the sesside policy may serve as a
disincentive for small business growth.

Given this discussion surrounding the-gside policy, his study focuses on two questions.
First, we examineif the setaside policy disincentivizes small businesses to outgrow the small
business size standard (hereafter, size standérbile the setsice policy may help small
businesses to increase revenues and employees by providing them with increased opportunities to
participate in the federal procurement process, this policy may also increase incentives for federal
contractor firms to remain small t@use contractor firms that outgrow the size standactome
ineligible to receive seside contractsyhich is close to $116illion-dollar market.To resolve
this tension, we study the effect of the-aside policy on thédikelihood for a contractor fim to
outgrowthessize standard.

Second, we note that a key objective of establishing thesgd policy is to help increase
the representation of wom@wned small businesses (WOSBs) and minaniyned small
businesses (MOSBSs) in federal procuremeli¥e proceed by noting that, in comparison to other
small business types, WOSBs and MOSBs face increasing levels of challenges in carrying out their
daily business agrations, for example negotiagi with large buyers (Lashley and Pollock 2020)
and difficulty in accessing credibm financial institutiongAsiedu et al. 2012, Blanchflower et al.
2003). Given such challenges faced by WOSBs and MOSBSs, and the support provided by the set
aside policy tahesesmall businesses (Chatterji et al. 2013, Blanchflower and Wainwright 2005),
the second question in this stulzuses orheterogeneity in small business ownership (hamely,
womenowned, minorityowned and other small businesses) and its impact olikétiood for
small businesses to outgrow the size standard

The empirical analysis is based on a sample of 18,564 unigue contractor firms that have
executed 53,842 research and development (R&D) contracts for 52 federal agencies between 2007
and 2019We focus on federal R&D contracts because the U.S. federal government is one of the
largest spenders on R&D initiatives across the wii&hecifically, it awards close to $150 billion

in R&D contracts each yedrand it is worthwhile to note that small doactor firms play an

15 https://www.sba.gov/businesgiide/growyour-business/minoritownedbusinessefAccessed July
2021)

16 http://uis.unesco.org/apps/visualisations/researdhdevelopmenspending{Accessed June 2021)

17 https://www.nsf.gov/statistics/2020/nsf20308oview. htm(Accessed July 2021)
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important role in helping the U.S. federal government to fulfill its R&D needs (Ellman and Johnson
2016). Furthermore, as noted by Aghion and Tirole (1994),o0 ver nment promoti on
of the most important areas of public pat yMotivated by such considerations, we assemble
detailed information on federal contractor firms and contracts from USAspendingpgov
empirically examine the study questiofiisis possible that a contractor firm in our sample may
outgrow the size stalard after the observation period giving rise to data censoring issues. To
overcome this challenge, we use a special class of hazard models called accelerated failure time
(AFT) models for our empirical analysis. A distinct advantage of using AFT models o
conventional hazard modeling techniques (e.g., Cox Proportional Hazard model) is that it not only
helps us to account for the censored nature of our data, but also estimate the impastasf/iirge
explanatory variables (e.g.qportion of seasidecontract} on thelikelihoodfor a contractor firm

to outgrow the size standard.

Our analysis results indicate that theasitle policy may increase incentives for contractor
firms to remain small. That is, an increase in the cumulative proportiort-aisie contracts is
associated with a reduced likelihood for contractor firms to outgrow the size standard. The analysis
results also indicate that small businesses owned by women (minority) are more likely to remain
small, in comparison to small businessowned by men (neminority). This result highlights
significant asymmetries across small business types in terms of outgrowing the size standard and
suggestghat thehigher levels of challenges faced by WOSBs and MOSBs in their business
environment maylisincentivize these small businesses from outgrowing the size standard. These
findings are consistent across alternative model specifications, including different matching
techniques and a twstage residual inclusion 2RI) endogeneity correction mogderoviding
additional support to the robustness of our main results.

Together, the study findings make the following contributions towards advancing research
and practice. First, this study contributes to the literature examining the drivers of srimabbus
growthd while prior research has studied the role of family relationships (Bird and Zellweger
2018), government financing schemédsyrdan and Kivleniece 201Canales 2016), and business
incubators (Amezcua et al. 2013) on small business survivagraneah, the impact of setside
policy on small business growth has received little attention in the existing literature. A focus on
the setaside policy is relevant as it constitutes at least 23% of the $500 billion annual federal
procurement market (~35 billion) and represents an important avenue for small businesses to
win and execute federal contracts. Relatedly, the second contribution of this study lies in
empirically demonstrating that policy initiatives designed to support small businesses may

disincentiviz small businesses to grow beyond a size standard. While small businesses may avoid
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growing beyond a certain limit to retacredit access from banks (Bhet al. 2016) and avoid
regulatory compliance audits (Sudhir and Talukdar 2015), our athnces this literature stream

by demonstrating that small businesses may also avoid growth to continue recehdsmleet
contracts. Finally, the study findings demonstrate that heterogeneity in small business ownership
category represents an importdattor that may influence its likelihood to outgrow the size
standard. Specifically, among small businesses contracting with the federal government, women
(minority) owned small businesses are less likely to outgrow the size standard when compared to
men(nortminority) owned small businesses. Together, these findings circle back to the debate in

political and media circles regarding the effect of theaséde policy on small business growth.

4.2.Prior Literature

Our study builds upon two interrelated streams of research across management and public
economics domains: (i) research on small business growthBedand Zellweger 2018,ourdan

and Kivleniece 201,7Canales 2016Amezcua et al. 2013, Wiklund et &009), and (ii) research

on policy initiatives that are directed towards supporting small businesses (e.g., Athey et al. 2013,
Chatterji et al. 2013, Nakabayashi 2013).

Within the first research stream, studies have identified several drivers of smiadidsus
growth such as the role of sibling entrepreneurs vs. spousal entrepreneurs (Bird and Zellweger
2019), presence of government financing schemes (Jourdan and Kivleniece 2017, Canales 2016),
role of business incubators (Amezcua et al. 2013) and theiaclay IT systems (Street and
Meister 2004)Within this research stregmecenttudies have aldaighlighted reasons why small
businesses may want &void growth and remain small. For example, small businesses may want
to avoid growth so that they remaeligible for certain lines of credit being offered by banks (Bhule
et al. 2016). Similarly, small businesses avoid growth so that they are not subjected to regulatory
compliance audits (Sudhir and Talukdar 2015). Motivated by these findings on graidhrae
by small businesses, in this study, we examine if thaside policy reduces incentives for small
businesses to grow. With billions of dollars being awarded asssi# contracts annually and only
small businesses being eligible to receiveas@te contracts, there is a possibility that small
businesses may want to avoid growth and remain gmatintinue receiving s&iside contracts.

That is, maintaining access to contracts awarded through tasidetpolicy maye a driver for
small busineses to avoid outgrowing the size standaadjuestion that we attempt to empirically
investigate in this studyBy investigatingwhether the sedside policy disincentivizes small
business growth, the study also addresses increasing calls to conduchrisgtdras the potential

to uncover different factors that may influence small business growth (Wiklund et al. 2009).
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Beyond the business management literature on small business growth, our study is also related
to a stream of research in the publio®emics domain that evaluates the impact of policy
initiatives directed at supporting small businesses in public procurement. Specifically, these
studies find that such policy initiatives promote the participation of small businesses in the public
procurenent process (Athey et al. 2013, Nakabayashi 2013, Marion 2007), and increase business
formation rates (Chatterji et al. 2013). Our study differs from these studies in two ways. First,
except for Athey et al. (2013), none of the other studies focuson.tite U f eder al gover
setaside policy, which is close to $3 billion market and represents an important avenue for
small businesses to win and execute federal contracts. Second, we differ from these studies in
terms of examining the effect of the satide policy on the likelihood for small business to
outgrow the size standard, an outcome that has not been stadiedin this research stream.

This focus on examining the relationship between thasde policy and likelihood for small
businesset® outgrow the size standard is important because taskkt policy was not designed
to be a permanent support syst&hkurthermore, by outgrowing the size standard, small
businesseselp toincrease the competitiveness of the federal contractor Haken together,
this study advancgxior researclon the consequences of the-agide policyby evaluating the

i mpact of U. S f e egde pdlicy gnahe dikelihooc fartsrbadl busireegses to

outgrow the size standard.

4.3. Hypothesis Develpment

4.3.1. Background: The Small Business S&side Policy

As noted earlier, a primary objective of establishing theasiete policy was to help increase the
participation of smal.l businesses in the feder
this objective, this policy mandates that at least 23% aft t ot al value of fede
prime contracts be awarded annually to firms that qualify as small businesses. In other words, only
small businesses are eligible to participate and receive contracts throughasieeetolicy.The

SBA maintains gie standards which determines whether a business qualifies as small and is eligible

to receive federal contracts as a part of theasiete policy.Thesesize standards for classifying
businesses as fAismal |l 0 or i nodnumsberafipdogle employedb as e d

by a contractor firm over the last 12 calendar months, or (b) the average annual revenues of the

18 https://www.wsj.com/articles/SB100014240529702037162045770137420426(692@sed July
2021)

76


https://www.wsj.com/articles/SB10001424052970203716204577013742042606930

contractor firm in the past three ye&t3hese size standards vary by indudtfpr example, in the
computer systems design indystany business with less than $30 million in annual average
revenues in the last 3 years will be classified as small, and only businesses meeting this size criteria
are eligible to receive seside contracts. Similarly, in the nanotechnology R&D industny
business with less than 1000 employees in the last 12 calendar months will be classified as small,
and only businesses meeting this size criteria are eligible to rexetizgidecontracts?®

Taken together, these size standards represent a binary criterion for classifying businesses
as small otargeand determining their eligibility to receive contracts through thasee policy.
A key implication of this binary classification criteriortlgt once a contractor firm outgrows the
small business size standard, it becomes ineligible to recehasidet contracts, and it has to
compete openly for winning federal contracts. Therefore, th@ss#éé¢ policy may increase
incentives for contractofirms to remain smallso that theycontinueto receiving limited
competition sehsidecontracts It is also worthwhile to note that while the -sside policy
mandates at least 23% of annual federal contracting dollars to be awarded to small buinesses,
policy was also designed for increasing the participation of wgnaea minorityowned small
businesses in the federal procurement process. Specifically, eadihgesais a mandate to award
at least 5% ofthe federal contracting dollars to womemwned and minoritsowned small
businessesGiven this focus of the seiside policy to increase the representation of small
businesses, particularly, womeand minorityowned small businessen,the following section,
we develop hypotheses that focus &araining the relationship between (a)-asitde policy and
(b) small business ownership category, and the likelihood for a small business to outgrow the size

standard.

4.3.2. SefAside Policy andOutgrowing theSizeStandard

We first examine the impact ahe setaside policy on the likelihood for a contractor firm to
outgrow the size standard. As noted earlier, thasiele policy mandates the federal government

to award at least 23% of its annual contracting dollars exclusively to small businesses. By
restricting the participation of large businesses in federal procurement, this policy creates a level
playing field and increases opportunities for small businesses to win and execute federal contracts.
It is likely that in the absence of sagide policysmall businesses would have limited opportunities

to execute federal contracts as they may not have comparable capabilities (e.g., economies of scale

19 https://www.ecfr.gov/cgbin/textidx?tpl=/ecfrbrowse/Title13/13cfr121_main_02.¢dlccessed June
2021)

20 https://www.sba.gov/document/suppetidble size-standard§Accessed July 2021)
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and scope) to compete successfully against large businesses and win federal contracts. Prior
research hashown that the participation of small businesses in public procurement would have
been significantly reduced in the absence of such policy initiatives supporting small businesses
(Athey et al. 2013, Nakabayashi 2013). In other words, by increasing oppestuor small
businesses to win and execute federal contracts, the policy may enable small businesses to grow.
For example, small businesses may have to hire additional employees for performing the work in
the setaside contract awarded to it, paymemntsrf the federal government on contract completion

may help small businesses to increase revenues etc. Taken together, increased opportunities to win
and execute setside contracts may enable small businesses to grow, and eventually help them to
outgrow tte size standard.

While the setaside policy may be an enabler for small business growth, it may also increase
incentives for small businesses to remain small so that they continue being eligible to receive the
limited competition, seaside contractsAs noted earlier,the federal governmentlassifies
contractor firmsa's e i t h e rnotB snmtod détérmirong if aicontractor firm is eligible to
receive setaside contracts. On the one hand, theasite policy helps the federal government to
suppot small businesses by providing them with increased opportunities to win and execute federal
contractsOn the other handy competing only with small businesses, a small contractorian
be unable to acquire theequisiteexperience and capabilitieeededo compete successfullp
open marketand win federal contracts-or example, Jourdan and Kivleniece (2017) find that
government support reduces incentives for businesses to utilize their resources efficieatlghand
efficient utilization of resourcesmay be a critical requirement for small businesses to compete
successfullyin open marketand winfederal contractd-urthermore,ie benefits offered by the
setaside policy (for e.g., access to limited competition;aséde contracts which cditstes at
|l east 23% of the federal government 6s annual
dependency on the policy for winning federal contracts. To continue enjoying such benefits offered
by the sefside policy, small businesses may have increaseentives to remain small.
Highlighting such growth avoidance tendencies among small businesses, recent research notes that
small businesses may have several reasons to give up growth and remain small, including
maintaining access to credit facilitiedared by banks (Bhule et al. 2016) and avoiding regulatory
compliance audits (Sudhir and Talukdar 2015). In our study context, outgrowisigerstandard
mayimpose a cost on smdilsinesses the form oflosing access to seside federal contracts, a
billion-dollar market In sum,the support provided by the saside policy in terms oéxclusive
access to saside contractsay serve as disincentive for contractor firms to outgrae size

standard.Taking the above arguments into consideratiom, pvopose the followinget of
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hypothegs regarding the impact of s&dide policy on the likelihood for a small business to
outgrow the size standard

HYPOTHESIS 1a: An increase in the cumulative proportion ofasile contracts is
associated with higher likelihoodfor small businesses to outgrow the size standard.

HYPOTHESIS 1b: An increase in the cumulative proportion ofaséte contracts is
associated with lwer likelihoodfor small businesses to outgrow the size standard.

4.3.3.Small BusinesOwnershipand Outgrowingthe Size Standard
Prior research has highlighted significant challenges experienced by wameéminorityowned
small businesses in carrying out their daily business operations. For example, Lashley and Pollock
(2020) discuss thehallenges experienced by WOSBs and MOSBSs in negotiating contractual terms
and conditions with large buyers and identify mechanisms to overcome such challenges in the
buyersupplier negotiation process. Highlighting racial disparities in credit avatigbili
Blanchflower et al. (2003) find that minoritsvned small businesses are twice as likely to be
denied credit in comparison to naminority-owned small businesses. Relatedly, Asiedu et al.
(2013) find thaMOSBsexperience higher loan application demgés after controlling for several
factors that may potentially influence loan decisions. These studies provide collective evidence
suggesting that there exists significant heterogeneity in terms of the challenges faced by small
businesses in carrying tiheir daily operations, with WOSBs and MOSBs facing grdatels of
challenges imareassuch as credit access, contract negotiations etc. For WOSBs and MOSBs
contracting with the federal government,-aside contracts may represent an important safrce
business opportunity. To that end, a key objective of establishing tasidet policy was to
increase the participation of small businesses owned by women, and by individuals from racial
mi nority groups in the f ede?Théberpfitsvoffered hyethet 6 s
setaside policy (e.g., maintairgnaccess t®etaside contracts) together with greater levels of
challenges that WOSBs and MOSBs face in carrying out their business operations may further
reduce incentives for these smalisiness types to outgrow the size standard, when compared to
other small businesses. Taking this discussion into consideration, we propose the following set of
hypotheses regarding the relationship between small busiwessshipand likelihood to outgrow
the size standard:

HYPOTHESIS 2: Small businesses owned by women (minority) will have a lower

likelihood to outgrow size standard in comparison to small businesses owned by men
(norrminority).

2! https://www.sba.gov/federalontracting/contractinguide/typescontractgAccessed July 2021)
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4.4. Research Design
4.4.1. Data

We collected detailed datan the characteristics of federal contractor firms and contracts from

USAspending.gow(ww.usaspending.ggythe official source of spending data for the U.S. federal

government, to test the study hypotheses. phiidicly accessible website contains (a) information
about the characteristics of contractor firms that have been awarded fedeeraitsdety.whether

a contractor firm issmall business or not, whether minositwned or not), and (b) detailed
executionl e v e | data of al l f e d e r-aside statog) origirralcvalge, ( e .
pricing type, federal agency awarding the contract) awarded between 2007 ta¢hé date. We

use the DUNS (Data Universal Numbering System) number, a unique alphanumeric code
associated with each contractor firm, to aggregate codéagtinformation to the contractéevel.

For our analysis, we downloaded data on 20,672 uniqu&rator firms that were
categorized as small at least once and have executed at least one R&D contract for the federal
government between October 2007 and March 28a®%ever, information abokieyindependent
and control variables (e.gpast performanceNAICS industry codewas missing for~2000
contractor firms. Consequently, our analysis is basetsample of 8,564unique contractor firms
that have executesB,842R&D contracts for & federal agencie3.he unit of analysis for our study
i s a ac® camtrator firm6 pair, althoughthe unit of observation is a federal R&D contract
executed by a contractor firm. Of the 18,564 contractor firms in our estimation sample5@hly 1
contractor firms %) grew out of the size standard during the studg fieriod. Nearly on¢hird
of the contractor firms in our sample are headquartered in threéds@atifornia (14%), Virginia
(8%) and Maryland (8%), analmost80% of the contractor firms have executed contractmig
oneindusty. While 3312 firms (~186) in our sample are womewned,3087 firms (~17%) are

minority-owned.

44.2. Dependent and Independent Variables

Small Businesd/Ve are interested in studying whether theasétle policy disincentivizes
small businesses from outgrowing the size standard. The size standard represents the largest size a
business can be (either in terms of the annual average revenues in the pgsathreethe number
of employees in the past 12 calendar months) to receive federal contracts througkasideset
policy. The size standards vary substantively across industries and are maintained by the SBA. For
example, while contractor firms with leslkan 1000 employees in the nanotechnology R&D

industry are classified as small, firms with less than $20.5 million in average annual revenues in
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the social sciences R&D industry are classified as siiale contractotevel information from
USAspending.gv provides us with information on whettebusiness is small or not. To represent
the small businesses in our sample, avreate @ummyvariable,Small Businessvhich is coded
as 0006 if the contractor fir mise. ésnatedealenthidf i ed
approach for measuring a contractor firmods
government 6s criteri a theosmallbriargegGAD 2019).ont r act or
Proportion SetAside ContractsThe contractevel data from USAspending.gov provides
us with information on whether an R&D contract was awarded through taesidet policy or
through open competition, the contragtard date and contract value. We use this information to
calculate theaotal value of seiside R&D contracts awarded to a contractor firm and divide it by
the total value of all R&D contracts awarded to a contractor firm for measuring the cumulative
proportion of sefaside contractawarded to a contractor firm.
Women, and Minority-owned BusinesS he contractotevel information obtained from
USAspending.gov identifies whether a business is (a) wamared or not, and (b) minority
owned or not® To that end, w createadummy variable, coded @oif the business is ovad by
a woman andas @06 otherwise. Tarepresenminority-owned business in our sample, we create
anotherdummy variable, coded &o6if the business is owned by a minority individual @and06 6

otherwise.

4.4.3. Control Variables

Variation incontractor firm characteristics may create heterogeneity among the contractor firms in
our estimation sample and can offer alternative explanations. We therefore control for several
contractor firm characteristics. Table 4.1 describes the control variadgesin this study along

with the dependent and independent variables, while Table 4.2 provides the descriptive statistics

and pairwise correlations.

22 https://www.sba.gov/document/suppetidble size-standard§Accessed July 2021)

23 https://www.ecfr.gov/cgbin/text
idx?SID=ee1595e6b78f39b1563ab8a8440bc7cc&mc=true&tpl=/ecfrbrowse/Title13/18afnkah 02.tpl
(Accessed July 2021)
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Table 4.1. Description of Dependent, Independent an€ontrol Variables

Vari abl e Name Vari abl e Descripti
Dependent Variabl e
Smal | BusinecA binary variabbéad&whihceh ciosn
"certified as a O6dod@ahlelr wiussei.n e
I ndependent Variabl es
Cumul ati ve pracsp dret i R&D ocfo ng
Prop-AsBrentra o, ecuted by a contractor fi
Wo memn e d BusiA dummy variabl & liwhitcthe icorrc
certifiedwnaludswanmem WOaahnedr wa ss
Mi noowned BusA dummy variabl & lifhitcthe icsorc
¥ certifi ed wanse dmibnucsritntess b e r win ¢
Control Vari al
The average schedule overr
Past SCheciuIEcontractor firm.
Past Cost Per]:I'ihf,-maverage cost overrun of
Prop.-A§amey Cumul ative proportioaexedutece
Contracts contractor firm for the foc
Prop. Fi xed FCumulatlve proportion of _f
executed by a contractor fi
The cumul ative value of f e
Tot al Contrac . .
contractor firm in the past
Represents addi tional empl
contractor firm needs to ou
Di stance frorits industry and is expres
threshol d. For each indust
aveg agnnual revenues oOr num
contractor firm is classifi
The revenue share of top fi
computed by the U.S. Census
I ndustry Concyes.r To construct an annu
concentration stays the san
availabl e.
Industry CodeA dummy va_rlable-_dlegplrteslﬁhltd
code associated with a cont
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Table 4.2. Pairwise Correlations and Descriptive Statistics

Variable Names 1 2 3 4 5 6 7 8 9 10 11
1 Small Business 1
2 Prop. SetAside Contracts 10.08 1
3 Womenowned Business 10.01 10.07 1
4 Minority-owned Business 10.02 0.01 0.15 1
5 Past Schedule Performance 0.01 0.3 10.02 710.01 1
6 Past Cost Performance 0.01 004 0.01 1001 043 1
7 Prop. Sameigency Contracts 10.01 0.42 10.04 1001 0.09 o0.04 1
8 Prop. FP Contracts 0.02 044 1001 0.03 0.07 0.02 10.04 1
9 Total Contract Value (milUSD) 10.01 0.11 10.04 10.05 0.06 0.04 0.04 10.01 1
10 Distance from Threshold 0.23 10.11 1002 0.02 10.01 0.01 0.01 10.04 0.06 1
11 Industry Concentration 0.02 0.01 71005 10.03 0.01 0.01 0.07 70.04 710.05 0.05 1
Mean 0.08 045 0.18 0.17 0.14 0.04 0.24 0.26 55 0.88 48
Standard Deviation 0.17 046 035 035 029 019 035 0.36 213 0.33 10
Minimum 0 0 0 0 10.27 10.50 0 0 0 1 44
Maximum 1 1 1 1 275 1.06 1 1 77.1 1.42 100
Notes.Correlation value# bold are significant at the 0.05 level.
4.4.4. Estimation Strategy
This study examines the impact of theaside policy on thékelihood for a smadlcontractor firm
to outgrow thesize standard. In addition, wexamine the relationship between the ownership
category of a small business and thelihood to outgrow the size standawtie proceed byoting
that our data is censored i.¢he observed valseof the dependent variabl§mall Businesss
basedon the laed interaction between a contractor firm and a federal agency. For example,
consider the case when a small contractor feoeivedcontracs from the federal government in
May 2016, then in December 2@Jand finally inMarch2018. The ldaest interaction between this
contractor firm and the federal governmanMarch 2018would show that the contractor firia
small (i.e., observed value of the dependent varialblevever thereexists a possibility fothe
contractor irm to grow out ofthesize standardfter the observation period in our samheother
words, the event of interest in our study (i.e., the instant at which a contractor firm growtheut of
size standard) might occur after the observation period tinrsaonple, resulting in differences
bet ween a contractor firmés actual size statud

censoring.

Hazard models are commonly used in such scenarios where the interest is in examining the

risk or the hazard of an event occurring at time t conditional on a set of explanatory variables. In

our study context, hazard models estimate the hazard for a ¢onfran to grow out othesize
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standard by wusing the observed information ab

different levels of the independent and control variables. Mathematically, hazard models are

specified as follows
Qo Qo QB

whereh(t, X)is the hazard of a future event at time t conditional on a set of explanatory and control
variables, X. In this stud(t,X)captures thnstantaneous likelihood for a contractor firm to grow
out ofthe size standard at time  + giaenthatit hasremaired small until timet. ho(t) is the
baseline hazard and represents the hazard function when all the independent and control variables
are zero. The exponentiated coefficiei@ls, representhe hazard ratios where hazaatios above
1 indicate an increase in hazard i.e., highelihood of outgrowing small business size standard
and hazard ratios below 1 indicate a decrease in hazard i.e. ikeeliaood of outgrowing small
business size standard

Our estimation mdel examines the impact of tinvarying independent variables (e.g.,
proportion sefaside contractpast performangen the hazard for a contractor firmaotgrowthe
size standard. In addition, we note that contractor firms enter our estimation sardjsferent
points in time. Therefore, we follow guidance from the existing literature and use a special class of
hazard models, accelerated failure time (AFT) models, that are more appropriate in settings where
the hazard estimation model includes tivagying independent variables and where the subjects
(i.e., contractor firms) enter the estimation sample at different points in time (Dhanorkar et al. 2018,
Jourdan 2018, Kleinbaum and Klein 2012, Xue et al. 2011, Tellis et al. 2003). Specifically, AFT
mocels are a class of parametric hazard models that require distributional assumptions for the
baseline hazard function but do not require assumptions of proportional Fazhich makes
these models more appropriate for studying the effect of independitiiea as they evolve over

time.

4.5. Analysis and Results

4.5.1. Main Analysis

Table 4.3 presents the main analysis results for the main effects of propor&sidsetontracts,
women, and minorityowned business on the hazard to outgrow siaeadard. While column 1

presents the estimation results frédAT model, column 2 presents the estimation resuti® a

24 The proportionahazarcassumption requires that the hazard function for one contractor firm is proportional
to the hazard function for any other contractor firm, where the proportionality constant is independent of tim
(Kleinbaum and Klein 2012).
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