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Data Driven Project Management: Examples

= Data Centric Risk Management

= Benchmarking and Planning

= Price Manipulation Detection

= Public Perception and Engagement
= Bidding Intelligence

= Data Driven Career Paths and
Workforce Development

= Life-Cycle Emission Analysis o
= And many other applications ____ =
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Dashboard and Benchmarking
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First test (d1)

Combating Unethical Practice

=
LY
24,0 ‘\
NEWS v  COLUMNS v  ANTITRUST CHRONICLE v  CPI MEDIA v e Y
A Y
WYV annual TAB model results. o "*-.“
US AG t k th I d . t t ) year | Number of records | Test 1 (d1) | Test2 (d2) | Test3 (d1d2) | Framework result e ""“--.._"_
. NOW 1akKes € lead In stales 2011 1403 1.56 0.87 1.84* Retain o i T oy S
h I.t .t.t .t | .t 2012 2030 1.74* 1.58 2.21%* Reject o

a S p a a n | rU S aWS U | 2013 1543 1.90% 0.90 2.38%* Reject ! z : : s © v = ’

2014 1874 2.04%* 1.30 2.56%* Reject
CPI - January 11, 2017 2015 1661 1.66 1.41 2.09%* Reject

2016 1717 1.62 1.49 2.36%* Reject
o o @ @ e 2017 2106 2.61%* 1.51 2.89%* Reject

2018 2057 1.99*% 2.11%* 2.43%* Reject

2019 2169 2.21%% 1.41 2.63%* Reject

2020 2039 121 1.46 2.09%* Reject
The state Attorney General’s Office is now taking the lead in an antitrust lawsuit WV company TAB model results.
claiming the price of asphalt in West Virginia markets has been inflated through Company Number | Test 1 (D) | Test2(d2) | Test3 | Framework
noncompetitive practices. of records (d1d2) | result

West Virginia Paving, Inc. 2556 3.19%* 1.03 3.39*%* | Reject

J. F. Allen company 1325 1.25 0.53 1.56 Retain
In October, the private firm Bailey & Glasser filed lawsuits on behalf of Charleston, Mountaineer Contractors, Inc. 1049 | 0.49 0.73 121 | Retain

Note: ** and * denote a significant difference from Benford’s law distribution at 1% and 5% levels
of significance, respectively. Critical values of Kuiper test are 2.001 and 1.747 regardless of
sample size, respectively (Louter 1970).

Parkersburg, Beckley and Bluefield. A couple of days later, the state Department of
Transportation jumped on board the lawsuit.

Lompany Numoer 1est1(ary) 1estZ2(az) 1est >3 rramework
. . . . , . . of records (d1d2) | result
The matter arose a few times during Patrick Morrisey’s re-election campaign for Marshal Asphalt Wear CRSE, 1810 | 2.83** 1.46 3.09%* | Reject
Attorney General. A legislative committee overseeing the state Department of SG, TY I _ S — Legend
. . . . Marshal Asphalt Base CRSE, 1630 5.02 1.47 5.42 Reject B Foiec the en
Transportation has aggressively asked leaders in the Department of Transportation SG, TY I [ Passes he s
how and why the lawsuit was filed without the Attorney General. And lawyers for the g’[érSThslf’I\SPhalt Base CRSE, 1756 | 1.94° 0.81 2.88" | Reject

asphalt companies filed a motion to dismiss, saying the only way the state could
legally file a claim is through the Attorney General.

Note: ** and * denote a significant difference from Benford’s law distribution at 1% and 5% levels
of significance, respectively. Critical values of Kuiper test are 2.001 and 1.747 regardless of
sample size, respectively (Louter 1970).

Throughout, Morrisey and his office had said there was nothing that could be said
publicly while the matter was under investigation.

https://eithub.com/benfordlaw/Irregular-Bidding-detection
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https://github.com/benfordlaw/Irregular-Bidding-detection

Project Litigation Intelligence
~ = O @ R

Intention
] 34.93% - High
] 41.90% - Moderate
] 23.17% - Low

Merit

160 [ 6.28% - High

] 85.68% - Moderate Level of Effort = intenten s
] 8.05% - Low Moderate Moderate &p .
Tevel oF Effort Second lawsuit against Purple Line was filed
130 ] 0% -High
Quote of Law State of Injury = I 100% - Moderate
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O Gty 2 I 100% - Yes
State of Injury /‘ 1 o%-No
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E e Jan 2019
é - First lawsuit against Purple Line was filed Third lawsuit against Purple Line was filed |
z
60
40
20

T e E P R R R R L L R R R R E R R R E E E E E E N R R T Y Y
E 2 3 5+ LB B AL 2 L LD 5 5P LB BAED 2 L LD R EPES BAL LD B EELE S PEE LD L PES BAT LD R EEES WA LD
R 3 3SR 5832233335323 3822833333383 k832353333383838333533388.83¢233532238:.3¢3:¢3
Date
—Total Tweets e Twveets form Plaintiff Oganization ~——Tweets from Others

e\qﬁksu}
5 [e)

" « BUILD AMERICA CENTER
15 INNOVATIVE FINANCING AND DELIVERY FEARLESS INNOVATION

6
OF TRANSPORTATION INFRASTRUCTURE




Understanding Publ

= Public Acceptanceis

driven by social media ~
events
= Event Influence
= Breaking

= |mpacting &

= Lasting .
=  Marginal .
= User Analysis

=  Opinion Leaders
=  Opinion Followers .

Events Frequency and Duration
g
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(o}
(456,1,227)
Dianne Feinsteins Husband
(135,142) Wins Near-Billion Dollar
(16,328) . | Oroville Dam flood danger California High Speed Rail
Trump aclim[mlstr'atlon (45,128) recedes; state criticized for Contract
ha\ts.(ahfomlas Plans The Political Class spending on rail, illegals - 0
lfm' high-speed rail and Knew California Washington Times
‘mfrastmcture High-Speed Rail Was 0 (284, 479)
improvements B.S., and Supported it 0 California Hits the Brakes
Anyway - Hit &Run on High-Speed Rail Fiasco -
Bloomberg
A 0
(29', 107.) . ' e (194, 117) 0
Callfom!a high-speed rail: 0 0 Californias Cap-And-Trade
Everything you need to 0 Program Is Sick And Will Take
kn(;:\l’(UI’bEd SF 0 0 High-Speed Rail Down With It
0 0 0 0
0 © 0
0 0
o (464 (107,58) 0
(18,44) Republicans Ask Trump to California High Speed Rail (219,42)
Head of California Block Funding California Faces 50 Percent Cost The dream of high-speed rail
high-speed rail project High-Speed Rail Overruns - Reason.com in California is taking longer
calls it quits - SFGate and costing more
Q3: Marginal Q4: Lasting
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Data Centric Risk

100.0
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Percentage of risk items
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0.0
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Risk Database

e Project and risk
e Qualitative Analysis

Quantitative Analysis
Mitigation Strategies
Risk Allocation
Matching Provision

etc.

T

DB and DBB Projects: Similarity in Pairwise Comparison ggg
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-
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L 24.1 23.5
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100% 100-80% 80-70% 70-60% 60-50%

Level of similarity

Project Feature
Expert Elicitation

[

e =

Risk Breakdown
Structure (RBS)

\ J

1

' N\

Predictive Risk
Analysis (PRA)

A B/

—

Common Risk
Allocation Matrix
(CRAM)

Shared Project
Risk Register

=

72@

=

—

Assessment

Initial Risk Template

Number of projects

70

Data Entry Form
Project Name I
Location I
Type | Al j
Delivery Metho« I All j
Size I Al j
Number of Risks (7 10 C20 ® 30

Selection Criteri

| Frequency j

Reset

‘ Generate Risk Template

Risk Alliance
Guide (RAG)

U

Risk Update,
Monitoring,
Management,
ex-post Risk
Assessment

7
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Data Profile

New roatway,
00%

¢

# Type Risk Prevalence Probability Cost (M$)
1 right of way|additional right of way required 100.00 0.41 4.55
2 utilities Utility Cost, Cooperation from utility owners for both r| 91.43 0.49 13.69
3 structures afhazardous materials 87.14 0.39 3.43
4 constructiorjconstruction impacts due to lack of right of way and tinf 78.57 0.41 0.87
5 right of way|right of way Cost 60.00 0.43 1.08
6 structures ajdrainage 60.00 0.37 5.32
7 right of way|different site conditions 57.14 0.51 4.55
8 constructiorjdelay in obtaining permits and approvals 51.43 0.69 0.06
9 utilities utility relocation may not happen in time 50.00 0.43 6.01
10 constructiorfOperations and maintenance during construction 48.57 0.29 8.34
11  |managemeryschedule expectations and constraints 42.86 0.58 12.70
12 |design design exceptions approvals 41.43 0.55 17.81
13 structures affcontractor access, staging coordination and constructal 40.00 0.75 0.63
14 |utilities difficult utility relocations and conflicts 40.00 0.78 -0.30
15 |partnershipglocal agency coordination 38.57 0.67 15.05
16 environmen|environmental mitigation costs 35.71 0.61 0.89
17 environmenlenvironmental permits 35.71 0.53 0.11
18 [contracting {Contract delay, change orders 35.71 0.41 4.45
19 |constructiorfaccurate and timely traveler information during/after 35.71

20 |constructionfSurface condition impacts construction cost and sched 34.29 0.34 2.69
21 |managemenrfhigher real estate cost due to development, annexatiol 34.29 0.13 0.60
22 |right of way|right of way acquisition 31.43 0.10 3.63
23 |managemerimarket condition 31.43 0.30 10.88
24 |constructiorjdiscovery of unknown utilities during construction 30.00 0.47 0.51
25 |partnershipddelay in agreements 30.00 0.51 0.25
26 |managemerftraffic management 28.57 0.44 0.31
27  |managemerjconstruction funding shortfall 28.57 0.29 16.08
28 environmen|noise mitigation 28.57 0.42 26.25
29 |structures ajadditional mitigation for section 4(f) impacts 27.14 0.30 13.50
30 [design changes in design standards and requirements 27.14 0.31 0.21

FEARLESS INNOVATION



Isk Register: An Example

APPENDIX B: RISK REGISTER

FDOT District 5 Wekiva Parkway 2014 Risk Assessment Update Risk Register Initial Risk Quantification

Cost Risk Information (Millions Schedule Risk Information

Risk Information ) (Months)

= General Risk
= Market and Inflation

Prob. (%) Most Most .
Likely Low High

Likely
Cost Schedule Schedule Schedule

Risk Description

*
T
=
o
O
(7]
o

Functional
Assignment
Risk Name
Modeling
Opportunity
Schedule
Opportunity

| L a b O r S h O rta g e o 5 S For 2A-C, pursuing TIFIA for the sections 5 %‘
5 2 € « with combined 1A1B-base schedule assumes | x 5
. I i .§ ] TIFIA and without it there may be delay to < =
~ c ~ - = £ Qo =
| a S - O rl e n e | 8 ‘E & w construction start of 18 months for ‘é K 3 50% 18 18 18
g o g = Segments 2. Schedule for 1A1B will not e S -E ?
: e g 2 g change. Base scenario will assume TIFIA oS
- D e | a i n N E PA A rova | g § ®° Funding. Can run separate non-TIFIA % §
y p p = é schedule scenario if required. o2
. H This is related to shortage of skilled labor,
u F I n a n CI n g ;f':; materials, equipment due to demand from
g < other projects in the area. I-4 will have
- = "n started and other Wekiva sections. -
| I n e to i § S Structural steel, Buy-American and %
v a = . . . ‘5
N § % = 5 .rrelmbursa.ble :tllltles (with Duke . . E g 0% $0.825 $1.100 $1.375
. S & S ransmission for some segments); escalation 2 =
e on materials for conditions six months from o
= Construction BT | 3 s for con 8
8 = now. Quantification is 5 percent of 40
. -] = percent of construction cost to account for
u D e S I g n S premium on materials with 50 percent
probability.
. This is related to shortage of skilled labor,
[} E r ' l t I 1= materials, equipment due to demand from
n VI ro n e n a % 2 other projects in the area. I-4 will have
er e ® 5 3 started and other Wekiva sections. c
u U tl | Itl e S : o 5 Structural steel, Buy-American and S -
5|2 % 5 reimbursable utilities (with Duke 3 S o
“ |l o | g < e o . ) = 2 50% $0.825 $1.100 $1.375
T |2 & S Transmission for some segments); escalation 2 =
-4 a0 . . .
u St t d G t h 5 kS - on materials for conditions six months from S
ru C u re a n e O e C g E now. Quantification is 5 percent of 40
= b= percent of construction cost to account for
S premium on materials with 50 percent
probability.

(ERSIT,
& o
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Data Changes Project Risk Management

Tran3f0rm|n9 StatUS QUO Issue Challenge Solution Method
How trustworthy are experts in Risk L Knowledge sharing Risk Breakdown Natural Language
Incompatibility : :
I across agencies Structure Processing
Assessment”
1. Are risks unique?
: ) Under/overestimate Predictive and : :
2. How C!Id experts perform : Interdependency e ouence Generative Modeling B9 Data Analysis
3. What is the Value of Using
Historical Data to Predict PrOJeCt Performance Lessen learned & best Ex-post Analvsis Risk Lifecycle
Risks? practice P y Modeling
Transparency Stakehold.er Risk Database Collgctlve
collaboration Intelligence

N / BUILD AMERICA CENTER
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Risk Uniqueness

= Research Design
= Similarity at Document level
= Similarity at Risk Item level
= Similarity at Risk Evaluation level
= Data: Risk Registers
= 70 Major Transportation Projects .
= 6000+ Risk Items
=  Structural/Unstructured Data Format

= Research Methodology: Natural

20.0

80.0
70.0
60.0
50.0

ntage of risk items

Language Processing s
« TF-IDF
 Word2vec

» 82 % of words and phrases are similar in risk
registers

= Pairwise comparison of risk registers shows
53% of risks are similar

P3 projects: Similarity in Pairwise Comparison DB and DBB projects: Similarity in Pairwise Comparison
100.0 91.2
86.5 ,
/ 90.0 A
A 7
/ g 800 68.4 -
4 2 e
’ 700 ¥
’ z ’
51.6, T 600 ,
¥ o ’
g 500 393~
/ 8 "
/ c 400 _#
/ s
y § 300 247 _ -
12.87 “
1’ 38.9 34.9 200 49 .7

1.4 4.3 - . 29.1

y - 10.0 |~ 19.8 22.8
14 __28- 8.5 49 14.6

Atte = 0.0
100% 100-80% 80-70% 70-60% 60-50% 100% 100-80% 80-70% 70-60% 60-50%

Level of similarity Level of similarity

Source: Erfani, A., Cui, Q., & Cavanaugh, I. (2021). An Empirical Analysis of Risk Similarity among Major Transportation
Projects Using Natural Language Processing. Journal of Construction Engineering and Management, 147(12)
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$RSI7

N
5@%
18 56
58

R

Risk Item Similarity

Risk (1)

Similarity

Risk (2)

Risk 1: Design Changes on bridge, roadway or pond

Owner directed changes and design
views

1

Owner directed changes and
design views

Risk 2: Design Changes on bridge superstructure

Determination of secondary impacts 0.95 Determination of wetlands impacts I Lowercasing
to wetlands M 2 Tokenizaon
Utility Relocations 0.85 Utility Relocations and conflicts p Risk 1: + Vectonization (Word2vee) N
Federal agencies may take longer 0.81 Permits or agency actions delayed
than expected to review and issue a or take longer than expected
permit Vai Va2 Va3 Vas Vas
Handling of Contaminated Materials 0.78 Unanticipated Hazardous R
Materials or Contaminated Soils \_ i = average (an Ve Vs 3 Vaa 3 Vos)
Unforeseen Ulilities 0.72 Unknown Utilities Risk 2:
Right of way Acquisition Cost 0.64 Right of Way Acquisition is costlier 4
than expected
Construction Change Orders & 0.62 Change orders Y v
Incentives 1 : v v
Concrete delivery 0.59 Materials delivery constraints _ R, = average (Vs + Viz + Vs + Vpa)
Disposal of Regulated Material 0.56 Unidentified Hazardous materials

Found in Construction

YLM

Semantic similarity using NLP

BUILD AMERICA CENTER

INNOVATIVE FINANCING AND DELIVERY
OF TRANSPORTATION INFRASTRUCTURE
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[ Cosine Similarity (R1, R2) ]
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Risk Evaluation Uniqueness

» Risk consequences and probabilities were
evaluated in similar patterns

= Similarity at Risk Evaluation level

= Comparing the assessment of
similar risks with different = Cost impact shows very common evaluation

terminologies show a large
similarity across their assessment

Cosine similarity Probability = Cost  Schedule  Probability + Cost ~ Probability +Schedule

level
In ( 1 _5) LI ke rt Scale Group A: DBB/DB Projects

At least 0.5 58.9% 96.6% 60.6% 72% 41%
S . . |x; = x,| At least 0.7 68.2% 100% 75% 83% 50%
Similarity = 1 - Distance index = [1 - ( )] +100 At least 0.8 73.7% 100%  85.7% 70% 57%

Group B: P3 Projects
. At least 0.5 62.0% 72.0% 66.5% 71% 55%
= A Good Database mig ht cover At least 0.7 63.7%  93.1%  73.9% 81% 57%
At least 0.8 60.3% 96.7% 65.6% 71% 51%

more than 70% of risks in a risk
register

Source: Erfani, A., Cui, Q., & Cavanaugh, I. (2021). An Empirical Analysis of Risk Similarity among Major Transportation
Projects Using Natural Language Processing. Journal of Construction Engineering and Management, 147(12)

@ BUILD AMERICA CENTER.
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Ex-Post Risk Assessment

Continue Continue

= Research Design e N\ Oceur
= Risk Life Cycle Automata .

= Risk State: Active (Act); Happening (Hap); Closed (Clo) Close

» Risk Transition: Generate; Occur; Continue; Close

» Data: Registers and Annual Updates
* 11 Major Transportation Projects U
= Total $15.6 Billion ($583M - $4922M) oo :

i Ex-ante risk management

.-=" Close

- R I S k M et h O d O I O g y : Risk | N Risk Assessment N ,| Risk Response and allocation_ | _____ o Ri .
! identification (qualitative and quantitative) (Ex ante) sk Monitoring and control
» Performance Indicator Definition ; e T :
L et e e e e m i imimim i mimimimimam e ‘- Risk Not - - New Risk -
i Ex-post risk management

T T
I""""""""""'T ..... -
1 1

........................................

n P e rfo rm a n Ce An a |yS i S : ....................................................... Rlsk Occurred - Occurred ldent'lﬁed :

I
: Risk impact Risk response and allocation
| evaluation (Ex post)

Source: Erfani, A., Ma, Z., Cui, Q., & Baecher, G. (2023). Ex post Project Risk Assessment: Theory,
Method, and Empirical Study. Journal of Construction Engineering and Management, 149(2).
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Risk life-cycle examples

Risk Register Risk Register Risk Register Risk Register Corresponding
Year(1) Year(2) Year(3) Year(4) Language
Risk is active not . . g - .
S . Risk start happenin Risk 1s Closed (Realized
Risk A Risk 1s identified happened yet ppening R )
Generate Continue Occur Close
----------------------------- Act, Act, Hap, Clo
Risk is active not C . ..
RiSk B ----------------------- Risk is identified happened yet Risk is Closed (DlSIIllSSCd)
Generate Continue Close
Inactive --------»  Act  f------» = Act = )f------- @ , Act, Act, Clo
Risk is active not ‘g s .
S . Risk 1s Closed (Dismissed
Generate Continue Close Continue
————————————————————————————— Act, Act, Clo, Clo

(ERSIT,
& o

“f&e . BUILD AMERICA CENTER
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Ex-Post Risk Assessment

1.0

4 Overall performance metrics )

Efficiency Ratio

Number of realized risks

0.8 i i 10 =
Total realization ratio Number of identified risks

Further realized ratio Number of dismissed risks

Total dismissed ratio =

Number of identified risks j

~

0.6 \
/

Initial realization ratio . . .
Number of realized risks in year 1

Number of identified risks in year 1

Initial realization ratio =
-0.4

Initial effici Ho = Number of realized risks in year 1
niHa CHCIeney Tato = Number of realized risks

-0.2 K /

Number of identified risks after year 1
Total Number of identified risks
-0.0 ) ) Number of realized risks from risks after year 1
Further realized ratio = - — -
Number of identified risks after year 1

New item ratio - 0.42

Total realization ratio 0.19 0.18 0.13

New item ratio =

Average
P-1
p-2
P-3
P-4
P-5
P-6
P-7
P-8 -
P-9

Pr-10 -
Pr-11

Project

= 57% of identified risks are realized (ranging from 0.13 to 0.97)
= 62% of identified risks at the first step are finally realized
= 55% of those added risks are happened finally

QY,RSII}
S o
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Risk Management Style

Careful Planner identifies most risks at the
initial phase and most of these identified risks
@ _ ultimately occur with consequences;
Planner - Excessive Planner identifies the majority of
risks at the initial phase but most of these
identified risks are ultimately closed without

P9-Excessive
Planner

Time Growth

\
P2-Careful

e Caretul Doer Rlanner occurrence;
10;Excissive costarowth Careful Doer actively updates risks during
o 40% 0% = project implementation and most of these
' identified risks ultimately occur with
consequences;
Excessive Doer actively updates risks during
Pi3-Excenive J) p3-Caretu project implementation and most identified
-80% risks are closed without occurrence.

Source: Erfani, A., Ma, Z., Cui, Q., & Baecher, G. (2023). Ex post Project Risk Assessment: Theory,

o, Method, and Empirical Study. Journal of Construction Engineering and Management, 149(2)
; @ BUILD AMERICA CENTER
A
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Value of Risk Data

» Predictive Risk Modeling Sz |
= Step 1: Customize modeling: User define | = ——
project characteristics wsvacg| S - D S B
= Step 2: Risk matching : Group similar prolects =) D S T
risks with different languages NSEVA o

= Step 3: Group-level analysis: Finalize the
grouped risks as one risk item

» Step 4: Risk register generation: Sort the
risks based on frequency or

N

Risk Template

Risk Template generation

1. Frequency sorted N
2. Consequences
sorted

Project ID | Recall Precision Fi-score
consequences A 45.7% 45.7% 45.7%
o S o _ B 55.3% 52.5% 53.8%
" 66% of risk items in five random testing C 82.0% 95.3% 88.2%
) . L . D 92.3 % 40.0% 55.8%
projects are covered in predictive risk E 714 % 16.7% 27.0%
Overall 66.4% 53.4% 59.2%

model

@ BUILD AMERICA CENTER.
2,

AN INNOVATIVE FINANCING AND DELIVERY
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Source: Erfani, A., & Cui, Q. (2022). Predictive risk modeling for major transportation

projects using historical data. Automation in Construction, 139, 104301
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Value of Risk Data

Table IV. Risk co-occurrence out of 70 risk registers

Cosine similarity

Risk (1) Risk (2) Rate
Right of way plan Utility relocation 40
Delay in procurement Utility relocation 36
Average sentence embedding vector (1¥768) Average sentence embedding vector (1*768) Contractor Access Utili ty relocation 36
. ! ) T Right of way plan Delay in procurement 34
Pooling Layer Pooling Layer - — -
Design changes Utility relocation 33
19768 || 1#768 | ... | 1#768 || 1%768 || 1 %768 1 %768 1#768 | ... | 1%768 || 1768 || 1%768 Contractor Access Right of way plan 33
i i E E | | E i E E Contractor Access Different site and subsurface 32
! ! ! ! ! , ! ! ! ! I condition
| | | | | Share | | I | | -
E i i i i weights i i i i i Contractor Access Delay in procurement 32
| | B sl l | l | et I I Hazardous Materials Utility relocation 32
| | | | | | | I | |
| | | | | | | | | | Right of way acquisition issues Ultility relocation 31
I | | | I | I I 1 I
I I I I I I ! : I ! Design changes Right of way plan 31
[CLS] | Handling ... |materials | [SEP]| [PAD] [CLS] | Unanticipated | ... soil [SEP] | [PAD] ContraCtor ACCGSS Haz.ardous Materlals 30
Contractor Access Design changes 30
Risk 1: Handling of contaminated materials Risk 2: Unanticipated hazardous material or Contractor ACCGS.S C_OnStrUCtlon Excavation 30
contaminated soil Hazardous Materials Right of way plan 30

Unified Risk Breakdown Structure Co-occurrence based Risk Interdependency

Erfani, A., Cui, Q*, Baecher, G, and Kwak, Y (2023). Data-driven approach to risk identification:
s A common risk breakdown structure. IEEE Transactions on Engineering Management. In print

N « BUILD AMERICA CENTER
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LLM for Contract Risk Management

|

* Distribution of risk allocation sentences

preprocessing v
|
Contract
Input Sentencel
document Sentence2
Prompt design
* Task description Demos
* Input data (prompting
* Context information completion
* Chain-of-thought
prompt
engineering
» Zero-shot prompting (Baseline)
LLM L
promw « Few-shot prgmpting
strategies . .
* Chain-of-Thought Prompting
LLM
| i
1 1
! Risk type Risk allocation .
Output ! *  Performance Risk *  Private obligation |
| . Ecopomic&ﬁnancjal sentences . Pt{blic ol:fligation |
! *  Environmental & site *  Private right .
vl : i
é\qBRSITPO

N « BUILD AMERICA CENTER
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Sentence count

Sentence count

1600
1400
1200
1000

800

600

g

20

o

3500

3000

2500

2000

1500

1000

500

AP

B public obligation public right
= public liability

|| ‘ll L ‘II II ||| ‘I |I‘. L I-I_ II II- I ‘.I
CA CcO FL IN MD NC OH

Jurisdiction

Lease
Payment method

FEARLESS INNOVATION

B private obligation
public prohibition mmm private liability

EEE private right
s private prohibition

I- I.I II ‘Il I ||\I
™ VA

PA

Tolled
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