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Validating Front-End Loading Maturity Using Earned Value for
Downstream Oil and Gas Capital Investment Decisions’ 2

Vanessa Graciela Bernadeth

ABSTRACT

Downstream oil and gas projects are capital-intensive, interface-heavy, and highly
dependent on credible front-end planning before capital approval. This paper examines
how Front-End Loading (FEL) maturity can be defined, assessed, and validated using
Earned Value Management (EVM) indicators to support downstream oil and gas capital
investment decisions. Using the seven-step Engineering Economy process, the study
compares five analytical alternatives through a two-stage Multi-Attribute Decision Making
(MADM) approach: non-compensatory screening and compensatory additive weighting.
The selected alternative is an integrated FEL-EVM validation model combining FEL
maturity, CPI, SPI, EAC, TCPI, and WBS-level variance review. Four anonymized 2024
downstream oil and gas project cases are tested using EVM-derived maturity and
baseline accuracy proxy scores. The findings show that CPI or SPI alone may mislead
decision-makers, while the integrated model provides stronger evidence of baseline
credibility. The paper concludes that linking FEL maturity to EVM performance
strengthens phase-gate governance, baseline control, and the quality of capital
investment decisions.

Keywords: Front-End Loading, Earned Value Management, CPIl, SPI, Capital
Investment Decisions, Downstream Oil and Gas, Phase-Gate Governance, Baseline
Credibility

INTRODUCTION

A. Downstream Oil and Gas Infrastructure in Indonesia

" How to cite this paper: Bernadeth, V. G. (2026). Validating Front-End Loading Maturity Using Earned
Value for Downstream Oil and Gas Capital Investment Decisions; PM World Journal, Vol. Xlll, Issue VII,
July.

2 This paper was originally prepared during a 6-month-long Graduate-Level Competency
Development/Capacity Building Program developed by PT Mitrata Citragraha and led by Dr. Paul D.
Giammalvo to prepare candidates for AACE CCP or other Certifications. https://build-project-
management-competency.com/our-faqgs/
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Figure 1 — Indonesia’s Energy Consumption®

Data from the Ministry of Energy and Mineral Resources shows that “energy consumption
in Indonesia reached 1,276 million BOE in 2024 with an increase of 4.53%.” Pradibta
explains that “Indonesia relied heavily on oil as the main source of energy supplier for all
its economic activities."® Therefore, large capital downstream infrastructure projects is
strategically important and should not be treated merely as construction activities, but as
capital investments whose planning quality directly affects long-term operational
performance and national supply capability.®”

3 Ministry of Energy and Mineral Resources, Republic of Indonesia. (2024). Handbook of Energy &
Economic Statistics of Indonesia 2024.
https://www.esdm.go.id/id/publikasi’/handbook-of-energy-economic-statistics-of-indonesia

4 lbid

5 Pradibta, I. (2024).

Developing a standardized, multidimensional WBS/CBS coding structure for storage tanks. PM World
Journal, 13(3).
https://pmworldlibrary.net/wp-content/uploads/2024/03/pmwj139-Mar2024-Pradibta-Standardized-
Multidimensional-WBS-CBS-for-Storage-Tanks.pdf

8 Ministry of Energy and Mineral Resources Republic of Indonesia. (2024). Loc. Cit

7 Pradibta, I. Loc. Cit
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B. Project Performance Challenges and the Importance of Front-End
Loading

Despite its strategic importance, Wisnugroho reports “56% of projects experience a 10%
cost and schedule overrun, and around 36% experience cost and schedule overrun up
to 25% at 45 projects™. Zilikram states, "Indonesia’s downstream oil and gas construction
practices still lag behind international best-tested and proven practices"®. Mukuka,
Aigbavboa, and Thwala state that "schedule overruns in construction projects reduce
productivity and weaken overall project performance"’. These findings suggest that
project underperformance is not caused only by poor field execution but originates earlier
when projects are authorized with incomplete scope definition, weak schedule logic,
immature cost estimates, or insufficient owner decision readiness'11213,

The Construction Industry Institute defines Front End Planning as "a disciplined process
for improving project definition before execution"'*. Organizations commonly use the
term Front-End Loading (FEL) to describe the same underlying logic''¢. The MacLeamy
Curve shows that “the opportunity to influence project outcomes is highest early in the
project lifecycle, while the cost of change rises sharply once detailed design and
construction are underway”'” as shown in Figure 2. This concept matters because

8 Wisnugroho, J. (2020). Indonesia Oil & Gas Cost Estimating vs International “Best-Tested

and Proven” Practices — A Benchmarking Study; PM World Journal, Vol. IX, Issue Il, February.
https://pmworldlibrary.net/wp-content/uploads/2020/02/pmwj90-Feb2020-Wisnugroho-benchmarking-
indonesia-og-cost-estimating-vs-international3.pdf

9 Zilikram, M. F. (2023). Benchmarking Indonesia’s Downstream Oil & Gas Construction: Evaluating
Project Scheduling and Cost Estimating Processes Against Global “Best-Tested and Proven” Practices;
PM World Journal, Vol. Xll, Issue X, October
https://pmworldjournal.com/article/benchmarking-indonesias-downstream-oil-gas-construction

10 |bid

" Mukuka, M., Aigbavboa, C., & Thwala, W. (2015). Effects of construction projects schedule overruns: A
case of the Gauteng Province, South Africa. https://doi.org/10.1016/j.promfq.2015.07.988

12 Zilikram, M. F. Loc. Cit.

3 Wisnugroho, J. (2020). Loc. Cit.

4 Construction Industry Institute. Front End Planning. https://www.construction-institute.org/front-end-
planning

15 Brindley Engineering. (n.d.). Front-end loading (FEL) process overview.
https://www.brindleyengineering.com/knowledge-center/insights/front-end-loading-fel-process-overview/
86 Merrow, E. W. (2011). Industrial Megaprojects: Concepts, Strategies, and Practices for Success.

7 MacLeamy, P. (2004). The MacLeamy Curve. https://www.msa-ipd.com/MacleamyCurve.pdf
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downstream oil and gas projects are capital-intensive, interface-heavy, and vulnerable to
rework if owner decisions remain vague or fragmented at the time of sanction®.
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Figure 2 - Decision Support Package (DSP) Content Across Phase Gates lllustrated®

'8 Zilikram, M. F. Loc. Cit.
9 Giammalvo, P. D., & PTMC Team. (2021-2024). Loc. Cit.
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Giammalvo and the PTMC Team explain that a proper Decision Support Package should
contain, at minimum, as shown in Figure 420,
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Figure 3 - The Project Definition Package?!

Merrow argues that “stronger front-end definition improves the probability of better
downstream project performance”?. Accordingly, FEL should be treated as a structured
readiness process, not an administrative checkpoint?®. The phase-gate concept further

20 Giammalvo, P. D., & PTMC Team. (2021-2024). Loc. Cit.
21 |bid

22 Merrow, E. W. (2011). Loc. Cit.

28 Giammalvo, P. D., & PTMC Team. (2021-2024). Loc. Cit.
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strengthens this logic by requiring increasing levels of maturity before advancing project
commitments. 2425

I Ociiverabies from Each Phase (Decision Support Package- DSP)

Guild of Project Schedule Level C’“::""’"'

Controls Combined Risk/ Accuracy Other Commonly Used Phase

Accuracy Primary Purpose of each Phase
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Figure 4 — Phase-Gate Summary?®

The GAO defines WBS as "a framework for planning and assigning responsibility for work
necessary to accomplish a program’s objectives"?’. Giammalvo and the PTMC Team
emphasize that "developing and expanding standardized and multi-dimensional Work
Breakdown Structures and Cost Breakdown Structures” is essential to effective project
controls?®. That connection matters because a weak WBS usually leads to weak scope
visibility, accountability, and alignment between schedule and estimate, thereby
weakening baseline credibility before execution begins?90.

C. Earned Value Management as a Performance Indicator

While FEL is intended to improve planning quality before execution, management still
needs a reliable way to measure whether that planning strength is reflected in actual

24 |ITAC. (n.d.). Front-end engineering design: FEL1, FEL2, FEL3. https://itac.us.com/front-end-
engineering-design-fel1-fel2-fel3/

25 H+M Industrial EPC. (n.d.). FEL deliverables for capital project success. https://www.hm-ec.com/blog-
posts/fel-deliverables-for-capital-project-success-hm

26 |bid

27 U.S. Government Accountability Office. (2020). GAO Cost Estimating and Assessment Guide: Best
Practices for Developing and Managing Program Costs (GAO-20-195G).
https://www.gao.gov/assets/gao-20-1959g.pdf

28 Giammalvo, P. D., & PTMC Team. (2021-2024). Loc. Cit.

29 U.S. Government Accountability Office. (2020). Loc. Cit.

30 Giammalvo, P. D., & PTMC Team. (2021-2024). Loc. Cit.
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project delivery performance. Humphreys explains that Earned Value Management
integrates “scope of work, a scheduled time frame in which the work must be
accomplished, and a budget to perform the work”®'. Geneste similarly states that EVM
integrates “the three related components of project performance: scope, schedule, and
cost™2. In this study, EVM provides a disciplined way to determine whether execution is
in accordance with the approved baseline®3. Humphreys identifies the three core earned
value data elements as “Budgeted Cost for Work Scheduled (BCWS), Budgeted Cost for
Work Performed (BCWP), and Actual Cost of Work Performed (ACWP)"34 as shown in
Figure 5. This support CPI (CPI = BCWP / ACWP) and SPI (SPI = BCWP / BCWS),
where GAO states that "the CPI metric is a measure of cost expended for the work
completed" and that "the SPI metric is a measure of the amount of work accomplished
versus the amount of work planned"3>. EVM is therefore used as the downstream
evidence needed to test whether stronger FEL maturity is associated with better
execution performance after baseline approval. Geneste explains that if SPI<1, "it
indicates a delay," while if CPI<1, "the project has cost more than planned”®. This
translate performance status into a form that management can interpret consistently over
time, across work packages, and across projects®”.

31 Humphreys & Associates. Basic concepts of Earned Value Management. https://www.humphreys-
assoc.com/basic-concepts-of-earned-value-management-evm/

32 Geneste, S. (2019). The True Origins of EVM: A historical approach to scheduling and incentive
schemes, PM World Journal, Vol. VI, Issue IX, October. https://pmworldlibrary.net/wp-
content/uploads/2019/10/pmwi86-0Oct2019-Geneste-the-true-origins-of-evm.pdf

33 NASA. (2018). Loc. Cit.

34 Humphreys & Associates. Loc. Cit.

35 |bid

36 Geneste, S. Loc. Cit.

37 |bid
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Figure 5 - EVM Concept: Relationship between BCWS, BCWP, and ACWP 32

38 Giammalvo, P. D., & PTMC Team. (2021-2024). Loc. Cit.
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Figure 6 - CPl and SPI Interpretation Matrix3°

Fleming and Koppelman explain “earned value as an operational method for comparing
work status against the approved baseline™?, while NASA emphasizes that an EVM
should support "variance analysis, forecasting, baseline control, and corrective action
during execution"4'. FEL is conducted before a major capital commitment and seeks to
improve project readiness, scope definition, and baseline credibility. EVM operates after
the baseline is approved and seeks to measure whether actual execution conforms to
that plan. This means EVM provides the downstream evidence needed to test whether
stronger FEL maturity leads to more stable and more reliable delivery outcomes*2.

Pangestu shows that “disciplined earned value practice, combined with timely contractor
payment, can improve productivity and management responsiveness in capital-intensive
projects™3. For that reason, this paper uses BCWS, BCWP, ACWP, SPI, and CPI as the

39 by Author

40 Fleming, Q. W., & Koppelman, J. M. (2016). Loc. Cit.

41 NASA. Loc. Cit.

42 U.S. Government Accountability Office. Loc. Cit.

43 Pangestu, S. A. (2024). Enhancing Productivity in Greenfield Mining Projects through Earned Value
Management and Timely Contractor Payments; PM World Journal, Vol. XIlII, Issue X
https://pmworldlibrary.net/wp-content/uploads/2024/11/pmwj146-OctNov2024-Pangestu-Enhancing-
Productivity-in-Greenfield-Mining-Projects-1.pdf
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primary performance indicators for evaluating the execution consequences of front-end
maturity*445.

D. Research Gap, Objective, and Contribution

Giammalvo and the PTMC Team use the phrase "best tested and proven practices"* to
require organizations to integrate governance, scope definition, planning, scheduling,
budgeting, progress measurement, and change control into a single decision system.4’
This study identifies three key gaps, as shown in Table 1

Table 1 — Research Gap*®

Mo. Research Gap Description

1 Strategic Gap Weak linkage between capital investment decisions and
execution outcomes

2 Planning Gap Limited measurement of FEL maturity
3 Control Gap Lack of integration between FEL and EVM indicators

Accordingly, this paper evaluates whether higher levels of FEL maturity are associated
with improved project performance as measured through EVM indicators.

Therefore, the questions to support this study are as follows:
1. How can FEL maturity be defined and assessed?
2. How can CPI and SPI be used to validate the credibility of front-end planning?
3. How can this relationship improve capital investment decision-making?

This study aims to provide practical insight into stronger project governance practices in
Indonesia’s downstream oil and gas sector*® and provide a decision-support framework
for evaluating the effectiveness of early-stage planning in capital-intensive projects.
According to Engineering Economy practice, “owner organizations may rely on ‘benefit
measurement methods,” constrained optimization methods, logical framework
approaches, informal executive judgement, or even the do-nothing alternative when
making capital decisions”°. However, this paper focuses more narrowly on FEL maturity
as the leading readiness condition and on EVM indicators as the downstream evidence
to validate whether planning quality was credible in practice®'.

44 NASA. Loc. Cit.

45 U.S. Government Accountability Office. Loc. Cit.

46 Giammalvo, P. D., & PTMC Team. (2021-2024). Loc. Cit.

47 |bid

48 By Author

49 Giammalvo, P. D., & PTMC Team. (2021-2024). Loc. Cit.

50 Sullivan, W. G., Wicks, E. M., & Koelling, C. P. (2019). Engineering economy (17th ed.). Pearson.
51 U.S. Government Accountability Office. (2015). Loc. Cit.
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METHODOLOGY

For this study to be carried out systematically, rationally, and reasonably, the paper
adopts the seven-step Engineering Economy procedure presented by Sullivan, Wicks,
and Koelling®?, as shown in Figure 5.

The General Relationship between the Engineering Economic Analysis

cedure and the Engineenng Design Frocess

Figure 7 — Engineering Economic Analysis Procedure®?

Step 1 - Problem Definition

Downstream oil and gas investment projects involve large capital expenditure, long
development timelines, and complex technical interfaces. In Indonesia, however, cost
and schedule overruns remain a recurring problem in capital projects. Wisnugroho and
Zilikram’s findings indicate that poor project outcomes may not originate solely in the
construction phase. Instead, they may begin earlier, when a project is authorized without
a sufficiently mature scope definition, risk visibility, schedule logic, estimate quality, and
governance discipline®*%%. Giammalvo and the PTMC Team identify recurring root causes
such as “omitted probable scope,” “omitted possible risks,” unrealistic assumptions, and
inadequate time to prepare credible estimates®. Therefore, the practical problem
addressed in this paper is whether weak FEL maturity contributes to weak execution
outcomes in downstream oil and gas capital projects.

52 |bid

53 |bid

54 Wisnugroho, J. Loc. Cit.

55 Zilikram, M. F. Loc. Cit.

56 Giammalvo, P. D., & PTMC Team. (2021-2024). Loc. Cit.
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This study aims to develop a more defensible basis for evaluating the relationship
between FEL maturity and EVM performance indicators in downstream oil and gas
projects®’. The purpose of this study is to:

1. define and assess FEL maturity in a structured and measurable way before major
capital is committed®®;

2. determine whether stronger FEL maturity is associated with stronger earned value
cost and schedule performance®;

3. support stronger capital investment decision-making by linking front-end
readiness with measurable downstream project outcomes®°.

Step 2 - Identify The Feasible Alternative

Sullivan, Wicks, and Koelling explain that the "development of the feasible alternatives"
step requires the analyst to identify realistic solution paths that address the problem
defined in Step 1%'. In this study, the problem is not just broad project selection. The
problem is how to define and assess FEL maturity and then determine whether
downstream earned value indicators can validate planning quality. Therefore, the feasible
alternatives are presented here as analytical approaches for linking front-end readiness
to execution-stage performance rather than as general capital-budgeting methods
alone®?. The five feasible alternatives are shown in Table 2

57 |bid

58 ITAC. Front-End Engineering Design: FEL1, FEL2, FEL3. https://itac.us.com/front-end-engineering-
design-fel1-fel2-fel3/

59 NASA. Loc. Cit.

60 Giammalvo, P. D., & PTMC Team. (2021-2024). Loc. Cit.

61 Sullivan, W. G., Wicks, E. M., & Koelling, C. P. Loc. Cit.

62 |bid
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Table 2 Feasible Alternatives®®

No. Alternative Analytical Description Primary Validation Basis

Evaluates front-end readiness using FEL maturity
elements, including governance discipline, phase-
gate deliverables, WBS quality, risk/opportunity
visibility, schedule readiness, and estimate
readiness.

Front-end readiness
profile only

Stand-Alone FEL Maturity
Assessment Model

Links FEL maturity as the leading readiness

2 FEL Maturity with CPI diti ith CPl as the laggi . ] Cost Performance Index
Validation Model .corT ition wi ' as .e agging cost-performance (CPI)
indicator during execution.
FEL Maturity with SPI Llnks.F.EL mgturlty asthe lead.lng readiness Schedule Performance
3 . condition with SPI as the lagging schedule-
Validation Model L . . Index (SPI)
performance indicator during execution.
FEL Maturity with CPIl & Combines CPl and SPI to test whether stronger FEL
4 SPI Dual Validation maturity is associated with both cost and schedule CPI + SPI

Model efficiency.

Integrates FEL maturity with CPI, SPI, and selected

supporting indicators such as EAC, TCPI, and WBS- CPI + SPI + Supporting
level variance review to explain both performance Indicators

status and potential root causes.

Integrated Model: FEL
5 Maturity, CPI, SPI, and
Supporting Indicators

To support that comparison, this study adopts the ClIlI view that FEL should be evaluated
not only in terms of “maturity” but also in terms of “accuracy,” as illustrated in the
“Maturity-Accuracy Matrix (Cost Change Performance)” in Figure 8%4. In parallel, Figure
9% shows that FEL maturity is not a single-variable concept, but a structured construct
comprising “Basis of Project Decision,” “Basis of Design,” and “Execution Approach,”
each supported by specific categories and elements®®. This Cll structure strengthens the
stand-alone FEL maturity model by giving it a more explicit internal definition, while the
CPI-, SPI-, dual-validation, and integrated models extend that definition by testing
whether stronger FEL maturity is also reflected in downstream cost and schedule
performance®7686970,

63 By Author

64 Construction Industry Institute. (2018). Front End Engineering Design (FEED)
Maturity and Accuracy Total Rating System (MATRS) (Implementation Resource
331-2). The University of Texas at Austin
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Figure 1.3. Matunty-Accuracy Matrix (Cost Change Performance
Figure 8 — Cll Maturity-Accuracy Matrix for FEL Assessment"

Taken together, these alternatives provide a feasible analytical basis for examining
whether stronger FEL maturity can be linked to better execution performance and,
ultimately, to better capital investment decision-making. This framing is also consistent
with IPA’s stage-gated explanation of “FEL 1 (Business Planning),” “FEL 2 (Scope
Development),” and “FEL 3 (Project Definition),” in which project definition becomes
progressively stronger prior to authorization.

71 Construction Industry Institute. Loc. Cit.
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Al Rsliability Philosophy
A2 Maintenance Philosophy
A3. Operating Philosophy

B. Business Objectives
B1 Products
B2 Market Strategy
83 Froect Stra
B4 Affordability/Feasibilly
BS. Capacities
B6. Future Expansion Considerations
B7 Enpeded Project Life Cycle
88 Socral Issues

|. BASIS OF PROJECT DECISION

C. Basic Data Research and Development
C1. Technology
C2. Processes

D. Project Scope
01, Proyect Objectives
D2 Project Design Criteria
D3. Site Characteristics Available vs.
Required

. Dismantiing and Demolition
Requlrements

atemeant

onstructabiity Analysis

E3 Imu.{

F. Site Information
F1 Site [ ocalion
. Surveys and Soil Tests
Environmental Assessment
Pearmil Requiraments
- Utility Sources with Supply Conditions
Fire Protection and Sately Considaerations

G. Process/Mechanical

G1. Process Flow Sheets

G2 Heat and Material Balances

G3 Piping and Instrumentation Diagrams
(P&IDs)
Process Safety Management (PSM)
Utility Flow Diagrams

G4
G5

Il. BASIS OF DESIGN

H. Equipment Scope
H1. Equpment Status
H2. Equipment Location Drawings
H3. Equipment Utlity Requirements

I. Civil, Structural, and Architectural
11, Civil/Structural Requirements
12. Architectural Requirements

J. Infrastructure
J1. Water Treatment Requirements
J2. Loading/Unloading/Storage Facilities
Requirements
J3. Transportation Requirements

K. Instrument and Electrical

G6 Specifications
G7 Piping System Requirements K1. Control Philosophy
G8. Plot Plan K2. Loglc.Daagram-s ;
G9 Mechanical Equipment List K3. Electrical Area C_lassmcatwns
G10. Line List K4. Substation Requirements!
G11. Tie-in List Power Sources Identified
G12 Piping Specialty ltems List KS. Electrical Single Line Diagrams
G13. Instrument Index K&. Instrument and Electrical Specifications
lll. EXECUTION APPROACH
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L 'v Long Lead/ 'n."l‘:!{ Equipment N1, Project
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P. Project Executlon Plan
M. Deliverables P11 (¢ ¢
M1 CADD/Mode! Requirements [=p
M3. Distnbution Matrix P3. Shutdown/Turnaround Requiremants
P4, Pre- Commlssmnmg Turnover Sequence
Requirements
P5. Startup Requirements
P6. Traini l;ﬁ):,’rn,l..‘

Figure 9 — Cll FEL Maturity Sections, Categories, and Elements™
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Step 3 - Development of The Outcome for Each Alternative

This study develops the expected outcome of each alternative in terms of what it can
reveal about front-end readiness, execution performance, and managerial usefulness in

downstream oil and gas projects, as shown in Table 3.

Table 3 - Development of The Outcome for Each Alternative’

No. Alternative Analytical Focus Expected Outcome Evaluation Strength Key Limitation
Measures FEL readiness Stlorjgdlﬂgnostlc l?l.gmyfm .as.iaessmg Doas not validate
Stand-Alone FEL through governance, phase- Produces a readiness and decision basis, including whether FEL
1 Maturity Assessment gate deliverables, WBS quality,  structured front-end “Business Case, WBS, Risk/Opportunity mEturityimproves
Madal risk visibility, schedule maturity profile before Assessment, CPM Schedule, mcu::n P
readiness, and estimate capital commitment. Cost/Resource Budget, and Stakeholder
performance.

FEL Maturity with CPI
Validation Model

FEL Maturity with SP1
Validation Model

FEL Maturity with CPI &
4 SPI Dual Validation
Model

Integrated Model: FEL +
] CPI + SPI + Supporting
Indicators

readiness.

Links FEL maturity with CPl as
the lagging cost-performance
indicator.

Links FEL maturity with SPl as
the lagging schedule-
performance indicator.

Combines CPl and 5Pl to
validate both cost and
schedule performance.

Combines FEL maturity, CPI,
5P, and supporting indicators
such as EAC, TCPI, and WBS-
level variance.

Produces a cost-
efficiency
signalbetween front-end
readiness and execution
cost performance.

Produces a schedule-
efficiency

signal between front-end
readiness and progress
performance.

Produces a balanced
execution-performance
viewacross cost and
schedule dimensions.

Produces comprehensiv
& performance
validation linking
planning quality with
execution outcomes.

Analysis".

Strong for evaluating budget control,
estimate credibility, and cost efficiency
using BCWS, BCWP, and ACWEP.

Strong for identifying delay sensitivity and
schedule slippage; EVM integrates "scope,
schedule, and cost™

Maore robust than single-index models
because it tests baseline credibility in both
cost and schedule terms.

Strongest analytical depth and decision
usefulness; CPl and 5P| "can be used
independently or together,” supported by
deepervariance analysis.

Under-represents
schedule
performance.

Under-represents
cost
performance.

Limited to core
EVM indices and
may not fully
explain root
causes.

Requires higher
data availability
and more

analytical effort.

Step 4 - Selection of The Criteria

These steps use a two-stage MADM structure: non-compensatory screening followed by
compensatory additive weighting.”® The criteria are adjusted to align with the CIl Front-
End Planning framework, particularly the Cll FEL maturity structure and the Maturity—
Accuracy Matrix to test whether the project definition is accurate, reliable, traceable, and
capable of supporting credible execution performance?’®.
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Stage 1 — Must-Pass Screening Criteria (score: 0 = fail, 1 = pass)

Table 4 - Must Pass Screening Criteria’™”

Mo. Must-Pass Criterion Pass Requirement Reference Basis
The alternative must address the main ClI .
. CII FEL matur
1 FEL maturity structure FEL areas: Basis of Project Decision, Basis fty
framework
of Design, and Execution Approach.
The alternative must recognize that maturity _—
2 Maturity—accuracy logic  alone is insufficient unless the planning cll h'!aturl couracy
. . Matrix
basis is also accurate and reliable.
The alternative must be traceable to the S;ﬁ:::’;: Bg;':::l;e::ble
3  Baseline traceability WBS, schedule, estimate, risk basis, and “ "
anoroved baseline well documented™” and
PP : traceable to source data
. MASA states that EVMS
The alternative must use measurable .
evidence to support decision-making, either supporis varance
4 Performance evidence ' analysis, forecasting,

from FEL documents, EVM indicators, or
both.

baseline control, and
corrective action™

Threshold rule: any alternative scoring 0 on one or more Stage 1 criteria is eliminated
from further analysis."8.

77 by Author
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Stage 2 — Weighted Comparison Criteria (score: 1-5 each)

Table 5 - Weighted Evaluation Criteria™

No. Criterion Weight Analytical Rationale
1 FEL maturity 0.20 Measures how well the model covers the Cll FEL areas: Basis of
coverage : Project Decision, Basis of Design, and Execution Approach.

Reflects the Cll Maturity-Accuracy Matrix, which shows that a project
Accuracy and

2 baseline reliability 0.20 mayappearmature but still perform poorly if the underlying basis is
inaccurate.
- Measures whether the model can be traced to the WES, schedule,
Traceability and . . . - "
3 L 0.15 estimate, risk register, and approved baseline. GAO requires reliable
auditability . . "
estimates to be “well documented”.
Cost-perf Measures how strongly the model validates execution cost
a cﬁ’ ':_e “"tmanc: 0.15  performance using CPl or related indicators. EVM uses BCWS, BCWP,
validation strengt and ACWQP to support cost-performance measurament.
Schedule- Measures how strongly the model validates schedule performance
5 performance 0.15 using 5Pl or related schedule indicators. GAO defines SPl as a
validation strength measure of work accomplished versus work planned.

. Measures whether the model supports management action through
Corrective and

6 . 0.15 variance analysis, forecasting, baseline control, and corrective
decision usefulness

action.
Total 1.00
Table 6 - Scoring Scale®®
Score Interpretation Meaning

1 Very weak Criterion is barely addressed.
Criterion is partially addressed

2 Weak but lacks analytical strength.

3 Moderate Criterion is adequately
addressed.

4 Strong Criterion is clearly addressed and

useful for decision-making.

Criterion is fully addressed and

S LIRS pravides high analytical value.

Each surviving alternative will be rated on a 1-5 scale for each criterion, converted to
nondimensional scores, multiplied by the weights above, and then summed. The highest
total score identifies the strongest alternative for detailed comparison in Step 5.

79 By Author
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Step 5 applies the criteria developed in Step 4 to compare the five feasible alternatives.
Sullivan, Wicks, and Koelling explain that this step requires the “analysis and comparison
of the alternatives” before selecting the preferred option®.

A. Result of MADM Analysis

The MADM analysis is conducted in two stages. First, the alternatives are screened using
must-pass criteria to ensure that each model is analytically acceptable. Second, the
alternatives are scored using weighted criteria aligned with the CII FEL maturity

framework and the CIl Maturity—Accuracy Matrix82.

Table 7 — Must Pass Criteria Analysis®

. FEL Maturity- Baseline Performance . e s
No. Alternative Accuracy e . Analytical Justification Result
Structure N Traceability Evidence
Logic
Stand-Alone FEL Meets FEL readiness and traceability
Maturity . requirements, but provides only front-end Proceed as
i Assessment Praa Praa Praa e diagnosis without CPI/SP| validation. benchmark
Model Retained as a benchmark comparator.
FEL Maturity with Links FEL maturity to cost-performance
2 CPI Validation Pass Pass Pass Pass validation through CPI, providing measurable Proceed
Model execution evidence.
FEL Maturity with Links FEL maturity to schedule-performance
3  SPIValidation Pass Pass Pass Pass validation through SPI, testing planned versus Proceed
Model accomplished work.
FEL Maturity with Validates FEL maturity across both cost and
4 CPIl &SPl Dual Pass Pass Pass Pass schedule dimensions, improving baseline Proceed
Validation Model credibility assessment.
Inizeriizl (bl 2 Integrates FEL maturity, CPI, SPI, and
FEL + CPI + SPI + o .
5 P i Pass Pass Pass Pass supporting indicators to strengthen variance Proceed
Int:iﬁ'(r:;olrgg analysis, forecasting, and corrective action.

81 Sullivan, W. G., Wicks, E. M., & Koelling, C. P. Loc. Cit.
82 Construction Industry Institute. Loc. Cit.
83 by Author
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Table 8 - Scoring Analysis®

No Criteria Alt1 Alt 2 Alt 3 Alt 4 AltS
1 FEL Maturity Coverage 5 4 4 4 5
2 Accuracy/Baseline Reliability 3 4 4 4 5
3 Traceability & Auditability 4 4 4 4 5
4 CostValidation 1 B 2 5 b
8 Schedule Validation 1 2 5 5 3]
6 Corrective & Decision Usefulness 2 3 3 4 b
Table 9 - Weight Scoring Analysis®
No Criteria Weight Alt1l Alt 2 Alt3 Alt4 Alt5
1 FEL Maturity Coverage 0.20 100 080 080 080 1.00
2 Acc.ura.l?? / Baseline 0.20 0.60 0.80 0.80 0.80 1.00
Reliability
3 Traceability & Auditability 0.15 0.60 0.60 0.60 0.60 0.75
4 Cost Validation 0.15 0.15 0.75 0.30 0.75 0.75
5 Schedule Validation 0.15 0.15 0.30 0.75 0.75 0.75
g Comective & Decision 015 030 045 045 060 0.75
Usefulness
Total Score 2.80 3.70 3.70 4.30 5.00
Rank 5 3 3 2 1

The MADM result shows that Alternative 1 provides strong front-end diagnostic value but
does not validate execution performance. Alternatives 2 and 3 validate only one
performance dimension, either cost or schedule. Alternative 4 is stronger because it
combines CPI and SPI, but it remains limited to the two core EVM indices. Alternative 5
is the most robust because it integrates FEL maturity, baseline reliability, CPI, SPI, and
supporting indicators such as EAC, TCPI, and WBS-level variance review. This makes it
the strongest alternative for linking planning quality with measurable execution
performance?8788,

84 By Author

85 By Author
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87 U.S. Government Accountability Office. Loc. Cit.
88 NASA. Loc. Cit.

© 2026 Vanessa Graciela Bernadeth
www.pmworldlibrary.net Page 20 of 37



http://www.pmworldjournal.com/
http://www.pmworldlibrary.net/

PM World Journal (ISSN: 2330-4480) Validating Front-End Loading Maturity Using

Vol. X1V, Issue xxx — Month 2026 Earmed Value for Downstream Oil and Gas
www.pmworldjournal.com Capital Investment Decision
Featured Paper by Vanessa Graciela Bernadeth

B. Case Study Analysis

To test the preferred analytical model, this paper uses four anonymized 2024
downstream oil and gas project cases: Project A, Project B, Project C, and Project D,
attached as APPENDIX A. The dataset provides BCWS, BCWP, ACWP, SPI, and CPI
from M1 to M11. M11 is used as the terminal comparison point because it represents the
latest available cumulative performance position in the dataset.

The purpose of this case study is not to replace a formal CII/PDRI FEL assessment.
Instead, it uses an EVM-derived proxy scoring method to position the four projects on the
Cll Maturity—Accuracy Matrix. This approach is appropriate because the dataset does
not include formal gate-review or PDRI scores, but it does include earned value evidence
that can test whether the approved baseline behaved reliably during execution. The ClI
Maturity—Accuracy Matrix supports this logic because project readiness should be
evaluated through both maturity and accuracy, not maturity alone®.

In this study, the two proxy dimensions are defined as follows:

Table 10 — Proxy Dimension?
Proxy Dimension Role in This Study Evidence Used

Apparent strength of project
EVM-derived FEL maturity proxy definition, progress
score measurement discipline, and
baseline control behavior

BCWP movement, SPI trend, CPI
trend, and progress
measurement consistency

Reliability of the approved
baseline when tested against
actual execution performance

EVM-derived baseline accuracy
proxy score

M11 CPI, M11 SPIl, BCWP-BCWS
alignment, and trend stability

Table 11 — Case Study Data of Oil & Gas Downstream Projects®
BCWS  BCWP ACWP

Project M11 M11 M11 SPIM11 CPI M11 EVM Position

Severely behind schedule;

A 229 83 87.80 0.36 0.94 slightly over budgst

B 596 504 405.14 0.84 1.94 Behind schedule; under
budget

C 321 324 324.00 1.01 1.00 On schedule; on budget

D 150 111 143.08 0.74 0.78 Behind schedule; over
budget

The M11 data shows four distinct performance patterns. Project C is the most stable case
because BCWS, BCWP, and ACWP remain closely aligned. Project B is cost-efficient

89 Construction Industry Institute. Loc. Cit.
% By Author
91 By Author
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but behind schedule. Project A shows severe schedule underperformance, while Project
D is both behind schedule and over budget.

Table 12 - Proxy Method Weight Scoring®

Score Type Checklist Item Weight Evidence Used
. Scope / WBS definition Stability of earned value recognition and
FEL maturity proxy signal = work-package progress behavior
) Schedule baseline 5Pl trend and schedule performance
FEL maturity proxy , 20 .
readiness consistency
FEL maturity proxy = Bt.f [RaseizelbamelinG 20 CPI trend and cost-control behavior
readiness
. Risk / change readiness Late-period disruption or stability in
FEL t 20
maturily proxy signal CPI/SPI behavior
. Progress measurement Regularity of BCWP updates from WO to
FEL mat L 20
maturity proxy discipline W10
Baseline accuracy proxy  Schedule accuracy signal 25 W10 SPI closeness to or above 1.00
Baseline accuracy proxy  Cost accuracy signal 25 W10 CPl closeness to or above 1.00
. . Earned value alignment with planned
Baseline accuracy proxy  BCWP-BCWS alignment 25 value at W10
Baseline accuracy proxy W AL = G 25  CPI/SPI consistency from M1 to M11

credibility

This proxy method is used only as an analytical bridge between available EVM data and
the CIlI maturity—accuracy concept. It is not presented as a substitute for a formal
CII/PDRI score.

Table 13 - Case Study Analysis®

EVM-Darivad
EVM-Darived . .
Basel FEL Mat Keay M11
Project  FEL Maturity ne AR oy Analytical Reading
Accuracy Proxy  Quadramt Evidence
Proxy Scora
Scora
Severe schedule underparformance
Low Maturity SPI=0.36: andweak EV/PV alignment indicata
A 53 40 { Low ¥
AcCuracy CPl=0.24  poorreadiness and low baseline
raliability.
Low Maturity B - Cost performance is strong, !Jut .
N SPI=0.B4; schedule performance ramains weaalk;
B 72 78 I High _ . o
CPl=1.24 accuracy exists mainly in the cost
Accuracy . )
dimension.
High
Plannad value, sarned valuea, and
Maturity/  SPl=1.01; . o
C a0 33 Hi CPl = 1.00 actual cost are closely aligned,
gh ‘ indicating stable baseline credibility.
Accuracy
High Progress measuramant appears active
Maturity f SPI=0.74; )
b B2 49 siurity “ T Ut M11 deterioration shows weak
Liows CPlI=0.78 bagall
MGI..IFEE‘]" aselinge accuracy.

92 By Author
98 By Author

© 2026 Vanessa Graciela Bernadeth
www.pmworldlibrary.net Page 22 of 37



http://www.pmworldjournal.com/
http://www.pmworldlibrary.net/

PM World Journal (ISSN: 2330-4480) Validating Front-End Loading Maturity Using

Vol. X1V, Issue xxx — Month 2026 Earmed Value for Downstream QOil and Gas
www.pmworldjournal.com Capital Investment Decision
Featured Paper by Vanessa Graciela Bernadeth
100 -

g High Maturity High Maturity Project C
~ 90 Low Accuracy High Accuracy @

S

p

o Project D

O

(el

> 80

e

Q.

z Project B

5

© 70

=

-

w

(V.

° Low Maturity Low Maturity

E 60 - Low Accuracy High Accuracy

3

= Project A

>

w

50 -
20 30 40 50 60 70 80 90 100

EVM-Derived Baseline Accuracy Proxy Score (0-100)
Figure 10 — EVM Derived FEL Maturity vs Baseline Accuracy Proxy Score®

C. Comparison of Case Study Outcomes

Table 14 - Comparison of Case Study Outcomes®®

Case Project FEL Condition Matrix Position c;;::l Main Finding Management Implication

) . Revalidate baseline accuracy,
Active reporting does not schaduls logic, and cost

High maturity / Low SPI=0.74;

1 ] accuracy Mature but unreliable CPl=0.78 prevent p_-::or.ps_rfulmanc& if T e Lor
the baseline is inaccurate. ) 3
continuation.
. ) ) Baseling is credible and Use as benchmark for FEL
2 C High maturity / High Mature and reliable 5Pl =1.01; execution remains aligned maturity, baseline reliability, and
accuracy CPl=1.00 .
with plan. EVM monitoring.
Severe schedule
Low maturity / Low ) SPI=0.36; underperformance indicates owu'n to FEL development and
3 A Weak and unreliable ) prepare a recovery baseline
accuracy CPl=0.94 weak readiness and low before furth N
baseline credibility. efore further commitment.
Low maturity/ High  Partially accurate but SPI = 0.84; Strong cost performance does Im-tstlga_te schedule lnglc,.
4 B . not offset weak schedule sequencing, resource loading,
accuracy incomplete CPl=1.24 . " .
maturity. and critical path realism.

The comparison shows that Project C is the strongest case because it combines high
maturity, high accuracy, and stable CPI/SPI performance. Project D shows that maturity
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without accuracy can create false confidence. Project A confirms that weak maturity and
weak accuracy produce poor schedule performance. Project B shows that strong cost
performance does not automatically mean the project is ready, because schedule
performance remains below plan.

Overall, the 2024 case-study data support the MADM result. A stand-alone FEL
assessment is not enough, and a single CPI or SPI validation is also insufficient. The
preferred model should integrate FEL maturity, Cll maturity—accuracy logic, CPI, SPI,
and supporting indicators. Therefore, Alternative 5: Integrated Model with FEL Maturity,
CPI, SPI, and Supporting Indicators provides the strongest basis for linking front-end
planning quality with measurable execution performance®°7%,

Step 6 - Selection of the Preferred Alternative

After completing the analysis in step 5. This selection is based on two findings: first,
Alternative 5 achieved the highest MADM score; second, the case-study data show that
project performance cannot be interpreted reliably using FEL maturity, CPI, or SPI in
isolation.

Table 15 — Selection of the Preferred Alternatives®®

Selection Basis

Key Result

Implication

MADM score

Cll maturity-accuracy logic

EVM validation

Supporting indicators

2024 case-study evidence

Alternative 5 ranked highest with
atotal score of 5.00

Project readiness must consider
both maturity and accuracy

CPl and SPI test cost and
schedule performance against
the approved baseline

EAC, TCPI, and WBS-level
variance strengthen diagnosis

Projects A-D show different
CPI/SPI patterns at M11

Provides the most complete
analytical structure for linking
FEL maturity, baseline accuracy,
and execution performance

Prevents overreliance on
document completion alone

Converts planning guality into
measurable execution evidence

Supports “variance analysis,
forecasting, baseline control,
and corrective action”

Confirms that single-indicator
analysis can mislead decision-
makers

The 2024 case-study data strengthen the selection. Project C shows the desired
condition, with SPI = 1.01 and CPI = 1.00, indicating alignment between planned value,
earned value, and actual cost. Project B shows that strong CPI alone is not sufficient
because CPI = 1.24 is favorable, but SPI = 0.84 indicates a schedule delay. Project A

9% Construction Industry Institute. Loc. Cit.

97U.S. Government Accountability Office. Loc. Cit.
% NASA. Loc. Cit.
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shows the opposite risk, where CPI = 0.94 appears near the target, but SPI = 0.36
indicates severe schedule underperformance. Project D confirms that apparent maturity
without accuracy remains risky, with SPI = 0.74 and CPI = 0.78 at W10.

Therefore, Alternative 5 is selected because it directly supports the objective of this
paper: evaluating whether front-end planning quality is mature, accurate, traceable, and
validated by measurable execution performance. It also aligns with GAQO’s requirement
that reliable estimates should be “well documented”'®, NASA’s emphasis on “variance
analysis, forecasting, baseline control, and corrective action”'®’, and NDIA’s use of
predictive measures for proactive program management'°2,

Step 7 - Performance Monitoring

Step 7 converts the selected alternative into a repeatable control-and-learning system.
Sullivan, Wicks, and Koelling describe this stage as “performance monitoring and post
evaluation of results”%3, Since Step 6 selected the Integrated Model with FEL Maturity,
CPI, SPI, and Supporting Indicators, monitoring should be applied as a phase-based
governance cycle, not as a one-time assessment.

The purpose of this step is to ensure that front-end planning quality is tested before
sanction, validated during execution, and improved after completion. This is consistent
with the CII maturity—accuracy logic, where project readiness must be evaluated through
both maturity and accuracy'%. It also aligns with NASA’s expectation that EVMS should
support “variance analysis, forecasting, baseline control, and corrective action”1%°,

100 U.S. Government Accountability Office. Loc. Cit.

101 NASA. Loc. Cit.

102 National Defense Industrial Association, Integrated Program Management
Division. (2021). A guide to managing programs using predictive measures.
https://www.ndia.org/divisions/ipmd/division-quides-and-resources

103 Sullivan, W. G., Wicks, E. M., & Koelling, C. P. Loc. Cit.

104 Construction Industry Institute. Loc. Cit.

105 NASA. Loc. Cit.
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Table 16 — Phase-Based Monitoring for Integrated Model'%

Phasa Control Question Primary Evidance Key Indicator Mf}lug:i::m
wvwpos O
FEL / Pre-Sanction matura and fiak rag;iat'an ' FEL maturity and Proceed, revige, or
accurate anough to schedule basis, Hccuracy scora hiold
procesd? astimata basis
WES alignment,

Baseline Approval

Execution
Monitaring

Racovery S
Farecasting

Closeout S Post-
Evaluation

I5 the basealine
reliable and
traceabla’

Is actual
perfarmance
aligned with the
approved
baseline?

Can tha project
still meat cost and

schaduls targets?

Dvid FEL maturity
and accuracy
predict actual
parformance?

BCWS baseline,
BOE, schedula
lagic, rsk
allowancea

BCWS, BOWP,
ACWP, CPI, SPI

EAC, ETC, TCPI,
critical path
raviaw, WES-laval
variance

Final CPI/SPI, final
cost, final
duration, change
causas

Basaline quality
reviaw

CP| and 5P| trend

Recovery Teasibility

FEL-to-EVM
comparison

Approve baseline
of regquira
corraction

Continue,
investigate, or
cormact

Racovery plan or
rebaseline raquest

Lassons learned
and checklist
calibration

This phase-based logic prevents the model from becoming a reporting exercise. Before
sanction, the focus is on readiness. At baseline approval, the focus shifts to traceability
and reliability. During execution, CPl and SPI validate whether the baseline is performing.
During recovery, EAC, TCPI, critical path review, and WBS-level variance determine
whether the correction is realistic. After closeout, the results are used to improve future
gate decisions.
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Table 17 - Monitoring Indicators for the Selected Model'”’

Monitoring Area

Indicator

Analytical Purpose

Warning Signal

FEL maturity

Baseline accuracy

Formal CI/FEL
checklist scora

Estimate basis,
schedule logic, risk

Tasts completanass of
front-and definition

Tests wheathar maturity
15 supported by reliable

Scora balow thrashold

Weak BOE, unrealistic
logic, or unsupported

allowanca assumptions allowanca

Tasts whathear 5P| is
based on a credibla
schedula

Measuras cost

Critical path, logic
links, float, constraints

Invalid logic ar

Schadula quality unrealistic critical path

CPl, cost variance,

- -
Cost parfarmanca ACWE trend afficiency of completad CPl<1.00
wiork
5P|, scheduls variance Masnires work
Schedule parformance o y " accomplished against 5Pl <1.00
milastone trand
wiork planned
) Tasts final cost and EALC growth or
F ti EAC, ETC, TCPI - -
arecasting racovany feasibility unraalistic TCPI
Identifies whether
wvariance comes fram
WEBS-level variance and Repeated variance in
Root-cause control YR miissad FEL, axecution P !

change-cause coding the same WBS area

issue, or valid scope
change

Initial FEL score vs final | oo whether front-and
reaadiness pradicted

CPISPI )
delivery parfarmanca

Gap batwaan readinass
Post-avaluation score and actual

outcome

GAO defines SPI as a measure of work accomplished compared with work planned, while
CPI measures cost performance for completed work'%. However, the 2024 case-study
data show why these indicators must be monitored together. Project B showed strong
cost performance but weak schedule, while Project A showed severe schedule
underperformance, despite CPI being closer to the target. This confirms that a single
indicator may mislead decision-makers.

For future research, the EVM-derived proxy scoring used in this paper should be
validated using a formal Cll-based checklist. The current case study demonstrates the
concept using available project-control data, but a stronger empirical test would score
FEL maturity and accuracy before execution, then compare the matrix position with CPI,
SPI, EAC, TCPI, and WBS-level variance during delivery. This would allow owner

107 by Author
108 U.S. Government Accountability Office. Loc. Cit.
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organizations to test whether formal front-end maturity and accuracy scores can predict
downstream project performance.

Overall, Step 7 closes the governance loop. FEL maturity becomes the leading readiness
condition, baseline accuracy becomes the credibility test, EVM indicators become the
execution validation mechanism, and post-evaluation becomes the learning process.
This makes the selected model suitable not only for monitoring current projects, but also
for improving future capital investment decisions99110111,

CONCLUSION
This paper addressed the following research questions:

1. How can FEL maturity be defined and assessed?
FEL maturity should be defined as the extent to which a downstream oil and gas
project has developed a reliable, traceable, and decision-ready front-end basis
before major capital commitment. It should not be assessed only by the existence of
documents, but by the quality and integration of the business case, WBS,
risk/opportunity assessment, CPM schedule, cost/resource budget, stakeholder
analysis, and execution strategy. The CII maturity—accuracy logic is therefore
important because a project may appear mature, but still unreliable if the underlying
planning basis is inaccurate'2.
2. How can CPI and SPI be used to validate the credibility of front-end planning?
CPI and SPI can be used to validate the credibility of front-end planning by testing
whether the approved baseline performs during execution. CPI indicates whether
completed work is being delivered within the planned cost basis, while SPI indicates
whether earned progress is consistent with planned progress''3. However, the case
study shows that CPI or SPI alone can mislead decision-makers. A project may look
cost-efficient but remain schedule-weak or appear active in progress reporting while
still having an unreliable baseline. Therefore, CPl and SPI should be used together
with EAC, TCPI, and WBS-level variance review to support “variance analysis,
forecasting, baseline control, and corrective action”'"4.
3. How can this relationship improve capital investment decision-making?
The relationship improves capital investment decision-making by converting FEL and
EVM into a closed governance loop. FEL tests readiness before sanction, EVM

109 U.S. Government Accountability Office. Loc. Cit.
10 Construction Industry Institute. Loc. Cit.

1 NASA. Loc. Cit.

112 Construction Industry Institute. Loc. Cit.

113 U.S. Government Accountability Office Loc. Cit.
114 NASA. Loc. Cit.
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validates execution after baseline approval, and post-evaluation feeds lessons
learned back into future phase-gate decisions. This strengthens owner decision
quality by linking front-end readiness with measurable downstream performance
evidence. For future application, the proposed model should be further tested using
formal Cll FEED MATRS or PDRI scoring combined with actual project CPI and SPI
data.
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APPENDECIES

APPENDIX A — Downstream Oil & Gas Project Data 2024

CASE
STUDY
A 197 | 197 | 187 | 187 | 229 | 239 | 239 | 229 | =239 | 229 | 229
B 498 | 498 | 488 | 527 | 556 | 585 | 595 | 5965 | 596 | 596 | 596
c 276 | 276 | 291 | 309 | 312 | 321 | 321 | 3: | @8 | a7 | a32:
D a7 97 a7 97 g7 97 97 a7 97 g7 150
CASE | BCWP | BCWP | BCWP | BCWP | BCWP | BCWP | BCWP | BCWP | BCWP | BCWF | BCWP
STUDY | M1 M2 | M3 | M4 | Ms ME | M7 | M8 | M8 | M0 | M1l
A 76 g3 g3 B3 83 83 83 g3 83 83 83
B 416 | 465 | 482 | 500 | 504 | 504 | 504 | 504 | 504 | 504 | 504
c 285 | 285 | 300 | 300 | 300 | 300 | 300 | 300 | 318 | 320 | 324
D a2 ad a5 96 99 | 102 | 102 | 105 | 106 | 107 111
CASE | ACWP | ACWP | ACWP | ACWP | ACWP | ACWP | ACWP | ACWP | ACWP | ACWP | ACWP
STUDY | M1 M2 | M3 | M4 | Ms ME | M7 | M8 | M8 | M0 | M1l
A | 7614 | 7614 | 76.14 | 76.14 | 76.14 | 76.14 | 8372 | 83.72 | B7.80 | 87.80 | B7.80
B | 347.06 | 347.06 | 347.06 | 347.06 | 347.06 | 405.14 | 405.14 | 405.14 | 405.14 | 405.14 | 405.14
C | 287.85 | 293.55 | 303.00 | 303.00 | 303.00 | 303.00  303.00 | 318.00 | 318.00 | 323.20 | 324.00
D | 100.81 10664 | 107.60 | 110.86 | 119.18 | 125.51  133.21 | 134.32 | 135.61 | 137.93 | 143.08
5?':.15:‘[ SPIM1 | SPIM2 | SPIM3 | SPIM4 | SPIMS | SPIME | SPIM7 | SPIMBE | SPIMI | 5PIM10 | SPIM11
A 035 | 042 | 042 | 042 | 036 | 036 | 036 | 036 | 036 | 036 | 0.35
B 0.84 | 084 | 089 | 055 | 091 | 086 | 084 | 084 | 084 | 0.84 | 0.84
c 103 | 103 | 103 | 057 | 096 | 083 | 083 | 093 | 100 | 101 | 101
D 095 | 087 | 087 | 098 | 102 | 104 | 104 | 108 | 108 | 110 | 074
. CASE
s7upy | CPIM1 | CPIMZ | CPIM3 | CPIM4 | CPIMS | CPIMG | CPIM7 | CPIMB | CPIM9 |CPIM10| CPIM11
A 100 | 109 | 108 | 109 | 109 | 108 | 059 | 099 | 054 | 084 | 0.94
B 120 | 135 | 142 | 144 | 145 | 124 | 1.24 | 124 | 124 | 124 | 124
c 099 | 087 | 099 | 099 K 099 | 099 | 099 | 094 | 100 | 089 | 1.00
D 091 | 08B | 0BE | 086 | 083 | 081 | 076 | 078 | 0.78 | 077 | 0.78
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