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Abstract

There are two ways to analyze the problem of construction nonperformance (not on time, not
meeting the quality expectations of the owner, and not having cost increase change orders). The
first is a project-specific approach, which assumes that the problems are being caused by the
uniqueness of each project. This approach stresses: finding solutions in better trained personnel
and craftspeople, more standards, construction management, and inspection. The other is a
process approach, which assumes that the problems are being caused by the process.

Performance-based procurement uses the process approach. It hypothesizes that the current
price-based design-bid-build procurement process is inefficient, supports an adversarial
environment, is devoid of performance information, is highly inefficient, maximizes
management and inspection instead of quality control, and treats highly differential construction
products and services as commodities. The Performance Information Procurement System
(PIPS) was created to resolve these issues causing construction nonperformance. The results of
380 tests of construction procurement will be assessed in terms of performance. Using case
studies from a variety of large clients, the results of performance will be analyzed in terms of
on-time, on budget, and meeting customer expectations. Lessons will be drawn on the cost of
performance, the minimization of client management and inspection, and the creation of a"win-
win" relationship of best value for the owner while concurrently maximizing the contractor
profit.

Keywords: Peformance results, performance based procurement, construction delivery
process, Six Sigma process application
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1. Introduction - Construction Industry Performance

For the past twenty years, the construction industry has attempted to improve its construction
performance (finishing on-time, minimizing change orders, and meeting customer’s
expectations). In both the United States and in the United Kingdom, overall performance has
hovered between the 60% - 70% range for owner satisfaction [5, 16, 20]. The performance
issues can be summarized by the following numbers:

1. 33% of projectsinthe US end over budget.

2. 53% of clientsinthe US do not want to have arelationship with the contractor at the end of
construction.

3. Only 68% of clientsin the UK would give a 8/10 rating or better on satisfaction.

4. Only 45% of clientsinthe UK stated that the costs were on target

5. Only 62% of clientsin the UK stated that the projects were completed on time.

The construction industry has tried various solutions to improve construction performance.
These have included continuous improvement, partnering, business process re-engineering, just-
in-time construction, lean construction, prefabricated systems, and long-term partnerships.
Although each solution may have improved construction operations, the general problems of
nonperformance have persisted.

1.1 Influence of the Worldwide Competitive Price Pressures

The construction industry is guided by two major factors: competition and performance (Figure
1) [11]. In Figure 1, Quadrant 11l represents the construction industry structure before the
advent of the worldwide, highly competitive marketplace. Clients or building owners selected
performing designers and contractors. Terms were negotiated, and the construction was
completed. Hiring was based on performance before price. These designers and contractors
had highly skilled personnel and craftspeoplethat did their own quality control.

With the worldwide competitive marketplace, clients sought to procure a better value. The
intention was to keep high quality, but increase the competition (moving from Quadrant I11 to
I1). However, theinability to identify and measure the difference of performance resulted in the
awards being price based. Instead of moving from Quadrant 111 to I, the majority of clients
moved to Quadrant I.

Quadrant | is a price-based, commodity environment. A price-based environment is only
optimal when the products and services are true commodities. Commodities are described using
minimum standards and requirements. The best value is the lowest price. Procuring
construction as a commodity forces the contractors to provide the given acceptable performance
at the lowest price. The client’s representative (architect/engineer) uses minimum standards to
reduce the risk of receiving a lower quality product. Figure 2 shows an example of four
contractors, each with different levels of performance ability for a particular project. The
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specifications (input based specs (USA), not output based specifications as are common in the
UK) put forward in the contract documents dictate a specific level of performance quality. To
reduce costs and the chance of a successful bid, the contractors with a greater level of ability for
the given project (quality, speed, expertise) lower their performance to the level of the
specification.  Thus, the contractors (and manufacturers providing the construction
products/materials) use the minimum expectation as a maximum level (in order to maximize
their profits and likelihood of a successful bid). By awarding to the lowest bidder, performance
is guaranteed at only the lowest possible level, which maximizes the client’s risk of
nonperformance by a contractor. The resulting difference commonly causes an adversarial
relationship (Figure 3) where the owner see the stated specifications as a minimum level of
quality while contractors (and suppliers, manufacturers, etc.) see it as a maximum level of
quality [9].
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Figure 1. Construction Industry Stability
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Figure 2. Impact of Minimum Standards on Performance
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Figure 3. Owners vs Contractors: Difference in Objectives

1.2 Project Specific Approach: Construction Management and
Expertise

The industry hastried to solve the adversarial, high risk environment by hiring experts who uses
their expertise to differentiate every type of construction, set technical standards in each
specialty; create means, methods, and material specifications; prequalify contractors; and
manage, control, and inspect the contractor using technical expertise, thereby theoretically
eliminating as must risk as possible. Ironically, their chief weapon, the minimum standards are
a major source of risk [11]. Offering a higher performance (in a price based, Quadrant |
environment) is a noncompetitive practice. This concept helps explain some of the bankruptcies
of experienced construction businesses that have been in the industry for over ten years|[3].

When standards are used, it forces the client to inspect in terms of means, methods, and
materials (MMM). Minimum standards have no correlation to performance [2, 6, 13, 14, 21].
Standards and specifications also allow contractors who do not have experience to bid the
project. The award to the low bidding, inexperienced low bidder may actually result in a higher
project cost. This environment, with it poor performance results, threatens the sustainability of
low-bid construction. The risk can also be identified by the high costs to sureties in both the
bonding and insurance payouts [18, 15, 3]. Due to these factors, the authors hypothesize that
performance has no direct correlation with awarded price. Therefore, if price does not affect
specified performance, high performing contractors do not require external management and
inspection. High performance contractors will quality control their own work. They minimize
the performance risk with expertise and quality control.

The authors propose that by moving to a Quadrant 1l, performance based environment, the
efficiency of the construction process will increase, minimizing performance issues. By hiring
experienced personnel and contractors (which need less control, less management, and less
inspection), the contractors will maximize their profit, and the owner will get best value. The
authors are proposing that the effort to minimize construction performance issues using a
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project specific approach (Quadrant 1) has proven to be inefficient and ineffective. A process
based solution (Quadrant 11) is required.

2. Process Based Solution: PIPS

To investigate process based performance procurement in comparison to current low-bid
practices, the Performance Information Procurement System (PIPS) was designed in 1991 and
has since been tested, modified, and retested 380 times over the past ten years. Itisa Six Sigma
based process that defines the process, measures the critical elements and the level of risk,
analyzes the process using fuzzy logic, forces improvement, and controls deviation through
process control (fundamentally Six Sigma’'s DMAIC (Define, Measure, Analyze, Improve,
Contral)).

The ten year, $4.2M research effort has involved the procurement of $230M of construction,
and has resulted in over 80-refereed conference and journal papers. The fundamental
hypothesis (construction nonperformance is a process based problem) has not been altered over
the ten years, even though steps in the process has been improved through trial and error.

2.1 Research Hypothesis

Research Hypothesis:

1. Construction performance is mainly a process issue.

2. Thecritical dement isidentifying and competing performing contractors.
3. Management/control by the owner should be minimized [4].
4

An efficient environment will lower cost, deliver best value for the owner, and maximize
the contractor’ s profit.

Risk should be minimized by contractors rather than clients.

Prequalification is only used when the process is price based.

Under the above hypothesis, PIPS was formed and is composed of five major filters of
procurement (contractor selection) that seek to test the hypothesis. These major components or
filters of performance based procurement are:

1. Identification of past performance. Past performance includes frequency of on time
completion, minimal change orders, and high customer satisfaction of critical project
performance dements (general contractor, site superintendent, project manager, and
mechanical, electrical, waterproofing and other critical subcontractors).

2. Project specific capability. This is defined as the capability to identify, prioritize, and

minimize the risk of the project in the non-technical terms of cost, time and quality
expectation.
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3. Competition based on performance (past performance and ability to minimize risk) and
price. The prioritization is done using a multi-criteria decision making model, which
minimizes risk of nonperformance by giving credit to the identified critical past
performance elements (recorded values of filters one and two). This modd does not
penalize values which are near the mode, but penalizes values that are below the mode. The
processing of values forces contractors to provide their best value, and compete with every
other best value, resulting in atwo step best value process.

4. Pre-award phase. The best value contractor (as identified by the multi-criteria decision
making model) must minimize the risks identified by all competitors. They must coordinate
the requirements between critical elements, clarify or seek clarification on the project. The
contractor will then sign a contract that includes their risk minimization plan, the intent of
the owner, and all clarifications.

5. Construction. The contractor is forced to manage the project in terms of risk. The
contractor passes risk information (affecting cost, time, and quality expectation) to the
client’s representative.

6. Measurement of performance. The project will be rated after completion. All critical
elements of the general contractor’s team will receive the same performance rating. The
rating becomes up to 50% of the critical element’s future performance rating.

3. Testing — Application of PIPS

Testing of PIPS was accomplished via its application on real projects for contractor
procurement. Testing has been conducted over a ten year period in the public and private
sectors for the following clients: Intel, Motorola, Boeing, Burr-Brown, International Rectifier,
Honeywell, State of Wyoming, US Army Medical Command, Federal Aviation Administration,
State of Utah, United Airlines, State of Hawaii, University of Hawaii, State of Georgia,
Wyoming National Guard, Dallas Independent School District, Denver Hospital Group, Harvard
University, and the US Coast Guard.

Over 380 tests and $230M of construction projects were procured using the PIPS system. The
overall performance results of PIPS tests were:

1. No evidence that the first cost of the performance-based awards was more expensive than
the costs of the low bid award. The Civil Engineering Unit of Oakland, CA of the US Coast
Guard (USCG) concluded, via a cost analysis of PIPS awarded projects and non-PIPS
awarded projects for the USCG, that PIPS represents a savings as large as 19% for a
project’s life cycle costs compared to low-bid or non-PIPS procurement [17].

2. PIPS showed 98% performance, where performanceis given as projects that were delivered
on time, with no contractor generated cost change orders after the pre-award phase, and
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high customer satisfaction. This is in comparison to the documented performance of 60 —
70 percent performance of construction in both the United States and the United Kingdom.

3. Increased performance of contractors over time or in comparison with their performance in
thelow bid environment.

4. Contractors performing to a higher level in the PIPS environment than in the low bid
environment. This includes perceived higher performance of the same contractors in the
PIPS environment than in the low bid environment.

5. Construction management minimized up to 80%.
6. Minimized means, methods, and material detailsin design specifications.

7. Risk of designers was minimized due to the two levels of constructability review (business
level review in the risk identification filter and detailed constructability review in the pre-
award phase by the best value contractor).

The first repeat user of PIPS was the FAA Western Region (50 storm damage repair projects
($4M)) and the FAA provided no technical specification to the contractor. PIPS allowed the
FAA engineering requirements group to increase the amount of work procured by 300 percent.
Projects included building repairs, road repairs, and electrical and mechanical systems repairs.
All the projects werefinished on time, without change orders, while satisfying the clients.

United Airlines (UAL) was the next repeat user of PIPS (results shown in Table 1, where the
owner rated certain items on a scale of 1-10 with 10 being the highest (most favorable)). Asin
the FAA projects, technical specifications were minimized. The process was tested on roofing,
painting, waterproofing, flooring, abatement, and renovation/remodding projects. The speed,
efficiency, and minimized effort of PIPS decreased the overhead of construction delivery
allowing more of the funding to go into construction.
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Table 1: United Airlines Performance Based Results

NO Criteria Results
1 |Total number of projects 32
2 |Award Cost $ 12,750,000
3 Low-Bid System of contracting. (Owner scale rated 1-10, 10 is 3
max)
Performance Based System of contracting. (Owner scale rated 1-
4 . 9
10, 10 is max)
5 |Percent satisfied with PIPS 100%
Overall quality of construction using PIPS (Owner scale rated 1-
6 : 9
10, 10 is max)
7 |Percent of users that would hire the contractor again 100%
8 |Percent of projects that finished on time 100%
9 |Percent of projects that finished within budget 100%
10 |Percent of projects with no change orders 100%

The State of Utah projects were the first large multi-million dollar projects (6 projects, $80M
budget, the largest being $53M Olympic Village, Phase I1). Dueto the State s requirements, the
projects had to be run without the most critical component of PIPS, the pre-award phase. Even
though the capahility of the process was limited, PBSRG ran the modified process to determine
if PIPS could be used successfully on large projects with multiple subcontractors. The results
were the best results (Table 2) at the State of Utah in ten years [1]. Without the pre-award
phase, the contractors were not forced to find mistakes in the design documents before

construction award.

In the only project that was not completed on time or without change

orders, the user stated that architect missed too many items for the contractor to cover [7]. The
results reinforced the importance of the pre-award phase. The largest project, the $53M 2002
Olympic Village Housing project was awarded to the low bidder.

Table 2: Sate of Utah Project Results

NO Criteria Results
1 |Total number of projects 5
2 |Award Cost $ 80,506,376
3 |Budget $ 85,770,000
4 |Percent Under Budget 7% Under Budget
5 |Low-Bid System of contracting. (Owner scale rated 1-10, 10 is max) 4
6 Performance Based System of contracting. (Owner scale rated 1-10, 10 9
is max)
7 |Percent satisfied with PIPS 90%
8 |Overall quality of construction using PIPS 9.2
9 |Percent of users that would hire the contractor again 100%
10 |Percent of projects that finished on time 80%
11 |Percent of projects that finished within budget 80%
12 |Percent of projects with no change orders 100%
13 |Number of companies that were surveyed on past performance 357
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The State of Hawaii ran the most projects (over 150) for the longest period of time (4 years) of
the ten year test cycle. Thetest results were captured in the Stat€' s internal audit. The process
eventually ended due to a change in political party and the appointment of a new comptroller
who wanted to return to the traditional, technical based project approach. It is interesting to
note that the State has been unsuccessful in finding a process that duplicates the results of PIPS.
Their current inability to identify or use performance information, and the inability to document
the performance of construction projects supports the authors' hypothesis that the owner does
not know the value of construction in the priced based environment. The anaysis of
performance in the Hawaii tests were done in several ways:

1. Of the 55 roofing clients, 100% stated that the PIPS contractors' performance was excellent,
100% stated that they preferred PIPS over low-bid award, and 96% were satisfied with the
quality of work [19].

2. Out of 20 inspectors, 100% were satisfied with the PIPS work, 94% stated that the PIPS
contractors were more willing to perform, and 95% stated that PIPS required less work for
their staff [12].

3. A transaction cost analysis was performed on the roofing PIPS projects and low-bid
projects. The analysis concluded that PIPS resulted in over 13% savings in the first cost in
comparison to low bid [19]. This did not take into account the increase in quality.

4. A comparison of 96 PIPS roofing projects documented that [19]: 98% of the roofs were
completed on time, the contractors produced approximately twice as much work per day,
and stopped the practice of the State repairing its roofs during the warranty period.

A project run at the State of Georgia was very significant since it allowed a clear comparison of
the first cost of running PIPS versus the cost of low-bid on the exact same project. The
procurement of the $45M construction of an environmental wet laboratory was bid twice using
both processes [8]. The first round of bids was done using the PIPS process. The bid was
regected due to the perceived high cost. It was later identified that the project was over-
designed. The project was redesigned cutting $4.5M from the project. It was re-bid and
awarded using the low-bid process. The project was still over budget ($46.6M) and completed
at $48.8M and late by 50% of the initial construction time. The project was finaly completed
with over $2.2 Million in change orders and approximately one year behind schedule. The State
of Georgiaran a second, similar project using PIPS. After awarding to the best performer, they
proceeded to manage and control the contractor as though it was a low bid contract. The client
was impressed with the contractor but discouraged by the bureaucratic control by the State.

The Dallas Independent School District (DISD) implemented PIPS on nine roofing projects.
Theimplementation illustrated several key concepts, including:
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1. Contractors that DISD thought were very low performing (due to past low-bid work), were
capable of performing very highly under PIPS.

2. Contractors and manufacturers did not know the performance of their roofs.

3. Contractors and manufacturers immediately began responding to problems that DISD had
been requesting to be fixed for over two years.

Table 3 summarizes the results of the PIPS implementation at DISD [10]. The projects were
completed on time, and 13 percent under budget. Once again, the first costs were lower for
higher performance than the low bid prices.

Table 3: Dallas Independent School District Project Results

NO Criteria Results

1 |[Total number of projects 9

2 |Award Cost $ 4,205,208
3 |Budget $ 4,824,357
4 |Percent Under Budget -13%

5 |Percent satisfied with PIPS 100%

6 |Percent of projects that finished on time 100%

7 |Percent of project that finished within budget 100%

8 |Average user rating of low bid (Owner scale rated 1-10, 10 is max) 1

9 |Average user rating of PIPS (Owner scale rated 1-10, 10 is max) 10

4. Conclusion and Recommendation

The process based approach of PIPS, based upon the nearly 400 projects run using the
performance based system, seems to be far more effective in minimizing construction
performance issues than the project specific, low-bid approach. The success of the PIPS system
shows that the Quadrant I, technically oriented, price based construction delivery process may
be the primary cause of construction nonperformance. PIPS is fundamentally a Six Sigma
application that defines the process, measures performance at the right time by the right party,
automated the analysis process using fuzzy logic, forced continuous improvement without
management and control, and minimized deviation through the process control (DMAIC.)
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