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Abstract

Construction labor productivity has declined over the last 50 years. Contrary to mainstream reporting of
significant improvement in construction project productivity through inventions, techniques, methods,
and technologies, construction labor productivity has decreased. Is this contradiction real? The research
answers the question: is there a significant and measurable difference in project performance (cost,
schedule) between projects that use Management by Means (MBR) — using lean construction practices,
and Management by Results (MBR) — using traditional construction practices? The research analyzes,
compares and draws hypotheses based on cost and schedule differences from planned and actual data, as
reported by 70 cases from 7 companies. The aggregate construction cost of these projects is $20.46
billion USD and the aggregate construction size is 35.59M gross square feet. Conclusions bring back two
themes of the systemic nature of construction: autonomous agency, and loose coupling. The information-
rich data leads us to identify future research using comparative analyses.
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INTRODUCTION

Even after initiatives using new techniques and technologies, research indicates that the
construction industry has made no significant improvements in labor productivity over the last 50 years
(Teicholz 2013). The construction industry, aware of its poor productivity image and high waste, has
implemented a number of techniques such as critical path method (CPM), Total Quality Control, Bridging,
Project Evaluation and Review Technique (PERT), several Project Delivery Methods, Resource Leveling,
Line-of-Balance, Building Information Modeling (BIM) and others (Alarcon 1997; Forbes and Ahmed
2011; Rojas and Aramvareekul 2003, Bglviken and Koskela 2016; Al Nasseri et al. 2016; Hussein and
Zaid 2016; Olivieri et al. 2016). The sum of these efforts has not generated a significant impact on the
trend on Figure 1, as indicated by Teicholz (2013). Figure 1 suggest that labor productivity for the overall
construction industry presents a gradual constant decline over the last five decades, even considering the
small peaks. The adjusted line trend indicates a reduction of 0.32% per year, whereas nonfarm industries
reflect a 3.06% positive trend per year (Teicholz 2013).
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Fig. 1. Labor productivity index for US construction industry and all non-farm industries from 1964
through 2003, national institute of building science (NIBS) 2007

Of particular interest are the claims that a project delivery system, Design Build, and a production
management system, Lean Construction, have made regarding productivity increases. Both claim to
reduce both construction cost and construction time. However, neither these initiatives nor the
implementation of digital drawings that have morphed into Building Information Modeling with
increasing dimensions have positively affected construction productivity. According to Sullivan et al.
(2017), the improvement claims come from a number of sources:

o DB most effectively controls cost growth (+2.8%), compared to CMR (+5.8%) or DBB (+5.1%)
¢ No single delivery method consistently performs better on unit cost

e CMR and DB are the most accurate in controlling a project’s schedule variation, with an average
schedule growth of +10.2 and +10.7%, respectively, as compared with a much higher +18.4% for
DBB

The Lean Construction Institute (LCI) has the following website statement:

Dodge Data & Analytics recently benchmarked the current state of capital project delivery
performance and found a statistically significant correlation between use of Lean methods and
better project outcomes.

o High Lean intensity projects were three times more likely to complete ahead of schedule and
two times more likely to complete under budget

On schedule and cost performance, which owners cite as most valuable, Dodge found that



o 24% of best projects finished ahead of schedule compared to only 6% of typical projects
o 46% of best projects finished under budget compared to only 10% of typical projects

e A staggering 61% of typical projects finished behind schedule and 49% of typical projects
completed over budget

With close to two decades of novel project delivery systems (PDS), project management systems,
information technology applications and others, the claimed improvements in time and cost do not fully
answer the question: Why has the labor productivity index, as reported by the National Institute of
Building Sciences (NIBS), decreased? To further explore the issue, the Sullivan et al. (2017) and LCI
findings noted above will be compared with those of this research in our conclusions.

Production Characteristics — Contrast between Manufacturing and Construction

In manufacturing, a product moves through a production line that is characterized by tightly
coupled suppliers that by contract cannot act as autonomous agents. In construction, a parade of specialty
contractors’ crews’ move through the project (creating the product). In other words, in construction, there
are no physical or permanent work stations doing repetitive work. In this sense, manufacturing managers
do manage production flow (Sacks 2016; Sacks et al. 2017) and are able to permanently identify, study,
and minimize waste (Fernandez-Solis and Rybkowski 2012).

In modern construction, the general contractor mainly manages risks in the contract with the
owner and the multiple, individual, and bounded contracts with the specialty contractors who will do the
production work through their crews (foremen or superintendent with a squad of workers). Production
consists of parts and labor; this paper focuses on labor. Fernandez-Solis’ (2008) work on the systemic
nature of the construction industry analyzed the peculiarities of construction in contrast to manufacturing
(also see Vrijoef and Koskela 2005; Xiao and Fernandez-Solis 2016). Two salient peculiarities are the
underlying theme of this paper:

e Loosely coupled systems: Specialty contractors’ workforces constantly change as a project
evolves in a creative environment that is very dynamic—this is therefore inefficient and wasteful
when compared to manufacturing. Rather than the tight coupling of manufacturing, specialty
contractors are loosely coupled in the sense that their contract with the General Contractor
requires a level of performance but the General Contractor cannot strictly enforce the
performance requirement (Naoum 2016). Hence, specialty contractors often juggle their
workforce in response to company strategy and the cumulative needs of all concurrent and
forthcoming projects.

e Autonomous agents: Today’s general contractors manage the business of construction. A project
exists because it is a viable business decision and everything within the project comes under the
business umbrella. A business responds to the general economy; thus, project stakeholders make
decisions that may or may not be the best for the project, but are seen as best for the company at
any given point in time. Hence, autonomous agents play powerful roles in the game of the
construction business in the general economy.

Production Management Approaches: Traditional and Lean construction

Lean construction and its techniques, such as the Last Planner System, plan percent complete,
Takt Time, and others, aim to directly affect and manage the project production across contractual
boundaries in a radical new bottom up manner. This research focuses on established categorization of two
different management theories, namely Management by Results (MBR) and Management by Means
(MBM), and identifies each management style’s techniques (see Figure 2).
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Fig. 2. Comparative chart of management by means and management by results, with example activities used in
each method

Management by Results

Management by Results (MBR), as the name suggests, is a target oriented management principle.
In MBR, all processes, products and services contribute to the accomplishment of desired goals.

Organizational management focuses primarily on financial outcomes and their relationship with
the schedule. Construction managers typically determine the best way to execute a task, its coordination
and supervision, and sophisticated general contractors create a cost loaded schedule that informs its cash
calls on the monthly applications for payment. This top-down management by results is referred to as a
command and control setting and called a “push schedule” (Xiong and Nyberg 2000). Top-down minor
changes in the project scope of the work or logistic planning frequently have major schedule and cost
implications, and activating corrective adjustments late in a project is often ineffective and expensive
(Sterman 1992). In addition, the later the remedial action, the less the ability to influence the project
outcomes (Nepal et al. 2006). Along with traditional goals of schedule and budget, factors like client
satisfaction and total quality delivery of product and services create success criteria. MBR could be
categorized as managing contracts among a parade of singular trades and events, reactively tackling
problems as they arise (putting out “fires”).

Management by Means

Management by Means (MBM), on the other hand, is a new Lean Construction philosophy
(Johnson 2006; Kim 2017), which focuses on resources, rather than finances, to achieve long term success
through improvement in process, methods, approaches and their interrelations (Johnson and Brooms 2000;
Kim 2017). In lean, the planning and emphasis exist at the tactical level where the project is executed.
Those that do the work plan and monitor the work progress, which is overseen by the management team.
The management team focuses on the macro level of milestone scheduling and target values while the
executing team focuses on meeting milestones and budgeted costs.

Contrast of MBR and MBM

In the MBM model, the organization (strategic, economics, contractual) and logistics (managerial,
planning, specialty contractors) levels support the foremen (Gambatese et al. 2016) and work crews
(tactical, production). MBM and lean construction practices are geared to anticipate, identify, avoid and
prevent obstacles and problems in the production of construction and across specialty contractors’
contract boundaries. Lean construction has been called a new paradigm and has been attributed with
creating, through methods, techniques and education, a new management culture in construction. The



center of action is transferred from the office to the site. The last planner is a site location base for
managing a building’s production.

Conversely, in MBR (see Figure 3), the organization (strategic) and the logistics (managerial)
levels focus on the economics in a contractual way, with the tactical or execution levels being subservient.
MBR is the classic management approach to planning in which a plan is expected to be executed with
results equal to the plan (classic communication theory, the thermostat model) (Koskela and Howell
2002a, 2002b). Figure 3 illustrates the organizational culture change that lean construction has brought to
the industry through successful implementation of Last Planner System techniques (Fernandez-Solis
2008).
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Fig. 3. Top down and bottom up management styles

Hypothesis

The LPS, as depicted, creates an upside-down organizational culture. The question remains:
does this paradigm change in culture produce different results under different project delivery and
contract systems?

Drawing on knowledge of both methods, the hypothesis of this paper is as follows: there is a
significant and measurable difference in project performance (cost, schedule and PPC) between projects
that use the MBR and MBM approaches. In other words, it is project and expect to find that projects with
MBM have a better cost and time performance under different project delivery and contract systems. If
this hypothesis is not proven, then a subsequent conjecture on the probable causes.

Case Study Method
The case studies selected come from projects with the following data:

e Project final completion date
e Total construction in place cost

e Total amount of building square feet



e Types of construction contracts (construction sealed proposal and guaranteed maximum price)
o Two types of project delivery systems (construction management at risk and design build)

o If alean project, the Planned Percent Complete data was available

e Planned versus actual cost and schedule by systems was available

The above data was translated into a common template as explained below. Only commercial
type general construction projects were considered.

Research Method

The research design goes through several phases: problem statement; design of data collection
template; design of case studies for data collection; expected types of statistical analysis; data collection;
analysis of data using statistical methods; findings and interpretation; conclusions and observations; and
future work.

Problem Statement

The research method addresses the question of whether the last planner system impacts project
performance through its construction management practices. The research starts with a structured
literature review (SLR) which focuses on the two management theories of interest, specifically
Management by Means (MBM) and Management by Results (MBR).

A uniform data collection template was created based on best practices and the SLR. Seventy (70)
cases were identified over a period of six years that were under two project delivery systems (Design
Build [DB] and Construction Management at Risk [CMAR]) and two types of contract types (Contract
Sealed Proposal [CSP] and Guaranteed Maximum Price [GMP]). The collected data in the template uses
ten divisions for cost and time on the project. Each division has two sets of collected data: planned and
actual. In addition, the Plan Percent Complete was calculated for the duration of the work in each
division. A comparative statistical analysis was completed between project management types, project
types, project delivery systems, and contract types.

Design of Data Collection Template

Formoso and Moura (2009) produced one of the first quantitative research papers evaluating the
impact of the last planner system on the cost and time aspects of construction projects. In this research,
the same indicators as Formoso and Moura were used: the cost deviation indicator (ratio between
incurred and budget cost), time deviation (ratio between real and expected duration), and the earned value
method (S curve) (Kim and Ballard 2010). Since then, other researchers, such as Viana et al. (2010),
Porwal et al. (2010), McConaughy and Shirkey (2013), Khanh and Kim (2016), Priven and Sacks (2016)
and Hamzeh et al. (2016) have followed with metrics and statistical analysis. These papers compare,
contrast, and analyze projects using lean metrics of plan percent complete in cost and time variations.

Building on Formoso and Moura’s work, it was created a template to acquire uniform and
comparable data across companies and projects. While their paper and others have compared discreet
project cost and time planned versus actual data along with the project reported PPC, a matrix of ten
project building systems was used (see Table 1). Metrics in this table are ratios, as in Formoso and
Moura’s paper.

Table 1 items are outlined in the legend below:



Table 1. Template for collecting cost, time and ppc data using categories of building systems

Project: Year: Economy*: CIP: MBM
Contract: PDS: Type: / MBR
GSF: Cost $/GSF Time - months PPC
Bldg. Syst. Plan  Actual Delta Plan  Actual Delta (MRM only)
Sitework
Foundations
Structural
Exterior wall

Interior finishes
Vertical transp.
Mechanical
Electrical
GC direct
Totals

e MRM (management by means): Lean Construction management approach that focuses on
resources, rather than finances, to achieve long term success through improvement in process,
methods, approaches and their interrelations

¢ MBR (management by results): target oriented management principle where all processes,
products and services contribute to the accomplishment of desired goals.

e Project: each project identified by a number

Year: issue of certificate of occupancy and economic cycle (Expansion, Boom, Recession,

Depression)

e CIP: $in millions of construction in place — cost

e Contract: Contract Sealed Proposal (CSP best value) or Guaranteed Maximum Price (GMP)

e PDS: project delivery system — Design Build (DB) or Construction Management at Risk (CMAR)

e Type: Commercial (COM)

o GSF: Gross Square Feet

e Cost: aggregate building system in US dollars per gross square feet (GSF); costs escalated to
reflect net present day value (January 2017)

e Time: building system activity in months

e Building systems: aggregate of trades and their contribution to the particular stated building
system

e Plan: building system cost or activity time as planned

o Actual: final cost and time to completion of the system activity

o Delta: difference between planned and actual

e PPC: aggregate plan percent complete of all trades in a building system for the duration of the

building system construction

Design of Case Studies

Three companies provided the data. One company already was segregating its data by the above
building system schema. The other two companies provided the data by specialty contractors’ crews and
with the help of the first company, researchers were able to reassemble the data to fit the same format
with a high level of confidence that we were not introducing significant errors. The types of projects,
contracts, and project delivery systems used varied for both MBM and MBR (see Table 2).



Table 2. Number and percentage of mbm / mbr cases segregated per contract and project delivery system

Project Mgmt., PDS types / No. Contract types / No. of cases

types / No. of cases of cases CSP GMP
P 1/1.4% 6/6.8%
MBM / 20 7
27.4%
CMAR/ 14 0 0
19.2% 9/12.3% 5/6.8%
DB/ 10 0 0
MBR / 53 13.7% 3/4.1% 719.6%
72.6% CMAR /43
0, 0,
58.9% 26/ 35.6% 171/23.3%
Totals/ % 39/53.4% 34/ 46.6%

Although other PDSs (Puddicombe and Johnson 2012), such as Design-Bid-Build (DBB) and
Construction Management Agent (CMAG), were available, we decided to limit the study to the more
prevalent types--Design Build (DB) and Construction Management at Risk (CMAR). For project types,
we considered public (e.g., academic buildings, classrooms and offices) and private buildings in the same
commercial category.

The ratio of DB vs. CMAR cases approximates that of the industry as reported by their respective
organizations (Design Build Institute of America and Construction Management At Risk). This was not a
consideration in the solicitation of cases from the GC, and can be attributed to coincidence. The ratio of
CSP and GMP is almost equal. This is also the current estimate in the industry for contracts at large with
the understanding that there are several other types of contracts also employed, but in lower numbers.

Table 3. Cases per project delivery system

PDS No. %
CMAR 57 78.1%
DB 16 21.9%

Design Build projects include design costs, and Construction Management at Risk includes pre-
construction costs as an integral part of the construction in place cost (CIP). Therefore, the design and
preconstruction costs are not segregated in the data. If Design Bid Build were used, the CIP would not
have included design cost aspects and therefore, we determined that different risks needed to be included.

Plan Percent Complete

Lean construction’s plan percent complete (PPC) gauges the reliability of promises made, is a
useful and viable indicator of the quality of the schedule, and serves as a surrogate measure of project
flow-—how smoothly or chaotically a project runs. Project schedule directly affects cost; therefore, a cost



loaded schedule relates one to the other when contrasted with the project’s original schedule of values that
projected, for the owner, when to expect the cash calls. The PPC is operationalized as an index that meta-
project stakeholders can use to calibrate the reliability of work in progress and provide feedback on the
predictability/variability of logistical plans. A PPC is a broad, mutual fund-like indicator of project flow
quality and of the reliability of the logistics schedule, tracking promises made at the tactical level
(Fernandez-Solis et al. 2015).

A PPC follows the formula in Figure 4:

PPC% = Number of completed tasks x 100
Number of planned tasks

Fig. 4. Planned percent complete formula

However, further qualifications must be made when using a PPC mutual fund as an index to
analyze and evaluate a project performance in time. Fernandez-Solis et al. (2015) have shown that
aggregating specialty contractors’ PPCs in order to access one project PPC can be misleading. One sub
may be low and another high, thereby masking the actual entropy or chaos that may be occurring. It is
best to have PPC readings at the foremen crew level but if not possible, at the specialty contractor and
crew level (Fernandez-Solis et al. 2013). In our case, we have segregated the PPC according to the ten
building systems divisions. By having one system across multiple projects, multiple project types,
multiple contract types and multiple project delivery types, we hope to normalize what otherwise could be
disparate readings.

Expected Type of Statistical Analysis

In the literature review, most managers implement MBR by assigning and tracking costs on
weekly tasks. MBM uses a bottom up process called the Last Planner System (Kim and Ballard 2010) in
conjunction with traditional cost and schedule tracking. Both MBM and MBR projects create a schedule
of values used in their monthly application for payment and a cost loaded schedule that tracks planned
versus actual cost progress over time.

The primary comparative analysis is between the xxx MBM and the yyy MBR case studies.
Focus is also on the comparative relationship of MBM and MBR regarding several variables: building
type (commercial and residential); contract type (CSP and GMP), and project delivery system (DB and
CMAR).

We also compare the projects along a timeline to observe any improvements from earlier projects.
Lastly, we compare the building systems’ performance across time and to each other. The analysis
employs regression analysis techniques using several steps: (1) Descriptive analysis of the variables; (2)
Pearson correlation (to assess relationships between two variables), (Downing and Clark 2005); (3)
Multivariate regression techniques (to discover relationships between a dependent variable and one or
more independent variables), (Hair et al. 1998); (4) Assess the precision of the regression equation by the
method of least squares (the coefficient of determination, R?, represents the percentage of the dependent
variable explained by the independent ones), (Hair et al. 1998); and (5) ANOVA is a collection of
statistical models used to analyze the differences among group means and their associated
procedures. It provides a statistical test of whether or not the means of several groups are equal,
and therefore generalizes the T-tests to more than two groups, (Fisher 1918).



Analysis of Data Using Statistical Methods

The purpose of this statistical analysis is to understand the driving factors of project time and cost
performance. In this study, we consider the following control variables:

e X1: Management theory (MBM or MBR)
e X2: Contract type (GMP or CSP)
e X3: Project delivery method (DB or CMAR)

The project performance indicators to be tested include:
e Y1: Cost overrun ratio (actual cost over budget)
e Y2: Time overrun ratio (actual duration over planned duration)

To provide direct empirical evidence, we collected and analyzed data from 70 projects, dating
from 2000 to 2017. The data includes commercial projects. The total contract value of these 70 projects is
$20.46 billion, and the total area size is 35.59 million square feet. The distributions of all three control
variables are illustrated in Figure 5.

Management theory distribution Contract type distribution Project delivery method
distribution

Fig. 5. Distribution of control variables

Figure 6 captures the distribution of GSF and Construction Cost in Place of the 70 projects. The
projects reported are considered by the industry to be large. There are no billion dollar projects reported
in this set but neither there are smaller projects (less than $5M USD). This may affect the results as
indicated in the conclusions.
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Fig. 6. Statistics of the 70 cases: GSF and construction in place (CIP)
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Impacts of Management Theory (X1)

First, we explored the impacts of management theory on project time and cost performance.
ANOVA analyses were performed to examine if there is a significant difference between the two

management theories. Figure 7illustrates the ANOVA analysis results:

Oneway Analysis of Dur_overrun By Management Theory
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Management Theory Management Theory
Excluded Rows 3 Excluded Rows 3
Oneway Anova Oneway Anova
Summary of Fit Summary of Fit
Rsquare 0.060689 Rsquare 0.00154
Adj Rsquare 0.046876 Adj Rsquare -0.01214
Root Mean Square Error 0.042275 Root Mean Square Error 0.009893
Mean of Response 1.034628 Mean of Response 1.002861
Observations (or Sum Wagts) 70 Cbservations (or Sum Wagts) 70
Analysis of Variance Analysis of Variance
Sum of Sum of
Source DF Squares MeanSquare FRatio Prob>F Source DF Squares Mean Square FRatio Prob> F
Management Theory 1 0.00785212 0.007852 43935 0.030& Management Theory 1 0.00001026 0.000010 0.7471
Error 68 0.12153068 0.001787 Error 68 0.00665575 0.000098
C. Total 69 0.12938280 C. Total 69 0.00666601

Means for Oneway Anova

Oneway Analysis of Cost_overrun By Management Theory

Means for Oneway Anova

Level Number Mean Std Error Lower 95% Upper 95% Level Mumber Mean Std Error Lower 95% Upper 95%
MBM 19 1.01728 0.00970 0.9979 1.0366 MBM 19 1.00349 0.00227 0.99896 1.0080
MBR 51 1.04109 0.00582 1.0293 1.0529 MBR 51 1.00263 0.00139 0.99986 1.0054

Std Error uses a pocled estimate of error variance

Std Error uses a pocled estimate of error variance

a: impacts of management theory on time
performance

b: impacts of management theory on cost
performance

Fig. 7. Impacts of management theory on project time and cost performance

The results find that management method significantly affects project time performance
(p=0.0398<0.05). On average, MBM-driven projects overrun time by 1.7%, while MBR-driven projects
overrun time by 4.1%, indicating that MBM improves project time performance. However, we did not
observe a significant difference between MBM-driven and MBR-driven projects in terms of cost
performance (p=0.7471>0.05). This may be due to the lack of data about project profits and project
change orders, both of which play an important role in a project’s final cost.

Impacts of Contract Type (X2)

Then we examined the impacts of different contract types on project time and cost performance.
Fig 8 illustrates the results of the ANOVA analyses:
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Oneway Analysis of Dur_overrun By Contract

Oneway Analysis of Cost_overrun By Contract
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a: impacts of contract type on time performance

b: impacts of contract type on cost performance

Fig. 8. Impacts of contract type on project time and cost performance

The results find that contract type also has a significant effect on project time performance
(p=0.0322<0.05). On average, projects using CSP overrun time by 2.5%, while projects using GMP
overrun time by 4.7%. There is no significant difference between CSP and GMP projects on cost
performance (p=0.159>0.05). This result may be attributed to the potential multicollinearity issue, i.e., the
impacts of contract type may be caused by management method, if a certain method is always tied to a
certain type of contract. As a result, a contingency analysis examine if there is a relationship between
management method and contract type. Our analysis eliminates this possibility (Figure 9).
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Contingency Analysis of Contract By Management Theory
Mosaic Plot
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Fig. 9. Contingency test between management theory and contract type
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Impacts of Project Delivery Method (X3)

We also examined the impacts

of different project delivery methods on project time and cost

performance. Figure 10 illustrates the results of the ANOVA analyses:
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Fig. 10. Impacts of project delivery method on project time and cost perfomance

The results find that project

delivery method affects neither project time performance

(p=0.1204>0.05) nor cost performance (p=0.2609>0.05).

Findings and Interpretation

An Exploratory Analysis of Scheduling

Practice under Different Management Methods

Our preliminary analysis finds that MBM helps improve project time performance. Because we
are interested in understanding the underpinning process that leads to better time performance under

MBM, we developed a scheduling practi

ce metric called Schedule Overlap:
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n
s.o.=2di/d

=1
Where s.0. is the schedule overlap ratio, d; is the planned duration of the i craft, n is the number of crafts,
and d is the planned project duration. In other words, s.0. reflects the level of effort a project team
expends on different crafts in parallel. Figure 11 illustrates that under MBR, projects tend to have a larger
S.0. (p=0.046<0.05).
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MEM 19 172304 0.0%467 1.5341 1.9120
MER 51 194844 0Q.05778 1.8331 2.0637

Std Error uses a pocled estimate of error variance
Fig. 11. Schedule overlap under different management theories

This result sounds counterintuitive because the literature suggests that concurrent execution of
project works would improve project time performance, while our discovery is that less overlapped
execution leads to better project time performance. Our hypothesis is that under MBM, the project
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activities within the same craft are optimized in terms of a streamlined workflow, and thus, there is less
need to overlap craft level efforts. This hypothesis deserves further investigation in future research.
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Impacts of GSF and CIP — MBM only

This analysis tests if GSF or CIP (MBM projects only) affect project cost or time performance.

Figure 12 is a regression analysis of GSF’s impacts on cost and time performance. Results indicate that
the area size of projects do not affect project cost and time performance.
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Fig. 12. Regression analysis of GSF’s impacts on cost and time performance

Figure 13 is a regression analysis of CIP’s impacts on cost and time performance. Results indicate
that project contract values do not affect project cost and time performance.
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Fig. 13. Regression analysis of CIP’s impacts on cost and time performance

Discussion
Autonomous Agency

How stakeholders’ autonomous actions on behalf of company strategy, but that run contrary to a
project’s best interest or produce unintended consequences, affect the operation of other stakeholders and
other projects is a phenomenon not well understood or studied. Most studies concentrate on, are
bracketed by, an individual project’s concerns. The industry currently does not have a meta-project
understanding that links the business of one stakeholder’s project to that of all other ongoing projects of
each stakeholder.

We pose the question: What could curb autonomous agency as the current working paradigm that
adversely affects significant productivity increase efforts? Perhaps a rating system like that used for
safety risk management in the construction industry could be implemented around a series of productivity
indices such as PPC. For example, what would it be like, in scenario playing, if an owner has not only a
company’s EMR and IRR to assess safety risk, but also PPC to assess productivity risk as an item in its
decision support system? Insurance and bonding companies could assign a cost to a low PPC just like
they do to EMF and IRR in safety. Owners, especially in the public sector, could implement this rating
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system that in turn will, eventually, curb autonomous agency activity by assigning a cost and a risk. This
could be a paradigm shift of the first order for the industry and one of significant cost implications, in the
trillions both worldwide and in the USA.

Loose Coupling

In greater detail, this paper addresses the issue of project performance for lean and non-lean
projects under various contracts. We assume that lean projects using the Last Planner system attempt to
minimize autonomous agency actions by stakeholders that, because of the loose coupling of the industry,
run contrary to a project’s best interest. That is, projects done under the lean construction paradigm may
limit autonomous agents’ actions that negatively impact a project flow.

We pose another question: What could curb loose coupling, which adversely affects significant
productivity increase efforts? In manufacturing, tight coupling that links the supply chain to the
production effort results in a high level of control, and in construction, the current loose coupling system
allows for the mobilization of resources to put out fires. The current real and significant contributions of
LPS is that it establishes a third coupling system: honor coupling. When the group of all major foremen
gather to hash out a project’s schedule and promise their commitment to each other, there is an honor
agreement that is powerful in curbing autonomous agency, despite the need to shift productivity from one
foremen’s project to put out another project’s fire or to satisfy the company overselling its capacity.

Comparison of this Research to DB and LCF Findings

The aggregate industry research claims benefits by project delivery and by lean construction.
Below is a chart of those claims versus the findings of this research.

Table 4. Projects in an economic cycle

vear No.of Economic cycle

projects Expansion Boom Recession Depression
2000 2 X
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
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X X X X X X
x
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This research finds the claims between MBM and MBR regarding cost to be in line with that of
other researchers, namely there is no appreciable difference, see Table 5.

Table 5. Comparative table of claims vs. This research

Claim Source This research

DB is the most effective in controlling cost
growth (+2.8%) as compared with CMR
(+5.8%) or DBB (+5.1%)

No single delivery method consistently performs  gyliivanet ~ Unit cost is not affected by project delivery
better on unit cost al. 2017 methods.

CMR and DB were found to be the most
accurate in controlling the schedule variation of
a project, with an average schedule growth of
+10.2 and +10.7%, respectively, as compared
with a much higher +18.4% for DBB

It shows that different project delivery
methods do not affect cost performance.

Cost overrun is not affected by different
contract pricing methods.

High Lean intensity projects were three times

1 1 0,
more likely to complete ahead of schedule Lean reduces project time overrun by 57.9%.

High Lean intensity projects were two times Lean projects do not outperform non lean

more likely to complete under budget Dodge project on cost performance.

24% of best (Lean) projects finished ahead of Data & 68.4% of lean projects finished ahead of

schedule compared to only 6% of typical projects  Analytics schedule compared to 45% of non-lean
projects.

46% of best (Lean) projects finished under 81 OWNers, 47 49 of lean projects finished under budget

budget compared to only 10% of typical projects 162_ compared to 50.98% of non-lean projects.

61% of typical projects finished behind schedule ~ Projects 55% of non-lean projects finished behind
schedule.

49% of typical projects completed over budget 49.02% of non-lean projects completed over
budget.

Additional Contract Types

Future studies could include additional contract types such as lump sum, negotiated, cost plus,
and sole service Provider. Other PDSs that could be considered in the future are: Design Bid Build
(DBB); Construction Manager Agency (CMAG); Integrated Project Delivery (IPD); Bridging; and
Finance, Design, Build, Operate, Maintain and Transfer (FDBOMT).

Solution from Two Directions

The solution to a systemic problem in the construction industry that is capable of radical
transformation of the industry, like that of safety, needs to come from both above and below. From above,
this solution is found by addressing the strategic plan of autonomous agency, and from below, through a
pressure to honor plans and commitments from the tactical level, the foremen who are directly responsible
to carry out the work. A conversation with the owner of a company now doing over $1B USD in annual
construction in place summarizes the problem in the industry. When asked about the major construction
problem that keeps him awake, he said it is loss of control in a project. Actually, a general contractor’s
control of project production is reduced to contract agreements, but in reality, they have no control over
the means and methods of the specialty contractor, concerning its labor and productivity actions, hence a
general really has no clear lines of control over production. Therefore, regardless of the many inventions,
techniques, and initiatives, there is no change in industry productivity vs. that of other industries.
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Conclusion

This circles back to our original question: Do different management practices impact cost and
schedule indicators? For the set of 70 mostly large commercial projects, this research indicates that
neither project delivery system (DB or CMAR) nor Contract type (CSP or GMP) have substantially
different cost and scheduled time performance differences, in contrast with published claims from other
research. However, the results surprisingly indicate that there is a substantial improvement on the task
transition in projects using MBM versus those using MBR, pointing to an undisclosed advantage. Our
study attributes this advantage to a different coupling in MBM (honor coupling at the pull planning
session of the Last Planner) and a more restrained use of autonomous agency in MBM projects versus
MBR. Further work is merited to see if this same finding can be observed in smaller projects and from a
combination of additional project delivery systems and contract types.

In summary, on the organizational level, each company focuses on improving project productivity
in a loosely coupled system and as an autonomous agent. The worst-case scenario is to have capacity and
no work. The best-case scenario is to have more work than capacity (overselling capacity as in the
airlines industry). In reality, a company fluctuates from one to the other. Furthermore, in good times, the
second scenario of having more work than capacity adversely affects productivity. In the next ten years,
if construction continues to grow, it is our hypothesis that, as currently measured, efficiency and
productivity will further decrease.

At a macro level, the alignment of a region’s current and future projects with the capacity of the
area’s industry for a smoother project flow is an improbable task under the current systemic nature of the
industry. Periodic economic cycles have reinforced a trend toward reduced margins, forcing autonomous
agents to oversell capacity in order to extract higher profits from the workforce. Overselling capacity
accentuates the overall downward trend of construction productivity in both up and down economic
cycles, an unanticipated phenomenon. One envisioned solution requires smoothing out capacity allocation
at both a single company and all the companies in a region, which is a highly unlikely event. However,
this solution could create company level reporting of a productivity ratio, as with EMR/IRR in safety that
is used by both public and private owners in selecting a service provider. This solution would add a level
of predictability not currently available for such decisions, which would feed macro-level productivity
measures.

Future Work

e Research data collection, a continuing effort: Using the same template, we expect to add a
minimum of ten projects per year to the original set of cases. In five years, we should have
between 50 - 75 additional projects that will be analyzed using the same techniques.

e PPC and productivity study: The MBM projects have a PPC segregated by building system. The
correlation of PPC to project delivery system type, contract type, or economic cycle could also
yield insights and interesting contrasts.

e Cost and time studies: Further research could be undertaken on cost and time performance within
MBM and MBR by project delivery type and by contract type.

e Economic cycle: We have the data on the current set of projects to analyze MBM/MBR, PDS, and
contract type regarding the year of completion and the economic cycle. This should shed light on
the question: Can we discern how the economic cycle affects the industry?

o Regional network: A map of the regional network of service providers, along with their capacity
to perform work, would constitute a high-level research project.
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e Does size matter?: In conversation with general contractors and specialty contractors, we
explored whether the size of a project matters in terms of autonomous agency decisions to shift
productivity when a fire occurs on larger projects rather than on smaller ones. Would the results
of a set of mostly smaller projects be different in cost and time between MBM and MBR?
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