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ABSTR.\CT 

The construction industry is the largest industry ir. Canada and worldwide. In recent years. a 

larger proportion of all construction investment has been spent on reconstruction projects. In 

spite of their increasing importance. however. little useable information was found in the 

literature to facilitate the management of reconstruction projects. The objective of this research. 

therefore. is to develop a model for the management and control of projects that involve 

reconstruction of operating facilities. The research has been motivated by the higher level of cost 

on:rrun. schedule overrun and quality problems associated with reconstruction projects. as 

compared to new construction. A model for the management and control of reconstruction 

projects is therefore needed. 

Based on a comprehensive literature review and a survey among construction protessionals. 

information was obtained related to fifty-four case studies of reconstruction projects. in addition 

to useful infom1ation regarding the reasons behind cost and schedule overruns and poor quality 

problems. E\'ery case study included information about the specific techniques used for time. 

cost. and quality control, in addition to the actual performance outcomes. Based on the 

information obtained. thirty-six factors were identified to have direct impact on the overall 

performance of reconstruction projects. Based on a preliminary statistical investigation of these 
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thirty-six factors. eighteen factors were identified as the most significant. 

In order to develop an efficient predictive model of the performance in reconstruction projects. 

two techniques were used and their resulting models compared: Statistical Analysis. and 

Artificial Neural Networks. Forty-five project cases were used for model development and nine 

cases were used for validation and testing purposes. Based on the results obtained. the two 

models performed acceptably with the neural network model being advantageous due to its 

consideration of a larger number of factors. The predictive models consider the different tools 

available to the project manager for controlling the time. cost. and quality of a new project. 

.·\ccordingly. the model provides a prediction of an overall project performance factor. Further 

experimentation with the model involved developing a spreadsheet user interface and a 

\fontCarlo-based Sensitivity Analysis to address the user's uncertainty in his/her assessment of 

the input data on the perfom1ance prediction. Guidelines towards improving the management of 

reconstruction projects are then provided to enable managers better to plan this type of projects. 

This study contributes to a better understanding of the factors that governs the performance of 

reconstruction projects and provides a decision support tool to facilitate the efficient 

management of reconstruction projects. 
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CHAPTER I INTRODUCTION 

l.lGENERAL 

The primary consideration for all parties in the construction industry (owner. contractor 

and engineer) is the completion of projects as efficiently as possible. Unfortunately, many 

projects fail to meet their cost, time and quality objectives. The cause of these failures in 

many of these projects is rooted to the use of an inadequate management and control 

system. Because of the wide diversity of the construction industry. there is not one 

project management system that is adequate for all projects. An adequate project 

management and control system for a given project should bring together many proven 

control factors to meet the unique needs of the project and its specific construction 

environment. This research focuses on the basic environment of reconstruction of 

operating facilities. 

Construction projects are usually challenging because virtually every project is unique. 

Notwithstanding the similarity of experience that is transferable from one job to another, 

the complexity of each project makes it difficult to predict the outcome of the schedule. 

economics. and quality of construction with a high degree of confidence. This situation 

becomes more complicated in the case of reconstruction projects due to different 
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constraints that cause it to be much more unpredictable than a new project [Krizek et al.. 

1996]. These constraints may include limited space. safety. and coordination and 

communication constraints. 

Definition of Reconstruction Projects 

Statistics Canada defines new construction projects as being any construction project that 

includes new construction. addition. renovation or conversion. Unlike the definition of 

Statistics Canada. in this work reconstruction projects will be defined as .. the 

modification. conversion or phased complete replacement of an existing facility" 

[McKim and Attalla. 1998]. Modification may involve expansions, additions. interior 

renovation or upgrading the functional performance of the facility. Conversion includes 

changing the type of the facility to perform a different function or provide a different 

service. Phased replacement is a complete replacement. However. because the building is 

occupied and the owners can not shut down the building during construction. both 

demolition of the existing facility and the construction of the new facility have to proceed 

in phases. As such. running both the existing facility and the construction of the new 

facility adds substantial complications to the project and creates a different environment. 

Fig. 1.1 to Fig. 1.6 shows examples of reconstruction projects. 

New construction projects significantly outperform reconstruction projects. Also 

reconstruction projects are becoming increasingly important and are driven by different 

factors. Furthermore, large sums of money are being invested in reconstruction projects. 
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Fig. 1.2 Asbestos Removal During Interior Renovation 
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Fig. 1.3 Fire Escape rout in a Reconstruction Project 

Fig. 1.4 Demolition and Protection of the Existing Facility 
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There is a need therefore to study the impact of this unique environment on the overall 

project performance in terms of its Cost. Schedule and Quality. Explanation of the above 

statements is provided in the following section. 

1.2 MOTIVATION OF THE RESEARCH 

This research has been motivated by four main reasons: 

(a) Large Investments in Reconstruction Projects 

The construction industry is one of the largest industries worldwide. Reconstruction of 

operating facilities constitutes a significantly large and growing portion of construction 

spending. Therefore. research done in the area of reconstruction of operating facilities is 

of high practical value. 

Table 1.1 compares investments in the construction industry with investments in all 

industries and with some of the major industries as per the Gross Domestic Product at 

factor cost [Statistics Canada, 1998]. Also. Table 1.2 illustrates construction spending in 

Canada from 1993 to 1997. Construction in the U.K. amounted to fifty billion pounds in 

1996. which is 8% of the GDP (Gross Domestic Product) [ECI. 1996]. 
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Table I. I : In,·estment in the Construction Industry vs. All Industries 

1997 1998 

All industries 690.202 707.487 

Construction 38.947 40.261 

Fishing 935 900 

Agriculture 12.350 11.999 

Mining 27.398 28.907 

All amounts are in $ millions 

Table 1.2 : Construction Spending in Canada, 1993 - 1997 

1993 1994 1995 1996 1997 

Residential l C•.432.5 17.590.2 l 3.24 l.7 l 5.718.3 18.303.5 

Industrial l.755.6 2.250.2 2.822.8 2.642.9 3.455.0 

Commercial 4.267.8 4.993.2 5.44 l .4 5.566.9 6.519.4 

Institutional & 3.130.4 2.803. I 3.088.9 2.227.4 2.956.1 

go,·ernment 
I 

CANADA 25.586.3 27.636.7 24.594.7 26.155.5 31.234.0 

All amounts are in $ m1lhons 

Note : The difference in expenditures in the construction industry between Table l. l and 

Table l .2 is due to road work 

Companies within the building construction industry accounted for l 75 billion dollars of 

business in l 992 in the United States of America. Table 1.3 illustrates spending in 

construction vs. reconstruction in the United States in 1992. The national average 

spending on reconstruction is approximately 25 % of spending on new construction 

[U.S .. 1998]. However, in large cities this percentage is much higher. It was mentioned in 
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a more recent dissertation. that up to one half of the total construction budget has gone to 

some fom1 of renovation. remodeling or reutilization of existing buildings for the last 

decade in the United States [Lee. I 996]. Fig. 1.1 illustrates spending in reconstruction vs. 

ne,v construction in one of the largest school boards in North America. 

Table 1.3: Investments in Reconstruction and Total Construction 

in the U.S.A. in 1992 

Single Famil)· Houses 

Other Residential 

Industrial/ Warehouses 

Commercial / Institutional 

Total 

All amounts are in $ billions 

All amounts are in $ millions 

$40.00 
$35.00 
$30.00 
$25.00 
$20.00 
$15.00 
$10.00 

$5.00 
$0.00 

,'bro ,ioOJ ·OJ"' ,OJ+, 

Total Construction Reconstruction 

-l9.5 12.0 

8.0 1.8 

21.0 ., .. 
-·-' 

95.7 16.6 

175 32.7 

~ Reonstrction 
- New Construction 

Fig. 1.7: Spending in New Construction vs. Reconstruction in the North York 

School Board, 1986 • 1997 
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(b) The Increasing Importance of Reconstruction Projects 

Reconstruction projects are becoming increasingly more important as building owners 

and metropolitan cities face economic constraints [San\'ido and Riggs. 1993 ]. Four main 

reasons have led to the increasing importance of reconstruction projects: 

- Demographical factors 

The population in metropolitan areas increased dramatically in the last few decades due 

to a \'ariety of reasons. Since these metropolitan areas suffer from lack of space to build 

new buildings. they tend to upgrade existing buildings in order to accommodate the 

increased ser\'ice requirements of the increased population. Increased enrollment in 

schools and uni\'ersities is an example of this demographical factor. 

This factor imposes a need to increase the capacities of the schools or uni\'ersities 

through expanding or replacing the existing buildings. Hospitals and government offices 

that are rendering services to the public face the same challenge. 

- E11viro11111e11ta/ factors 

The increased public awareness of environmental hazards and the proposed regulations to 

overcome such hazards impose another constraint on building owners and local and 

central governments to comply with these regulations. This increases the need for more 

reconstruction projects. Asbestos removal is a good example of these types of projects. 
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Since asbestos is designated as a hazardous material. building owners and public 

organizations are sponsoring programs to remove materials containing asbestos from 

their facilities. Unfortunately. asbestos is present in floor tiles. ceiling tiles and pipe 

insulation, which makes its removal and the subsequent replacement of the building 

components a complex and awkward task. This is due mainly because appropriate safety 

regulations have to be satisfied and the existing facility has to be kept operational during 

this type of reconstruction. 

- Social factors 

Social factors also contribute to the increasing need for reconstruction of operating 

facilities. One example is the barrier free programs where building owners and public 

organizations adopt plans to upgrade their buildings to secure access for persons with 

disabilities. This may include removing stairs. constructing ramps. building elevator 

shafts and modifying existing washrooms. Such construction projects in\'olve a large 

amount of uncertainty and complexity. 

- Tec/1110/ogical a,1d eco11omica/factors 

Given the high pace of change in science and technology. it is crucial to remain 

competitive in today's market place in order to meet the public expectations of the level 

of services provided by public organizations. These organizations have to design 

programs continuously to improve and upgrade their facilities. This may include such 



projects as interior renovations of a computer facility or a blood-testing laboratory to 

accommodate more advanced equipment. Another example could be retrofitting the 

mechanical and electrical systems for energy conservation purposes. 

(c) Poor Performance of Reconstruction Projects ,·s. New Construction Projects 

Preliminary investigation and background research revealed that new construction 

projects significantly outperform reconstruction projects in meeting their cost and time 

targets [Attalla. 1996]. These results were obtained through the use of two quantifiable 

measures. 

The \·ariable Cost Performance Factor (CPF) was used as a means of measuring cost 

perfom1ance of construction projects and to establish a benchmark to compare the cost 

perfom1ance of different projects. This cost performance factor utilizes the cost overrun 

as the basis for measuring cost performance. This approach was used in previous research 

and is also general practice in the construction industry as confirmed by different 

construction professionals who were interviewed. Previous researchers and the 

construction industry consider cost overrun an indicator of poor cost performance of 

construction projects. 
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The Cost Performance Factor can be obtained by this formula. 

i5C 

CPF = X JOO 

Original Cunrract Value 

Where i5 C is the total value of change orders issued during the project life. 

Tahle 1 .4 compares the cost perfonnance for reconstniction and new construction 

projects [McKim. et al. 1999] 

Table 1.4: Cost Performance in Reconstruction and New Construction 

A,·erage Standard De,·iation 

CPF cr 

RECONSTRUCTION 19.9 18.4 

I 
NE\V CONSTRUCTION 4.6 4.3 

It is obvious from Table 1 .4 that new construction projects have a better cost performance 

history at an average value of 4.6 and a standard deviation of 4.3 than reconstruction 

projects which tend to have a higher cost overrun rate at a CPF average value of 19.9 and 

arc more rnlatile at a standard deviation of 18.4. 

This cost difference can also be noted in two recent publications about two case studies. 

The first case describes the reconstruction of the Grand Central Terminal in New York 

[Rasmussen. 1997]. The owner maintained the operation of the facility for 500,000 users 

e,·cf)' day while moving through a huge construction zone. A new bridge scaffolding 

system was utilized. The total cost was about 175 million dollars. The second case was 

12 



the reconstruction of the Green Line Transit in Chicago [Krug, 1997]. The owner was 

able to take the facility out of commission before proceeding with the reconstruction. 

Because the facility was not operational, the owner saved 50% of the schedule and two 

thirds of the project cost. The impact of reconstructing an operational facility is very 

clear. 

Schedule Performance Factor is another variable used to measure schedule performance 

of construction projects. SPF utilized schedule slippage as the basis for measuring the 

schedule performance of a construction project. 

SPF was obtained by the following formula. 

JS 

SPF - -------------------------------------- . '( I 00 

Original Duration of the Project 

Where i5 S is the total time delay during the project life. Table l .5 compares SPF for 

new construction projects and reconstruction projects [McKim. et al.. 1999) 

Table 1.5: Schedule Performance in Reconstruction and New Construction 

Anrage Standard De,·iation 

SPF cr 

RECONSTRUCTION 22.3 26.2 

NE\V CONSTRUCTION 12.6 14.2 
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These findings indicate that reconstruction projects have a higher tendency for schedule 

slippage with a SPF a\'erage \'alue of 11.3 and are more volatile at a standard deviation of 

26.2. New construction projects. on the other hand. are more stable with a SPF average 

value of 12.6 and SD of 14.2. 

(d) Lack of Research on Reconstruction Projects 

In spite of the increasing importance of reconstruction projects. very little useable 

information was found in the literature about the overall management and control of these 

types of projects. The little information found in the literature dealt with the 

reconstruction problem from two aspects. One dealt with only the engineering aspect of 

some of its elements. See [ Kaminetzky and Lavon. I 996].The second dealt with the 

problem on an individual basis to provide some analysis of the problems mentioned in 

one single case study . See [Kerr et al.. 1992). [Hermie. 1995]. [Krizek et al.. 1996]. 

[Rasmussen. 1997) and [Krug.1997). 

Details of the infom1ation provided in previous literature will be provided in chapter two. 

1.3 RESEARCH OBJECTIVE 

It is apparent that reconstruction projects are different from new construction projects. 

Therefore. there is an immediate need for a more rigorous and comprehensive study in 

this area to provide more light into the performance. control and management of 
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reconstruction projects. This research aims at investigating the reconstruction 

e11\'ironment and developing a predictive model for the overall performance of the project 

in terms of its cost. schedule and quality perfom1ance. 

The detailed objectives of this research are as follows: 

1. Identify the managerial and organizational factors that govern the success of 

reconstruction projects. 

., Identify the reasons for the poor performance of reconstruction projects or the overall 

failure of the project. 

3. Based on the above. this research will identify the tools and factors that suit the 

specific environment of reconstruction projects and facilitate their control and 

management. 

➔. This work ,viii develop a quantifiable and objective measure of the overall 

performance of reconstruction projects in terms of their cost. schedule and quality 

performance. 

5. Develop a model for predicting tht! overall performance of reconstruction projects 

and its deviation from preset baselines. The model enables project managers to 

determine the suitable control techniques which can be used in a potential project to 

improve its performance. 

6. Apply the model to a set of completed projects and validate its performance. 

7. Facilitate the use of the model through computerization and experimentation such as 

sensitivity analysis. 
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1.4 RESEARCH SCOPE 

This research aims at developing a model for identifying the factors and tools that suit the 

specific environment of reconstruction projects and facilitates their control and 

management. The intended user of this model is the owner organization since it is the 

party \Vhich initiates the project. secures funding. determines the start and finish dates. 

sdects the contracting strategy. defines the scope of work and imposes the necessity of 

applying proper management techniques in the reconstruction contract. 

The model is. also. limited to institutional and commercial buildings. which have similar 

environments of their reconstructior, requirements. This also ensures consistency because 

different types of facilities may involve significantly different control and management 

n:quircments. 

The study is also applicable to reconstruction projects contracted in a lump sum form of 

contract. A lump sum arrangement provides an O\Vner with one convenient construction 

price for completion of all work directly and incidentally associated with the scope of 

work [Roberts. 1983 ]. A lump sum contractual agreement is common practice because of 

its simplicity and also because it provides the owner with a single point responsibility. 

Moreover. a high majority of building reconstruction projects use a lump sum contract 

format. 
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1.5 RESEARCH METHODOLOGY 

The approach. developed in this research m order to achieve the aforementioned 

objectives. consists of the following steps: 

/. literat11re Review: 

A literature review was first carried out to gather valuable information contained in 

previous research related to the present study. The literature review included a research of 

previous publications on reconstruction projects. Also. a review was performed to gather 

information relating to previous models concerned ,vith the control. performance or 

success of construction projects. ~fore importantly. the literature review included a 

comprehensive research for traditional and non-traditional factors and tools that are being 

used in new construction and reconstmction projects. The literature review also included 

a search about the utilization of both Statistical Regression Analysis and Artificial Neural 

Network in developing predictive models. 

2. Prelimi11ary Field Review : 

The collected inforn1ation was compared to a preliminary field review with several 

construction practitioners from the industry. This preliminary field review serves three 

purposes. The first is to identify the reasons behind the poor performance of 

reconstruction projects. The second is to confirm or deny the influence of the identified 

17 



factors on the performance of reconstruction projects. The third purpose is to identify 

other factors which may be used by the construction professional to control and manage 

his / her construction projects. The result of this stage was the formulation of a set of 

control factors to be included as independent variables in the data collection and the 

model building process. 

3. D"'" Col/ectio11 : 

The predetermined control factors (model variables) were used to obtain factual data in a 

structured questionnaire and structured interviews format. The data was collected from 

completed projects. 

4. .\10</el Co11str11ctio11 a11d Vali,latio11: 

The collected data was used to build predictive models and validate them. Two methods 

were used to build the models. These methods were Regression Analysis and Artificial 

Neural Network. Details about this step are explained in chapters four and five. 

5. Co111p11terizatio11 a11d experime11tatio11 

A spreadsheet interface has been developed in order to facilitate the use of the Neural 

Network predictive models. The interface was developed on J/icrosoft Excel using its 

macro tools. Also, a sensitivity analysis module has been incorporated into the user 
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interface in order to assess the sensitivity of the model's predictions to variations in the 

project characteristics. Fig. 1.8 illustrates the research methodology. 

1.6 THESIS ORGANIZATION 

Chapter two presents the results of the literature review. which is divided. into four 

sections. The first section deals with previous publications related to reconstruction 

projects. while the second section deals with current construction models. The third 

section compiles comprehensive information about construction control categories and 

their respective control factors. The fourth section is a review of Artificial Neural 

:--Jetwork and Regression Analysis and their use in the development of predictive models 

in construction. 

Chapter three explains the preliminary field review process and presents and summarizes 

its results. Furthermore. it presents the development of the questionnaire survey and 

explains its structure. This chapter. also. includes a detailed explanation of the data 

collection process and the collected data. It concludes with a preliminary data analysis. 

Chapter four discuses several experiments. which were performed in order to develop 

predictive models for the overall performance of reconstruction projects utilizing 

Statistical Regression Analysis. It explains the development of two models. one utilizing 

Detailed Project Data and the other utilizing Summarized Project Data. It also discusses 

the utility and validation of the developed models. 
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Fig. 1.8 Research Methodology 
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Similar to chapter four. chapter five discuses different experiments for the development 

of predictive models for the overall performance of reconstruction projects utilizing 

Artificial Neural Networks. Two predictive nets were developed, one for Detailed Project 

Data and the other for Summarized Project Data. 

Chapter Six describes the development of a spreadsheet user interface in order to 

facilitate the use of the Neural Network models. Moreover. this chapter explains the 

den:lopment of a sensitivity analysis tool to help the user account for the uncertainty and 

subjectivity in the assessment of the input data. This chapter also compares the results of 

both Regression Analysis and Neural Network models. 

Finally. chapter 7 summarizes the contribution of this work and provides the conclusions 

made from the findings and the developments of the research. It also includes 

recommendations and description of future extensions to this study. 
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CHAPTER 2 LITERATURE REVIEW 

This chapter presents the results of a comprehensive literature search in several aspects 

related to this work. The prime objective of this literature review is to identify those 

control factors that were reported as contributing to the enhancement of the performance 

of reconstruction projects. These factors will become the independent variables in the 

model building process. In order to achieve this objective. information related to 

reconstruction projects and models concerned with the control. success or performance of 

construction projects was reviewed. Also the different control categories and their 

respective control factors were reviewed. Furthermore. information related to model 

building methodologies utilizing Artificial Neural Network and Regression Analysis was 

reviewed. 

2.1 RECONSTRUCTION PROJECTS 

As mentioned earlier in this work. very little useable information was found in the 

literature about reconstruction projects. The reviewed literature pertaining to 

reconstruction projects dealt with the problem through a case study methodology that did 

not provide enough insight regarding the control and performance of reconstruction 
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projects. The objective of this study is to obtain information related to the use of specific 

control factors from a reasonably large sample of reconstruction projects. This 

information should enable researchers to draw conclusions and make valuable inferences 

about the control and performance of the overall population of reconstruction projects. 

The $175 million reconstruction project of Grand Central Terminal faced considerable 

problems with existing site conditions [Rasmussen, 1997]. The project had to proceed 

while keeping 500,000 pedestrians moving each day. There were no accurate as-built 

drawings. which caused significant problems. 

Another case study about a reconstruction project for a high rise building in downtown 

New York explored the project from the structural side only without consideration of the 

management process [Kaminetzky and Lavon. 1996]. However. it was mentioned that a 

written plan for the construction sequence was very crucial to the success of this project. 

In a case study about the $400 Million reconstruction project of the Green Line in 

Chicago. it was mentioned that making the facility non-operational saved 50 % of the 

schedule and 66 % of the cost. This gives an indication about the challenges that face 

reconstrnction projects in operating facilities. In this study. there was no mention of any 

control factors that may contribute to the success of reconstruction projects [Krug. 1997]. 

Another example of reconstruction projects is the case study about the reconstruction of 

the Exchange Place Station in New York [Kerr et al.. 1992]. In this study, the author 
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focused on the engineering aspect without any discussions about the management aspect 

of the project. See also [Hermie, 1995]. 

Kirtzek provided a very detailed and articulate analysis in a case study about the 

reconstruction of an operating academic building [Kirtzek et al. 1996]. The study 

pro\·ided a comprehensive analysis of the probh.:ms. constraints and lessons learned from 

the project. However. the study focused on stating conditions that needed to be satisfied 

in order for the project to succeed without explaining \Vhat tools can be used to influence 

those conditions. The study. however. recommended the use of CPM as an adequate 

schedule control technique. It can be concluded from this study that there is a strong need 

for an effective project management system in addition to continuous communications 

between all parties. and contract documents that enable the project team to deal with 

uncertainties and changes. There is also a need to deal with physical space constraints in 

order to accommodate simultaneous construction building operations as well as the need 

to deal with existing site condition uncertainties and. finally. contractors should be 

experienced. Since this research is focused on exar.1ining control factors. lessons learned 

from the aforementioned study will be used for further field review to determine what 

possible control factors can be used to overcome these problems. 

Also. using a case study approach. the success related factors for the reconstruction and 

full replacement of a high school in Toronto. Canada were fully discussed [Attalla et al. 

1999]. The project was a major undertaking and exhibited several difficulties in 

maintaining the operation of the old facility and the safety of 2.800 occupants. 
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In an exploratory study by the Construction Industry Institute, critical success factors to 

retrofit projects were examined [Sanvido and Riggs. 1991 ]. These factors are: an 

experienced and cohesive project team. contract incentives. partnering arrangements. 

special procurement and pre-planning strategies, and a high level of management support. 

Also. this exploratory study did not produce any control techniques that enable the 

project team to actually influence the project and enhance its performance. The study was 

performed based on information gathered from sixteen projects only. which is not 

considered a large representative sample that can enable researchers to draw conclusions 

about the overall population of reconstruction projects. Also, the results were not 

validated against another independent sample. Table 2.1 include the Critical Success 

Factors as developed by Sanvido and Riggs 

2.2 REVIE\V OF CURRENT CONSTRUCTION CONTROL MODELS 

Project control is not a specific set of services that can be applied in the same manner to 

each and every project. A project control system is not the development of something 

entirely new. It is more the bringing together of many proven project control factors. 

Since the exact combination of control factors varies significantly to meet the unique 

needs of each project, no single detailed control system is appropriate to every 

construction environment. 
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Table 2.1 Critical Success Factors for Retrofit 

Projects l Sanvido and Riggs, 1991 I 

CRITICAL SUCCESS FACTORS FOR 

RETROFIT PROJECTS 

1- Experienced and Cohesi\'e Project Team 

2- Contract Incentives 

3- Partnering Arrangements 

4- Special Pre-Planning Strategies 

5- High level of Management Support 

The definition of control is .. to check or \'erit)'. and hence to regulate" [Shorter Oxford 

English Dictionary]. It is also defined as "making situations behave according to certain 

desired performance criteria" [Beer. 1996]. Project control can also be ddined as "the 

processes required to define the objectives of the project and the resources used to meet 

these objecti\'es: the policies and activities required to pro\'ide these resources; the 

efficient use of these resources: and the efficient and effective conduct of specific tasks to 

achie,·e the project objectives" [Sanvido. 1989]. 

The prime objective of this research is the de\'elopment of a model to manage and control 

reconstruction projects. It is. therefore. an essential part of this study to investigate 

previous construction control, construction processes and construction performance 

models. 

In 1987. a model for the Determinants of Construction Projects Success was developed 

[Ashley et al., 1987). It was concluded that the critical determinants of success are 
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planning effort (design and construction), project manager capabilities. technical 

uncertainty. and legal political environment. Other determinants of project success were 

also identified such as project manager goal commitment. project team motivation. scope 

and work definition. control systems. safety. design-interface management and risk 

identification. 

This model was accompanied by a list of recommendations. which would be very 

beneficial for future efforts in construction models. These recommendations were taken 

into account when developing this present study: 

l) Increasing the project sample size since a sample size of sixteen projects cannot 

produce results representative of all projects. 

2) Collecting more objective data for each project. 

3) Identifying more factors and relationships. 

➔) The focus of this work was on heavy industrial projects. which opens the opportunity 

to conduct similar studies for other types of projects. 

5) The development of well conceived predictive models that capture the essence of 

project success such as the following format: 

Project Outcome= C1 F2 + CJ f4 +Cs F6 + C1 Fs 

Where : C 1. CJ. Cs and C1 are coefficients 

F2. F4. F6 and Fs are potential predictive factors 
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Fig. 2.1 illustrates the model for the Determinants of Construction Project Success. 

Determinants 

Environment 

•··················----·· .. ····· ....................... . 

Success Measures 

Functionality 

Follow on 
Work 

End user 
Satisfaction 

Outcome 

Fig. 2.1 Determinants of Project Success ( Ashley, 1987 I 

ln 1988. Sanvido developed the Conceptual Construction Processes Model [Sanvido. 

1988]. ln this model. the author offered a format for the processes to be followed in order 

for the project to be successful. These processes were management planning. 

management control. resource acquisition. resource allocation. operational control and 

operational planning. This model did not provide information about the control factors 

that can be used in order to optimize the performance of each process. Fig. 2.2 illustrates 

the Conceptual Construction Processes Model. 
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Management Management Resource 
Planning - Control - Acquisition - -

H 

Operational Operational Resource 
Planning Control Allocation - -..... ..... 

Fig. 2.2 Conceptual Construction Processes Model [ Sam·ido, 1988 I 

In 1989. Sanvido developed an lntegrated Project Control Model [Sanvido. 1989]. In this 

model. the author outlined a frame for project control decision making. The project 

control processes were classified into three phases of decision making. The three phases 

were problem recognition. solution de,·elopment and selection of solution. The model 

also included project control information requirements for the first phase. However. those 

requirements evolved around cost. schedule and quality control. In reconstruction 

projects. field review revealed that information requirements should also include data 

related to safety. communication. site. and scope definition control. Fig. 2.3 illustrates 

this lntegrated Project Control Model 

Problem Solution Selection of 
Recognition - Development - Solution - -

Fig. 2.3 An Integrated Project Control Model [ San,·ido, 1989 I 
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In 1990. McKim developed a project control process [McKim, 1990]. This control 

process included four steps to be followed for a complete project control. The four steps 

are: ( l) a plan; (2) a method for measuring performance; (3) a test for deviation of 

pedormance from the plan; and (4) a decision and reaction process based on (3). This 

model did not offer control tools to be used at each step. Also. this model can be 

described as a reactive control process: however. it can also be extended to include a 

proactive control process by building forecasting techniques into the process. Fig. 2.4 

illustrates this control process . 

..__P_la_n _ _:----l►ail Measure 

+ 
~---►-1 Poor 
~ . Performance 

Fig. 2.4 Project Control Process [ McKim, 1990 I 
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In 1992. Sanvido produced factors for project success that were called Critical Project 

Success Factors (CPSFs) (Sanvido et al. 1992]. The model included four critical factors. 

These factors are: ( l) a well organized. cohesive facility team to manage. plan. design. 

construct. and operate the facility: (2) a series of contracts that allows and encourages the 

various specialists to behave as a team without contlicts of interest and differing goals: 

(3) experience in the management. planning. design. construction and operations of 

similar facilities: and { ➔) timely and valuable optimization information from the owner. 

user. designer. contractor. and operator in the planning and design phases of the facility. 

These factors derived from a study performed on sixteen projects. which is a relatively 

small representative sample. Also. in this study, there was no analysis performed on the 

utilization of certain tools that may satisfy the mentioned factors. Table 2.2 summarizes 

the findings of this study 

Table 2.2 Critical Project Success Factors ( Sanvido et al. 19921 

CRITICAL PROJECT SUCCESS FACTORS 

1- Cohesive Facility Team 

2- Flexible Contracts 

3- Experience 

4- Information Input from all Stakeholders 

In 1996. Alacron and Ashley developed a General Performance Model (GPM) [Alarcon 

and Ashley, 1996]. This model studied the impact of different management options on 

the performance of construction projects. Three types of management options were 

considered which are organizational structure. incentive plans and team building 
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alternatives [Alarcon and Ashley, I 992]. These management options affect five drivers as 

seen in Fig. 2.5. The drivers propagate the effects through interactions among themselves, 

processes and performance measures. The model used the concepts of Cross-Impact 

Analysis and probabilistic inferences to capture the uncertainties and interactions among 

project variables. 

In I 997. Pocock provided a study which concluded that the higher the interaction 

between the builder and the designer. the higher the overall performance of the project 

[Pocock et al.. 1997]. 

SUMMAR\' 

In this section. previous models that are related to the present study were reviewed. While 

they contained valuable information, they also contained common shortcomings. Some of 

these shortcomings are: 

I) Some of the studies were not extensive in covering a reasonably large sample that can 

be considered a good representation of the overall population of the construction 

industry. 

2) These models did not deal with the specific environment of reconstruction . 
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Fig. 2.5 General Performance Model [Alarcon andAshleyl 

3) These models focused on developing success factors in the form of conditions that 

need to be satisfied in order for the project to succeed. This research will focus on 

developing factors in the form of tools that can be used to influence and satisfy the 

condition. 
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➔) The models dealt with factors related to cost. schedule, quality or organizational 

structure. There was not enough consideration for safety. site planning, and 

communication or scope definition. These categories were dealt with in separate 

modeling efforts in the literature. Nevertheless. they have to be included in the model 

as they are important to the overall performance of the project. Earlier field review by 

this researcher revealed that those four categories are highly significant to 

reconstruction projects. 

2.3 CONTROL CATEGORIES AND THEIR CONTROL FACTORS 

The prime objective of the literature re\'lew is to rediscover all the available project 

control factors that ha\'e an impact on the performance of the project. Since not much 

information was found under construction modeling. or during the search for 

reconstruction projects. the researcher reviewed the literature to gather information 

rdated to project management and control. An earlier study by this researcher concluded 

that safety control. site control. scope definition control and communication control 

should be an integral part of the overall project management model together with the 

three main control categories. schedule. cost and quality. These four categories were 

treated separately in the literature. The researcher included a review for these categories. 
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2.3.1 Cost Control Category 

The cost control category was always considered a main control category and a main 

indicator of the overall performance of the project. See [Ferguson. 1993 ]. [Ashley and 

Alarcon. 1996] and [Pocock et al.. 1997]. In this section. the various cost control factors. 

which may contribute to the outcome of construction projects. are introduced. 

2.3.J.J Btu/get Baseli11e am/ Btu/get Al/ocatio11s 

Before a project is initiated. it is necessary for a budget that links expenditures and time 

to be agreed upon by the project manager and senior staff of the organization [Plicher. 

1985] and [Parker. 1994]. 

2.3. /.2 Work Packages Costi11g 

A work package is a .. well-defined scope of work that terminates in a deliverable product 

or completion of service (ClI. November 1988]. See also [Globerson and Shtu. 1995]. 

Each package may vary in size. but it must be a measurable and controllable unit of work 

to be performed i.e. asbestos removal. demolition. site services. landscape .... etc. 
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2.3.J.3 Cost Breakdow11 Str11ct11re (CBS) 

The Cost Breakdown Structure (CBS) involves a level-by-level hierarchical segregation 

of the project"s components into a set of budgetl!d items. CBS is. usually. performed at 

different levels based on the amount of control desired and the level of effort to be 

exertl!d in the cost control function. CBS is the most frequently used cost control 

technique in reconstruction and new construction projects. A wide variety of literature 

recommended the use of CBS. See [PMI. 1996] and [CII. 1987]. 

2.3.J.4 Cost C0</i11g 

The cost coding structure is the framework upon which the cost control system is built. It 

provides a common language of identification and communication to be used by all those 

involved in a project cost control [CII. Ft:b .. 199 I]. 

2.3.J.5 Eame,I Val11e 

The earned value concept is used to measure the progress of a combination of unlike 

work tasks or a complete project. 

(Earned dollars u/1 "ccozmts) 

Earned Vi1/ue = -------------------------------------

( Budgeted dollars "fl accounts) 

[ASCE. 1987] 
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1.1.1.6 Cost Varia11ce (CV) 

CV is calculated as the difference between Budgeted Cost of Work Performed (BCWP) 

and the Actual Cost of Work Performed (ACWP) at any point over the life of the project 

[Ahuja et al.. 1994] and [Carr. 1993]. 

CV= (BCWPJ - (ACWP) 

1.1.J. 7 Cost Ratio 

Every construction project includes some activities or tasks which take place over a very 

long period of time during construction. or are continuous over the life of the project. 

These: tasks are budgeted on bulk allocation of dollars rather than on the basis of 

production. Examples of these types of tasks are contract administration. mechanical and 

dectrical rough-in and quality assurance. A control technique to measure these tasks is 

the cost ratio. which is calculated using the following formula: 

Aclllal Cost to Date 

Percent Complete = --------------------------------------

Estimated Cost of Completion 

[ASCE. 1987] 
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The disadvantage of this technique. however. is that it does not give early warning of 

potential cost overruns. This technique can be used in both an owner and contractor 

organizations to monitor the performance of those tasks that take place over a long period 

of time. 

2.3.J.8 Forecast A11a/ysis 

Recent researches once again discussed the significance of forecasting techniques to the 

cost performance of the project [Dawood and Molson, 1997]. See also [McMullan, 1996]. 

Forecast At Completion (F AC) can be estimated by using one of the following two 

fomrnlas: 

FAC = (ACWPJ "t" rBAC - BCWP) 

OR 

ACWP 

FAC = BAC * 
BCJVP 

Where BAC is Budget At Completion 
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2.3.2 Schedule Control Category 

Schedule control was always considered a main control category in the literature. In this 

section. the available schedule control techniques are presented. 

2.3.2.J Work Break,low11 Structure (WBS) 

The development of a (WBS) involves dividing up the project into controllable parts 

suitable for schedule control. These parts are converted into schedule activities where one 

or more activity comprise one element uf the ( WBS). It can be considered the basic 

building block for the work to be performed [Yu. 1996]. This technique is one of the 

most largdy used schedule control techniques in the industry [ Popescu and 

Charoenngam. 1995]. 

2.3.2.2 Bar Cl,arts 

It is also called Gantt Chart since Henry L. Gantt developed it. A bar chart is a graphical 

presentation of a project activities shown in a time-scaled bar line but with no links 

between the activities. 
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2.3.2.3 Critical Pat/1 Metl,od (CPM) 

CPM is a graphical presentation of a planned sequence of the construction activities. It 

illustrates the interrelationship of the elements comprising a project. The project 

management library includes a large amount of literature about the use of CPM. One 

interesting study ir;vestigated the use of CPM in new projects and renovation projects. 

The study concluded that CPM is more suited to non-repetitive projects [Cole. 1991]. 

2.J.2.4 /11creme11tal iUilestones 

It is used when the effort required to determine the completed units for each activity is 

not justifiable. It is also used when the activity includes sub-tasks that must be handled in 

sequence. 

2.3.2.5 Time Variance 

Variance analysis is widely used in the construction industry. Variances can be obtained 

by comparing planned man-hours versus actual man-hours. or planned percent complete 

versus actual percent complete. 
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2.3.2.6 Perce11t Complete 

This technique is usually used with a quantifiable activity such as concrete. steel, 

exca\'ation .... etc. This measure is presented in percentage of completion based on units 

of work completed to date. It can be obtained by the following formula: 

Actual Cnits to Date 

Percent Complete = ------------------------------- x 1 OU 

Total Forecast Cnits 

The advantage of using this technique is that it is accurate and easily audited. \Vhen using 

this technique. the total forecast units have to be updated whenever a change order is 

incorporated into the work. 

2.3.3 Quality Control Category 

Since World War ll. quality has always been a main control category in construction 

projects. Failure to maintain quality costs the U.S. construction industry over $15 billion 

a year in rework expenses alone. Additional costs for other quality failures may bring the 

total to more than twice that amount [Cll, I 989a]. The literature provided several 

definitions to the term quality. Also. the different parties to a construction project have 

different definitions to the term quality. For the purpose of this research. the definition 

provided by the Construction Industry Institute was adopted. which is .. conformance to 
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established requirements·· [CII, 1989b ]. Most of the reviewed literature focused on three 

factors to control quality 

2.3.3. J Quality Stamlards am/ Specijicatio11s 

The first step in controlling quality in construction is the preparation of clear and tight 

specifications for the project. 

2.3.3.2 Resp011sibilities of lmlivid11als towards Quality 

Quality control systems require responsibilities to be clearly defined by management. 

People with delegated responsibilities for quality must have the authority to stop and 

reject poor work and take action to prevent repetition. These responsibilities need to be 

defined on organizational charts backed up by a text defining responsibilities of key 

people. 

2.3.3.3 /11spectio11 ,md Testil1g 

Inspection is an important means of controlling conformance to requirements and is an 

essential part of any quality control system. The value of inspection. however. has limits 

and over-inspection wastes the owner's resources, increases the construction costs and 

creates adversarial relationships among the construction team. The resources available for 
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inspection must be deployed effectively and are most productive when all the project 

parties accept the value and relevance of inspection or testing. 

2.3.-& Scope Control Category 

Poor scope definition at the budget stage and loss of control of project scope rank as the 

most frequent contributing factors to cost overruns [CII. 1986a]. In more recent studies. it 

is also indicated that ··one of the most important ingredients to a successful project is the 

accurate definition and effective control of the project scope .. [Dysert. 1997]. Also. ••it is 

widely accepted that poor scope definition is one of the leading causes of projects failure 

in the U.S. construction industry" [ Dumont et al.. 1997]. Many owner organizations 

understand this fact: however. they share the misconception that it is not economically 

feasible to spend the time or money necessary to adequately define the scope of work 

early in the project's life cycle. If this is debatable in the case of nl!w construction. it is 

Cl!rtainly not debatable in the case of reconstruction projects. Literature search produced 

two control factors. 

2.3.4. I Decompositio,r 

Decomposition involves subdividing the major project deliverables into smaller, more 

manageable components until the deliverables are defined in sufficient detail to support 

future project activities [PMI, 1996]. 
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2.3.4.2 Be11ejit I Cost A11alysis 

It involves estimating tangible and intangible costs and benefits of various project 

alternatives [PMI. 1996). 

2.3.5 Communication Control Category 

Many investigators have researched and emphasized the significance and the impact of 

communication on the project outcome. See [Anumba et al.. 1997]. [Garcia. 1997] and 

[Thomas. 1996]. Construction projects are always planned and implemented by a group 

of people and project teams. Project teams are ··organizational entities devoted to the 

integration of specialized knowh:dge for a common purpose"' [ Cleland. 1995]. Team 

members include representatives from the owner. designer. contractor and other 

stakeholder organizations [ CII. 1993]. 

The most recent research identified six variables impacting communication effectiveness. 

They are Accuracy. Procedures. Barriers. Understanding Timelines and Completeness 

[Thomas et al.. 1998]. However. this model did not produce tools that enable the project 

team to achieve those six conditions. Literature search provided two different factors. The 

use of these two factors may enable the team to satisfy those six conditions. 
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2.3.5.J Site ~leetilrgs 

Site meetings are a very traditional communication tool in construction projects. All 

parties including owner. architect. engineers and the contractor meet on scheduled dates 

to discuss design or construction related problems [Khachaturian and Gnaedinger. 1996]. 

2.3.5.2 Electr011ic Con11111111icatio11 

The use of information technology in managing a construction project is increasing. 

Numerous studies discussed the rapidly increasing role of information technology m 

construction [Duke and Anumba. 1997] and [Evbuomwan and Anumba. 1997]. 

2.3.6 Safety Control Category 

Statistics indicate that construction employees account for approximately six percent of 

the total labor force. but they incur twelve percent of all occupational injuries and 

illnesses and nineteen percent of all work related fatalities [Yates and Terrero. 1997]. 

Safety control is an integral dimension of the overall project performance and one that 

managers can control to the same degree that they control cost and schedule performance 

[Levitt and Samelson, 1993 ). 
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Different publications \Vere reviewed in an attempt to gather tools that can be used to 

improve the overall performance of the project [Hinze and Raboud. 1988] and [Samelson 

and Levitt. 1982]. The following factors were found to be useful. 

2.3.6.J Formal Safety Afeetilrgs witlr Supervisors 

It was recommended that the number of formal safety meetings with supervisors take 

place at least once a week. 

2.3.6.2 Site Safety /11spectio11 

It was also recommended that site safety inspection take place at least four times per 

week. 

2.3.6.3 Upper i"1a11age111e111 l,1vofreme11t 

Upper management involvement in the application of safe practice will have a positive 

impact on the performance of the project. 
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2.3. 7 Site Control Category 

Space availability on a construction site can have a major impact on the efficiency and 

constructability of a project. When space is limited, trade-offs between activity 

sequencing, construction method selection, resource allocation and space allocation are 

necessary to generate an executable schedule and site layouts [Zouein and Tommelein. 

I 994 ]. 

All the reviewed literature on site control cited one significant factor to site planning. that 

is the production of an efficient site layout. See [Hamiani and Popescu. 1988]. 

2.3. 7. I Site layout Pla11 

The layout of construction sites has a significant impact on the overall productivity and 

cost effecti\'eness of a construction project [ Philip et al.. 1997]. The outcome of site 

planning is a detailed drawing of the locations and areas reserved for the temporary 

support facilities [Yeh. 1995]. These drawings may also include access routes to the 

construction site. Also, details of the manage.11ent of shared space between construction 

personnel and the occupants should be clarified. 
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2.4 MODELING TECHNIQUES 

The literature has offered different classifications of modeling techniques or model types. 

The classifications were done according to the basis on which the model ,vas formulated. 

The first type was models derived from assumptions concerning the relationships 

between variables or based on physical laws or principles. which may be called 

Mechanistic models. The second type is the Empirical model. with which we are more 

concerned in this work. An Empirical model is one which is derived from and based 

entirely on data [Edwards and Hanson. 1990]. 

When the variables of an Empirical model are measured and expressed in numbers. the 

model can be called a Numerical or Quantitative model. Quantitative models can also be 

classified as Deterministic and Probabilistic models [Gould and Eppen. I 984]. 

Probabilistic models can also be called Stochastic models. ln Deterministic models. all 

the relevant data that the model will use or evaluate. is assumed to be known. ln 

Probabilistic models. usually, a high variability and uncertainty exist in the relevant data. 

Models can also be classified as Optimization models. Dynamic models and Probability 

models [Meerschaert. 1993). Optimization models and Dynamic models exist more with 

deterministic data. 

ln this work, the researcher reviewed, briefly, the utilization of both Artificial Neural 

Networks and Regression Analysis in developing predictive models in construction. The 
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purpose was not to acquire in depth knowledge about these two approaches. The purpose 

\Vas to gather enough information. which enables the researcher to utilize these 

methodologies as tools for data analysis and model building. In the following subsections 

the advantage of using these approaches in developing predictive models in construction 

research was also discussed. 

2.4.l Artificial Neural Network 

Many of the systems that civil engineers deal with exhibit dynamic. muti-variate. and 

complex behavior. This has motivated many researchers in the Civil Engineering field to 

experiment with non-traditional tools based on artificial intelligence such as Artificial 

'.'Jeural Networks (ANNs) [Hegazy et al. 1998]. ANNs. also known as connectionist 

systems. are a class of modeling tools inspired by biological neural systems [Al-Tababui 

et al. 1998]. 

2.4.J.J Deji11itio11s 

ANNs can be defined as "a massively parallel distributed processor that has a neural 

propensity for storing experiential knowledge and making it available for use". It 

resembles the brain in two respects: 

The network through a learning process acquires knowledge. 

1 Inter neuron connection strengths, known as synaptic weights. are used to store the 

knowledge [Haykin, 1994). 
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Detailed description of the structure and processing of ANNs is not part of this study and 

is available in many references such as [Flood and Kartam, 1994]. [Garrett, 1992] and 

[Vanluchene and Sun, 199 l ]. A brief description of the important aspects of ANNs is 

provided in the following subsection. 

2.4.J.2 A.NNs Str11ct11res aml Algoritl,ms 

The basic element of an ANNs is called a neuron. which is a simple processing element. 

See Fig. 2.6. ANNs gain their processing capabilities by connecting the neurons with an 

associated weight. This weight determines the structure of the signal. which is transmitted 

from one neuron to another. 

Hidden Layer 

Input Layer Output La~·er 

Inputs 

Neurons_} 

Fig2.6 ANNs with Three Layen 
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The total collections of weights are the parameters in the net that specifies the predictive 

model. These weights need to be adjusted using a suitable learning algorithm. A learning 

data set or training data set is required for the net to learn. The learning set is a number of 

observations. whose attributes are known. 

Neural networks learning is classified into supervised and unsupervised nets. Supervised 

nets are those with learning sets that include inputs and outputs. Unsupervised nets. on 

the other hand. use inputs only. 

Different ANNs are classified by differences in the architecture. learning algorithm and 

the processing algorithm. The architecture of ANNs specifies the way the neurons are 

interconnected. The processing algorithm is the actual method of determining the output 

for a given set of inputs. 

The algorithm used to train the neural network is dependent on the manner in which the 

neurons in the network are structured. There are four different architectures for neuron 

setup: Single-layer feed-forward. Multi-layer feed-for.vard. Recurrent and Lattice 

structure [Haykin. 1994]. The first two types are widely used for developing prediction 

models. One special type of feed-for.vard nets is the back propagation algorithm. The 

back propagation algorithm is the most widely used training technique. 

One form of an ANNs that can be used for prediction purposes is three layers feed 

forward networks such as the network shown in Fig. 2.6. This type of nets consists of 
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three layers: an input layer, an output layer and a hidden layer. The input layer contains 

neurons that correspond to the input variables (Independent variables). The output layer 

contains neurons that correspond to the output variables (Dependent Variables). The job 

of the hidden layer is to act as an intermediate data abstraction between the input and 

output neurons. 

Training such feed forward networks is usually done using back propagation. which is a 

superYised learning algorithm. During training. observations that include outputs and 

inputs are presented to the neural network. Using the back propagation process. the 

predictions of the network are compared \Vith desired outputs. The network adjusts the 

connection weights bet,veen the neurons until a minimum error between the model 

prediction and the actual output is reached. 

1.4. J.3 A1lva111ages of (ANNs): 

As mentioned earlier. ANNs have been proven capable of dealing with the complex muti­

variable nature of Civil Engineering. in general. and Construction Engineering. in 

particular. ANNs have been suggested as most suitable for modeling problems involving 

judgment and analogy with previous situations, where a structured problem-solving 

mechanism is lacking [Hegazy et al. 1994a]. This is due to the fact that ANNs have 

several advantages. ANNs do not need pre-defined functions (learning by example). The 

examples (learning sets) are presented to ANNs and the network adjusts itself according 

to its learning rules to give the most appropriate output. ANNs have a built-in capability 
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to adapt their weights to changes in the data. They continue learning from any point to 

improve performance. ANNs, also, have the ability to predict the output as a response to 

new unseen inputs. 

ANNs have been used to analyze and solve complex engineering and construction 

experiments. Developing a cost prediction model for highway projects was one of the 

most recent application of ANNs [Hegazy and Ayed, 1998]. Moselhi has also provided a 

detailed description of the fundamentals of neural networks, along with their potential 

applications in civil and construction engineering [Moselhi et al, 1991] and [Moselhi et 

al. 199:!]. Hegazy also developed a solution to mark up construction estimation problems 

[Hegazy et al, 1994 a]. 

2.4.1.4 Disadva11tages of ANNs a11d mea11s to 01-•ercome t/1em 

Despite the good performance of Neural Networks in several previous research efforts. 

the process of developing and implementing (ANNs) has a number of problems 

associated with it. The selection of a number of neurons in a layer and the number of 

layers in a network are vaguely defined in the literature. Large numbers of neurons and 

layers in a network require a larger training set and such nets converge slower than a 

smaller network. In other words. designing the network architecture and setting its 

parameters require trial and error in order to determine the best network architecture 

parameters that best fit the application under consideration (and the available data set). 

Also. selecting the learning algorithm requires some trial and error, since there is no 
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explicit set of rules to determine whether a given learning algorithm is suitable for a 

particular application or not. 

One of the major drawbacks that (ANNs) users overlook is ··over-fitting ... It happens due 

to over-training \Vhich leads tc> poor prediction. because it forces networks to develop an 

exact implementation of the model on the given training data. Practice has shown that 

successive passes through the same set of learning data (epochs). force a monotone 

decrease of the training error. The objective is to minimize the generalization error (Error 

on new data. \vhich was not used in the training) [Pados and Kazakos, 1994]. The 

method. which minimizes the generalization error. is called cross-validation. The 

available data are divided into two sets. namely the training set and test set. The data in 

the training set are used during the learning phase. while the data in the test set are 

reserved for model performance evaluation. 

Se\·eral software packages for the application of ANNs have been available commercially 

with different architecture. training algorithms and powerful computing abilities. The 

user. in most packages. has the ability to specify the learning rate. momentum. activation 

functions and initial weight range on a layer basis. This ability make the model building 

process interactive and transparent. In this work. l1./euro Shell 2 has been used for the 

development of the ANNs predictive models. The model building process utilizing ANNs 

is explained in detail in chapter five. 
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2.4.2 Regression Analysis 

Different statistical analysis techniques can be used to develop Probabilistic or Stochastic 

models. Traditionally. data has been analyzed using statistical regression analysis. This 

method is commonly used to develop Empirical models by estimating parameters and 

coefficients of independent or explanatory variables in mathematical relationships that 

can explain most of the variations in the dependent or predictor variable [Haas. 1997]. 

Linear regression is particularly attractive to modelers because it lends itself so easily to 

model development. interpretation and comparison [Lunneborg, I 994 ]. It was also 

mentioned in the literature that "the single most commonly used stochastic model 

assumes that the expected value of the state \'uriable is a linear function of time". The 

model is attractive not only because of its wide range of applications. but also because of 

the a,·ailability of good software implementation [Meerschaert. 1993 ]. One more 

advantage of regression methods is that they are frequently used to analyze data from 

unplanned experiments. su~h as might arise from observations of uncontrolled 

phenomena or historical records [Montgomery. 1990]. This work is based on the analysis 

of unplanned data. 

Literature search also revealed that numerous models used linear regression successfully 

as an analytical tool for similar researches to this work and yielded satisfactory results. 

See [ Thomas et al.. 1998]. [ Kiani, 1998], [Pocock et al., 1997], (Konchar, 1997], 

[Dubois. 1996]. [Adas. 1996] and [Cottrell, 1995]. 
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Detailed description of the computation, testing and comparison of different regression 

statistics is beyond the scope of this work. Detailed information related to regression 

analysis is available in different literature such as [Draper and Smith.1981 ]. 

[Montgomery. 1991] and [Rawlings, 1998]. Also. several software packages for 

performing statistical analysis including regression analysis have been available 

commercially with powerful computing abilities and preset defaults, which include 

significance criteria. Systat has been used for the development of the regression 

predictive models. which are explained in details in chapter four. A brief description of 

the important aspects of regression analysis is provided in the following subsection. 

In Regression Models. for every project Pi. the researcher obtains a value for a response 

variable which is denoted by the continuous random variable y. Also. data should be 

obtained about the use and utilization of predictors variables which are denoted as x1, X:? • 

. . . . . . . xn. The multiple regression model is given by the equation, 

The model assumes that there is a line with a vertical intercept po and partial slopes of P1. 

!}:? ....... Pn. called the true or population regression line. The random error e is assumed 

to be normally distributed with mean value zero (µe =O) and the variance cr2 for any 

values of xi. ...... xn. The (k ...... pn are called population regression parameters. The most 
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important task in this analysis is to obtain the best fitted model with the best estimates for 

those parameters. 

1.4.2.1 Fitti11g t/1e ~lode/ 

The principle of least squares is used to estimate the parameters. According to the 

principles of least squares. the fit of a particular estimated regression function a + b1x1 

+ ....... +bnxn to the observed data. is measured by the sum of squared deviations between 

the observed y values and they values predicted by the estimated function or model: 

.., 
J: [ y- (a -r b1x1... b,~r,,)F 

For example. if we have 15 variables x1. Xt5 and we have 10 observations or 10 

projects. we can estimate the value of the parameters by the following process: 

XI I XI:! .............. XI 15 

X= 

XIOI .................... XI015 

., 

Pt 

·' -1 

p = =(X"X) • X'Y ,, -t obtain Pi. ....... p,-i [Draper. 1981) 

p,o 
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, 
2.4.2.2 Assessil,g tire Model's Utility Usil,g R-

The utility of the estimated model can be assessed by examining the extent to which the 

predicted y values are based on the estimated regression function (model) and are close to 

the y values actually observed. In other words, the variation explained by the model is 

significantly larger than the error term [Montgomery, 1991]. That can be determined by 

,, 
constructing the ANOV A table and the use of the coefficient of determination (R -). 

Table 2.3 illustrates the constructed ANOV A table. 

Table 2.3: ANOV A Table 

Source of Variation Sum of Squares Degrees of Freedom Mean Squares (MS) 

(DF) 

Regression SSR P-1 MSR =SSR/P-1 

Error SSE n-P MSE= SSE/n-P 

Total SST 
I 

n-1 MST=SST/n-1 

Where 
/\ _2 

SSR= p * .'Cy-ny 

A 

SSE= y' * y- p * Xy 
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-
y is the mean of they observations in the sample. 

n = number of observations ( l O in this example). 

P= number of predictors variables in addition to the constant (15+ l = 16 in this example). 

, 
R- should satisfy the following formula: 

., 
R- = SSR I SST [Montgomery. 1991] 

2.4.2.1 Tl,e Lack of Fit Test 

[fall n parameters p1. p2 ....... pn are zero. there is no useful linear relationship between y 

and any of the predictor variables x1. x2 ........ xn included in the model. Before using an 

estimated model in further inferences. it is desirable to confirm the model's utility 

through a formal test procedure. This test is called the F test. The value of F tends to be 

larger when at least one Pi is not zero than when all the Pi· s are zero. since more variation 

is typically explained by the model in the former case than in the later. An F statistic 

rnlue far out in the upper tail of the associated F distribution can be more attributed to at 

least one none zero Pi rather than when all Pi's are zero. This is why the model utility F 

test is upper tailed. 
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Null Hypot/1esis 

Ho : p, = P2 =PJ.. ...................... = Pn = 0 (There is no linear relationship between y 

and any of the hypothesized predictors x1. X.'.? .......... xn). 

Alternative hypothesis Ha: At least one among P's is not zero. (There is a useful linear 

rdationship between y and at least one of the predictors) 

F observed = MSR / MSE 

If F critical = Fa. p-1. n-p < F observed ~ The null hypothesis is rejected ~ The overall 

regression is significant. a = 0.05 if WI! chl!ck at 95 % significance. 

2.4.2.4 Testi11g tl,e Sig11ijica11ce of tl,e /111/fril/ua/ Predictor.r 

The significance of each variable to the fitted modd can be tested for each variable Xi. 

We can test whether Pi * 0. This can be achieved by using the T test. 

p, ./ 
T observed= --------------------- Where c,, is the irl, element in (.\".\) 

IMS£ *C,; 

[Montgomery, 1990] 
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2.4.2.5 1Uodel Selectio11 Proced11res 

Two methodologies can be used for model selection procedures. They are all possible 

regression subsets and sequential selection. 

- All possible Regressio11 S11bsets 

With (n) explanatory variables there are (i ) possible regression models. ranging from 

the simplest form. where only one of the variables is included. to the most complex. in 

.., 
which all predictors are included. This approach generally relies on R- as the assessment 

criterion [Dover and Peck. 1993 ]. 

, .., 
We calculate R- for all possible models. the model with the highest R- should be 

.., 
selected. However. it was argued that using R- to choose between models containing 

different numbers of variables is deceiving because adding a predictor to a model can 

.., .., 
never decrease the value of R-. Therefore. it is more advisable to use the adjusted R-. 

' R- adj = I - ---------------------- [Rawlings. 1998] 
( n-p) 
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- Seq11e11tial Se/ectio11 

This can be implemented using three different methodologies. They are forward 

selection. backward selection and stepwise selection. In this section. stepwise selection is 

explained. 

1. Calculate the correlation of all the predictor variables with the dependent variable. As 

the first variable to enter the regression. select the one most highly correlated with the 

criterion. Let .\"i denote the selected predictor variable. 

2. Regress }' on Xi . Retain in the fitted model if the overall F - test shows that the 

regression equation is statistically significant. 

3. Calculate the partial correlation coefficients of all the variables not in the regression 

equation with the criterion. Select as the next variable to enter the one with the highest 

partial correlation coefficient. Denote the selected variables by ,\'j . 

4. \\'ith both .\i and .\'j in the model. compute the regression equation. Retain the new 

variable .\J in the regression equation if its partial F-value is statistically significant as 

compared to critical tabulated (I-a) values under the F-distribution with l and n-2-1 

degrees of freedc.m. 

5. Select as the next variable to enter the one most highly correlated with the dependent 

variable. given that the variables .\'i and .\1 are already in the regression equation. Denote 

this variable by Xi,;. 

6. Repeat the process from 2. [Rawlings, 1988) 
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2.4.2.6 C/1eckil1g M11/ticolli11earity 

Muticollinearity arises when there is linear dependencies among the parameters of the 

explanatory variables. Its effect is to int1ate the variance of the least squares estimators 

and possibly any predictions made, and also to restrict the generality and applicability of 

the estimated model [Wetherill. 1986]. Muticollinearity can be checked by using the 

Variance Inflation Factor { VIF). 

VIFi - ---------------

1 - Ri 

:? 

RJ is the coefficient of determination from the regression of XJ on the other independent 

variables. 

• If Ri is close to one + VIFi is high. which means that strong correlation exists 

between XJ and the other independent variables. 

:? 

• If Ri close to zero+ No correlation 

It was also mentioned in the literature that. 

If VIF > 10 + Problems with estimation 

5< VIF < l O + Problem may exist 

VIF < 5 No Problem. 
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2.5 CONCLUSION 

In this chapter the results of the literature review were presented. The prime objective of 

the literature review was the search for traditional and non-traditional control factors that 

can be used as tools to control the performance of reconstruction projects. A search in the 

area of reconstruction projects yielded very little information. Most of the literature 

focused on a case study methodology that is contrary to the objective of this research. 

The objective of the research is to search a reasonably large sample of reconstruction 

projects to enable the researcher to make valuable inferences about the performance and 

control of the overall population of reconstruction projects. 

During the search for construction control models. there were no models found in the 

area of reconstruction. Also. the researched models produced factors in the form of 

conditions that had to be satisfied in order for the project to succeed. This research will 

adopt a proactive approach to deal with the problem by developing a model that includes 

control factors or tools that can be used to satisfy the success conditions. Also. the 

researched models were more concerned with cost. schedule. quality and organizational 

stmcture factors. However. the participants of a field study confirmed that four other 

control categories are essential to the success of reconstruction projects. namely. 

communication control. scope definition control, site control and safety control. 

Therefore, the researcher reviewed the literature of related data to these subjects. Table 

2.4 summarizes the control factors, which were found in the literature. 
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The review of the utilization of Artificial Neural Network and Regression Analysis in the 

development of predictive models was also presented. 

Table 2.4: Categories of Factors Contributing to the Overall Efficiency of the 

Project 

CATEGORIES 
I 

FACTORS 

COST The establishment of Budget Baseline and Budget Allocations 

The use of Work Packages Costing 

Cost Breakdown Structure (CBS) as a cost-planning tool. 

Cost Coding as a cost planning and communication tool. 

The use of Earned Value to measure cost performance. 

Cost Variance ( CV) to measure cost perfonnance 

The use of Cost Ratio 

Forecast Analysis 

SCHEDULE Using Work Breakdown Structure 

BarChans 

Critical Path Method 

Incremental Milestones 

The use of Time Variance to monitor schedule performance. 

Using Percent Complete repons 

QUALITY A well developed Quality Standards and Specifications 

Responsibilities of Individuals towards Quality are identified. 

Inspection and Testing 

SCOPE Decomposition 

Benefit / Cost Analysis 

COMMUNICATION Regular Site Meetings 

The use of Electronic Communication 

SAFETY Formal Safety Meetings with supervisor 

Site Safety Inspection 

Upper Management Involvement 

SITE The Development of a Site Layout Plan 
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CHAPTER 3 DAT A COLLECTION AND ANALYSIS 

In chapter one the problem statement of this research, that is, the poor performance of 

reconstruction projects. was presented. In chapter two, the researcher presented the 

results of the literature review in the areas of reconstruction projects. construction control 

models. data modeling and control factors relating to the three main control categories. 

namely. cost. schedule and quality. Also. because of the recommendations of an earlier 

research by this writer. four other control categories. namely. site control. safety control. 

communication control and scope definition control. were researched and presented in 

chapter two. 

3.1 PRELIMINARY FIELD REVIE\V 

After the literature search was completed. the researcher conducted a preliminary field 

review through formal and informal discussions with construction professionals. The 

purpose of the field review was to accomplish two tasks. The first was to perform an 

analysis to identify reasons for the poor performance of reconstruction projects. The 

approach of this study was to analyze the reasons behind change orders and schedule 

ovemm. The results of this study are tabulated in Table 3. I. 
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The second task was to review the obtained control factors as a result of the literature 

review. and confirm their significance to the success of reconstruction projects. and how 

they respond to the identified reasons for the poor performance of reconstruction projects. 

The participants used a scale from I to 5 to analyze the contribution of every control 

factor to the success of reconstruction projects. A copy of this questionnaire is included 

in Appendix l. 

Table 3.1 Reasons for Poor Performance in Reconstruction Projects 

REASONSFORTHEPOORPERFORMANCE 

IN RECONSTRUCTION PROJECTS 

l Unforeseen Existing Site Conditions 
., Scope Change by Owner 

" Design Change (upgrade) j 

➔ Schedule Problems 

5 Design Coordination 

6 Regulatory Requirements 

7 Poor Performance by Contractor 

The result of the preliminary field review was to confirm the relative importance of the 

majority of the reviewed factors. Moreover, in this analysis the participants identified 

more non-traditional tools or factors that are being used in controlling reconstruction 

projects. Some of those non-traditional factors were not included in the literature. Other 

factors. hO\vever, were included in the literature under separate headings other than 

construction control. The researcher reviewed those factors in the literature to confirm 

their validity. The result of this exercise was the identification of thirty-six control factors 
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in seven different control categories. These thirty-six control factors will serve as the 

independent variables in the process of developing the required model. In the following 

sections. the thirty-six factors are presented and explained. 

3.1.1 Cost Control Category 

It was found that the cost control category is an essential category in almost all of the 

interviewed owners' organizations. Owners have a particular interest in cost control from 

the initial concept to completion due to budgeting and programming concerns. However, 

different owners arc found to apply a wide variety of cost control techniques in their 

construction projects. In this section. the various cost control factors. which were found 

to be significant to the outcome of reconstruction projects. and those factors that were 

declined in the field review. are introduced. 

3.1.J.J Bmlget Baseli11e allll B11dget Allocatio11s 

Planners within the owner's organization develop a cost estimate for the project whether 

or not the design documents are complete. As the project becomes better defined. the 

estimates are updated to reflect the new information. In a lump sum contract, this 

estimate is critical because it provides all quantity, cost and productivity targets used for 

the budget baseline. 
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3.1.1.2 Work Packages Costi11g 

Construction mvners found the use of work packages to be very useful. 

3.1.13 Cost Breakdow11 Str11ct11re (CBS) 

The field review revealed that CBS is the most widely used cost control technique. 

3.1.1.4 Cost Co,lilrg 

The field review results did not recommend this factor for further consideration. 

3.1.1.5 Ear11ed Value 

Also. the use of Earned Value was not considered as an important factor by the 

preliminary field review. 

3./.J.6 Cost Variance 

Construction owners use cost variance as a cost control technique to measure the cost 

overrun or undemm of the budget established for the work accomplished to date based on 

the earned value. 
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3.J.J. 7 Cost Ratio 

The participants of the field review did not strongly recommend the use of the Cost Ratio. 

3.J.1.8 Forecast A11alysis 

Construction owners· organizations use cost forecasting in an attempt to predict the 

future cost performance of the overall project or certain aspects of the project by utilizing 

the past and current performance of the project costs. Forecasting the cost at completion 

helps the O\vner decide whether or not to proceed with certain phases of the work based 

on the on:rall budget of the reconstruction project. 

3.1.J.9 U11it Prices 

Some owners tend to ask the contractors to provide unit prices for certain activities as 

part of their tender submission. These unit prices are usually used later during the 

construction process to assess the values of extras to the contract. This technique was 

reported 10 help minimize the quoted values for change orders by the contr,1ctor. 
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3.1.J.J0 Casi, Allowances 

Any undetermined scope of work at the time of tendering may be included in the contract 

through cash allowances. When the scope becomes more defined during the construction 

process. the owner is then able to solicit prices from vendors or sub-contractors to carry 

out this portion of the work under the supervision of the general contractor. Some owners 

use this technique to eliminate or reduce the painful and costly change orders in light of 

the level of uncertainty associated with reconstruction projects. 

3.J.J.JJ Ct1s/1 Flow 

\\'hen a contract is awarded. the contractor may be asked to submit an estimate of 

progress payment requirements over the life of the project. The owner then determines a 

realistic schedule of anticipated cash tlows. This process enables the owner to determine 

his/her long term investment options. lt can also be used as a performance monitoring 

tool that compares planned progress vs. actual progress. 

3.1.2 Schedule Control Category 

ln reconstruction projects, construction owners consider the time factor to be of an utmost 

importance. Because of the fact that construction is proceeding in an operating facility, 

any change in the duration has a significant impact on the users, services and operation of 

the facility. Therefore. construction owners apply a wide variety of schedule control 
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techniques in an attempt to start and finish the various stages in timely fashion. Literature 

search and preliminary investigations with construction professionals have led to the 

identification of nine factors or tools that may impact the schedule performance of the 

project. In this section. the hypothesized factors are explored. 

3.1.2.1 Work Break<low11 Str11ct11re (WBS) 

WBS is one of the most widely used schedule control techniques m reconstruction 

projects. 

3.1.2.2 Bar Cllarts 

Different owners develop bar charts at different levels of details. Some owners develop 

the bar chart at the detailed activity level. while others develop it at the work package 

level. 

3. 1.2.3 Critical Pat/1 Aletlwd (CPM) 

Construction owners use CPM to determine the length of a project and to identify 

activities. events and constraints. which are used on the critical path. They also use it to 

determine early start and finish and the tloat. The critical path is the particular sequence 

of activities in a CPM network that has the least total tloat and is the largest path in the 

network. The critical path, therefore. is a chain of critical activities. Any delay in the 
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duration of a critical activity causes a correspondent delay m the completion of the 

project. 

3.1.2.4 fllcre111e11ta/ lli/esto11es 

This technique is useful to top management and senior staff because it enables them to 

monitor the performance of the project in a generic format. It can be used in all types of 

organizations. 

3. 1.2.5 Time Vari,mce 

Owners used variance analysis to monitor the performance of their projects. Variances 

were obtained by comparing planned percent complete versus actual percent complete. 

They used S curve reports or bar chart tracking reports 

3.1.2.6 Perce11t Complete 

This technique was reportedly used as a schedule control technique in reconstruction 

projects. 
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3. 1.2. 7 Coor,li11atio11 Sc/1ed11/e 

In reconstruction projects, owners need to coordinate reconstruction activities with the 

schedule of those ,vho will continue to occupy and use the remaining portion of the 

building. One example is demolition activities. which are always disturbing tasks because 

they inevitably involve a high level of noise. dust. dirt. odor and debris. However, they 

must be completed while respecting the welfare and schedule of building occupants. 

Another example is the disruption of utility service. It is an extremely sensitive issue in 

reconstruction projects. In order to overcome this problem some owners develop a 

coordination schedule to incorporate the operation of the existing building and the 

construction activities in one master schedule. 

3.J.2.8 liq11i,/ated Damages 

Liquidated damages clauses are being used as part of the general condition of 

construction contracts. They state that the contractor will be liable to pay the owner an 

.. x.. dollars for each day that the contractor has delayed the date of substantial 

completion. The project is deemed to be substantially complete. when it meets certain 

criteria as specified in the Construction Lien Act. The owner will have to substantiate to 

the court the amount of liquidated damages claimed. The use of liquidated damages is 

reported to work towards the expedition of the construction work by the contractor in 

order to avoid any potential litigation. 
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J.J.2.9 Cl,a11ge Directive vs. C/1a11ge Notice 

Construction projects very often face the need to change the scope of work for one reason 

or another. These changes usually have a negative impact on the schedule perfonnance of 

the project [Hansen. 1994 ]. [CII. 1990] and [Semple, 1996]. In such cases. the architect 

issues a Change Notice to the contractor. The contractor then prices the change and 

submits it to the architect. lt usually takes a long time before the owner. architect and 

contractor come to an agreement as to the final value of the change which causes 

considerable delay to the project duration [Wideman. 1995] and [Veenendaal. 1998]. 

Reconstruction projects do not usually have the luxury to entertain the fonnal process of 

a change order. CCDC2 1994 introduces a new mechanism called Change Directive. 

When the owner requires a change in the work and ( 1) the change is urgently required or 

it would not be expedient to attempt to reach agreement on the method of the adjustment 

to the contract price or contract time prior to its commencement: or (2) there has been 

failure of the parties to agree on the method of adjustment to the contract time. then the 

owner may issue a Change Directive [CCDC2. 1994]. This mechanism authorizes the 

contractor to proceed with the change and for the final value to be detennined later after a 

thorough examination takes place by the o,vner and the Architect. The use of Change 

Directives is reported to have a significant impact on improving the overall schedule 

performance. 
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Fig. 3.1 illustrates the formal change order process via change notice and Fig. 3.2 

illustrates the suggested change order process via change directive. 

\VorkTo 
Proceed 

Contractors 

Suppliers 

Issue Change 
Order 

► 

Deviation or 
Potential 
Change 

Identified 

Estimate Change Cost 

Approve 

Owner 

Architect/ 
Engineer 

Contractor 

Reject 

Reject 
Price 

Fig. 3.1 The Formal Change Order Process via Change Notice 
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Work To Price / Issue 

Proceed 
... Change .... 

Order 

Fig. 3.2 Change Order Process ,·ia Change Directi,·e 

3.1.3 Quality Control Category 

Quality control becomes more challenging in reconstruction projects involving operating 

facilities. Since the building end users and operators are in the vicinity of the construction 

operation. they build certain expectations towards the quality of the final product and 

they monitor it with zero tolerance. In reconstruction projects, owners have been trying to 

use a variety of quality control factors in order to improve the quality of their projects. In 

this section six factors are explored. 
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3. l .3. l Q11ality Sta11dards a11d Specificatio11s (User I Operator /11p11t) 

The interviewees indicated that the designers meet with the owner·s operation and 

maintenance staff to gather input. The designers. also. meet with the authorities having 

jurisdictions to build their specific requirements into the specifications. 

3.1.3.2 Respo11sihilities of Imlivid11a/s towards Q11ality 

The provision of an organizational chart backed up by a text defining responsibilities of 

key people was found to be an essential tool for controlling quality in reconstruction 

projects. 

3.1.3.3 lmlep,!11de11t /11spectio11 Firms 

Most owners use the services of independent inspection firms to oversee material and 

workmanship in highly specialized areas such as waterproofing or building envelops. 

3.1.3.4 /11spectio11 by Operator I iUai11te11a11ce 

Operation and Maintenance staff within the owner organization inherits the building after 

reconstruction is completed. Usually. they have operation and maintenance manuals that 

allow them to follow systematic approaches to perform their work in the most efficient 

manner. This requires the assembly of the different components of the building during the 
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reconstruction process to be carried out in a specific format. Their early inspection of the 

work during the construction process helps to decrease or even eliminate any rework that 

may be required at later stages. 

3.J.3.5 /11spectio11 by E11d Users 

Similar to inspection by operation and maintenance staff. inspection by end users 1s 

reported to be of significance to reconstruction projects of operating facilities. 

3.1.3.6 Pre-q11alijicatio11 ofC011tractors 

Most owners tender their projects in an open public setting. which means that any 

contractor. can obtain the tender documents and submit a bid. However. some owners 

open their tenders to only a group of pre-qualified contractors. Contractor pre­

qualification is a process used to determine a contractor's ability to perform the work 

associated with a project prior to the bidding process. The selection of a qualified and 

capable construction contractor is essential to the successful completion of the 

construction contract [Elton et al. 1994). 

3.1.4 Scope Control Category 

In reconstruction projects, the owner is faced with a higher level of uncertainty as a 

result of unforeseen site conditions or concealed services in the existing facility. Also, 
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defining the scope of modifying an existing facility to serve another purpose can be 

considered a challenging task. From the above. it can be hypothesized that scope 

definition has an impact on the outcome of reconstruction projects. The literature search 

and fidd review led to the identification of three factors or tools that may correlate with 

the outcome of reconstruction projects. 

3. I. 4. I Decompositio,r 

Decomposition was not found to be a significant contributor to the success or failure of 

reconstruction projects. 

3. J.4.2 Be11efit I Cost A11a/ysis 

This factor was not viewed as an important factor in the preliminary field review 

3.J.4.3 As-B11ilt Drawi,rgs 

The provision of adequate as-built drawings of the existing facility is a contributor to an 

appropriate scope definition. Some owners provide the time and effort of their own staff 

to keep the as-built drawings up to date. Several references analyzed and explained the 

significance of adequate as-built drawings to facilitate building management including 

reconstruction [Liu et al., 1994]. 
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3.1.4.4 Co11str11ctability Review 

Constructability in a broader definition can be viewed as a non-traditional control tool 

that requires customer input in every phase of the capital project planning such as front­

end engineering. detailed design. operation and maintenance [Geile-Robert J., 1996]. 

Several references cited constructability as significant control procedures in complex 

projects. See [Hanlon and Sanvido. 1995], [Gibson et al. 1996]. [CII. 1986b] and [Haas et 

al.. 1997]. Field research also revealed that some owners take constructability into 

consideration to improve the performance of their reconstruction projects. 

3.1.4.5 Desig11 Committees 

Most owners form design committees that include building users. operators and 

maintenance staft: in order to provide input into the desired final product. 

3.1.5 Communication Control Category 

In reconstruction projects. the combination of an increasingly challenging design process 

as well as the demand for detailed information and growing client expectations in 

delivery times have placed greater emphasis on the need for effective communication. 

Effective communication becomes more challenging when so many parties are involved 

in the process. 
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In the past few years. every owner organization has implemented various techniques. 

different approacht!s and many initiatives in an effort to improve communication within 

tht!ir reconstruction projects. This study explored those approaches in order to incorporate 

best practices into the proposed model and further check their significance to the 

improvement of reconstruction projects' performance. Through the literature search and 

the preliminary field review. the writer was able to hypothesize four factors that may 

correlate with high performance projects. 

3.1.5.J Site Meetil1gs wit/1 Users Represe11tatfres 

In reconstruction projects some owners implementt!d the idea of including a 

representative from the end users in the weekly or biweekly construction meetings. Thost! 

owners claim that this approach has improved the level of information tlow among the 

project stakeholders. 

3. J.5.2 Electro11ic Co1111111111icatio11 

Most construction owners make use of information technologies to various degrees. 

Owners. who employ knowledgeable staff and the technological capabilities, have 

applied electronic communication extensively. That can be done through the use of e­

mail as a tool of communication between the various stakeholders. or exchanging 

engineering information electronically via floppy diskettes. 
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3.1.5.3 /111ple111e11tatio11 Team 

[n some cases it was observed that. the owner formed what ,vas called an implementation 

team. This team included a broader base of representatives of those who were affected by 

the reconstruction. This team may include end users. operation, maintenance, neighbors 

and. in some instances. representatives from the public. This team meets regularly with 

representatives from the construction team to obtain direct information about the progress 

of the project. its various phases and the impact on the implementation team. 

3. 1.5.4 Direct Com1111111ict1tio11 Sub-teams 

[n every construction project. owners identify the project stakeholders and form an 

organizational structure that explains the communication path and the tlow of 

documentation. Fig 3.3 illustrates the Project Formal Communication Path. Because of 

the increasing complexity and the need for a quicker response time when dealing with a 

problem. owners in reconstruction projects adopted a protocol to form a direct 

communication sub-team that includes only those who are involved in the problem. This 

helps to expedite the problem solving process. Fig. 3.4 illustrates an example of the 

Direct Communication Teams. 
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Architect 

Fig 3.3 The Project Formal Communication Path 
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Fig. 3.4 Example of a Direct Communication Team 

3.1.6 Safety Control Category 

Safety control is of particular significance in reconstruction projects because the health 

and safety of the construction team is not the only concern. but also the health and safety 

of the occupants. users and operators of the building [Hollingshead. 1998]. Their 

presence in the building imposes limitations on the reconstruction operations. in 

particular activities that produce odors. smoke or noise. Another source that imposes 

limitations and constraints on the overall reconstruction operations is the presence of 

hazardous material in the old building components. Components such as asbestos 

material and PCB need special precautions and have to be handled in compliance with the 
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Health and Safety Acts. Building owners apply different methods to control safety in 

their reconstruction projects. Three factors were reported in the preliminary field review. 

They are reported to be the most frequently used tools. Also. three factors were reported 

in the literature. however. they were not confirmed in the preliminary field review. 

3.1.6.J Formal Safety A-leeti11gs wit/1 Superl'isor 

The preliminary field review revealed that. this factor is not important to reconstruction 

projects 

3.1.6.2 Site Safety /11spectio11 

The owner"s representatives who participated in the preliminary field review did not 

recommend this factor for further analysis. 

3.J.6.3 Upper ,Wa11ageme11t lm•oh•emellf 

This factor was not viewed as being important by the preliminary field review. 

3.J.6.4 Joi11t Hea/1/1 and Safety Committee 

Occupational health and safety administration was cited as one of the important strategies 

to achieve excellence in safety performance [Jaselskis et al.. 1996]. Some construction 
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O\vners form a Joint Health and Safety Committee, which includes members from the 

construction team and members from the occupants or the users of the building. This 

committee's role is to meet regularly to discuss safety-related issues during the 

reconstruction of the facility. In other words. this committee's meetings become the 

forums in which the users were able to voice their concerns with regards to any unsafe 

practice by the contractor's forces. At the same time. it was an opportunity for the 

contractor to coordinate and plan certain phases of the work. which may result in an 

unsafe work environment by the users. 

3.1.6.5 Aware11ess Sessio11s 

Training has always been an integral part of safety planning [Davis and Tomasin. 1990]. 

Owners of reconstruction projects have developed special awareness sessions for their 

projects. These are sessions especially designed for reconstruction projects. Some of 

these sessions are organized for the construction workers in order to increase their 

awareness of sensitive issues such as odor. dust and noise. which are not normally a 

concern in new construction projects. Other sessions are organized for the users or 

occupants of the facility to increase their awareness of construction safety such as 

required safety clothing in construction sites and safety signs and what they mean. 
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3.1.6.6 Emergency P/a11 a11d Proced11res 

Adequate equipment for emergency procedures and general rules such as a record of 

inspections and test results, may be kept along with the measures to be taken in a case of 

.. what-if'. Procedures and rules are to be established and followed at all times. especially 

during emergencies. An appropriate emergency plan must exist in case an accident 

occurs. 

3.1.7 Site Control Category 

The unique characteristics of reconstruction projects give site control more significance. 

Working within an occupied and fully operated facility makes reconstruction projects 

struggle for space. Space congestion introduces a variety of challenges. These challenges 

may include available space for storage or material handling. and access to and from the 

construction area. The interaction between the operating portion of the facility and the 

reconstructed space becomes another challenge. The management and control of the 

shared space between construction personnel and the occupants becomes a problem 

facing the construction manager (i.e. parking space). The researcher was able to 

hypothesize two factors that may have an impact on the performance of the project. 
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3.1. 7.1 Site Layo11t Pla11 

Including a site layout plan with the tender documents is not a traditional control factor. 

However. it was observed that some construction owners include it with the tender 

documents. This eliminates any future dispute that may arise regarding availability of 

space and access for the contractor to certain areas. When constraints arise after tender 

award. they may result in time delay and extra costs. 

3.1. 7.2 Re/ocatio11 Sc/1e1/11/e 

Reconstruction projects very often involve several moves and relocation of occupants" 

work areas. These relocations may include the move of workstations or sen·ices such as 

telephones. computer networks. fire alarms and security systems. These activities can 

involve many surprises. which may subsequently. end up in delaying the project or 

increasing the cost of construction. The researcher. therefore. hypothesized that when a 

relocation schedule is developed and included in the tender documents. it may yield 

higher performance. 

3.2 SUMMARY OF THE PRELIMINARY FIELD REVIE\V 

The literature review followed by a preliminary field review has identified seven 

categories and thirty-six factors that may contribute to the improvement of the overall 

performance of reconstruction projects. These factors will be considered for further 
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analysis by this research in an effort to develop a predictive model for the management of 

reconstruction projects that enable Project Managers to predict the over all performance 

of the project. Table 3.2 provides a summary for the results of the preliminary field 

review. The table includes the thirty-six factors. which were considered to be relatively 

important. and, also, the factors, which were perceived not to be important. 

Table 3.2: Results of the Preliminary Field Re,·iew 

CATEGORIES FACTORS SOURCE RESULTS 

COST Budget Baseline and Budget Allocations Important 

Work Packages Costing Important 

Cost Breakdown Structure (CBS) LITERATURE Important 

Cost Coding Not Important 

Earned Value Not Important 

Cost Variance ( CV) Important 

Cost Ratio Not Important 

Forecast Analysis Important 

Unit Prices Important 

Cash Allowances FIELD Important 

Cash Flow Important 

SCHEDULE Work Breakdown Structure Important 

Bar Charts Important 

Critical Path Method LITERATURE Important 

Incremental Milestones Important 

Time Variance Important 

Percent Complete Important 

Coordination Schedule FIELD Important 

Liquidated Damages Important 

Change Directive vs. Change Notice Important 

QUALITY Quality Standards and Specifications ( With Input Important 

from Maintenance/Operation) 

Responsibilities of Individuals Towards Quality LITERATURE Important 
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Table 3.2: Continued 

QUALITY Inspection and Testing LITERATURE Important, 

But see below 

Independent Inspection Finns Important 

Inspection by Operator / Maintenance FIElD Important 

Inspection by End User Important 

Pre-qualification of Contractors Important 

SCOPE Decomposition Not Important 

Bendit / Cust Anal} sis LITERATURE Nut Important 

As- Built Drawings Important 

Constructability Review FIELD Important 

Design Committees Important 

COMMUNICATION Site Meetings( Bi-Weekly with users hnpo11ant 

Representatives ) 

Electronic Communication LITERATURE Important 

Implementation Team Important 

Direct Communication Sub-team FIELD Important 

SAFETY Formal Safety l\-teetings with supervisor Not Important 

Site Safety Inspection LITERATURE Not Important 

Upper Management Involvement Not Important 

Joint Health and Safety Committee Important 

Awareness Sessions FIELD Important 

Emergency Plan and Procedures Important 

SITE Site Layout Plan LITERATURE Important 

Relocation Schedule FIELD Important 

3.3 QUESTIONNAIRE SURVEY 

A questionnaire was developed in order to collect the required data for the construction of 

the proposed model. The developed questionnaire was first tested in order to validate its 
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suitability for collecting the required information. The questionnaire was then revised. 

accordingly. taking into account comments. which were made by the initial participants. 

One major change was that the thirty-six control factors were rearranged from those in 

Table 3.2 to follow the project life cycle. In Table 3.2, the factors were arranged in seven 

different control categories namely cost control. schedule control. quality control, 

rnmmunication control. safety control. scope control and site control. In the 

questionnaire, however. the factors were rearranged into eight stages based on the project 

life cycle. These eight stages were scope definition, tendering. schedule control, cost 

control. quality control. communication control. safety control and project completion. 

The final version of the questionnaire is included in Appendix 2. 

To encourage more construction professionals to participate m the survey. the 

questionnaire was developed to fit one page. This approach reduced the required time for 

completing the questionnaire. which resulted in a positive attitude towards the research. 

The questionnaire was used to collect data in a structured interview format. Each 

questionnaire collected observational data related to a case study about one project that 

was completed in the past. This data included information about the utilization of certain 

factors in the management and control of the project, as well as information related to its 

overall performance. The researcher met with different construction professionals to 

discuss the project circumstances in detail and to allow the interviewee to provide in a 

free format any additional data that may help the research. Thirty-one organizations 
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participated in this research. The interviewees were in positions that perform different 

construction management and project administration functions. The questionnaire was 

divided into four main parts. which are explained in the following sub sections. 

3.3. l The Project 

This section of the questionnaire gathered basic information about the project such as 

name of the project, the organization and type of building. Also. a question was included 

in this part regarding the type of reconstruction work in terms of Interior Renovations, 

Structural Modifications. Addition I Expansion or Phased Replacement. 

3.3.2 Before Construction 

This part of the questionnaire was divided into two sections. The first section was related 

to the Scope Definition and Planning Stage. and the second was related to the Tendering 

Stage. As shown in the questionnaire (Appendix 2). various detailed factors that relate to 

scope definition and tendering were included in this part. In addition to the detailed 

questions. the participants were required to provide a summarized data in the form of an 

overall level of planning. This summarized data was used in the development of a 

summary model. Both Detailed and Summarized levels of information are explained later 

in this section. 
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3.3.3 During Construction 

This part started by asking the participant to indicate a weighting percentage to represent 

the relative importance of controlling Cost. Schedule and Quality. These weighting 

percentages should add up to I 00%. These percentages were used later as weighting 

factors in the determination of the overall project performance. The process of calculating 

the overall performance of the project is explained later in this chapter. Also. this part 

included detailed questions pertaining to six different control categories. The six areas 

were: Schedule Control. Cost Control. Quality Control. Communication Control. Safety 

Control and Project Completion. In addition to the detailed questions. the participants 

were. also. required to provide a summarized data in the form of an overall level of 

schedule control. cost control. quality control. communication control and safety control. 

3.3.-1 Project Performance 

This part captured information about the actual outcome of the case study. The required 

information included The Original Contract Value, The Total Value of Change Orders, 

The Planned Duration, The Actual Duration and The Cost of Rework or Repairs paid for 

by the contractor. This information was used to obtain Cost Performance Factor, 

Schedule Performance Factor and Quality Performance Factor. These factors were then 

used to produce one quantifiable measure of the overall perfom1ance of the project 

(Response variable) called the Project Performance Factor (PPF). 
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3.3.5 Detailed and Summarized Level of Information 

As mentioned earlier in the previous section. the questionnaire was designed to obtain 

two levels of information from each case study regarding the management and control of 

reconstruction projects. 

The first level was a detailed level, which included the previously identified thirty-six 

factors distributed into the different parts of the questionnaire under their respective 

stages of the project life cycle. The participants were asked to answer whether they used 

the particular factor as part of the management process of the specific project being 

surveyed. The available answers were ether Yes or No. These answers reduced the level 

of subjectivity in the data collection process. 

The second level was a summarized level of information. which was the overall level of 

control in a particular category or stage. At the end of each section within the 

questionnaire. the participants were asked to assess the overall level of effort exerted in 

controlling a particular category in the specific project. This information included Level 

of Planning. Level of Schedule Control. Level of Cost Control. Level of Communication 

Control and Level of safety Control. The participants were asked to rank the level of 

control on a scale from one to five. where five was the highest. 

These two levels of detail, became the bases for the development of two alternative 

models for predicting the overall performance of reconstruction projects. The two models 
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were called the Detailed Project Data tvlodel and the Summarized Project Data Model. 

Each model was developed using both Regression Analysis technique and Artificial 

Neural Networks technique. 

3.4 DAT A COLLECTION AND ANALYSIS 

As mentioned earlier. before the fomml data collection process began. multiple meetings 

took place to fine tune the questionnaire and adjust any language problem or 

misinterpretations. The researcher collected the data in a structured interview format in 

order to ensure its quality and to avoid any misunderstanding of the questions by 

prospective respondents. Also. some interviewees needed more than one visit in order to 

allow them the opportunity to prepare the required information. Through personal 

~ontact. several organizations participated in the research. These organizations provided 

the researcher with valuable information related to the management and control of fifty­

four different projects. The total value of the projects was over $180M. which is 

considered to be a good representative sample for the overall population of reconstruction 

projects. Raw data. which was provided by the questionnaire participants. was organized 

in a .\licrosoji Excel spreadsheet for ease of management and transfer to other analysis 

software. 

In this section, data classification. variable definition and preliminary analysis are 

explained. 
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3.4.1 Quantifying overall Project Performance 

(Dependent Variable (PPF)) 

It was crucial to the success of this study to develop an overall project performance factor 

that incorporates the desired performance indicators. A comprehensive literature search 

was performed to identify these indicators and their use. The research also focused on the 

development of quantifiable and objective measures and avoided subjective measures. ln 

a study by Ashley, project success was measured by cost. schedule. quality, safety and 

participant satisfaction [Ashley et al.. 1987]. ln 1988, Sanvido used cost, schedule. 

resources. and quality as measures for project performance [Sanvido. 1988]. Another 

study used cost. schedule. resources, and productivity as success criteria [Charoenngam. 

1994]. Whereas resources and productivity may be found to be appealing indicators in a 

construction firm. in an owner organization. tracking contractor productivity does not 

take place. Cost, schedule, value. and effectiveness were also used as success factors 

[Ashley and Alarcon. 1996]. A later study used safety, schedule. budget and rework as 

the variables for project success. However. the team investigated perceptions of project 

success rather than specific measures [Thomas et al.. 1998]. Cost overrun. schedule 

overrun and the cost of rework were used to measure cost. schedule and quality 

performance. See [Sanvido et al.. 1992], [Weston & Gibson. 1993], [Ledbetter. 1994] and 

[Gibson and Hamilton, 1994]. 

The researched data was summarized and then shared with construction professionals in 

o,mers· organizations to develop the proposed Project Performance Factor (PPF). The 
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preliminary interviews revealed that the three indicators were not perceived as being of 

equal importance to project success. Therefore. it was decided that during the data 

collection process, the researcher \vould ask the participant to provide weighting factors 

to the three indicators. This approach was also followed in earlier research [Dumont et 

al.. 1997]. 

The Project Performance Factor is obtained by the following formula: 

Project Performance Factor (PPF) = 1VCPF + WSPF +WQPF ............... ... [l} 

Where \VCPF is Weighted Cost Performance Factor. 1VCPF = x X CPF. 

WSPF is Weighted Schedule Performance Factor. WSPF = y X SPF 

WQPF is Weighted Quality Performance Factor. 1VQPF =: X QPF 

x. y. z are weighting factors for the three indicators. where x + y + : = 1. 

i5C 

Cost Pe,formance Factor (CPF) = { 1- ---------------------------,' X 100 .... .[2} 

Original Contract f'alue 

Where 6C is the total value of change orders. 

c5S 

Schedule Performance Factor (SPF)= { 1- --------------------------- l X JOO ....... .[3} 

Original Schedule 

Where <SS is the total delay of the project. 
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JQ 

Quality Pe,fornumc:e Factor (QP F) = { I- --------------------------- } X I 00 ... .. .[-I] 

original contract \'alue 

Where oQ is the cost of re\vork. 

As mentioned earlier in this section. the approach of adding the three performance factors 

in order to obtain the Project Performance Factor was used in previous researches [Adas. 

1996]. The three performance indicators are percentages and therefore unit less. 

Consequently. the produced factor is expected to be simple and logical since it adds three 

unit less values. 

Table 3 .3 illustrates a descriptive analysis of the obtained data related to the development 

of (PPF). 

Table 3.3 Dcscripth·e Analysis for (PPF) 

FACTOR MAX. MIN. AVE. SD 

CPF 100.00 76.00 91.40 6.77 

SPF 100.00 33.30 79.60 17.70 

QPF 100.00 91.00 97.60 2.56 

X 0.66 0.20 0.33 0.05 

y 0.50 0.17 0.37 0.07 

z 0.50 0.15 0.30 0.08 

\VCPF 54.90 15.40 29.72 6.73 

\VSPF 47.00 6.66 29.8 8.96 

WQPF 56.94 14.87 29.29 9.08 

PPF 99.38 67.54 88.8 8.51 
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Fifty-four case studies provided detailed information about fifty-four completed projects. 

In the questionnaire the participants were asked to provide weighting factors to the three 

performance indicators which are Cost. Schedule and Quality. The three weighting 

factors indicate the relative importance of their respective indicators. Table 3.3 

demonstrates that the data included some diversity. which will allow the developed 

model to produce good predictions under different environments. The relative importance 

of Schedule Control fluctuated from 20% to 66%. Cost Control from 17% to 50% and 

quality Control from 15% to 50%. These fluctuations are wide enough to allow proper 

model development. 

3..4.2 Independent Variables Classification and Definition 

Independent variables were arranged into two different groups. The first group was called 

the Detailed Project Data, which included the thirty-six factors. The second group was 

called the Summarized Project Data. which included eight independent variables 

representing the level of control exerted in each control category. 

3. 4. 2. I Detailed Project Data 

The Detailed Project Data group is considered to be an available detailed level of 

information regarding the control and management of reconstruction projects. Therefore, 

this group included the thirty-six factors as independent variables. The goal is to analyze 

the collected data and draw inferences about the relationship between these variables and 



the overall performa1!ce of reconstruction projects (PPF). These relationships would, 

consequently, be used to determine the success related factors in reconstruction projects 

and develop a predictive model that can predict the overall performance of reconstruction 

projects based on a Detailed Project Data. 

In order to facilitate the analysis of the obtained data, each independent variable was 

denoted an X symbol. The data was also organized in a Microso_fi Excel spreadsheet. 

Each case study was denoted a number from Pl to P54. The answers, which were 

provided by the participants for every case study. were also entered in the spreadsheet 

against their respective variables. The actual outcome of each case study was also 

included together with the calculations of the PPF. Table 3.4 shows the thirty-six 

independent variables with their respective X symbol. The arrangements of the factors in 

Table 3.4 were different from those in Table 3.2. However. their arrangements in the 

questionnaire were based on the different stages of the project life cycle and the 

chronological progress of any construction project. 

Table 3.-4 Detailed Project Data (Independent Variables) 

STAGES FACTORS (Independent Variables) X 

BEFORE CONSTRUCTION 

SCOPE DEFINITION Work Packages Costing XII 

AND PLANNING As- Built Drawings X/2 

Budget Baseline and Budget Allocations X/3 

Constructability Review XI-I 

Design Comminees X/5 

TENDERING STAGE Quality Standards and Specifications ( With Input from X2I 

Maintenance/Operation) 

Pre-qualification of Contractors X22 
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Table 3.-1 Continued 

TENDERING ST AGE Unit Prices .\'23 

Cash Allowances .\'2-1 

Liquidated Damages .\"25 

Site Layout Plan .\'26 

DURING CONSTRUCTION 

SCHEDULE Work Breakdown Structure. .\'31 

Coordination Schedule. X32 

Bar Charts .\'33 

Critical Path Method .\'3-1 

Incremental Milc:stones .\'35 

Time Variance .\'36 

Percent Compkte .u~ 
Change Directive vs. Change Notice .\'38 

COST Cost Breakdown Structure lCBS .\'-I I 

Cost Variance ( CV) xn 
Forecast Analysis X-13 

Cash !low analysis .\'-1-1 

QUALIT\' Commitment to quality was clear. .\'5/ 

Independent Inspection Firms .\'52 

Specifications had to be followed strictly .\'53 

COMMUNICATION Implementation T earn .\'6/ 

Regular Site Meetings .\'62 

Rapid response mechanism .\'63 

Electronic Communication .\'6-1 

SAFETY Joint Health and Safety Committee .\7/ 

Awareness Sessions .\72 

Emergency Plan and Procedures .\73 

Special precautions had to be made Xi-I 

PROJECT Inspection by Operator. Maintenance and end user XS/ 

COMPLETION Relocation Schedule X82 

102 



3.4.2.2 S11111111arized Project Data 

The Summarized Project Data group consists of eight independent variables. This group 

is designed in order to enable the research to develop a model based on a summarized 

data at the control category level. This model will enable the end user to predict the 

overall performance of the project in a case where no detailed data is available at the time 

of prediction. Also. this analysis is expected to provide an indication of the significance 

of a particular control category to the success of reconstruction projects. 

In order to facilitate the analysis of the obtained data. each independent variable was 

denoted a symbol. The data was also organized in a .\lic:rosoji Exc:el spreadsheet. Table 

3.5 shows the eight independent variables with their respective symbols. Independent 

variables X2 I and X8/ were selected to represent the overall level of effort exerted by the 

company in the Tendering and Completion phases respectively. 

Table 3.5 Summarized Project Data (Independent ,·ariables) 

Summarized Data (Independent variables) Symbol 

Over all level of Planning LP 

Over all level of Tendering 

Over all level of Schedule Control 

Over all level of Cost Control 

Overall Level of Quality Control 

Over all level of Communication Control 

Over all level of Safety Control 

Over all level of Completion 
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3.4.3 Preliminary Data Analysis 

3.4.3. I Detaile,I Project Data 

The data was organized in a Mic:rosoji Excel spreadsheet in order to facilitate its analysis 

and migration to other analysis tools. The variables were operationalized to a zero or a 

one. [f the factor was included in the project management process of the case study. the 

answer was Yes. othen.vise it was No. A Yes answer received a One in the spreadsheet. 

while. a No answer received a Zero. The organized data in the spreadsheet revealed the 

fact that not all of the thirty-six variables are contributing to the success or failure of 

reconstruction projects. It was evident that. it was not practical to carry the entire thirty­

six variables in further detailed analysis due to the lack of significant relationship 

between some of the independent variables and (PPF). 

The purpose of the Preliminary Data Analysis was. therefore. two folds: 

1- To examine the data of the available case studies and confirm the sufficiency of the 

data for modeling purposes; and 

2- To try to reduce the number of variables to a manageable number without loss of 

model accuracy 

With respect to the confirmation of the sufficiency of the data for modeling purposes, 

.\licrosoji Excel was used to produce scatter plots and to plot the trend line between each 
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independent variable and the PPF. Appendix 3 includes all the produced plots. Appendix 

3 shows that all trend lines exhibit logical relationships between each independent 

variable and the dependent variable PPF. thus. confirming the sufficiency of the data. For 

example. the scatter plot and the trend line for X34 (Critical Path Method [CPM]) 

demonstrate an increase in the PPF under the utilization of CPM. 

With respect to the reduction of the number of variables to a manageable number without 

loss of model accuracy. the data was analyzed using s_,•srat. Systate is commercial 

statistical analysis computer software produced by SPSS Inc. The utility of the linear 

relationship between the response rnriable PPF and each independent predictor was 

tested using S)·stat. S)·stat produced the Correlation Coefficient (r). F- test and p-value for 

every linear relationship. The Sysrar output is included in Appendix 4. The results are 

summarized and tabulated in descending order by (r) in Table 3.6. 

Table 3.6 Preliminary Analysis for the Detailed Data. 

I FACTOR NAME Correlation F - test P-V(l/11e 

Coefficient(r) 

Xl2 As-Built Drawings 0.866 155.55 0.000 
X8l Inspection by O&M/End users 0.825 110.73 0.000 
X21 Standards & Specs. with input of O&M 0.815 102.87 0.000 
X

.,., 

.) ., Bar Charts 0.798 90.866 0.000 
X22 Pre-qualifications of contractors 0.754 68.617 0.000 
X34 Critical Path Method 0.753 68.302 0.000 
X71 Joint Health & Safety Committee 0.741 63.446 0.000 
X.,,, .,_ Coordination Schedule 0.737 61.919 0.000 
X,,., _., Unit Prices 0.725 57.648 0.000 
X63 Rapid Response Mechanism 0.696 48.807 0.000 

X62 Regular Site Meetings 0.683 45.387 0.000 

X42 Cost Variance (CV) 0.678 44.209 0.000 
Xl5 Design Committee 0.591 27.858 0.000 
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Table 3.6 Continued 
Xl3 Budget Baseline & Budget Allocation 0.571 25.838 0.000 
X24 Cash Allowances 0.569 24.931 0.000 
X52 Independent Inspection Firms 0.560 23.716 0.000 
X35 Incremental Milestones 0.547 22.199 0.000 
X37 Percent Complete 0.467 14.511 0.000 
X36 Time Variance 0.266 3.953 0.052 
X31 Work Breakdown Structure 0.223 2.709 0.106 
X82 Relocation Schedule 0.207 2.330 0.133 
X41 Cost Breakdown Structure 0.200 2.156 0.148 
X,,-_:, Liquidated Damages 0.197 2.089 0.154 
X61 Implementation Team 

I 
U.187 1.886 0.176 

X44 Cash Flow Analysis 0.166 1.482 0.229 
X26 Site Layout Plan 0.161 1.382 0.245 
X53 Specification had to be followed strictly 0.152 1.222 0.274 
X51 Commitment to quality was clear 0.152 1.236 0.271 
Xl 1 Work Packages Costing 0.146 l.132 0.292 
X38 Change Directives vs Change Notices 0.129 0.883 0.352 
X73 Emergency Plan & Procedures 0.116 0.705 0.405 
X74 Special precautions had to be made 0.090 0.423 0.519 
X43 Forecast Analysis 0.065 0.220 0.641 
Xl4 Constructability Review 0.055 0.157 0.694 
X72 A warencss Sessions 0.016 l.851 0.180 
X64 Electronic Communications 0.012 0.007 0.934 

Variable Selectio11 

Based on the information provided in Table 3.6. the variables that have a significant 

rdationship with the PPF were considered for further analysis and model building. The 

criteria for selecting the variables for further analysis were as follows: 

1- (r) > O.S 

(r) explains the strength of the linear relationship between the independent variable and 

the dependent variable PPF. Most researchers consider (r) > 0.5 indicates significance 

and (r) > 0. 7 indicates excellent correlation [Sanvido et al, 1992] and [Ashley et al, 
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l 987]. Therefore, factors with (r) > 0.5 was considered for further analysis and model 

building process. 

2- F obsen·ed > F critical 

F observed should be > F critical in order for the variable to have a significant relationship 

with PPF. Fobserved is the value produced by Syswt. which is included in Table 3.6. 

Fcritical = Fa. P-1. n-P· For 95% significance. a=0.05. Since we are considering one 

variable at a time. then P- l = l. Also. since we have fifty four observations. then n-P=52. 

From the standard Statistical Tables. F o.os. u3=4.0l. 

3- P-va/11es < 0.0005 

P-f'alue is the Significance Probability. It provides an evidence of the significant 

relationship between the independent variable and PPF. Most investigators use P-mlues 

< 0.0005. For more information on this test. the n:ader is referred to the Systat reference 

manual. [SPSS, 1997]. 

Based on the above criteria. only the top seventeen factors in Table 3.6 will be considered 

for further analysis and model building. The remaining factors did not prove to have a 

significant relationship with the overall performance of reconstruction projects PPF. For 

example. X37 obtained a satisfactory P-value = 0 which is <0.0005 and a satisfactory F­

ratio = l 4.511 which is > 4.0 l. However. it obtained an unsatisfactory r = 0.467 which is 

< 0.5. 

107 



By examining the factors that have been removed, it is possible to note that they have 

been compensated for by other factors that are included in the top seventeen factors. For 

example. Percent Complete, Time Variance and Work Breakdown Structure are schedule 

control factors which were accounted for by other schedule control factors that were 

included in the top seventeen factors such as Critical Path Method. Bar Charts and 

Incremental Milestones. However Critical Path Method is a more rigorous schedule 

control factor than Work Breakdown Structure. which may explain the selection of 

Critical Path Method and the removal of Work Breakdown Structure. Similarly, all 

removed factors have been accounted for in the top seventeen factors. 

The top seventeen factors include three factors at the Planning and Scope definition 

Stage. four factors at the Tendering Stage. four factors for Schedule Control. one for Cost 

Control. one for Quality Control. two for Communication Control. one for Safety Control 

and one at the Project Completion stage. This preliminary analysis suggests that the 

management and control of planning. tendering and scheduling is significant to the 

overall performance of reconstruction projects. 

These seventeen factors will be used in the following chapters to develop a predictive 

model that enables the users to predict the overall performance of reconstruction projects 

based on Detailed Project Data. 
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3.4.3.2 Summarized Project Data 

The process, which was followed to analyze the Detailed Project Data. was also followed 

to analyze the Summarized Project Data. The Jfic.:rosoji Excel scatter plots are included in 

Appendix 3. Also, the Systat output is included in Appendix 4. The results are 

summarized and tabulated in desLending order by (r) in Table 3.7. 

Table 3. 7 Preliminary Analysis for the Summarized Data. 

Category Correlation F - test P-Va/11e 

Coefficient(r) 

LS ( level of scheduling) 0.866 155.554 0.000 
LP ( level of planning) 0.851 136.448 0.000 

X8 l (level of Completion) 0.825 110.736 0.000 
X2 l (Level of Tendering) 0.815 102.876 0.000 

LSAF (level of safety) 0.717 55.097 0.000 
LCOM (level of communication) 0.710 52.796 0.000 

LC (level of cost control) 0.668 41.963 0.000 
LQ (level of quality control) 0.550 22.594 0.000 

Based on the previous selection criteria. all the independent variables in the Summarized 

Project Data group proved to have a strong relationship with PPF. Therefore. all of these 

variables will be considered for further analysis and model building. The goal is to 

develop a predictive model based on a Summarized Project Data. The summarized data is 

the expected level of control to be exerted on a particular control category. These results 

once again prove that good Planning, Tendering. and Scheduling is significant to project 

success. 
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The model building process is described in Fig. 3.5. Chapter four deals with the model 

building process utilizing a Statistical Regression Analysis technique, while, chapter five 

deals ,vith the model building process utilizing the Artificial Neural Network technique. 
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Collected Data (54 Projects) 
Model building (45 projects) 
Model validation (9 Projects) 

I • • Statistical Neural Network 
Regression Analysis Analysis 

I I • • • • Detailed Summarized Detailed Summarized - -Project Data Project Data Project Data Project Data 

Model A I. PPF Model BI. PPF .... (Backward Stepping) (Backward Stepping) ~ - NNI, PPF NN2, PPF -F to enter= 4 

Model 82. PPF 
Model A2. PPF ~ Other Experiments (Forward Stepping) -.... (Forward Stepping) - WCPF. WSPF. WQPF 
F to enter= 4 

Model A3. PPF .... (Backward Stepping) 
F to enter= 2 

.... Model A4. PPF 
Force 18 variables 

Into the model 
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I Comparison of models I Comparison of models 

Model Selection Model Selection 

- Validation ~ - ~ 

User Interface 

Fig. 3.SThe Model Building Process 
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CHAPTER 4 DEVELOPING AND VALIDATING A PREDICTION 

REGRESSION MODEL 

This chapter presents the model building process using statistical multiple regression 

methods. The data was analyzed using the SYSTAT 7.0 for Windows (Systat) software 

package. which is produced by SPSS Inc. Various .\)'Stat language and procedures were 

used in defining the descriptive statistics. executing the multiple regression analysis and 

checking the model adequacy. 

It was essential to divide the data into two groups. The first group was used to develop 

the model. and the second one to test its validation. Enough data was needed in the first 

group in order to ensure the development of solid models. Similarly. an adequate siz~ 

validation set of data was required in order to test the predictive performance of the 

model. Therefore. the data was divided into two sets, a model building set which included 

forty-five projects and a validation set which included the remaining nine projects. It can 

be noted that the size of the validation set is 20% of the size of the model building set, 

which is considered to be a reasonable percentage. 

Following the model building process. which is shown in Fig. 3.5, various predictive 

models for project performance were developed using Statistical Analysis and utilizing 
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the Detailed and Summarized Project Data which were provided in the case studies. In 

the following sections. the process of developing the two types of models is explained. 

The first model is based on a Detailed Project Data. while the second is based on a 

Summarized Project Data. 

4.1 A PREDICTIVE MODEL BASED ON A DETAILED PROJECT DAT A 

The preliminary data analysis of chapter three resulted in the identification of seventeen 

different factors that significantly contribute to the overall performance of reconstruction 

projects (PPF). These factors can be used proacti\'ely by project managers to control 

reconstruction projects and minimize the slippage or the deviation of actual project 

O\'erall performance from the planed performance. As such. the se\'enteen factors were 

used to develop the proposed predictive model for the overall project performance. 

In order for the model to be sensitive to the difterent types of reconstruction projects. 

another factor was added to the seventeen factors. This factor is the type of reconstruction 

project and is denoted by Xo. Table 4.1 shows the final list of the eighteen factors used to 

develop the predictive model. 

As explained earlier in chapter three the collected data was organized in a Jfic:rosoji 

Excel spreadsheet. The statistical tool, which was used to analyze the data and develop 

the model. was Systat. Systat is compatible with Microsoft Excel release 4. Therefore, the 
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data spreadsheet was saved in Excel release 4. The data was. then. exported from Excel to 

Sysrat using the file import option in Systat. 

Table 4.1 Detailed Project Data (Independent Variables Final List) 

CATEGORIES FACTORS (Independent Variables) X 

SCOPE DEFINITION Type of reconstruction project XO 

AND PLANNING As- Built Drawings X/2 

Budget Baseline and Budget Allocations X/3 

Design Committees X/5 

TENDERING STAGE Quality Standards and Specifications ( With Input from .\"2/ 

Maintenance/Operation) 

Prequalification of Contractors X22 

Unit Prices .\"23 

Cash Allowances .C-1 

SCHEDULE Coordination Schedule. X32 

Bar Charts X33 

Critical Path Method .\"3-1 

Incremental Milestones .\"35 

. COST Cost Variance ( CV) X-12 

QUALITY Independent Inspection Finns X52 

COMMUNICATION Regular Site Meetings X62 

Rapid response mechanism X63 

SAFETY Joint Health and Safety Committee .\'71 

PROJECT Inspection by Operator, Maintenance and end user .\"8/ 

COMPLETION 

Stepwise regression has been used to develop the required model. Fig 4.1 shows the 

regression screen in systal. Fig 4.1 shows a portion of the dependent and independent 

variables arranged in one field. Two other fields are available to add or remove the 
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required independent or dependent variables. An options button 1s also available to 

enable users to gain access to the Regression Options screen. 

Begression 1:3' 

Fig. 4.1 The Regression Screen in SYST AT 7 .0 

Fig. 4.1 shows the regression options screen in syswr Fig. 4.1 shows that the user has the 

ability to select either a complete regression or stepwise regression. ~J·srat includes two 

different procedures for the development of stepwise models: forward selection and 

backward elimination. Systat. also. provides the user with the facility to specify add and 

remove criteria. The default values are F=4 to enter and F=3.9 to remove. 
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Regression Options f!3 

~~i;t~i~;~~:; .. ,,-:~-~e--. ~-,-,----··r·~i4' 
. Estimation.·: . . _. '. :~::·-·cancel ~<.sl 

r ~-;:::e model ,:- ]l.eiii?,~c;,i 
• (." StepWi~e-... :·: [;~J.:tN~i;t;{lW:)f 

...... _______________ -"""'.--.-.. _-,_ •.,...••----,--,_.-,._~~~-----;..&~'. ···_'->f . .l~i_~-•l'.'•!· .. ·, _:.:;_-,. 
' , ·,r , • •·_ •.-. ::: ~ ·•;··- . ; ,•, , . • -• -

Stepwise Options-----·---~._-::'_.-... _·~_.,_~_-,_-_·-,._:.~·-"·_·_ • ..., .. ,, 

(." Backward· . . .... ~- Aut~m~~_::; ,.'.-~ •• 
. - ·:·.• ._ : : ... : ·--.:';::, ,.-;_:. --1 . 

r- Forward r'" -lnteractaveF-<:/: ' 
.. I. 

. . 
.. r- Probabilitf::.· . :· ... 

r- 'F:·sra·ilsii::J t ........... m•• .. ~ 

Fig. -&.2 The Regression Options Screen in SYST AT 7 .0 

Forward stepping begins with no variables in the equation. enters the most significant 

predictor at the first step and continues adding and deleting variables until non can 

significantly improve the fit. 

Backward stepping begins with all candidate variables, removes the least significant 

predictor at the first step and continues until no insignificant variables remain. 
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4. l. l Model Building 

As shown in Fig. 3.5, .\ystat was utilized in various modeling experiments using its 

forward stepping and backward stepping techniques. As it was mentioned earlier Systat 

comes with default values for F=4 to enter and F= 3.~1 to remove. 

For a model that includes eighteen variables with the use of forty-five case studies: 

F critical= Fa, p-1. n-p = F 0.05. 18,26 = 2.04. 

Where n is the number of observations, which equals 45. P is the number of potential 

predictors in the complete model, which equals eighteen predictors plus the constant 

(total 19). P-1 is the number of degrees of freedom for the regression, while n-p is the 

number of degrees of freedom for the error. The Fcritical value of 2.04 will be utilized 

later in this chapter in one of the experiments to develop the proposed predictive model. 

,Uodel A I, Detailed Project Data Vs. PPF 

Backward Steppi,1g wit/, F=4 to e11ter 

The default enter and remove criteria of systat were used to construct the required model. 

The default criteria were F= 4 to enter and F=3.9 to remove. The model was produced 

using backward stepping technique. The detailed steps of backward stepping and its 

systat output is included in Appendix 5a and summarized in Table 4.2. 
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Table •'-2 Detailed Project Data Model results (Al), 

Backward Stepping with F=-& to enter 

Adjusted Squared Multiple R = 0.904 

F-ratio = 83.549 Pvalue=0.00 

Variable Coefficient T Statistics 

Constant 

Xl2 (As-Built) 

XIS (Design Committees) 

X22 (Pre-qualifications of Contractors) 

X34 (CPM) 

XS I (Inspection by O&M / end-users) 

,Uodel .42, Detailed Project Data Vs. PPF 

Forward Steppi11g wit/, F=4 to e11ter 

74.589 80.615 

6.681 3.485 

2.6i4 2.294 

4.748 3.574 

3.180 2.538 

5.013 3.102 

Partial F 

0.000 

0.001 

0.027 

0.001 

0.015 

0.004 

The ddault enter and remove criteria of sysrar were used to construct the required model. 

The default criteria were F = 4 to enter and F = 3.9 to remove. The model was produced 

using forward stepping technique. The detailed ~teps of forward stepping and its systat 

output is included in Appendix 6 and summarized in Table 4.3. 

Based on the information provided in Table 4.2. 4.3, Appendix 5a and Appendix 6, it can 

be concluded that the model developed using the backward technique (Model Al) is 

more useful in predicting the overall performance of reconstruction projects. It includes 

one more variable and also has a higher Adjusted Squared Multiple R. It was, also. 

reported in the literature that backward stepping is preferable over forward selection since 
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it has the advantage of looking at all the available variables in the early stages of the 

model building process. 

Table •'-3 Detailed Project Data Model results 

Fon,·ard Stepping with F=-4 to enter 

Adjusted Squared Multiple R = 0.899 

F-ratio == 99.280 Pmlue = 0.00 

Variable 

Constant 

X 12 (As-Built) 

X22 ( Pre-qualifications of Contractors) 

X7 l (Joint Health & safety Committee) 

X8 l (Inspection by O&M / end-users) 

Jlo,le/ A3, Detailed Project Data Vs. PPF 

Backwarcl Steppi11g wit/, F=2 to e11ter 

Coefficient T Statistics 

74.938 86.305 

7.462 4.004 

5.174 3.874 

5.110 4.150 

3.836 2.234 

Partial F 

0.000 

0.000 

0.000 

0.000 

0.031 

[n order to examine the probability of adding more variables to the model. the enter and 

remove criteria were reduced below the default values in Sysrat. F=2 to enter and F=l.9 

to remove were used in order to meet the F critical value of 2.04. The resulted model and 

its ANOVA table is included in Appendix 5b and summarized in Table 4.4. Table 4.4 

shows the model, which includes eight variables. However, two of the added three 

variables, X 13 and X35, have P mlues (Partial F) exceeds cx=0.05. These two variables 

also have tobserved<tcritical· 
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tcritical = ta/:2, n-p = t 0.025, 36 = 2.03 

The third variable, X24. when added to Model A I, resulted in a reduction in the overall 

model utility. Therefore. Model A3 is rejected. 

Table 4A Detailed Project Data Model results, 

Backward Stepping with F=2 to enter 

Adjusted Squared Multiple R = 0.910 

F-ratio = 56.419 Pmlue=0.00 

Variable Coefficient T Statistics 

Constant 

X 12 (As-Built) 

X 13 (Budget Baseline & Allocation) 

Xl5 (Design Committees) 

X22 ( Pre-qualifications of Contractors) 

X24 Cash Allowances 

X34 (CPM) 

X35 ( Incremental Milestones) 

X8 l (Inspection by O&M / end-users) 

1U0<lel A4, Detailed Project Data Vs. PPF 

Force t/1e eig/1tee11 variables illlo t/1e model 

76.666 42.750 

7.846 -t.001 

4.258 1.67 

3.804 2.786 

3.861 2.847 

-7.013 -2.196 

3.983 2.962 

-2.118 -1.426 

5.732 3.520 

Partial F 

0.000 

0.000 

0.108 

0.008 

0.007 

0.035 

0.005 

0.162 

0.001 

Another experiment was the use of the (Force) option in the regression option screen in 

Sysrat. in order to force all of the eighteen variables into the model. The detailed result of 

120 



the model is included in Appendix 5c. In Appendix 5c, it is evident that only three 

variables posses satisfactory (PJ values (partial F< a = 0.05). Moreover. the same three 

variables are the only variables in the model ,vhich have tobserved > tcritical 

tcritical = ta/2. n-p = t 0.025. 26 = 2.056 

Also. the F-ratio for this model is 20.542. which is significantly lower than the F-ratio in 

~fodel A 1. Therefore. it is concluded that the Model A 1 is the selected predictive model 

for the overall performance of reconstruction projects. Further diagnostics and validation 

for the selected Model A I is discussed in the following subsections. 

4.1.2 llodcl Diagnostic (Model Al) 

The selected predictive model is given by the formula: 

PPF = 74.589 + 6.681 Xn (As-built) + 2.674 XH (Desig11 Committees) + 4. 748 Xii 

(Pre-q11a/ijicatio11 of C011tractors) + 3.180 X;-1 (CP.U) + 5.0JJ Xa1 (/11spectio11 by O & 

1\,/ e11d-11sers) 

1Uotlel Utility 

The Adjusted Squared Multiple R = 0.904. This statement means that, the model is able 

to explain 90.4% of the variability in the data. This value is considered to be an excellent 

indicator of the model's expected performance. 
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F-ratio 

F critical = Fa. P-1, n-P· For 95% significance, a=0.05. 

Since we have five variables: ➔ P = l(Constant)+5= 6 ➔ 

Regression degrees of freedom = P- l = 6- l =5 

Also. since we have forty-five case studies ➔ n=45 ➔ 

Error degrees of freedom= n-p = 45-6=39. 

From the standard Statistical Tables F critical = F 0.05,5,39= 2.44. 

Fabserved of this model=83.549. which is significantly larger than Fcritical. 

P-Va/11e 

P- l'alue is the Significance Probability or the probability of exceeding the F-ratio when 

the group means are equal [SPSS. 1997]. ln the end of Appendix 5a. the Systat Analysis 

Of Variance calculations show a P-mlue of 0.00 which is <0.0005. This is another 

indication of the overall significance of the model 

T-Statistics 

T-Statistics is an indication of the significance of the individual predictor. For the 

individual predictor to be significant 

tobserved>tcritical. 

tcritical = ta/2, n-p = t 0.025. 39 = 2.02 l 
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Table 4.2 shows that all the predictors in the Model Al have tobserved>tcritical· 

Partial F 

It assesses the partial significance of the individual predictor and its contribution to the 

overall model based on the fact that the other variables are already in the model. Table 

➔-~ shows that all the variables have (I' Viiluc for partial f) < a.=0.05 which is the preset 

value in Systat. 

Tolera11ce 

Tolerance is an indicator of muticollinearity. Muticollinearity inflates the variance of the 

least squares estimators and possibly any predictions made. Tolerance is 1 minus the 

multiple correlation between a predictor and the remaining predictors in the model. All of 

the predictors in Model A 1 have a tolerance >0.1. which indicates that muticollinearity. 

does not exist among the predictor variables. 

0111/iers 

An outlier among a set of residuals is one that is much larger than the rest in absolute 

values. The presence of an outlier can affect the least squares fitting of the model. Systat 

provides a residuals-output, which includes different statistical measures for detecting 

outliers. The residual table is included in Appendix 5d. The first column in Appendix 5d 

includes the model's predicted values for PPF. The residual column includes the 

difference between the predicted and the actual PPF. It can be noticed that no outliers 
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exist. Also, the correlation coefficient (r) between the predicted and the actual values of 

PPF is 0.96, which is considered to be an excellent correlation. 

Leverage is also another measure that detects outliers. Any observation is considered to 

have a large leverage and is consequently considered to be an outlier if its leverage is 

> 3p/n .. where p is the number of degrees of freedom and n is the number of observations. 

In this model the leverage should not exceed 0.4 since it includes five predictors in 

addition to the constant and the number of observation is forty-five. In Appendix 5d, it 

can be noticed that all observations have a leverage < 0.4. 

Cook's Distance is another measure that detects outliers. It measures the level of the 

change to the parameter estimates that result from deleting the outlier observation. As a 

rule of thumb. when the value of Cook's distance equals one for any observation. that 

calls for checking and scrutinizing that observation. It can be noted in Appendix 5d that 

no outliers exist in the observations. 

The above model diagnostics. conclude that this research developed a solid model and 

prove once again the sufficiency of the data as discussed earlier in chapter three. To 

further examine the consistency of the model given different number of data for its 

development, different model development experiments were conducted utilizing 

different number of projects. The result of these experiments is a consistent model that 

involves the same five factors. Only one experiment resulted in the removal of one factor. 

As such, it can be concluded that the five factors that constitute the model are the ones 
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that are most significant, regardless of the number of projects used in model 

development. 

- Li11ear lUodel 

As mentioned earlier 111 chapter three, modelers preferred to develop their models 

utilizing linear regression because of the ease of use, development. interpretation and 

comparison of different models. Also. another advantage of linear regression methods is 

that they are frequently used to develop models from observational data such as this 

work. Further more non-linear models produce undesired statistical properties such as 

that their least squares estimators may not be unbiased or they may produce an over fitted 

model. Over fitting will have a negative impact on the model's ability to generalize. Fig. 

-U illustrates the over fitting problem in non-linear models. 

Fig. -1.3 Non-Linear vs. Linear Models 
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The non-linear model in Fig.4.3 is over fitted to particular observational data, therefor, 

will not have the ability to predict favorably for new unseen observational data. As 

illustrated in Fig. 4.3. the linear model has a better ability to generalize on observations 

1.2 and 3. The linear model that was developed in this work avoided the draw backs of 

non-linear models. Also, the discussion in the previous section proved that the produced 

linear model has solid statistical properties. 

-1.1.3 Model Inferences 

The selected predictive model is given by the formula: 

PPF= 74.589 

+6.681 Xn (As-b11ilt) If As-built drawings are available for the existing facility, 

the model user enters Xt2 = I. otherwise. the model user 

enters 0. X 12= 1 means the PPF will increase 6.681 points. 

+2.674 XIS (Desig11 Committees) If Design Committees are expected to be formed, 

the model user enters X 15 = 1, otherwise. the modd user 

enters 0. X1s=l means the PPF will increase 2.674 points. 

+4. 748 Xii (Pre-q11a/ijicatio11 of Co11tractors) If Pre-qualification of contractors 

is expected to be formed, the model user enters X22 = 1, 

otherwise, the model user enters 0. X22=l means the PPF 

will increase 4. 748 points. 

+ 3.180 X1, (CPM) If Critical Path Method is expected to be used as a schedule 
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control tool. the model user enters X34 = l, otherwise, the 

model user enters 0. X34= l means the PPF will increase 

3.180 points. 

+ 5.013 Xs1 (/11spectio11 by O & ;l,f leml-11sers) If periodic inspection of the 

reconstructed facility is expected to involve the building's 

Operators. Maintenance staff and the end users. 

the model user enters Xs I = l, otherwise. the model user 

enters 0. Xs1=I means the PPF will increase 5.013 points. 

For example. a potential reconstruction project in a facility that has good As-Built 

drawings available. Design Committees will be formed. Pre-qualifications of contractors 

will take place. CPM \Vil! not be used and inspection by operators. maintenance and end 

users will not take place. the predicted PPF will be obtained as follows: 

PPF = --1.589 + 6.681 * l + 2.67-1 *l + -I. 7-18 *l + 3.180 *O + 5.013 *O = 88.692 

This result indicates that this project has an 88.692 % performance. which means that the 

project has an 11.308% poor performance. This poor performance can be considered as 

an expected value for cost overrun in this project. This interpretation may not be I 00% 

true because of the time factor, however, it provides a physical meaning for poor or good 

performance. 
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4.1.4 Physical Significance of the Model 

It can be noted that the obtained factors are highly relevant to reconstruction projects in 

operating facilities ... s compared to new construction projects. The following simple 

analysis reveals the physical importance of these factors specifically to reconstruction 

projects. Each factor covers one stage in the project life cycle from concept. to design. 

bidding. construction. and finally operation. 

- As-Built Drawillgs 

As-Built Drawings for the existing facility has been proven to be highly important for 

reconstruction projects. Unforeseen existing site conditions were proven to be the highest 

contributor to poor cost and schedule performance in reconstruction projects. A-Built 

Drawings is a good tool to enhance both cost and schedule performance of reconstruction 

projects in operating facilities. 

Desig11 Committees 

Design Committees are formed in both reconstruction and new construction projects. 

However this model indicates the significance of this factor to reconstruction projects in 

operating facilities. In this case building users. operators and maintenance staff are 

essential parties for design input and scope definition. Their input should be properly 

incorporated in order to avoid high cost overrun and schedule delays during the 

construction phase. Also, design committees serve as a communication tool. 
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- Pre-q11alijicatio11 

Contractors· pre-qualification is crucial to the determination of the contractor's ability to 

deal with the unique environment of reconstruction of operating facilities. The selection 

of a qualified and capable construction contractor is essential to the successful 

completion of the construction contract. 

Critical Pat/, iUet/1od 

The Critical Path Method is considered to be a high end scheduling technique. The 

complex nature of reconstruction projects in operating facilities made it essential to use 

this technique as a tool for schedule control. 

/11spectio11 by Operatio11, ,Uai111e11a11ce am/ E11d Users 

Since Operation. Maintenance and End Users inherits the building after reconstruction is 

completed. their early inspection of the work during the construction process helps to 

decrease or even eliminate any rework that may be required at later stages. 

-1. l .5 Model Validation 

Model validation is different from model adequacy checking. Model validation is 

directed towards determining if the model will function successfully in its intended 

operating environment. Three types of procedures were suggested in the literature for 

model validation. These procedures are analysis of the model coefficients, collecting 
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fresh data, or data splitting [Montgomery. 1990]. In this research, nine case studies were 

selected randomly and set aside for validation purposes. 

The data. which was provided in the nine validation sets. were applied to Model A 1. The 

model produced nine predicted values for the overall performance (PPF) for the nine 

projects. A correlation analysis was. then. performed between the predicted PPF and the 

actual PPF for the nine projects. The resulted correlation coefficient was r= 0. 9121. Also. 

the mean absolute error between the predicted PPF and the actual PPF is 0.44. These 

results reveal that the developed Model A 1 has excellent predictive capabilities. The 

results are tabulated in Table 4.5. 

•'-2 A PREDICTIVE MODEL BASED ON SUMMARIZED PROJECT DAT A 

This model was developed in order to be used by project managers. if a detailed level of 

information was not available. The variables as illustrated in Table 3.7. were used to 

develop the desired predictive model. The processes. which were followed to develop a 

predictive model based on the Detailed Project Data. were also followed to develop this 

model for the Summarized Project Data. 
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Table 4.5 Detailed Project Data, Model Validation (Model Al) 

Project C X12 X15 X22 X34 X81 Predicted Actual Error 

PPF PPF 

P46 74.59 6.681 1 2.674 0 4. 748 1 3.18 0 5.013 1 91.031 87.89 3.141 

P47 74.59 6.681 0 2.674 0 4. 748 0 3.18 0 5.013 0 74.589 73.6 0.989 

P48 74.59 6.681 0.5 2.674 1 4. 748 1 3.18 1 5.013 1 93.5445 89.77 3.7745 

P49 74.59 6.681 0.5 2.674 0.5 4. 748 1 3.18 0 5.013 1 89.0275 88.83 0.1975 

P50 74.59 6.681 0 2.674 0 4. 748 0 3.18 0 5.013 0 74.589 80.7 -6.111 

P51 74.59 6.681 0.5 2.674 0.5 4. 748 1 3.18 0 5.013 1 89.0275 89.14 -0.1125 

P52 74.59 6.681 1 2.674 1 4. 748 0 3.18 0 5.013 1 88.957 88.11 0.847 

P53 74.59 6.681 1 2.674 1 4. 748 1 3.18 0 5.013 1 93.705 87.56 6.145 

P54 74.59 6.681 0 2.674 0 4. 748 0 3.18 0 5.013 0 74.589 79.5 -4.911 

Max 6.145 

Min -6.111 

Mean 0.4399 

r 0.9121 

131 



-&.2.1 Model Building 

Similar to the development of the Detailed Project Data model (Model A 1 ). two different 

regression stepping techniques were used in order to develop the Summarized Project 

Data model. Theses two techniques were backward stepping and forward stepping. The 

detailed steps for backward stepping and the constructed ANOV A table are included in 

Appendix 7 (Model B 1 ). Also, the detailed steps and the constructed ANOV A table for 

the forward stepping are included in Appendix 8. We can note from Appendices 7 & 8 

that both Model B 1 and Model 82 have the same characteristics. These data are 

summarized in Table 4.6. 

Table -&.6 Summarized Project Data Model results 

Adjusted squared multiple R = 0.872 

F-ratio = 76.084 Prnlue=0.00 

Variable Coefficient T Statistics 

Constant 67.062 35.028 

LP (Level of Planning) 3.573 4.476 

LS (Level of Scheduling) 3.831 4.222 

LCOM (Level of Communication) -2.099 -2.163 

X81 (Level of Completion) 5.282 2.893 
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0.000 

0.000 

0.000 

0.037 

0.006 



-&.2.2 Model Diagnostic 

The fitted predictive model is given by the formula: 

PPF = 67.062 + 3.573 LP (Level of Pla1111i11g) + 3.831 LS (Level of Scl1ed11li11g) - 2.099 

LCom (Le,•e/ ofCom1111111icati011) + 5.282 X81 (I,1spectio11 hy O & !'1! e11d 11sers) 

One possible explanation of the negative sign that is associated with the Level of 

Communication factor is that it might be the result of the inclusion of other factors in the 

model. It is statistically known that the contribution of any factor to a model as well as its 

significance depends. to a great extent. on other factors. which are already included in the 

model. The physical meaning in this case is that when the level of planning, level of 

scheduling. and level of inspection are optimized. any additional efforts spent on 

communication represent un-necessary efforts. In other words these efforts become costly 

and time consuming which. degrade the overall performance. Another possibility might 

be that the participants of the survey folt that the communication factor represents 

unnecessary extra efforts since they exercise a great level of communication durinJ 

scheduling and planning which are already included in the model. 

i\<lo,lel Utility 

The Adjusted Squared Multiple R = 0.872. This statement means that. the model is able 

to explain 87.2% of the variability in the data. This value is considered to be an excellent 

indicator of the model's expected performance. 
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F-ratio 

Fcritical = Fa. P-1. n-P· For 95% significance. a=0.05. 

Since we have four variables: ➔ P = l (Constant)+4=5 ➔ 

Regression degrees of freedom= P-1 = 5-1 =4 

Also. since we have fony-five case studies ➔ n=45 ➔ 

Error degrees of freedom = n-p = 45-5=40. 

From the standard Statistical Tables Fcritical = F o.os.➔ .. rn= 2.65. 

F obst!rved of this model=76.084. which is significantly larger than F critical. 

P-Vt1/11e 

Table 4.6 shows a P-value of 0.00, which is <0.0005. This is another indication of the 

o,·erall significance of the model. 

T-Statistics 

lcritical = la/:?, n-p = t 0.0:?5, -lO = 2.021 

Table 4.6 shows that all the predictors in the model have tobserved>lcritical· 

Partial F 

Table 4.6 shows that all the variables have (P Value for partial F) < a=0.05 which is the 

preset value in Systat. 
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To/era11ce 

Appendix 7 shows that all of the predictors in the model have a tolerance >0.1, which 

indicates that muticollinearity does not exist among the predictor variables 

4.2.3 Model Validation 

The data, which was provided in the nine validation sets. were applied to the model. The 

model produced nine predicted values for the overall perfom1ance (PPF) for the nine 

projects. A correlation analysis was. then. performed between the predicted PPF and the 

actual PPF for the nine projects. The resulted correlation coefficient was r= 0.9274. Also. 

the mean absolute error between the predicted PPF and the actual PPF is 0.64. These 

results reveal that the developed Model Bl has excellent predictive capabilities. The 

results are tabulated in Table 4.7. 

4.3 OTHER MODELING EXPERIMENTS 

Several experiments were investigated in order to explore the possibility of utilizing the 

available data to develop other models. These models \Vere predictive models for cost, 

schedule or quality performance individually. However, no useful models were 

materialized utilizing the listed eighteen factors. The Systat outputs for these models are 

included in Appendices 9, 10 and 11. 
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Table -1.7 Summarized Project Data, Model Validation (Model 81) 

Project C LP LS LCOM X81 Predicted Actual Error 

PPF PPF 

P46 67.06 3.573 4 3.831 3 -2.099 4 5.282 1 89.733 87.89 1.843 

P47 67.06 3.573 2 3.831 2 -2.099 2.5 5.282 0 76.6225 73.6 3.0225 

P48 67.06 3.573 3 3.831 3 -2.099 3.5 5.282 1 87.2095 89.77 -2.5605 

P49 67.06 3.573 3 3.831 3.5 -2.099 3 5.282 1 90.1745 88.83 1.3445 

P50 67.06 3.573 2.5 3.831 2 -2.099 2.5 5.282 0 78.409 80.7 -2.291 

P51 67.06 3.573 3.5 3.831 3 -2.099 3 5.282 1 90.0455 89.14 0.9055 

P52 67.06 3.573 4 3.831 3 -2.099 3 5.282 1 91.832 88.11 3. 722 

P53 67.06 3.573 3 3.831 3.5 -2.099 3.5 5.282 1 89.125 87.56 1.565 

P54 67.06 3.573 2 3.831 2 -2.099 2 5.282 0 77.672 79.5 -1.828 

Max 3.722 

Min -2.5605 

Mean 0.6359 

r 0.9274 

As part of the preliminary analysis in chapter three, all of the thirty-six hypothesized 

predictors were regressed individually with PPF. Only. the seventeen factors. which 

demonstrated strong relationship with PPF. were selected for further analysis. Therefore. 

it was not possible to regress these seventeen factors with a totally different set of 

dependent variables and obtain useful relationships. 
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Fig. 4.4 shows summary of the modeling experiments utilizing regression analysis 

techniques. 
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Fig. 4.4 Summary of the experiments utilizing regression analysis. 
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CHAPTER S DEVELOPING AND VALIDATING A PREDICTION 

NEURAL NETWORK MODEL 

In Chapter four. two predictive models for the overall performance of reconstruction 

projects were developed utilizing statistical regression analysis techniques. In this 

chapter. two comparable models are developed using the Artificial Neural Network 

methodology. A stmctured methodology for Neural Networks development [Hegazy et 

al. 1994c 1 has been used to develop the required predictive models. The methodology 

consists of three main phases: I) Conceptual analysis. 2) Neural Network design : and 3) 

Neural Network modeling and implementation as shown in Fig. 5.1. 

Select 
Application 

Select NN 
Type 

Conceptual 
Analysis 

Problem 
Analysis 

Problem 
Structuring 

Model 
Design 

Data 
Collection 

&Preparation 

Learning 
&Optimization 

Model 
Implementation 

Fig. S.I Neural Network Development Methodology 
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5.1 NEURAL NETWORK DEVELOPMENT METHODOLOGY 

At the conceptual analysis stage, a Neural Network paradigm has to be selected as a 

suitable environment for developing the required model. The selection can be 

accomplished based on a comparison of the model requirements against Neural Network 

paradigm capabilities. Based on the literature review of chapter two. the Neural Network 

type deemed suitable for the required model is the feed-forward-multi-layer type (Back 

propagation). This type of Neural Network suits the desired predictive performance of the 

model. 

The model design phase includes two main tasks: I) Problem analysis; and 2) problem 

structuring. Problem analysis is the identification of the independent factors that fully 

describe the problem. Problem structuring entails the arrangement and representation of 

the independent factors and the response variables. 

Two predictive Neural Networks were designed as follows: 

Neural Network I: includes dghteen independent variables as shown in Table 4.1 

and one response variable which is (PPF). The objective of this net is to develop a 

predictive model for the overall performance of reconstruction projects based on 

Detailed Project Data. 

- Neural Network 2: includes eight independent variables as shown in Table 3.7 and 

one response variable, which is (PPF). The objective of this net is to develop a 
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predictive model for the overall performance of reconstruction projects based on 

Summarized Project Data. 

The purpose of Neural Network training is to determine the Neural Network weight 

values that optimize network performance. The weight values in Neural Network models 

can be considered similar to the variable coefficients in mathematical models. fherefore, 

in order to produce the best fitted model. one should develop the best set of weights. 

ln order to develop the model at hand. Seuro Shell 2 has been used for its ease of use. 

speed of training. and for its host of Neural Network architectures including back 

propagation with tlexible user-optimization of training parameters. Neuro Shell 2 

includes a simplified set of procedures for building and executing a complete and 

powerful Neural Networks application. The user has the ability to specify the learning 

rate. momentum, activation functions and initial weight range on a layer basis in the 

design module. It also has multiple criteria for stopping training in addition to different 

methods for handling missing data, pattern selection and viewing weight and neuron 

values during training. 

In addition to the brain-like structure of Neural Networks, their major advantage is their 

ability to be trained. Training is required to adjust continuously the connection weights 

until they reach values that allow the network to predict outputs that are very close to the 

actual outputs. Therefore, Neural Networks can generalize well on new cases if over 

training is avoided [Hegazy et al, 1994c]. 

140 



In the following sections, the process of developing the required predictive models is 

explained. 

5.2 DETAILED PROJECT DAT A, NEURAL NET\VORK I 

Traditionally. back propagation training is one of the most common methods for training 

Neural Network on observational data. Back propagation training adopts a gradient­

descent approach for adjusting the Neural Network weights. During training, a Neural 

Network is presented with the data many thousands of times (called cycles or epochs). 

After each cycle. the error between the Neural Network predicted outputs and the actual 

outputs are propagated backwards to adjust the weights in a manner that is 

mathematically guaranteed to converge [Rumelhart et al.. 1986]. 

In Xeuru Shell 2. two levels of mechanisms are available. These are the beginner·s and 

the advanced. Fig. 5.2 shows the Neuru Shell 2 initial screen. The advanced option was 

selected to develop the required model. Fig. 5.3 shows the Neuro Shell 2 advanced option 

screen and displays the independent modules that may be used to create a Neural 

Network application. 
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~, NeurnShell J C: \MYOllClJ-1\PHD\18VPPf-\18VP Pf~~ 

Problem Description 
SYSDATA1 
You ma., enter a problem description or 
instructions for the problem here. 

Double click icons to execute; single click before ielectirig help. 

Fig 5.2 Neuro Shell l Initial Screen 

The data was organized originally in a .\,/icrosoft Excell Spreadsheet. By selecting the 

"File Import" option from Neuro Shell 2, this spreadsheet was transferred into Neuro 

Shell 2. Then, the "Define Inputs/Outputs" option was used to select the input and output 

variables. Fig. 5.4 shows the .. define Inputs/outputs" screen. 
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Fig 5.3 Neuro Shell 2 Advanced Option Screen 
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Fig 5.4 The Define Inputs/Outputs Screen 
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In the "Define Inputs/Outputs" screen, as shown in Fig. 5.4, the user has the ability to 

label every variable as Input (Independent variable) and denote it I, Actual output 

(Dependent variable) and denote it A and unused which means the cell is left blank. Also. 

this screen includes some descriptive statistics about the variables such as their standard 

deviation. maximum and minimum values. 

Network training is dependent on the quantity of training data and on how the data is 

presented to the network. Therefore. several data-representation experiments and network 

architectures were performed during training in order to arrive at the best trained net. In 

these experiments. network parameters. such as number of hidden layers. number of 

hidden nodes. network connections and transfer functions were tested and the best result 

was documented. 

The design option provides the user with the ability to select from different network 

architecture options which are preset in Neuro Shell 2. These different architectures 

include different types of scaling functions. number of neurons in each layer (slab). 

learning rate, initial weights and momentum. The selected architecture. which was proven 

to produce the best predictive net. is shown in Fig 5.5. The selected architecture ia a 

multi-layer feed forward back propagation. It is called, in Neuro Shell 2, Ward nets with 

three hidden layers. 

Also. in Neuro Shell 2, the design option provides the users with the ability to set learning 

criteria. These criteria specify the learning and stop learning roles. Fig. 5.6 shows the 
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Fig S.S Network Architecture 

selected stop training criteria. The pattern selection (Case study selection) was chosen to 

be Rotation. since it is desired to get the net exposed to every pattern an equal number of 

times. Weight update is set to TurboProp. which has the additional advantage that it is not 

sensitive to learning rate and momentum. The Calibration Test Interval is set to 200 (the 

default value) which is the number of training patterns the network processes before 

.Veuro Shell 2 temporarily stops training and computes the error factor for the test set. 

The automatic save was set to Best Test Set. which saves the network every time it 

reaches a new minimum average error for the Test Set. 
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Fig. 5.6 Training Criteria 

In order to overcome the over-fitting problem associated with the application of Neural 

Networks, the data was divided into two sets. The first is the training set. which includes 

forty five data sets, and the second is the Test Set. which includes the remaining nine data 

sets. This approach would also allow the development of the model and its validation to 

occur at the same time. The "Test Set Extract" option with Neuro Shell 2 was used to 

extract the test set. Fig. 5.7 shows the "Test Set Extract" screen. The "Test Set Extract" 

screen shows that, fifty-four patterns (case studies or data sets) were included in total and 

forty five cases were extracted for model building, while the remaining nine cases were 

extracted for test purposes. 
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Fig. 5.7 The Test Set Extract Screen 

After selecting the network architecture. extracting both the training and test sets and 

choosing the learning criteria, the learning module can then be used in order to train the 

net. Fig 5.8 illustrates the learning screen at the end of the learning period. 
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Fig. S.8 Neural Network I, Learning Screen 

The learning screen in Fig. 5.8 shows some useful information regarding the produced 

net such as the minimum average error in both the test set and the training set. During 

training. the network computes the mean squared error between the actual and predicted 

values for PPF overall patterns. The way it works is that the network first computes the 

squared error for each output in a pattern, totals them and then computes the mean of the 

total for each pattern. The network then computes the mean of that number overall 
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patterns in the training set. Also, Neuro Shell 2, produces these errors in a graphical 

format as shown in Fig. 5.9. 

II T 1dmmg ~et Ave1dge E11m ~~ ~ 
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0 010 .__ ______________ _ 

Epochs Elapsed 

Fig. S.9 Training Set Anrage Error 

Fig.5.9 shows the training set average error plotted against epochs elapsed. It was clear 

that the error decreased and then became stable. In other words, the predictive 

performance of the net had improved until it reached a point where further improvement 

was not achievable. The user of Neuro Shell 2 has the ability to view this graph while 

training is in progress, which gives the user another advantage to stop training when 

further training is not warranted and also to avoid over training. 
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Once the network was trained and a satisfactory error levels are achieved, the ''Apply to 

file'' option was used to process a data file through the trained Neural Network. A file of 

outputs that included the actual PPF values, the predicted PPF values and the absolute 

error between both the actual and the predicted PPF, was produced in a spreadsheet 

format. This spreadsheet is included in Appendix 12 . 

. \'eurv Shell 2 also produces model diagnostics as part of its output modules. Fig. 5.10 

shows the output module. 
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Fig. S.10 The Output Module 

Table 5.1 summarizes the model characteristics for the Detailed Project Data model 

(Network l) as presented in the output module. From Table 5. I, it can be noted that the 

., 
developed model has an R- value of 0.8428. Also, Neuro Shell 2 calculates the 
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correlation coefficient r between the predicted and the actual PPF. The correlation 

coefficient r is 0.9208. These results reveal that the developed net with its eighteen 

variables possesses a high predictive performance. 

Table 5.1 Neural Network l Validation 
Characteristics 

' R-,, 
r 
Mean squared error 
Mean absolute error 
Min. absolute error 
Max. absolute error 
Correlation coefficient r: 
Percent within 5%: 
Percent within 5% to l 0%: 
Percent within l 0% to 20%: 
Percent within 20% to 30%: 0 
Percent over 30%: 0 

Values 
0.8428 

0.8479 

l l. l 04 
2.400 
0.040 
7.384 

0.9208 
77.778 
18.519 
3.704 

0 
0 

Furthermore, the post processing output in Neuro Shell 2, as shown in Fig. 5.11 indicates 

that the contribution of all factors in the model are equally significant. 
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Fig. S.11 Factors Contribution 
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5.3 SUMMARIZED PRO.JECT DAT A, NEURAL NETWORK 2 

The development process of this model followed exactly the same development process 

for the Detailed Project Data model. Fig. 5.11 illustrates the learning screen at the end of 

the learning period for Neural Network 2. Table 5.2 also illustrates the model 

,, 
characteristics. It shows that the developed model has R-= 0.6777. Also, the correlation 

coefficient for the relation between the predicted PPF and the actual PPF = 0.8836. The 

predicted values are presented in Appendix 13. These results, also, reveal that the 

developed net possesses a high predictive performance 
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Fig. 5.12 Neural Network 2, Learning Screen 

Table 5.2 Neural Network 2 Validation 

Characteristics 

R-., 
r 
Mean squared error 
Mean absolute error 
Min. absolute error 
Max. absolute error 
Correlation coefficient r: 
Percent within 5%: 
Percent within 5% to 10%: 
Percent within I 0% to 20%: 
Percent within 20% to 30%: 0 
Percent over 30%: 0 
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Values 
0.6777 

0.7808 

22.769 
3.945 
0.019 
9.368 
0.8836 
55.556 
40.741 
3.704 

0 
0 

net to see true erro,.' :. ' 



5.4 OTHER MODELING EXPERIMENTS 

This research also investigated the possibility of developing other models to use the 

independent variables at hand to predict the cost performance, schedule performance and 

quality performance individually. In these experiments the WCPF, WSPF and WQPF 

were utilized as response variables. 

Fig. 5.12, 5.13 and 5.14 shows the learning screen for cost, schedule and quality 

respectively, while the spreadsheet outputs are included in Appendices 14, 15 and 16. 

The models validation tables are shown in Tables 5.3. 5.4 and 5.5. The tables show that 

these models are not useful for predicting the required values. Similar to the explanation 

which was provided in chapter four, since all the predictor variables were obtained 

through correlation with a different response variable (PPF), it was not possible for the 

net to find useful relationship between the eighteen predictor variables and other response 

variables. 
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Fig. 5.13 Cost Performance Prediction Network, Learning Screen 

Table 5.3: Cost Performance Prediction Network, Validation 
Characteristics 

., 
r 
Mean squared error 
Mean absolute error 
Min. absolute error 
Max. absolute error 
Correlation coefficient r: 
Percent within 5%: 
Percent within 5% to 10%: 
Percent within 10% to 20%: 
Percent within 20% to 30%: 0 
Percent over 30%: 0 
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Values 
0 

0.0125 

47.302 
4.941 
0.089 

25.758 
0.1117 
20.370 
22.222 
27.778 
11.111 
18.519 



Fig. S.14 Schedule Performance Prediction Network, Learning Screen 

Table 5.4: Schedule Performance Prediction Network, Validation 

R-
2 

r 

Characteristics 

Mean squared error 
Mean absolute error 
Min. absolute error 
Max. absolute error 
Correlation coefficient r: 
Percent within 5%: 
Percent within 5% to 10%: 
Percent within 10% to 20%: 
Percent within 20% to 30%: 0 
Percent over 30%: 0 
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Values 
0.4242 

0.5115 

45.362 
5.034 
0.144 
18.159 
0.7152 
25.926 
25.926 
14.815 
12.963 
20.370 
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Fig. S.1 S Quality Performance Prediction Network, Learning Screen 

Table S.S: Quality Performance Prediction Network, Validation 

Characteristics 
R-., 
r- squared 
Mean squared error 
Mean absolute error 
Min. absolute error 
Ma.x. absolute error 
Correlation coefficient r: 
Percent within 5%: 
Percent within 5% to 10%: 
Percent within 10% to 20%: 
Percent within 20% to 30%: 0 
Percent over 30%: 0 
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Values 
0 

0.1144 

95.396 
7.014 
0.225 
37.309 
0.3382 
12.963 
16.667 
14.815 
27.778 
27.778 



CHAPTER 6 FURTHER EXPERIMENTATION 

6.1 SPREADSHEET INTERFACE 

To provide the users with simple access and usage of the developed Networks, a 

spreadsheet interface has been developed in order to facilitate data input and automate 

performance prediction. The interface was developed on Microsoji Excel using its macro 

tools. One of the useful features of the Neuro Shell 2 Software is the ability to create Run 

Time versions of its trained nets. The initial screen of the Neuro Shell 2 is shown in Fig. 

5.2. Fig. 5.2 shows this option which produces a DEF file containing the trained net. The 

DEF file can be called from Alicrosofi Excel to automatically produce the required 

prediction. Using this feature. two files were created for Network I and Network 2. The 

developed user interface is explained on a case study later in this chapter. 

The user interface was developed in a spreadsheet file that is used as a template for 

activating the model. Upon opening the spreadsheet file, the user interface will appear 

viewing the ''Interface" sheet as shown in Fig. 6.1. At the bottom of the "Interface., sheet, 

the user is presented with a note regarding the Neuro Shell files that should be installed in 

the root directory. An "Instructions" button is included in the top part of the "Interface" 

sheet. Upon clicking on the "Instructions" button, the user will be able to view the 
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"Instructions" sheet. The "Instructions·· sheet includes useful step by step information 

about the use of this user interface. 

C I D f H J K L 

A NEURAL NElWORK PREDICTOR OF THE PERFORMANCE OF 
RECONSTRUCTION PROJECTS 

• • • 1imnici1oipl 

Newll Network 1: Predicts Pr0jed Performance based on 
detaied informlllion related to ywr project 
managemert process 

llllurll Networlr 2: Predds Project Performance blsed on 
SuTlmeriUd inlormlllion related to the 
level of corirol il Clltlin c:at~in 
witin YGJ/1 project fflllllgelllllr process 

Sttp 1; ..,......,,. ..... 

f~PratactDIII~ 
•. ; ~.. .. .. ' ... •·7. - : 

~ 

~ .,, 

I 
~-

! 
...... ---------------~ 

Important Note: This application requires three flies to be put in your computer: 
1Qy_gptdef' and "Qvpptder under Ne:\" directory 
and ~S2 J2.0LL" under NC:\Windows\System" directory 

Interface Instructions DetaledDltl PfedrtedPerformlrcel Sllml,nedD1t1 FredctedP 4 - • •• _ .. _ •· 

Fig. 6.1 The User-Interface .. Interface" Sheet 

ln the ··Interface"' sheet, there are two separate areas, one for Neural Network I and the 

other for Neural Network 2. Neural Network l is developed to predict the overall project 

performance based on Detailed Project Data, while, Neural Network 2 is developed to 

predict overall project performance based on Summarized Project Data. 

To use either Network, two steps are to be followed: 

l) Step I: Input the project data. 
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2) Step 2: Activate the Neural Network to predict the overall project performance based 

on the provided data. 

6.1.1 The Use of Network I (Detailed Project Data) 

6.1.J.J /11p11I Detailed Project Data 

In order to predict the performance for a potential project. the user first enters the project 

data. When Detailed Project Data is available. the user utilizes Neural Network I and 

clicks on the "'Input Detailed Project Data" button in the "Interface'' sheet. A Detailed 

Data sheet will appear on the screen as shown in Fig. 6.2. 

This screen presents the eighteen factors that significantly contribute to the success of 

reconstruction projects. Project managers can use these factors. proactively. as tools to 

control the performance of their projects. The utilization of these factors in the 

management of reconstruction projects can minimize the slippage or the deviation of the 

actual project performance from the planned performance. The user enters the 

assessments for each of these factors. Since each factor represents a control tool, the user 

enters one if the tool is available for the project under consideration, otherwise, the user 

enters zero. 
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Fig. 6.2 Detailed Data Input Screen 

When Data Input is complete. the user clicks on the "Close'' button in the Detailed Data 

sheet. The user will be returned to the ·Interface·• sheet. 
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6.1.J.2 Project performa11ce predictio11 

To initiate the prediction, the user clicks on the "Use Neutral Network l to Predict 

Project Performance" button in the ··Interface" sheet. The "Predicted Performance l" 

screen ,vill appear as shown in Fig. 6.3. 

•-· 

3 
4 
5' 

8 
9 
10 
11 
121 

OVERALL PROJECT PERFORMANCE 
BASED ON THE DETAILED INFORMATION 

Project Perfl'Jrmance Ftl€tor! ._ __ 9_3 _ _. 

Fig. 6.3 ''Predicted Performance I" Screen, Neural Network I 

Given the data. which is shown in Fig. 6.2. the predicted performance is (93 ), as shown in 

Fig. 6.3. When the user changes any of the input data in Fig. 6.2. the value of the 

predicted PPF in Fig. 6.3 will be changed automatically. 

The project manager can experiment with different scenarios of the expected project 

management factors, which may be utilized in a particular project. This experimentation 

can take place by manipulating the answers in the Detailed Data Input Sheet and 

monitoring the changes in the predicted PPF values in the Predicted Performance screen. 
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In this fashion, this interface can be used as a decision support tool. If at the time of 

performance prediction, the user is uncertain of a particular data, the user can use the 

sensitivity analysis tool as explained later in this chapter. 

When the user clicks on the "Main Menu'' button in the ··Predicted Performance l" 

screen as shown in Fig. 6.3, the user will be returned to the "Interface" sheet. 

6. 1.2 The Use of Network 2 (Summarized Project Data) 

As explained earlier. this model can be used if the Detailed Project Data is not available. 

The user interface will be used in the same fashion as in the Detailed Project Data with 

the exception of some minor variances. 

6.1.2.1 /11p11t S11111111arized Project Data 

In order to predict the performance for a potential project, the user first enters the project 

data. When Detailed Project Data is not available. the user utilizes Neural Network 2 and 

clicks on the ··Input Summarized Project Data'' button in the .. Interface" sheet. A 

Summarized Data sheet will appear on the screen as shown in Fig. 6.4. 

This screen presents the eight summarized factors that are used to predict the overall 

performance of reconstruction projects. The user enters the assessments for each of these 

factors. The assessments are the expected effort to be exerted in a particular control 
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category on a scale from one to five. One is the lowest and five is the highest. As 

explained earlier in chapter three, the factor ·• Standard and specifications are developed 

with input from Operation. Maintenance and end users", is used to assess the overall level 

of tendering. Therefore, the user will enter one or zero based on whether or not the factor 

is available. Similarly, the factor .. Inspection by Operation, Maintenance and end users" 

will be used to assess the level of completion. 

Fig. 6.-1 Summarized Data Input Screen 

When Data Input is complete, the user clicks on the .. Close .. button in the Summarized 

Data sheet. The user will be returned to the ·Interface" sheet. 
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6.1.J.2 Project performa11ce predictio11 

To initiate the prediction. the user clicks on the ··use Neutral Network 2 to Predict 

Project Performance .. button in the ··Interface·· sheet. The "Predicted Performance 2·• 

screen will appear as shown in Fig. 6.5. 

A, B I C I D I E • 1, ,• .•. F. 

OVERALL PROJECT PERFORMANCE 
BASED ON THE SUMMERIZED INFORMATION 

P,vj~c, P~,flJffflllllC~ Fac/.t1r ._! __ 1;..;9_--i 

llaln ll111u , • "•-· 1 

J . 

Fig. 6.5 .. Predicted Performance 2" Screen, Neural Network 2 

K· ,,.,i,~ 

ri' .. ,, 

Gi\'en the data. which is shown in Fig. 6.4. the predicted performance is (89). as shown in 

Fig. 6.5. When the user changes any of the input data in Fig. 6.4. the value of the 

predicted PPF in Fig. 6.5 will be changed automatically. 

When the user clicks on the "Main Menu" button in the "Predicted Performance 2" 

screen as shown in Fig. 6.5, the user will be returned to the "Interface" sheet. 
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6.2 SENSITIVITY ANALYSIS MODULE 

At the early stages of any reconstruction project, the project characteristics may not be 

certain. In other words. some uncertainty may exist in the data provided for prediction 

purposes. Therefore, a tool is provided in order to assess the sensitivity of the model's 

predictions to variations in the project characteristics. A sensitivity analysis module has 

been incorporated into the user interface. This module was also coded in Microsoft Excel 

and was linked to the Neural Network spreadsheet. A group of 20 project scenarios were 

generated with little random variation to the initial project data. The sensitivity analysis 

was conducted in a manner similar to the traditional Monte Carlo simulation. 

An example of the Sensitivity Analysis screen for the Detailed Project Data is shown in 

Fig. 6.6. This example was developed for the case study. which was discussed earlier in 

Fig. 6.2. In this case study the predicted overall project performance by Network l was 

(93 ). Fig. 6.6 shows a plot of the original predicted value of PPF (93) against the 

predicted value for the 20 project scenarios developed by the sensitivity analysis module. 

Fig. 6.6 shows maximum and minimum values of (95) and (81) respectively, for the 

predicted PPF under the influence of uncertainty. The Average value for the 20 project 

scenarios is (92) which indicates that the predicted values under the intluence of 

uncertainty still revolve around the originally predicted PPF by Network l. 
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Fig. 6.6 Detailed Project Data, Scnsith·ity Analysis Screen 

• 

Also. an example of the Sensitivity Analysis screen for the Summarized Project Data is 

shm, n in Fig. 6. 7. This example was developed for the case study, which was discussed 

earlier in Fig. 6.4. In this case study the predicted overall project performance by 

Network 2 was (89). Fig. 6. 7 shows a plot of the original predicted value of PPF (89) 

against the predicted value for the 20 project scenarios developed by the sensitivity 

analysis module. Fig. 6. 7 shows maximum and minimum values of (91) and (81) 

respectively, for the predicted PPF under the influence of uncertainty. The Average value 

for the 20 project scenarios is (88) which indicates that the predicted values under the 

influence of uncertainty is close to the originally predicted PPF by Network 2. 
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Fig. 6. 7 Summarized Project Data, Sensitivity Analysis Screen 

6.J COMPARISON BET\VEEN NEURAL NETWORK & REGRESSION 

MODELS 
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Table 6.1 illustrates a comparison between the different models which were developed in 

this work. The comparison was based on three characteristics: Coefficient of 

.., ., 
Determination R .. , Coefficient of Correlation rand the number of variables. R- explains 

the overall utility of the model or its ability to explain the variation of the data. (r) is the 

Correlation Coefficient between the predicted and the actual PPF. 

In the case of Detailed Project Data models, both the Regression and the Neural Network 
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., 
models produced relatively close results for both R- and r. The difference, however, the 

Neural Network model was able to develop these results while utilizing the eighteen 

variables, while, the Regression model utilized five variables. From a user's point of 

view. the ability to use more variables in predicting the outcome of a future project may 

be advantageous. It would give the user of the model more flexibility and a larger 

opportunity to investigate different options and project control techniques. 

Table 6.1 Comparison between the Models 

Comparison Detailed Project Data Summarized Project data 

Factor NNI Regression NN2 Regression 

R" 0.8428 0.904 0.6777 0.872 

r 0.9208 0.9121 0.8836 0.9179 

No. of Variables 18 5 8 4 

In the case of the Summarized Project Data. both models Neural Network and Regression 

., 
produced relatively close rand R- characteristics. Similar to the case of Detailed Project 

Data. the Neural Network model utilized more predictors (Eight as opposed to the four 

used by the Regression model). 
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CHAPTER 7 CONCLUSIONS AND RECOMMENDATIONS 

7.1 CONCLUSION 

A comprehensive literature search was perfonned in the areas of reconstruction projects 

and construction control modeling to gather infonnation about tools or factors that can be 

used to improve and predict the perfom1ance of reconstruction projects. A preliminary 

field review was also perfonned to review the significance of the gathered control factors. 

The result of both the literature search and the preliminary field review was the 

identification of thirty-six factors that govern the performance of reconstruction projects 

in terms of time, cost. and quality. 

A questionnaire survey was then developed and used in a structured interview format. 

The questionnaire was designed to obtain three types of data. The first type was a 

Detailed Project Data, which is related to the utilization of the previously identified 

thirty-six factors in the control of reconstmction projects. The second was a Summarized 

Project Data, which is related to the overall level of effort exerted at different stages of 

the project. The third is actual performance data related to cost, duration, and quality. 

Data of the three types was collected from fifty-four different projects. The collected data 

provided valuable information and insight about the project management process for each 
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project and its outcome. A single quantifiable measure named Project Performance Factor 

(PPF) was developed to measure the overall performance of the surveyed projects and 

was considered as the dependent variable in the present model. A preliminary statistical 

analysis was performed on both the Detailed Project Data and the Summarized Project 

Data in relation to the (PPF). The result was the identification of the eighteen most 

significant variables to be considered for the devdopment of the Detailed Project Data 

model and eight variables to be considered for the development of the Summarized 

Project Data model. 

Four models were developed to predict the overall performance of reconstruction projects 

based on either Detailed Project data or Summarized Project Data. T\vo models were 

developed utilizing Statistical Regression analysis and t\vo models were developed 

utilizing Artificial Neural Networks. Forty-five cases \Vere used for model development 

while the remaining nine cases were used for model validation and testing. All four 

models produced high correlation between the predicted (PPF) values and the actual 

values. One essential benefit of the models based on Artificial Neural Networks is their 

use of larger number of variables and as such the models become more diverse. Artificial 

Neural Networks have proven to be useful and suitable for dealing with such a complex 

problem and developing user-friendly predicative models. They are able to detect any 

patterns found in the data and provide larger opportunity to investigate different options 

and project control techniques. 
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This study showed that neural networks are promising tools for used in developing 

predictive models in the construction domain. With recent developments in neural 

network software such as the one used in this study, data preprocessing and post­

processing capabilities are included and make the neural network modeling more 

transparent. While both statistical analysis and neural networks worked well for the 

application at hand. neural networks can be an alternative modeling technique for 

problems that may include higher degree of uncertainty in the data and when statistical 

analysis may not be practical. 

A spreadsheet interface was developed to facilitate the use of the Neural Network 

models. The spreadsheet works as a decision support tool that automates the prediction of 

an overall performance indicator (PPF) of reconstruction projects as a function of the set 

of control tools specified by the user. To capture the impact of uncertainty in the data 

input on the predicted PPF. a Sensitivity Analysis module was developed utilizing the 

traditional technique of Monte Carlo simulation. 

7.2 SUMMARY OF CONTRIBUTION 

The contribution of this research can be summarized in the following points: 

1. The identification of the control factors that govern the success of reconstruction 

projects; 

2. The identification of the reasons for the poor performance of reconstruction projects 
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or the overall failure of the projects; 

3. Identification of the tools and factors that suite the specific environment of 

reconstruction projects and facilitate their control and management based on the 

available level of information to the user: Detailed Project Data; and Summarized 

Project data; 

4. Development of a quantifiable and objective measure of the overall performance of 

reconstruction projects (PPF) that encompasses project cost, schedule and quality; 

5. Development and validation of four models for predicting the overall performance of 

reconstruction projects and its deviation from preset baselines. Models were 

developed utilizing two techniques, Regression Analysis and Neural Network, for 

both Detailed Project Data and Summarized Project Data. These models enable 

project managers to determine the suitable control techniques, which can be used in a 

potential project to improve its performance; and 

6. Development of a decision support tool that uses the developed Neural Network 

models, automates performance prediction, and addresses the impact of uncertainty in 

the project environment on its predicted performance. 

7.3 FUTURE EXTENSIONS 

This study dealt with a difficult problem faced by project managers of an expanding type 

of projects and as such the study has a high practical value. The models developed in this 

research enable project managers working with reconstruction projects to explore 

different control tools and test their potential impact on the overall performance of their 
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projects. These models have been carefully designed based on actual project data to be 

both theoretically valid and easy to use. It is anticipated that construction practitioners 

utilizing these models will obtain valuable insights on the control of reconstruction 

projects. 

Different extensions to this work are recommended as follows: 

l. More refinement to the developed models can be carried out by applying more data. 

particularly those of recently finished projects, to increase the accuracy and 

adaptability to new situations; 

1 The area of reconstruction projects is a faiily new research field. Very linle research 

has been done in this area in spite of its increasing importance and the large 

investments being directed towards it. This research can be considered as the first 

comprehensive work in the area of reconstruction projects. More detailed research is 

required in this subject ~hat can cover other aspects of its management such as risk 

analysis. productivity analysis and cost estimation; 

3. Other useful predictive models can be developed to predict Cost performance, 

Schedule Performance and Quality Performance. individually; and 

4. Different researches can be performed to study the performance of a specific type of 

reconstruction projects such as Interior Renovations, Expansions / Additions, 

Structural Modifications and complete Replacements. 
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Please indicate on a Scale of 1 to S the relative importance of the following factors to the success of 
reconstruction projects in operating facilities (1 is being the least). 

COST The establishment of Budget Baseline and Budget Allocations 2 3 4 5 

The use of Work Packages Costing .., 3 4 5 

Cost Breakdown Structure (CBS) as a cost-planning tool. .., 3 4 5 

Cost Coding as a cost planning and communication tool. 

The use of Earned Value to measure cost performance. ., ., 
4 5 ., 

Cost Variance ( CV) to measure cost performance .., 3 4 5 

The use of Cost Ratio 2 3 4 5 

Forecast Analysis .., 3 4 5 

SCHEDULE Using Work Breakdown Structure .., ., 
4 5 ., 

Bar Chans .., 3 4 5 

Critical Path Method .., ., 
4 5 ., 

Incremental Milestones .., 3 4 5 

The use of Time Variance to monitor schedule performance .., ., 
4 5 ., 

Using Percent Complete repons .., 3 4 5 

QUALITY A well developed Quality Standards and Specifications .., 3 4 5 

Responsibilities oflndividuals towards Quality are identified. .., 3 4 5 

Inspection and Testing .., 3 4 5 

SCOPE Decomposition .., 3 4 5 

Benefit/ Cost Analysis ., 
3 4 5 

COMMUNICATION Regular Site Meetings .., ., 
4 5 ., 

The use of Electronic Communication .., 3 4 5 

SAFETY Formal Safety Meetings with supervisor ., ., 
4 5 ., 

Site Safety Inspection .., 3 4 5 

Upper Management Involvement .., 3 4 5 

SITE The Development of a Site Layout Plan 2 3 4 5 

Please provide any additional factors, which were proven to be significant to the success of reconstmction projects. 

I-
2-
., .,. 
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SURVEY ON THE MANAGEMENT OF RECONSTRUCTION PROJECTS IN OPERA TING FACILITY 

All responses w_ill remain Fully confidential and will be us~d for educational and research purposes only. Please 
respon? by ~uttmg a chec~ mark ~ ✓ ) ne~t to ~our s_electIon. Please use this questionnaire for ONE project. It is 
appreciated 1f you use copies of this questionnaire to include other projects. To receive a copy of survey results, 
please check here. 

PART 1: The Project 
Project Name: __________ (Optional) 

Your Organization: ________ (Optional) 
Owner organization Contractor 
Other, specify _______ _ 

Your position in your organization: 
Project Manager Contract Administrator 
Other, specify _______ _ 

Please indicate which of the following were used: 
Schedule Control: 

- Work breakdown structure Yes 
- Coordination Schedule Yes 
- Bar charts to plot progress Yes 
- CPM method for scheduling Yes 
- Clearly defined milestones Yes 
- Time-variance analysis Yes 
- Percent complete Yes 
- Change Directive vs. Change Notice Yes 

Overall level of Schedule Control (5=Hi) 1 2 3 4 

No 
No 
No 
No 
No 
No 
No 
No 
5 

tPlcasc cm;lc one) Location of the project: 
Southern Ontario 
Western Ontario 

Northern Ontario Cost Control: 
Eastern Ontario - Cost breakdown structure Yes No 

- Cost variance analysis Yes No 
- Forecast Analysis Yes No Type of Building: 

Institutional Commercial • Cash flow analysis Yes No 
Overall level of Cost Control (S=High) 1 Other, specify _______ _ 2 3 4 5 

tPh:asc circle oncJ 

Type of Work Done: Quality Control: 
Interior renovation 
Expansion / Addition 

Structural Modification 
Phased Replacement 

- Commitment to quality was clear Yes 
- Independent inspection firm was used 

No 

No 
No 

Other, specify="""""'"""""'"""""' ___ _ 
PART 2: Before Construction 

Please indicate which of the following were used: 
At the Scope/Planning Stage: 

- Work packages costing 
- As-Built drawings 
- Budget baseline 
- Constructability review 
- Design Committees 

Overall level of Planning (S=Hi) 
At the Tendering Stage: 

- Quality standards and specs were 

Yes 
Yes 
Yes 
Yes 
Yes 

1 2 3 4 

developed with input from O&M staff Yes 
- Pre-qualifications of contractors Yes 
- Unit prices obtained Yes 
- Cash allowances made Yes 
- Liquidated damages calculated Yes 
- Site layout plan made Yes 

Yes 
- Specs had to be followed strictly Yes 

Overall level of Quality Control (5=High) 1 2 3 4 5 

No 
No 
No 
No 
No 
5 

Communication Control: 
- Implementation Team 
- Regular site meetings 
- Rapid response mechanizm 
- Electronic communication 

Overall level of Comm. Control (5=High) 

Safety Control: 
No - Joint health and safety committee 
No - Awareness sessions 
No - Emergency plan and procedures 
No - Special precautions had to be made 
No Overall level of Safety Control (5=High) 

No 

tPleasc .::1rdc oncJ 

Yes 
Yes 
Yes 
Yes 

1 2 3 

No 
No 
No 
No 

4 5 
tPlu.tc ,m;h: one) 

Yes No 
Yes No 
Yes No 
Yes No 
1 2 3 4 5 

t Pl cue circle one J 

- Bidding method: -:-------------
- Contract type (e.g., lump sum) ______ _ 

Project Completion: 
- Inspection by O&M I end user Yes 

Yes 
No 
No Comments: - Relocation schedule 

PART 3: During Construction---- Overall Performance: 

For this project, Indicate a weighting percentage to -
represent the relative importance of controlling: 

Original Contract Value: S ____ _ 
Contract Value at completion:$ . 
Original Durati _ month & Actual Duration:_ 

month 

Cost:_%; Time:_%; & Quality_%. 
(total=100%) 

- If things went wrong, rework/repair cost was:$ 
Commenm: -
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Appendix 4 

Preliminary Analysis 

All ,,ariables vs. PPF 
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Dep Va:-: PPf Multiple R: 0.166 Squared multiple R: o.o:e 

AdJusted squared multiple R: 0.009 Sta~dard error o: estimate: 8.44c 

Effect 

CONSTANT 
:<O 

source 

Regression 
Residual 

Coefficient Std Error 

85.760 :.718 
1.370 1.1:7 

Analysis of 

sum-of-Squares df 

105.340 1 
3709.187 52 

Std Coef Tolerance t P(: 

0.000 31.554 
0.166 1.000 l.: 15 

Variance 

Mean-Square :-ratio p 

105.340 1. 477 0.230 
71.331 

~ail_\ 

o.ooc 
o.:3o 

-------------------------------------------------------------------------------

Dep Var: PD;:' N: 54 Multiple R: C.146 Squared multiple R: 0.021 

Adjusted squared multiple R: 0.002 Standard error of estimate: 8.473 

£ffect 

CONSTANT 
Xll 

Coef!i:::ient Std Error 

90.291 l. 849 
-2.516 2.365 

Analysis of 

sum-of-Squares df 

Std C.:ief Tolerance t 

0.000 48.833 
-0.146 1.000 -1.064 

Variance 

Mean-Square F-ratio p 

P '.., ,_ 

Source 

Regression 
Residual 

81.245 1 81.245 1.132 0.292 
J73J.2e2 5.2 71. 794 

Dep Var: PPF N: 54 Multiple R: 0.866 Squared multiple R: 0.749 

AdJUSted squa:-ed multiple R: 0.745 Standard error of estimate: 4.287 

Effect 

CONSTANT 
:<1.2 

Source 

Coefficient Std Error 

17.691 1.062 
17.067 1. 368 

Analysis of 

sum-of-Squares df 

Std Coef Tolerance t 

0.000 73.184 
0.866 1.000 12.472 

Variance 

Mean-Square F-ratio p 

P(2 

Regression 
Residual 

2858.846 1 2858.846 155.554 0.000 
955.681 52 18.378 

Dep Var: PPF N: 54 Multiple R: 0.571 Squared multiple R: 0.326 

Adjusted squared multiple R: 0.313 Standard error of estimate: 7.031 

Effect 

::o~1STANT 
Xl3 

Source 

Coefficient Std Error 

75.486 2.813 
15.083 3.007 

Analysis of 

Sum-of-Squares df 

Std Coef Tolerance t 

0.000 26.837 
0.571 1.000 5.016 

Variance 

Mean-Square r-ratio p 
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P(2 

Tai.!.} 

0.000 
0 .292 

Tail l 

0.000 
0.000 

Tail) 

0.000 
0.000 



Residual 2570.697 49.436 
-------------------------------------------------------------------------------
!Jep Va:-: ??f N: 54 Mul:::.iple R: 0.055 Squared mi.;l:::.ii::le R: J.003 

Adjusted squared multiple R: 0.000 Standard e::-::-o::- :if estimate: 8.552 

Effect 

C·~NSTA..~:' 
:u4 

Source 

Reg::-essi-:in 
Residual 

Dep Var: !?PF 

.::oef::icient Std Erro!" s:::.:i ,:,Je! 

88.385 1.489 S. 000 
0.946 2.387 0.055 

Analysis o! Va~lance 

Sum-of-Squares 

11.484 
3803.042 

df Mean-Square 

:: . 4 5.; 
52 73. 135 

T-:ile=ance :;. r'' -

59_3-: 
l. 000 0. 396 

F-ratio p 

C .157 J.c9.; 

N: 54 Multiple R: 0.591 Squared multiple R: 0.349 

AdJus:::.ed squareo multiple R: 0.336 Standard e::-ror of esti~ate: 6.911 

Effect 

CONSTANT 
:,::.5 

Source 

Regression 
Residual 

:ep Var: ?Pf 

coefficient 

81.980 
;._;_. J:33 

Std Error 

l. 5 91 
:.10c 

Analysis " o. 

Sum-of-Squares df 

1330. 671 1 
2483.855 52 

N: 54 ~ultlple R: 0.815 

Std Coef Tolerance 

0.000 
J.59: 

Variance 

Mean-Square 

1330.671 
47.766 

:.JOO 

f-ratio 

27.858 

t 

51.528 

p 

0.000 

Squared multiple R: 0.664 

Adjusted squared multiple R: 0.658 Standard error of estimate: 4.963 

Effect C,;;efficient Std Error 

~8.754 . . c-
•• ~ - :i 

14.793 1.458 

Analysis •~f 

Source Sum-of-Squares df 

;;.egress ion 2533.788 l 
Residual 1280.739 52 

Dep Var: PPF N: 54 Multiple R: 0.754 

Std Coef :olerance 

C.8CO 
0.815 

Var1ance 

Mean-Square 

2533.799 
24.630 

1.000 

F-ratio 

102.876 

Squared multiple R: 

t 

6 5. 90 5 
10.143 

p 

a.coo 

0.569 

AdJUSted squared multiple R: 0.561 Standard error of estimate: 5.624 

Effect 

CONSTANT 
:-::: 

Source 

Regression 
Residual 

Coefficient Std Error Std Coef 

79.401 1.364 a.coo 
13.649 1.648 0.754 

Analysis of Variance 

Sum-of-Squares 

2170.024 
1644.503 

df Mean-Square 

l 2170.024 
52 31.625 

Tolerance 

1.000 

F-ratio 

68. 617 

t P(2 

58.:215 
8.284 

i? 

0.000 

:'a::; 

:.ccc 
C.694 

0.000 
Q.JOO 

0. 000 
0.000 

Taill 

0.000 
0.000 

-------------------------------------------------------------------------------
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Oep Var: PP: N: 54 Multiple R: 0.725 Squared multiple R: 0.526 

Adjusted squared mult1ple R: 0.517 Standard errcr of estimate: 5.898 

Effect Coeff1c1ent Std Error Std Coef Tolerance t P\: 

:~NSTA.'-.;T -:-9_ -io: :.-PO G.000 5~.C:3 
:C3 :~.~2.; 1.873 0. 7 :5 :.ooo ~.:93 

Analysis of Variance 

source sum-of-Squares df Mean-Square :-ratio p 

Regression 2005.506 l 2005.506 57.648 0.000 
Residual :so9.o:1 52 3-l. 79 9 

Dep Var: Pi?: N: 54 Multiple R: 0.569 Squared mult1ple R: 0.324 

Adjusted squared multiple R: 0.311 Standard error of estimate: 7.042 

,::ONS:'A.'-:T 
X24 

Source 

Regress:.cn 
Residual 

Dep Var: PP: 

"7,3.019 
15. 113 

Std Error 

: . :24 
3.027 

Analys1s of 

Sum-of-Squares df 

::36.161 l 
:579. 366 52 

N: 54 Multiple R: 0.197 

Std Coef Tolerance 

0.000 
0.569 

Var:ance 

Mean-Square 

::36.161 
49.584 

l. 000 

F-ratio 

:4.931 

t 

:~.90: 
4.993 

p 

0.000 

Squared multiple R: 0.039 

Adjusted squared multiple R: o.o:o Standard error of estimate: 8.398 

Effect 

CONSTANT 
:-::5 

Source 

Regression 
Residual 

iJep Var: PPF 

Coefficient Std Error Std Coef 

88.286 1.188 0.000 
6.306 .; . 36-l o.:s1 

Analysis of Variance 

Sum-cf-Squares 

147.294 
3667.232 

cif Mean-Square 

1 147.294 
5: 70.524 

Tolerance t P "' \-. 

74.338 
:.ooo l.H5 

:-ratio 

2.089 0. l54 

N: 54 Multiple R: 0.161 Squared multiple R: 0.026 

Adjusted squared multiple R: 0.007 Standard error of estimate: 8.453 

Effect 

CONSTAN'!' 
V? ~ 
··-0 

Source 

Reg::essi.on 
Residual 

Coefficient Std Error Std Coef 

86.841 1.992 0.000 
2.869 2.440 0.161 

.~nalysis of Variance 

Sum-of-Squares 

98.785 
3715.741 

df Mean-Square 

98. 785 
52 71.457 
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Tolerance t P(: 

43.585 
1.000 1.176 

F-ratio p 

1.382 o.:45 

':'ai.l 

~ ... 1 ; 
..... >,J\.,...., 

2.CUJ 

G.000 
0.000 

Tall) 

0.000 
C.154 

Tail) 

C.000 
0.245 



Dep Var: PPF N: 54 Multiple R: 0.:23 Squared multiple R: 0.050 

AdJusted squarec mult:ple R: 0.031 Standard error cf est:rr.ate: S.350 

Effect Coefficient Std Error Std Coef Tolerance t P(: Tail) 

COt-;STAN':' s: . .:: 3: 
, ,... 1 ~ 

• • '::1.!..C C.000 .;- . c,::n: 2. J 2.: 

:01 -3.9l.C :.379 -0. ::3 :.ooc -: . ,:.;,: :.:JC 

Analysis of Variance 

Source sum-of-Squares df Mean-Square F-:-at.10 ? 

Regression 188.863 1 188.863 :.709 0.106 
Residual 3625.664 52 69.724 
-------------------------------------------------------------------------------

Cep Var: PPF N: 54 Multip:e R: 0.737 Squared multiple R: 0.544 

Adjusted squared multiple R: 0.535 Standard error of estimate: 5.787 

Effect :oefficlent Std Error Std Coef Tolerance t Pt: Ta:li 

CONSTANT 
X32 

Source 

Regress:..:::---. 
Residual 

Dep Var: PPF 

78. 76: 
13.834 

1. 494 
l.758 

.:\.nalysis of 

Sum-of-Squares df 

:073.J:5 
~741.:0: 5: 

N: 54 Multiple R: 0.798 

0.000 
0.737 

Variance 

Mean-Square 

:073.325 
33.485 

1.000 

F-ratio 

61.919 

52.716 
7.869 

p 

0.000 

Squared multiple R: 0.636 

AdJusted squared multiple R: 0.€29 Standard error of estimate: 5.167 

Effect 

CONSTANT 

Scurce 

Regression 
Residual 

Dep Var: PPF 

Coefficient Std Error 

N: 

78.865 
:.; . .;3: 

1.253 

Analysis of 

Sum-of-Squares df 

2426.124 . . 
1388.403 52 

5.; Multiple R: 0.753 

Std Ccef Tolerance 

a.coo 
0.798 

Variance 

Mean-Square 

242 l;. 124 
26.700 

:.coo 

F-rat::o 

90.866 

Squared multiple R: 

t 

6:. 929 
9.532 

p 

0.000 

0.568 

Adjusted squared multiple R: 0.559 Standard error of estimate: 5.631 

Effect Coefficient Std Error Std Coef Tolerance t P(2 

CONSTANT 83.089 l.028 0.000 80.820 
X34 12.745 l. 542 0.753 l.000 8.265 

Analysis of Variance 

Source Sum-of-Squares df Mean-Square F-ratio p 

Regressior: 2165.715 l :165.715 68.302 0.000 
Residual 1648.811 52 31.708 

2·07 

0.000 
0.000 

0.000 
0.000 

Tail) 

0.000 
0.000 



Dep Var: PP: N: 54 Multiple R: 0.547 Squared multiple R: 0.299 

AdJusted squared multiple R: 0.286 Standard error of estimate: 7.170 

:::fee~ Coefficient Std Error Std Coef Tolerance t. P(2 ':'ai!. I 

::'NS':'r..J.~': s:.. 971 :.739 J.JOO .;-:.:r .: . CJJ 
:os 9.998 : . :.o: J.5"17 :..00: ~. ~ :.:JOG ., . ·-

Analysis of Variance 

Source Sum-of-Squares d: Mean-Square :-ratio p 

Regression 1141. 239 l 1141. 239 22 .199 0.000 
Residual 2673.298 52 51.409 

-------------------------------------------------------------------------------
!)ep '/ar: PPf N: 54 Multiple R: 0.266 Squared multiple R: 0.071 

Adjusted squared multiple R: 0.053 Standard error of estimate: 8.257 

:::feet. Coefficie:-:t Std E:-ror St.d Coe: ':'olerance t. I? l2 

CONSTANT 89.883 :.259 0.000 71.385 
X3o -5.547 :.790 -0.266 1.000 -1. 98 S 

Analys1s of Variance 

So-.:rce Sum-of-squares df Mean-Square :-ratio p 

?.egress::m :69.505 269.505 3.953 0.05: 
?.es:dual 3545.022 52 '58.:73 

Dep Var: ?PF N: 54 Multiple R: 0.467 Squared multiple R: 0.218 

~djusted squared multiple R: 0.203 Standard error c: estimate: 7,573 

Effect. 

CONSTAN':' 
:•:3-: 

Sc,u!":::e 

Regression 
Residua.:. 

Dep './ar: P?F 

Coefficient Std Error 

84.364 
-; . 901 

i. 546 
: . 07-i 

Analysis of 

Sum-cf-Squares df 

832.239 1 
2992.288 5: 

N: 54 Multiple R: 0.129 

Std Coef Tolerance 

:.ooo 

Variance 

Mean-Square F-ratio 

832.239 14.511 
57.35: 

t 

54.575 
3.d09 

;;: 

0.000 

Squared multiple R: 0.017 

Adjusted squared multiple R: 0.000 Standard error of estimate: 8.493 

E:ffect 

CONS':'AN':' 
X38 

Source 

Regression 
?-esidual 

Coefficient Std Error 

8 8. 2 68 
2.915 

: . :?66 
3.101 

Analysis of 

Sum-of-Squares df 

63. 715 
3750.812 52 

Std Coef Tolerance 

0.000 
C.129 

Variance 

Mean-Square 

63. 715 
72.131 
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1.000 

F-ratio 

0.863 

t 

c9. 719 
0.940 

p 

0.352 

Tail i 

0.000 
0.052 

0.000 
0.000 

a.coo 
0.352 



Dep Var: PPF N: 54 Multiple n: 0.200 Squared multiple R: 0.04C 

AdJustea squarea multiple R: o.a:1 Standard error of estimate: d.3~3 

Effect 

cot;srAN: 
'{ ... 
... "'! .. 

Sou:-ce 

Regression 
Residual 

Coefficient Std Error Std Coef 

85.:315 : . ,55.; .: . OOQ 
4.317 :.940 0. :co 

Analysis of Variance 

Sum-of-Squares 

!.51.834 
3662.693 

df !-!ear:-Squa:-e 

1 151. 834 
52 70.436 

Tolerance ~ ?1: '-

3:.::c 
• ""'\"'I, ... 
••VI.., V : . .; C2 

2.156 0.148 

Tail! 

~. JJ.: 
j.:.;~ 

-------------------------------------------------------------------------------

Multiple R: 0 . .578 Squa:-ed multiple R: 0.460 

Adjusted squared multiple R: 0.449 Standard erro:- of estimate: '5.297 

E!fec~ 

CONSTANT 
X42 

Source 

Cc,efflcient 

84.029 
11.595 

Std Errcr 

l.113 
L 744 

Analysis ~f 

Sum-of-Squares df 

Std Coe: :olerance 

0.000 
0.678 

Variance 

Mean-Square F-ratio 

t 

p 

Reg.cess::.vn :75:.903 :,5:.803 44.209 a. coo 
Res::.dual :061.723 52 39.649 

Dep Var: PPF N: 54 Multiple R: 0.065 Squared multiple R: 0.004 

Ad 0ustea squa:-ed multiple R: 0.000 Standard error of estimate: S.547 

Effect Coefficient Std Er:-or Std Coef Tolerance t !?(2 

CONSTANT 88.446 l. 335 0.000 66.263 
:.275 : . 1:c C.J65 1.000 0. 469 

Analysis of Variance 

Scu=ce Sum-c::-Squa:-es df Mea:-.-Squa:-e :-ratio i? 

Regression 
Residual 

16.050 1 16.050 0. 2:20 0.641 
3798.476 52 73.048 

:Jep Va:-: Pl?F N: 54 Multiple R: 0.166 Squared multipie R: 0.028 

Adjusted squared multiple R: 0.009 Standard error of estimate: 8.445 

Effect 

CONSTANT 
X44 

Source 

Coefficient 

97.502 
2.815 

Std Error 

1. 542 
2. 313 

Analysis cf 

Sum-of-Squares df 

Std Coef Tolerance 

0.000 
0.166 

Variance 

Mean-Square F-ratio 

t 

56.749 
1.217 

p 

C.000 
o.ooc 

Tail' 

0.000 
C. o-i l 

0.000 
0.229 

Reg:::-ession 105.,594 105.694 1.492 a .229 
Residual 3708.833 52 71.324 

--------------------------------· ----------------------------------------------
Dep Var: !?PF N: 54 Multiple R: 0.152 Squared multiple R: 0.023 
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Adjusted squared multiple R: 0.004 Standard error of estimate: 9.465 

E:fec~ C,Jeff:.cient: S::d Error S::d Coef :'olerance :: ::, ~ . \ - ':a:.:.. 

CONST.:..NT S5.990 :.e:: a.coo 3C . .;.;o C. CCC 

X51 3.436 3. 09!. 0 .15: l.00C !.!:: c.:,: 

Analysis of Variance 

Source Sum-of-Squares df Mean-Square r-ratio p 

~ ?-eg:-ess1on 99.546 l 98.546 :.:36 ..... • - I -

?-es:dual 3725.981 5: 71.653 
-------------------------------------------------------------------------------

Dep Var: P!?F N: 54 Multiple R: 0.560 Squa:-ed multiple R: 0.313 

Adjus::ed squa:-ed multiple R: 0.300 s::andard error cf estimate: 7.098 

Effect 

CONSTANT 
X52 

Source 

Coefficient 

8:. 169 
:c. so: 

Std Error 

l. 833 
:.150 

Analysis of 

sum-of-Squares df 

Std Coef Tolerance 

0.000 
0.560 

Variance 

Mean-square 

:.ooo 

f-ratio 

t 

44 . .:90 
4.870 

p 

0.000 
0.000 

Regression 1194.795 1 1194.795 :3. 716 0.000 
Residual 2619.732 52 50.379 

Dep Var: PE'F N: 54 Multiple R: 0.152 Squared multiple R: 0.023 

Adjusted squared multiple R: 0.004 Standard error of estimate: 8.466 

Effect 

CONSTAN:' 
X53 

Sou:-ce 

Regression 
Residual 

Dep Var: PPF 

::oeff::.c1ent Std Error-

85.796 .: . 913 
3. 0:s 3.283 

Analysis of 

Sum-of-Squares 

87.570 
37:6. 957 

df 

N: 54 Multiple R: 0.187 

Std Coef 

0.000 
0.15.: 

Variance 

Mean-Square 

87.570 
71.672 

Tolerance t 

.:9. 454 
l. 000 l.105 

F-rat10 p 

Squared multiple R: 0.035 

AdJusted squared multiple R: o.o:6 Standard error of estimate: 8.414 

Effect 

CONSTANT 
XOl 

Coefficient 

89.959 
-3 . .:56 

Std Error 

1.443 
.: . 371 

Std Coef Tolerance 

0.000 
-0.187 :.ooo 

Analysis of Variance 

t 

6.:.346 
-1.373 

p ,: Ta::.l l 

0.000 
o.:74 

P(2 Tail) 

0.000 
0.176 

Source 

Regression 
Residual 

Sum-of-Squares 

133.535 
3680.992 

df Mean-Square 

l 133.535 

F-ratio 

l.886 

p 

0.176 
52 70.788 

-------------------------------------------------------------------------------
Dep Var: PPF N: 54 Multiple R: 0.683 Squared multiple R: 0.466 

Adjusted squared multiple R: 0.456 Standard error of estimate: 6.258 

Effect Coefficient Std Error Std Coef Tolerance t P(2 Tail) 

210 



CONSTAN':' .. -.. .. c_ 

Source 

8.eg::-eSSl,:,n 
Res1dual 

Dep Var: Pl?F 

1.,. 56e l. 86€ 
1.;. :13 :.110 

Analysis of 

sum-of-Squares df 

:-:77.749 ' ~ 
::!036.777 s: 

N: 54 Multiple R: 0.696 

0.000 .; : . :,oe 
C.693 :.ooo 6."73": 

Var1ance 

Mean-Square F-ratic p 

:. -;-:-; . 7 -i9 .;: . 35-- ~.JUC 
3S. :.€9 

Squared multiple R: 0.484 

Adjusted squared multiple R: 0.474 Standard error of estimate: 6.151 

Effect 

CONSTANT 
X63 

S,:,urce 

Regression 
Residual 

Coefficient Std Error 

83.323 
:: . 7::! 9 

1.142 
:.679 

Analysis of 

s~-of-Squares df 

1946.856 1 
1967.671 s: 

N: 54 Multiple R: C.0:.2 

Std Coe: Tolerance 

0.000 
0.696 

Variance 

Mean-Square 

1946.856 
37.840 

l. JOO 

:-ratio 

48.807 

t 

7::!. 944 
6.99'3 

p 

0.000 

Squared multiple R: 0.000 

Ad:usted squared multiple R: 0.000 Standard error of estimate: 9.564 

E:'fect :oeff:.=1ent Std Error Std Coef Tolerance t ? ,, 
I -

CONSTANT es.sos :.321 0.000 c1.:01 
X64 -C.234 2.803 -0.012 :.ooo -0.083 

Analysis of Variance 

Source Sum-of-Squares df Mean-Square F-ratio I? 

Regression 0.509 l J.509 O.C07 0. 934 
Res:dua:. 381-l.017 s: "73. 346 

Dep Var: PPF N: 54 Multiple R: 0.741 Squared multiple R: 0.550 

AdJusted sg~areo multiple R: 0.541 Standard errcr of estimate: 5.~-l8 

C.002 
2.JOC 

0.000 
o. noo 

-:'a:.:.) 

0.000 
0.934 

Effect Coefficient Std Error Std Coef Tolerance t 

67.955 
7.965 

P(2 Tail) 

CONSTANT 
:01 

Source 

Regression 
Residual 

~ep Var: Pi?F 

81.510 
13.037 

1. 199 
1. 637 

0.000 
0. 1.;1 

Analysis of Variance 

Sum-of-Squares 

2096.354 
1718.173 

df Mean-Square 

1 2096.354 
52 33.042 

1.000 

F-ratio 

63.446 

N: 54 Multiple R: 0.185 Squared multiple R: 0.034 

i? 

0.000 

Adjusted squared multiple R: 0.016 Standard error of estimate: 8.416 

Effect 

:ONSTA.N~ 
X72 

Coefficient 

e7 .920 
3.748 

Std Error 

1.299 
2.755 

Analysis of 

Std Coef Tolerance t P(2 

0.000 67.700 
0.185 1. 000 1.360 

Variance 
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0.000 
0. 000 

Tail) 

0.000 
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Source Sum-of-Squares df Mean-Square F-ratio p 

Regress::.on 13:.100 1 :3:. 100 :.85:. J. l::O 
?-es:dua: 3€83 . .;:"7 5: -:' 0. S 3 5 

Dep Var: PP: N: 54 Multiple R: 0.116 Squared mult:ple R: 0.013 

Ad]usted squareo multiple R: 0.000 Standard errcr of estimate: S.507 

Effect 

CONSTANT 
:<73 

Suurcc: 

Regression 
Residual 

::Jep Var: PPF 

Coefficient 

87.378 
2.062 

Std Error 

2.005 
2.456 

Analysis of 

sum-~f-Squares d: 

51.047 1 
3763.480 52 

Multiple R: 0.090 

Std Coef Tolerance 

0.000 
0 .116 

Variance 

~!ea~-Sq:.:'1:-e 

51.047 
7:.375 

:.ooo 

:-::.Jti.:= 

0.705 

t 

43.576 
0.8-lO 

!? 

0.405 

Squared multiple R: 0.008 

AdJusted squared multiple R: 0.000 Standard error of estimate: 8.530 

CONSTANT 
X7-l 

Source 

Reg!"eSSlCn 
Res1dua: 

Dep Var: PPF 

Coef:.:.c::.ent 

88.053 
1. 513 

Er::-cr 

1. 584 
2.328 

Analysis of 

Sum-of-Squares df 

30.744 l 
3783.783 5: 

N: 54 Multiple R: 0.825 

Std Coef Tolerance 

0.000 
0.090 

Variance 

Mean-Square 

30.744 
72.765 

f-ratio 

0.423 

t 

55.588 
0.650 

p 

0.519 

Squared multiple R: 0.680 

Adjusted squared multiple R: 0.674 Standard error of estimate: 4.841 

0.000 
o . .;05 

Ta:11 

0.000 
0.519 

Effect Coefficient Std Error 

1.294 
1.503 

Std Coef Tolerance t 

59.535 
10.523 

P(: Tail) 

CCNSTAN':' 
:-:8:. 

Scu::ce 

Regression 
Residual 

77.034 
15.8:1 

0.000 
0.825 

Analysis of Variance 

Sum-of-Squares 

2595.652 
1218.875 

df Mean-Square 

1 2595.652 
52 23.440 

:.ooo 

F-ratio 

110.736 0.000 

0.000 
a.coo 

-------------------------------------------------------------------------------
Dep Var: PPF N: 54 Multiple R: 0.207 Squared multiple R: 0.043 

AdJusted squared multiple R: 0.024 Standard error of estimate: 8.379 

Effect 

CONSTAN'l' 
X82 

Source 

Coefficient Std Error 

86.733 1. 747 
3.520 2.306 

Analysis of 

Sum-of-Squares df 

Std Coef Tolerance t 

0.000 49.642 
0.207 1. 000 1.526 

Variance 

Mean-Square F-ratio p 

212 

P(2 Tall) 

0.000 
0.133 



Regression 
Residual 

163.597 
365C.930 

163.597 
10.:1c 

2.330 0.133 

-------------------------------------------------------------------------------

N: 54 

Adjusted squared multiple R: 0.719 Standard error of estimate: 4.499 

Effect 

CONSTAN':' 
LP 

source 

Regression 
Res:..dual 

Coefficient 

65.34:. 
6. 637 

Std Error 

2.096 
0.568 

Analysis of 

Sum-of-Squares df 

2761. 953 1 
1052.574 5: 

Std Coef Tolerance 

0.000 
0.851 

Variance 

Mean-Square 

.;761. 953 
:0.:42 

1.000 

f-ratio 

136. 44S 

t 

11. 681 

p 

0.000 

0.000 

-------------------------------------------------------------------------------
Dep Var: PPF N: 54 Multiple R: 0.880 Squared multiple R: 0. 774 

AdJusted sqt.:ared multiple R: 0.769 Standard error ot estimate: •l.074 

Effect Coefficient Std Error Std Coef Tolerance t P(2 Tail) 

CONS:'AN':' 66. 34: :.~70 0.000 37. 48S 
:.s 6. 790 0.508 0.380 :.ooo 13.335 

Analysis of Variance 

source sum-of-Squares df Mean-Square f-rat:..o ? 

Regression 2951.453 1 2951. 453 177.824 0.000 
Residual 963.074 52 16.598 

Dep Var: ?Pf N: 54 Multiple R: 0.668 Squared multiple R: 0.447 

AdJusted squared multiple R: 0.436 Standard error of estimate: 6.372 

CONSTANT 
LC 

Source 

Regress:.on 
Residual 

Dep Var: PPF 

Coe!!ic:er.t Std Error 

N: 

72.447 
5.090 

2.662 
0.786 

Analys:..s cf 

Sum-of-Squares df 

1703.532 1 
.2110.995 5.2 

54 Multiple R: 0.550 

Std Coe! Tolerance 

0.000 
0.668 

Variance 

Mean-Square 

1703.532 
40.596 

:.ooo 

F-ratio 

41. 963 

Squared multiple R: 

t 

27.212 
ti. 478 

p 

0.000 

0.303 

AdJUSted squared multiple R: 0.289 Standard error of estimate: 7.151 

Effect 

CONSTl,NT 
!.,Q 

Source 

Regression 
Residual 

Coefficient Std Error Std Coef 

74.525 3 .148 0.000 
3.991 0.840 0.550 

Analysis of Variance 

Sum-of-Squares 

1155.382 
2659.145 

df Mean-Square 

1 1155.382 
52 51.137 
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Tolerance 

1.000 

F-ratio 

22.594 

t P(2 

23.676 
4.753 

p 

0.000 

0.000 
C.000 

0.000 
0.000 

Tail) 

0.000 
0.000 



Dep Var: P?F N: 54 Multiple R: 0.710 

AdJ~sted squared mult.:.ple R: 0.494 

Effect 

CONSTAN':' 
;:.coM 

Sour-::e 

Regression 
Residual 

Jep Var: ?PF 

Coeff:cient Std Error 

66.008 3.:36 
c.491 0. ss: 

Analysis of 

Sum-of-Squares df 

19:1.75: : 
1892.774 5~ 

Mult.:.ple R: 0.717 

Squared multiple R: 0.504 

Std Coe! Tolerance t ? ': 

0.000 """" 1 c--""'. - .. ' 
0. 710 l. QCO 7.: 00 

Variance 

Mean-Square F-!'at.10 p 

:.9:l.75: 5:. 79,: 0.008 
16.400 

Squared rr.ultlple R: 0.514 

AdJusted squared multiple R: 0.505 Standard error of estimate: 5.968 

LSAF 

source 

Regress.:.:ir. 
:;es::iua: 

Coe::f1c1ent Std Errcr St.a Coef 

-:-:.:o: :.T3 c. -:ao 
5.3:o 0.717 0.717 

Analysis cf ~ariance 

Sum-of-Squares 

196: . .;:.; 
:es:.:03 

df Mean-Square 

214 

T~lerance t ?(: 

3 C . .;: 5 
1.000 7 • .i: 3 

? 

J.000 

'!'ail.· 

.J.GCC 
" ·" "I l ..,. • vl..-\..· 

Tall J 

:.:cc 
o.ooc 



Appendix Sa 

Detailed Project Data 

Backward Stepping 

F=4 to enter 
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45 cases and 51 variables processed and saved. 

E:ffe:::t 

In 

~ XO 
3 X!.:: 
-1 Xl3 
5 :•:!.5 
C ....... ., 

10 :o: 
_ 1 :•:3 3 

:epe~a~~: Var1ab:~ 
:-1.:. :1.:.!!l'..!r."1 :;:era ce 

i=Pf 
~·= r 

-J.063 
9. 599 
4.290 
3. :360 
.: . 500 

-0.015 
- , . 843 
-1.970 
-: . 990 

3.-1:: 
- ~. '50,S 

0.067 
3.187 

-3.:J97 
-1.595 

•.o59 

e r-, r ~•, 
•• '- - J ~ :1 :.::, 

Std Error Std Coef Tol. df 

J. -188 
-I. 573 
3 .117 
: . : 19 

: . 697 
4.408 
:.975 
3. 91-1 

::.:.is 
:.998 
:.aoo 
-I. -159 

:.:37 
3. 4 :a 

mc:iel = 

-0.008 0.71017 
0.-168 0.05092 
0.127 0.29731 
.J.:Ol o.:17.SO 
J.J:6 J.::Sc8 

-0.001 0.15353 
-c.:0-1 0.19248 
-0.092 0.11691 
-,J. :59 o. 058:o 

0.:91 0.11::9 
-o.oa2 0.:1191 

0.00-1 0.13151 
0.162 0.12462 

-C.130 0.07209 
-0.091 J.:7,26 

J.J5-l .J.:'.::905 
0.378 0.08855 

:.:oocoo 

l 
1 
l 
l 
: 

l 
l 
l 

o.o:o 
4.407 
1. 8 95 
3. 496 
J.J3: 

0.000 
3. 16,3 
0.395 
0. 5 8-1 

0.559 
0.001 
1.295 
J. -1~: 
,J. 587 

5.o:o 

Backward stepw se regression with f-to-Enter=-1.000 and f-~o-Remove=3.900 
Step If l R = . 967 R-Square = 0.934 
Term removed: ::3 

:::feet ::c!":"i.cie~t .Std E:-::-:-,r S~d l:=ef 7~1. d: f 

In 

l C:nstant 
:•:J -,] . 069 J. -160 -O.J08 0. 76878 : o.o:: 

3 x:: 3.590 -l. l-10 0.-167 0.05981 .. 5.365 
' :•: :3 -1.:s9 3. 0-19 0.::1 0. :9915 : :.978 ., 
5 Xl5 3.957 :.015 0.201 0. 23138 1 3.855 
6 :,:21 0.504 2.653 0.026 0.12793 l 0.036 
7 :•::2 5.660 2.399 0.301 0.14922 l 5.5'58 
9 ...... 1 .. ,. ___ -7.841 4.309 -0.204 0.19396 1 3. 311 . ~ 

~\.,1 :-:3: -1.876 2. 683 -0.093 0.13841 1 0.489 
11 X33 -2.987 3.803 -0.159 0.05936 1 0.617 
1: :,:34 3 .418 2.423 0.196 0.12548 1 1.990 
13 :,:35 -1. 605 2.106 -0.082 0.21222 1 0.581 
:-1 .. , .., 

-'.."1- 0.064 1. 869 0. 004 0.21076 l 0.001 
i5 :,:5: 3.189 : . 716 0.162 0.12756 1 l. 378 
16 .. -~ --~- -3.105 4.149 -0.130 0.08019 1 0.560 
17 X63 -1.595 2.040 -0.091 0.17762 1 0.611 
18 ... ..,,, 

f,. I~ 1.004 2. 715 0.054 0. 11462 1 0.137 
.~ ••Q ~ 

.' .. -...i .i 7.€63 3 . .'.:45 0.379 0.09461 1. 5.576 

.Jut Part .. Corr. 

8 :.;:3 -0.001 0.15353 l 0.000 

IP' 

0.890 
0.046 
0.180 
0.07) 
0.860 

0.996 
0. 087 
0.535 
0. -I 5: 
c.:01 
0. -161 
0. 97-1 
0. :60 
0 . .; 93 

0. 03-i 

Ii?' 

O.BS: 
0.028 
a.: "7 l 
0.060 
0.851 
o. o:,s 
0.080 
0.490 
0.439 
0.170 
0.452 
0. 973 
0.251 
0.461 
0.441 
0. 714 
0.0:6 

0.99€ 
-------------------------------------------------------------------------------
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-------------------------------------------------------------------------------
Step ff 

,., R = 0.967 R-Square = 0.934 .. 
Term removed: X42 

Effect Coefficient Std Error Std Coef Tol. df F 'P' 

In 

, Constant ,., XO -,J.069 0. 45: -0.008 0.76951 l 0. o.: 4 0. 379 -
3 •• , r, ........ _ 9.'584 3.013 0.472 C.10888 10.3:9 0.003 
' :{!. 3 4.294 :.99:!. 0. 1:1 11 .:9984 : :.061 0. lo: .. 
5 :<15 3.997 l. 792 0.203 0.28557 1 5.008 0.033 
6 X2l 0.541 2.375 0.028 0.15396 1 0.052 0.821 
7 .. ,..,., _.._ __ 5.698 2. 083 u. 303 0.19083 1 7.483 0.011 
9 :C4 -7.857 4. ~00 -0.:04 0.19629 1 3.489 0.01: 

~,J :•:3: -:.873 :.634 -0.093 o.:3849 ~ 0.509 i). 4 8: 
11 X33 -3.055 3 .174 -0.163 0.08222 l 0.927 0.344 
1: Y'1 ., ..... ~ 3.428 :.359 0.197 0.1: 7 64 l :.11: 0. 157 
13 :05 -1.579 1. 921 -0.080 o.:4595 1 0.675 0. 418 
!.5 •• - "'I 

.•.:>- 3.:c9 :.605 G.163 0 .13370 1 1.517 o.:::i 
1 --'=' :-:o: -3. 17: 3.584 -0. 133 0.10361 1 0.7e3 0.384 
17 :{63 -1. 609 1. 965 -U.092 0.18474 1 0.670 0.420 
18 :{71 0.977 :.553 0.052 0.12507 : :J .147 0. 705 
19 v01 

••"-' - 7.649 3.158 0.378 0.09637 l 5.867 o.o:~ 

Cut r'art. -:err. 

7 :•:: 3 :J. 01)1. :J.: r: e 9,s :; . ,JC0 J.99t: 
14 :<4 2 0.007 0.:1016 l 0.001 0. 97 3 

-------------------------------------------------------------------------------
Step II 3 ;:.. = J.967 ;..-square = J.934 
Term re:nc·:ed: :<0 

Effect Coefficient Std Error Std Coef Tol. df F 'P' 

In 

- :::r.sta:-,t 
3 :u: 9.706 :.959 J.473 0. l 1J912 l 10.760 0.003 
' :<13 -i. :65 :.934 0. 1:0 0.30103 l 2 .113 :J .157 .. 
5 :•:l 5 3.985 l. ":' 5: 0.:03 J.29558 ~ 5.1'79 :J. 030 
6 x21 0.552 2.333 0.029 0.15410 l 0.056 0.815 
7 :-::: 5.639 ::.011 0.300 0.19789 l 7.861 0.009 
9 :-::4 -7.791 4.114 -0.203 0.19830 l 3.588 0.068 

l.O :-:32 -1.753 :.461 -0.087 0.15332 1 0.507 0.482 . ' :03 -3.046 3.119 -0.102 0.08225 l 0.954 0.337 .... 
:-:3 4 3.441 ::: . 317 0. :_99 o.::1so 2.205 a .1.;s 

13 :05 -1.574 l.988 -o.oso 0.24592 1 0. 695 0. 411 
15 X52 3.169 :.549 0.161 0.13501 1 1.546 0.224 
16 .. -., .•.t- -3.224 3.507 -0. 135 0.10455 1 0.845 0.366 . ~ :<63 -1.609 l. 931 -0.092 0.18474 0. 694 0.41: ,CI 

18 :01 0.972 :.509 0.052 0.12509 1 0.150 0.701 
19 XBl 7.542 3.028 0.373 0.10127 1 6.203 0.019 

Out Part. Corr. 

-,, XO -0.029 0.76951 1 0.024 0.879 -
8 :-::3 -0.006 0.18080 l 0.001 0.973 

14 X42 0.007 0.21096 1 0.002 0.969 
-------------------------------------------------------------------------------
Step If 4 R = 0.966 ;..-square = 0.934 
~erm removed: x:1 

Effect Coefficient Std Error Std Coef Tol. df F 'P' 

In 

, Constant 
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3 :<12 9.673 2.909 0.471 0.10937 1 11.059 0.002 . :,.:13 4.325 2.877 0.128 0.30327 1 2.259 0 .143 ., 
5 Xl5 4.151 1. 580 0. 211 0.33981 1 6.901 0.013 
7 x.:: 5. 686 1. 969 0.303 0.19993 l 8.340 0.007 
9 :c-i -s .196 3.682 -0. 213 0.23972 1 4. 955 0.034 

:J :•:3~ - : . 7 98 :: . 415 -0.089 0.154'..;6 1 0.555 0. -l6'..; 
11 :<33 -2.837 2.944 -0.151 0.0E945 1 0.929 0.343 
12 :O-l 3. -193 2.270 0.201 0.12896 1 2.367 0.134 
13 XJS -1.o:B 1. 796 -0.086 0.26339 1 0 . .-385 0.354 
:5 xs: 3.202 2.505 0.163 0.135-ll 1 1.634 0. 211 
:c :•:C: -3.035 3.36: " .. ,,_ 0.::. :031 , 0. 5 :6 0.374 -V . .:__ I . 
l. 7 :0:63 -l.710 l. 854 -0.098 0.19413 1 0.850 0.364 
:e :,:;:. 1. 103 2.408 0.059 0.13149 1 0.210 0.650 
19 :-'.81 7.779 2. 813 0.384 0.11368 1 7.648 0.010 

Cut i?art. Corr. 

-" .. ' . ' -•1.111(1 ,i. :: n:: 1 ,1. IJ'.'7 n. 9; l 
6 :c1 0.044 0.15410 l 0.056 0.815 
~ :,:: 3 -0.013 c.:8533 , 0.005 J.943 ~ 

14 :,:-12 0.025 0.25406 1 0.018 0. 8 94 
-------------------------------------------------------------------------------
Ster: " 5 R = tJ. 9€C 8-Square = ,] . 'l 3 4 
Ter::1 rerr . .Jvea: :•:7::. 

Ef:ect C•~efficient Std Error Std Coef :'ol. df E' 'P' 

:n 

- ::r.s:a~t 
3 :,::: iJ.063 :.746 :J. -l 90 tJ. i.l 95 9 l : 3. -l2 9 J.001 . :<13 .;..;01 :.835 J.: 30 0. 30-H6 :.417 0.130 .. . 
, :-: : 5 4.3:0 : . :: : r"'\ .., • Q "'I 1 C.-,, -, 0 ~~-, J.:J0S V • - •..., ',J • __, ..J : .. .... 1,,,1_ J 

7 :-:~~ 5.947 1. 913 0.311 0.20649 l 9.346 0. 005 
9 .. .., , -8.435 3.598 -0.219 0.24461 ' 5.495 0.026 .... _ ... ~ 

10 :02 -1.696 2.373 -0.084 0.15558 1 0.511 0.480 
:1 :03 -3.555 2 . .;59 -0.189 0.12492 l 2.091 0.158 

:-:34 -l. 187 l. 670 0.2-ll 0.23232 1 
~ ...,, o-
0. -\.I' J.018 

u :o5 -1.476 l. 7L~ -0.075 0. 28230 1 0.743 0.395 
:5 :•:5: 3.354 :.451 0.l71 0.1378: l l.S73 C.181 
le :-:t:: -3.346 3.249 -0. 140 0 .11500 l 1.060 0.311 

:•:c 3 -1. :365 :.799 -,J. 10"7 J.:::008:3 l. J75 0. :0:3 
-~ :-:21 e.2s4 2.554 0.409 o.:3430 ' :0.52: 0.003 .. 

Out Part. Corr. 

-~ :,:o -0.030 0.77026 , 0.027 0 o-.,., . . ~ -
c x:1 0.061 J.:0198 l 0 .11::: 0. 7-lO 
8 :•:: 3 -0.039 0.:0699 .. 0.047 J.830 

. ' :,:.;: J.009 1J.:,s3:5 , ,J. oo: 0.362 .... . 
18 X71 0.083 0.13149 1 0.210 l.650 

-------------------------------------------------------------------------------
Step II c R = 0. ::hi6 R-Square = 0.933 
':'erm removed: X32 

Effect Coefficient Std Error Std Coef Tol. df IP' 

In 

l C0nstant 
3 :-:12 10.580 2.628 0.515 0.1.2853 1 16.203 0.000 
4 Xl3 4. 004 2.756 0.118 0.31701 1 2 .110 0.156 
5 :-:15 4.034 1.460 0.205 0.38185 1 7.633 0.009 
7 :-::: 5.205 1. 676 0.277 0.26479 1 9.647 0.004 
9 X24 -7.465 3.307 -o .194 0.28519 1 5.096 0.031 

11 :-:33 -3.826 2.411 -0.204 0.12795 1 2.518 0.122 
i ') ··1 ' ...... "1 -Ll74 1. 657 0.240 0.23234 1 6.347 0. 017 
13 X35 -1. 697 1.671 -0.086 0.29179 1 1.031 0.318 
15 X52 2.870 2.337 0.146 0.14922 1 1.508 0.228 
16 .. --, 

hO .. -3.045 3.1.97 -0.128 0 .11696 1 0,907 0.348 
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17 X63 -1. 572 1.738 -0.090 0.21190 1 0.819 0.373 
19 XSl 7.10: l. 930 0.351 0.23157 1 13.532 0.001 

Out Part. Corr. 

-,., :•'.0 ,J. J 11 C.85244 !. 0. 004 0. 949 
6 :Cl 0.069 O.lo249 1 0.142 0.709 
8 :C3 -0.073 0 .:2410 1 0.165 0.687 

' ' :{J~ -0.127 0.15558 0. 511 0. -l:30 .:.u 

'' .. , .... 0.017 u. 26418 , 0.009 0.927 .... .\"t- . 
:3 J.071 0.13261 , .J. 155 0.696 .. . . 

-------------------------------------------------------------------------------
Step ii 7 R = 0. 965 R-Square = 0.931 
Term removed: :<63 

E!fect Coefficient Std Error Std Coef Tol. df F Ip I 

~ r. 

!. Constant 
3 :•:l~ 9.910 2.515 0.483 0.13963 1 15.529 0.000 
4 :-:13 4 .009 2.749 0 .119 0.31701 l 2.127 C. l.54 
5 :-::5 3.8€0 1.443 0 .196 0.38857 1 7.152 0.012 
7 :-:.:: ' - ,., . 

'1. ':1-- ~-O~: "' , ; -, v._o_ 0. 27-lJJ l ::: . :l:3:3 ,) . J05 
9 x:~ -,j. 879 3. 23 4 -0.179 0.29657 l ·L 525 0.041 

:•:3 3 -3 . .J87 :.375 -0.196 o.:n11 : . 155 o.:52 
12 X34 3.746 1. 583 0.: 15 0.25304 l 5.597 0.024 . ~ :(3 5 -!..845 !..659 -0.094 "' .... ..:.. ~ -. -'I :. 1.:3~ " .., .... • v • - , 'i C- \,J. - '"t 

~5 X5: 1. c95 1.937 0. 09'3 0.2159"5 l 0.765 0.388 
:.c :<o: -L :335 2. :3:l-S -O.u77 O.l-ll:30 J. -l02 0.531 
:~ :-:e: c.5o3 :.808 ,J. 32:. 0.262-lS l ::.930 0.001 

Out Part. Corr. 

-,., 
:•:tJ -0.001 0.85794 l J.000 '.J. 994 -

C :-:: l 0 .10-l 0.17335 l J.351 W.558 
:3 :-::3 -0.J74 J. 22-ll-l l J .176 0. 0"7 B 

:0 :•:3: -).:J8t ,J. : 6 4:: l ,J. :4 l 'J -~~ . o ..... ' 

14 :<42 0.05: 0.27896 1 0.089 0.769 
~ ' :.;63 -o.:58 0.:1190 l 0.818 J.373 
'0 :-:71 0.101 0 .13859 l 0.330 0.570 

-------------------------------------------------------------------------------
s1:ep ;I 8 R = 0.964 R-Square = 0.930 
Term removed: .. -- ., •• o_ 

Effect ~ceff:c1ent Std Error Std Ccef :01. Jf F Ip I 

... 
-1 Constant 

3 .. , ., _,. __ 9 .136 2 .179 0.445 0.18270 1 17.579 0.000 
' :-:13 3.70: 2. 6:32 0.109 0. 32719 l l. 90:i 0.177 ., 
5 .. , -.\,.:, 3.62-l 1. 382 0.184 O.-ll62-l 1 6.875 0.013 
7 X22 4.539 1.513 0.242 0.31748 1 9.002 0.005 
9 X24 -6.982 3.201 -0.182 0.29733 1 4.758 0.036 

11 :,:33 -3. 113 :.290 -0.166 0.13973 l 1. 964 0.181 
l:! :u-i -l.236 1. 369 0.2-l3 0.33248 l 9.575 0.004 
:3 :.;J 5 -:: .101 1. 568 -0 .110 0.32391 l l. 899 0.177 
:5 :-:s:: 0.963 l. 5-l3 0.049 0.33464 l 0.390 0.536 
19 X81 6.499 1. 792 0.321 0.26249 1 13 .104 0.001 

Out Part. Corr. 

,., 
:•:'J -0.013 0.867:3 0.005 0.942 - . 

6 :-::1 0.065 0.19167 l 0 .138 0. 713 
8 X23 -0.095 0.23462 l 0.301 0.587 

10 ..... ., .. ~ .. -0.082 0.16431 1 0.223 0.640 
14 x-i: 0.091 0.30272 1 0.216 0.6-l5 
16 ... -., .. ~c ... -0.110 0.14180 1 0.402 0.531 
17 X63 -0. 097 0.25692 1 o. 311 0.581 
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18 X71 0 .115 

Step ff 9 R = J.964 R-Square = 0.929 
Term removed: X52 

Effect Coefficient Std Error 

In 

. ,:-:nsta:1~ 
3 :,:1: ~. :3 99 :.127 
-l 

., . , 

.'\~..., "t .134 :.569 
5 :-:15 3.579 :.308 
7 x:2 4.646 1.490 
9 x:.; -t:.9::?4 3.172 

ll :•:33 -2.35~ l.. 910 
:o4 4.272 l. 356 

:3 :•:3 5 - : • ~ "71 : . -l ::"7 

19 XSl o. 054 1. 638 

Out Part. Corr. 

~ :-:J j.00-l 
6 :-:21 J.077 
9 X23 -0.080 

10 :02 -0.059 
14 :•:42 0. 065 
i.5 xs: J.106 
.,;, 

.. - ., 

.'.0- -0.0:4 
, ~ :-:.s 3 - i) . J 4 4 
18 x1: 0.110 

0.14131 1 0.43~ 0.512 

Std Coef Tol. df F IP' 

0.434 0.18:341 l 1.7.505 J.000 
0.1:2 0.35048 1 2.590 0 .117 
0.18: 0. 41738 l 6.843 0.013 
0.247 0.32164 l 9. 726 0.004 

-0.180 0.29758 l 4. 766 0.036 
-0.1:5 J.19564 l 1. 515 0.:27 

0.246 0.33306 l ':L927 0.003 
-0.095 0.35362 l : . 5 92 0. 2: 5 
0.299 0.30889 1 13. 665 0.001 

0. :388 39 ,J. 00 l .J. 98: 
0.19-178 l 0.:03 J.655 
0.23867 l 0.219 0.644 
0.17112 1 0 .117 0.734 
,) . 30824 l 0.145 0.705 
0.33-.64 l J. J 90 ,j. 5 .3 6 
0.:1913 J.O:!O 0. 88 9 
:J. 30 1 97 ""' "' .. .., ,..., . ,..,o' 0. 797 
0.14149 1 0.418 0. 5,:2 

-------------------------------------------------------------------------------
Step II . ' ?. : ' ~ .... :l--~quare 0.926 •'- '...J. ::t~-

7erm removea: :.:33 

Effect Coefficient Std Error Std Ccef Tol. df F IP' 

In 

C:=-:.s~ar.t 
3 x:::: -"t ~ ' -• ..,"tC :. . 9ol 0.392 0 .::47:3 l 16. J04 0.000 
-l .. , 1 

.'\~ ~ .; . :se :.535 0.1:0 0.35103 :. : . 713 0.108 
5 :,:: 5 ~. 2 04 1 , - .. ... . ..,,:,; 0.: 94 0.42497 l "7. 760 0. ,JQ8 
7 :-::: 3. 861 l. 356 0.206 0.39388 1 8.108 0.007 
9 :-:: 4 -7 .013 3.194 -0.182 0.29773 l .; . 0:2 0.035 

:-:34 J.983 : . 345 0.229 0.34333 i 8.771 O.J05 
' " ... J :os -2.113 :.485 -0.109 0.35988 l 2.035 O.i62 
: 9 :-:~: 5.732 , .. '"'0 .... c_ u 0.283 0.3:696 ;. :2. 394 O.JO: 

Out Part. Corr. 

-~ :-:a 0.014 0.89072 1 0,007 0.933 -
6 :<21 0.023 0.20725 1 0.019 0 .992 
8 :-:2 3 -0.034 0.24928 1 0 .042 0.840 

10 X3::? -0.123 0.19366 1 0.542 0.466 
11 :OJ -0.204 0.19564 1 1. 515 0.::1 
14 :-:42 0.143 0.37377 1 0.734 0.397 
15 :•:52 -0.021 0.46854 1 0.015 0.903 , . 
.c .. - .., .-.c_ -0.050 0.22361 1 0.089 0.767 

17 X63 -0.085 0.32210 1 0.256 0.616 
18 X71 0.204 0.20752 1 1. 520 0.226 

-------------------------------------------------------------------------------
Step II 11 R = 0.960 R-Square = 0.922 
Term removed: X35 

Effect 

In 

Coefficient Std Err0r Std Coef 
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Tol. df F 'P' 



-1 Constant 
3 Xl2 7.797 1. 998 0. 379 0.22488 1 15.343 0.000 
4 :\13 .: . 790 2.404 0.083 0.41717 1 1. 347 0.253 
5 :-:l5 2.S66 1.213 0 .146 0.55342 1 5 .578 0.024 
7 .,...,.., 

-l. 155 1.359 0.221 0.40319 , 9.350 0.004 _._ __ .. 
9 :•C-l -5.918 3.124 -0.151 0.31975 1 3. 467 0.071 . ., 

.I.- X3-l 3.256 1.262 0.187 0.40105 1 6.658 0.014 
:9 .. -~ ~ 

.~w J. 5.548 1.. o-l6 0. 27-l 0.31:396 1 l. 1. 3 67 0.002 

Cut ?art. Cc•::-r. 

-., XO 0. 011 0.89085 1 0. 004 0.947 
6 x21 0.040 0.20844 l 0.058 0. 812 
8 X23 -0.070 0.25589 1 0.178 0.675 

10 :02 -0.173 0.20592 1 l.110 0.299 
ll X33 -0. 227 0.19910 1 1. 955 0.17:. 
:3 X35 -0. :'] 1 '1.35988 l ::'.035 n. 1._:;2 
1-l ·•1""1 

..... "1_ 0.139 0.37377 1 0. 713 0.404 
l 5 ;,:5.:; -.J. J 92 C.51~35 G. 30-l J.5:35 , -.o .. - .... 

.• .. c,_ -Q.142 o. 27 145 l 0.736 0.397 . .., 
l I :-:.SJ -o. :as "I ")"" .. ""I -

IJ • ~ ... l'J-0 l 0.-128 0. 5 l. 7 
18 X71 0.171 0.21028 1 1.080 0.306 

-------------------------------------------------------------------------------
Step " 

1., R = 0.959 R-Square = 0.H9 .__ 
-:erm remcved: :GJ 

Effect Coefficient Std Error Std Coef '!'ol. df = 'P' 

: r. 

. l:.: r.s ta:1 t 
3 x:: 7.583 : . 95 9 J.3<59 0.22005 : 1-1.531 0. 000 
J :-:: 5 3. l-lo • , Q 1 -..... , J. :.60 J. s-- r::e r3. ~35 ,). 0 :2 .., :-::: ' C,-"ti :.315 " ., . ' 0. -l 3-l 33 . ., . , - o.oo: '1 o""' I •.J. - ;-, ... ...... ~ .c:, 
9 :-:: 4 -3.748 2.577 -0.097 0.47430 ... 2.115 0.154 

1: :04 2. 973 1. 244 0.171 0.4100: l 5.714 0.02: 
19 X81 5.642 1. 651 0.279 0.31973 1 11.677 0. 002 

Out Par~. ~orr. 

' :-:o ·' '., ' :.39500 "I r""..,, " Q Q -- ,.; • .J-'1 - l,J • V-., ,.J • ....... c 
.; XlJ 0.187 0.4l717 1 1. 347 0.253 
6 :•:21 0.065 c.:::t7 , 0. l59 C. 693 ... 
8 :,,:23 -0.015 0. 2764-l l G.009 0.926 

10 :02 -0.lu0 0 .. ::99: .. 0.376 J.544 
-- :\3 3 -0.220 o.:9914 1 :.885 0 .. : 78 
13 :05 -0 .134 0.42769 1 0.674 0.417 
1-l -~ ., .., 

•• "t- a .134 0.37387 l 0.675 0. 4l7 
15 :•:5 2 -0.023 0.5821-1 l 0.020 0.888 
16 .. ~..., 

."..G- -·). 0-l-l J.33381 1 0. 1)73 0.789 . .., 
.l.' :-:63 -C.J92 0.32825 1 0.313 0.579 
:~ :.:-: l o.:se 0.2:J:o 1.361 0.251 

-------------------------------------------------------------------------------
Step jj 13 R = 0.956 R-Square 0. 915 
Term removed: :<:-l 

'.::ffect C,Jefficient Std Error Std Coef 'r'ol. df F' Ip I 

In 

-1 Constant 
3 .. , ., 

,\,.._ 6. 681 1. 917 0.325 0.25108 l 12.147 0.001 
5 .. , -••• ::i 2.674 , , --

J. .... 00 0.136 0.02:27 1 5.261 0.027 
7 :-::: .J. 7.JS l. 328 0.253 0.-13786 1 12.774 0.001 

12 X34 3.180 1.253 0.183 0.42219 1 6.443 0.015 
19 :,S l 5.013 1. 616 0.248 0.34332 1 9.622 0. 004 

Out Part. Corr. 
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2 XO 0.008 0.89884 1 0.002 0.961 
4 Xl3 0.019 0.61882 1 0.013 0.909 
6 X21 0 .136 0.23870 1 0.714 0.403 
3 :-::3 -0.010 0.27656 1 0.004 0.951 
9 X24 -0.:30 0.47430 1 2 .115 0.154 

i.O :o: -0.045 o.:H24 1 0.079 0.780 
11 :03 -0. 213 0.19915 1 1. SGS 0.187 
l3 :05 -0.124 0.42800 1 0.593 O.H6 
1-l :-:.;: 0 .1:37 0.402'59 l 1. 37,5 0. 24:3 
15 :<5: -0.061 0.59935 1 O.lH 0.707 
:c :-:c: -<'J. '.J95 0. 35:63 0.347 0.560 
17 X63 -0.045 0.34001 1 0.077 0.783 
18 X71 0.:12 0.21695 , 

1. 787 0 .189 ... 
-------------------------------------------------------------------------------

::::ep Var: ?Pf N: 45 Multiple R: 0.956 Squared multiple R: 0.915 

AdJusted squared multiple R: 0.904 Standard error of estimate: :.730 

E!fec~ . .::et::.=1ent S:d Error Std Coef :'·~le ranee t ?1: Tail i 

,:CNSTA!:! .., 4. 5 8 9 ,) . 9: 5 0.000 80.615 '.J.J00 
Xl2 6.681 1. 917 0.325 0.251 3.485 0.001 
:us :.074 l. 166 0.136 0.622 :.:94 0.027 
:-::: .J. 7 48 1. 3:s o.:53 0.438 3.574 0.001 
:0-1 3.190 1.:53 0.193 0.422 :.538 0.015 
••Q .. 
.1 • ..., ~ 5.013 1. olc 0.249 0.343 3.102 0.004 

Analysis of Variance 

.:3uurce Su:n-o::-Squares .j f :-lean-Square f-rat10 p 

Regression 3113.041 5 '522.608 83.549 0.000 
Residual :90.'528 3'l 7.452 

222 



Appendix Sb 

Detailed Project Data 

Backward Stepping 

F=2 to enter 
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Step # 0 R 0.967 R-Square = C. 934 

Effect Coefficient Std E::-ror Std Coef Tol. df F 'pf 

! :: 

- ::c~star.':. 
~ :-:o -J.OoS 0.-188 -,] . 008 0. 1 1017 l o.o:o 0. ::90 
3 , .. "' .•. ~- 9.599 ·L 573 C. -l 68 0.05092 l 4.407 C. J-lo 
4 Xl3 4 .290 3 .117 0.127 0.29731 1 1. 895 0 .180 
5 :us 3.960 2.118 0.201 0.21760 1 3.496 0.073 
6 :•Cl 0.500 : . 807 0.026 0.11868 1 0.032 0.860 
7 :-::: s.oss : . -t78 0.30l 0.14517 1 5. 21: 0.031 
s :-:::: 3 -0.015 .., ~ o~ 

- • C' - I -0. '.JOl D.l5353 l :) . 000 CJ. 996 
9 :~:: ,! _-, . ~ 4 3 !. ·!O~ -0.:0'1 ·:. 192 ·1~ l ~. :':E ,., ('\0.., 

10 X32 -1..870 2. 975 -0.092 0.11691 1 0.395 0.535 
, 1 :•:3 3 -:.990 3. 31-l -c.1s9 0.05820 0.584 o. -is: .l. - -

:•:3-l 3.4:2 ~.610 C. 197 0.112:9 l. 719 0.:01 
:.3 :•:35 -l.tOo : . :.;s -0.08: 0.:1191 0.559 0. -lol .. 

• • .. '1- J.C,57 !. . 998 0. ,J04 0. !.9151 c.oc: 0. 974 -.. 
15 :<5: 3.187 2.800 0.162 0.1246: 1 l. 295 0.266 
16 :-:6: -3.097 -i. -159 -o. 130 0.07:09 1 0. -18: 0. -i 93 
17 :-:63 -1.595 2. 081 -0.091 0.17726 l 0.587 0.451 
:~ x:1. :.oo:. :.837 G.05-l 0.10905 1"1 ~ ...... ... J._; 0. 7,:, 
:.9 ••\,Ji ~.059 3.418 0.3,8 0.08855 . 5.;)20 O.G34 .\. ...... 

Out Part. Corr. 

none 
-------------------------------------------------------------------------------

Dependent Variable PPF 
Minimum toleran::e for entry into model = 0.000000 
3aci-:ward ste~w se reg::essi';)n wit.h F-to-~nter=:.ooo and F-to-Remove=!.900 
.s:e:: :; :" ,: a-- R-Square 0. 934 - . - ,:. . 
Tern: re:n~\·ed: 23 

Ef=ect l:,:e ff :c !e:1t :3'::j ::rr,:,r Std C:;ef ~..,, 
.. - l. • 

·;: c . E° • P' 

: :1 

l :,:~st.a:--.: 
2 ;:o -0.069 0.-160 -0.008 0.76878 l 0.0:2 o.se: 
3 :•::: 9.590 .:; . !-.0 0.467 0.05981 l c; - - -•• .! I)::) 0.0:8 . :-: 13 4 .,0 a 3.049 0.127 o.:9915 ~ : . 97 8 0.171 .. . -"" ... 
5 :-::.5 3.957 2. 015 0.201 0.23138 1 3.855 0.060 
6 :-::1 0.504 2.653 0.026 0.1:793 1 0.036 0.851 
7 :-::: 5.660 :.399 0.301 0. 1-1922 1 5.568 0.026 
9 ••"'1.1 

.'.-"t -7.941 4.309 -0.204 0.19396 1 3. 311 0.080 
_,., =·~3: -1.876 :.683 -0.093 0.13841 , 0. 48 9 0.490 -. , :•:33 -:.987 3. :303 -0.159 0.0593€ 1 0.617 0. -139 
12 :,:34 3.418 :.423 0.196 0.12548 1 1. 990 0 .170 
13 X35 -1.605 2.106 -0.082 0.21222 1 0.581 0.452 
:-i .. ,.., ... ..,_ 0.0€4 ::. . 869 0.00-i 0. :1076 1 0.001 J. 973 
i5 :<5: 3.189 2. 716 0.162 0.1:756 , 1.378 0.251 ... 
:o ..... .., 

.'.t:- -3. ::.05 4.149 -0.130 0.08019 1 0.560 0. 4€1 
17 X63 -1. 595 2.040 -0.091 0.17762 1 o. 611 0.<141 
18 X71 1.004 2. 715 0.054 0.11462 1 0.137 0. 714 
19 X01 ~- 7.663 3.245 0.379 0.09461 1 5. 576 0.02€ 

Out Part. C.Jrr. 

-8 X23 -0.001 0.15353 1 0.000 0.996 
-------------------------------------------------------------------------------
Step~: R = 0.967 R-Square = 0.934 
Term removed: :-:4: 
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Effect Coefficient Std Error Std Coef Tol. df 'P' 

In 

~ C0nstant ,, XO -0.069 ,) . 45: -0.008 0.76951 1 o.o:4 0.:379 -
3 :.:1: 9. 684 3.013 0. 47: 0.1G888 l 10.3:9 0.003 
4 Xl3 -L:94 :.991 0 .1:7 0.29984 1 :.061 0.16: 
=i :-: : 5 3. 98 7 1. 78: ,}. :03 0. ::3 557 ' 5. ,J08 ,J. J 3 3 -
6 :\: 1 0.5-11 :.375 o.o:s 0 .15396 l 0.052 V"'I O"' i 

.u--
~ :•::: 5.698 :.083 0.303 0.19083 l 7,483 0. Oll 
9 .. ..., ' 

···-"1 -7.857 4.206 -0.:04 0.19629 l 3.489 0. 01 : 

10 :02 -1. 879 :.634 -0.093 0. 13849 1 0.509 0.482 
11 X33 -3.055 3.174 -0.163 0. 0822: 1 0. 9:7 O.J44 , ,, :•:34 3 . .J: S :.359 .J .197 0 .1:764 :.1:: ·J.: 5 7 -
13 :-:35 -1.579 1. 921 -0.080 0. :4585 l 0.675 0. -118 
15 :•:5: 3.:09 :.605 0.: €3 0.13370 1 l. 5: 7 0. ::s 
l~ :-:~., -3. P2 3.5~4 -0.: 3 3 0. llJ3'31 l ·'J. 71: 3 0."384 
17 :-:c3 -1.609 1.965 -0.092 0.18474 1 0.670 0.420 

1 .... -. .., : . :: S 3 ,] . ,J 5: :] . :: 5 :J 7 
,..., .. ,~ : . ; ,J 5 .. - ,_ . ::, ' ' .J •_.,I 

~9 X81 7.'349 3.:58 0.378 0. 09637 5.Sc7 o.o:: 

Cut Part:. Corr. 

: :•:.: ; ' ....... ~ ~.:C:330 : . ~ ,j 1] ., • ~ ~t;, J • V ..J J.. .. :-:-1: 0.007 o.:1076 J.001 0.'.373 _., 
-------------------------------------------------------------------------------
Step ii 3 R - J.9'57 R-Square = 0. 934 
Term re:nQved: :<O 

::::ei::-: ::ef::c:ent St·j ~rr:ir .St::i ::ef :,~1. :if . '?' 

~r: 

l C,:,ns-=.an: 
3 :u: 9.706 :.959 0.473 0. 1091: 1 10.760 0.003 
~ :•: :3 .;.:cs :.934 J. l: c J.3Jl,J3 :.1.13 ,; . : 5 7 
5 :-: : 5 3. 98 5 :.751 0.:03 c.:s5ss : 5.l":8 ,J. 0 30 
M :-:: l 0.552 2. 3 3 3 0.029 0.15410 l 0.056 0.915 
~ :-::: 5.638 :.011 0.300 o.:9789 7.961 C.009 
9 .. ,, ' 

···-'1 -7.791 4 .11.4 -0.203 0.19830 1 3.588 0.068 
:J :•:3: - : . .., 5 3 :.461 -,J . .J87 .J. :5332 .. ,J. 507 :] . 4:::: 

:-:33 -3.04c 3.1:9 -0. le: 0.082:5 !. '.l. 954 J.337 .. - , 
.-• .:"1 3. 4 41 :.317 0. l. 98 0. 12730 : . :as "'I ,. t Q 

t,J • .. ~ ... 

13 :•:3 5 - : . 5, 4 !.888 -0.080 0. 2459: l O.c95 0.411 
15 X52 3.169 :.549 0.161 0.13501 l. 546 0. :2.; 
_,:: :-:,;: - 3. :: 4 3.507 -,J. 135 J.:.0455 ·]. ::-l 5 ..., 4 ~ -

J • ... C,: 
, - :•:63 -l.609 l.931 -0.092 0. :8474 l O.C94 '.l. -112 _, 

:s v-· ""' ... .., ~ :.509 0.052 ,J. ::509 :J. :.so ' """ .. , ... l_j 1 ':) I - ', . 'V • 

19 X81 7. 54: 3.028 0.373 0.10127 ' 6.203 0.019 ~ 

Out Part. Corr. 

~ :<O -o.J:9 J.76951 :. 0.0:4 J. 8-:' 9 
s .• ., 1 

.\- ~ -0.006 0.18080 0.001 ,J. 97 3 
14 X42 0.007 0.21096 l 0.002 0.969 

-------------------------------------------------------------------------------
Step# -l R = O.ic6 R-Square = 0.934 
7erm removed: X21 

Effect Coefficient Std Error Std Coef 

:n 

Constant 
, x1.: 
4 Xl3 
5 Xl5 
7 :c: 
9 X24 

9.673 
4.325 
4.151 
5 .686 

-8.196 

2.909 0. 471 
2.877 0.128 
1.580 0 .211 
l. 969 0.303 
3.682 -0.213 
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Tol. df F 'P' 

0.10937 1 11.059 0.002 
0.30327 1 2.259 0.143 
0.33981 l 6.901 0. 013 
0.19993 l 8.340 0.007 
0.23972 1 4.955 0.034 



10 X32 -1. 798 2.415 -0.089 0.15426 1 0.555 0.462 
11 X33 -2.837 2.944 -0.151 0.08945 1 0. 929 0.343 
12 :<34 3.493 2.270 0.201 0.12896 1 2.367 0. 134 
13 :-:35 -l.'389 l. 796 -1J.086 0.26339 ' 0.885 0.354 ... 
• c:. ... ~ X52 3.202 2.505 0.163 0.13541 1 1.634 0. 211 
_'J :,:o: -3.035 'l ~ - , ~,~C• -0.127 o.::.1031 l 0. 81 t5 0.374 
17 X63 -1. 710 1. 854 -0.098 0.19413 1 0.850 0.364 
, a :01 1.103 2.408 0.059 0.13149 1 0.210 0.650 
: '~ :-:~: -. .... -, .. -, ,:; 1 ◄ 0.384 0.11363 7. 64 S C.010 '. l I "j - • ,.J - .., -

Out ?art.. C~r:-. 

~ :,:o -0.030 0. "77023 1 o.o:7 0.871 
E X21 0.044 0.15410 1 0.056 0.815 
9 :-::3 -0.013 0.19533 1 0.005 0. 94 3 

:4 X42 0.025 0.25406 l 0.018 0.894 
-------------------------------------------------------------------------------
Step # 5 R = 0. 9E'5 R-Square = 0. 93,., 
Ter:n rc-::-1·:ved: ••• I • 

Effect. ,:~ef:i.=:ent Std Err:r 5~:1 C~ef '!':il. df F' I? I 

!n 

-1 Constant 
:•:12 l•J. Oo:33 :: • 7 46 ,J. 490 J.:.:959 l :3.429 J.001 

-I x:3 -l.-107 :.:35 o. :Jo 0.30446 .., •1.., 
- • "1. G .130 

:-:: 5 -1. 310 :.s::. 0.::9 0.35717 0 ""' - J. 008 ~ - • 1.J-

7 x:: 5. 8 4' :. 913 0. 311 0.20649 l 9.346 0.005 
9 X24 -8.435 3.598 -0.219 0 .24461 1 5 . .;95 0. 026 

: ) :•:3:: - ... C'~'= 2.373 - ,). ,J 8 4 iJ. :.5558 ' ,). 5:: o . .;so -- .. :-:33 -3.555 2.-159 -0.189 0.12492 l :.091 0.159 , ~ :•:34 ' , y-, :.6:0 '.l. 24: C.23232 ' '=. ::s1 'J. (; 18 '1 • ....... -
:3 :•:35 -l.476 1. 712 -0.075 0.28230 ' 0.743 0.395 -
15 X52 3.354 2.451 0.171 0.13782 1 1. 9-;3 0.181 
16 X62 -3.346 3 . .249 -0.140 0.11500 1 1.060 0.311 

:•:-.:3 -:.Sc5 l..799 -0.:.07 ,J.:ooss : . 0"7 5 C.308 
:9 XSl 8.:S4 2.55-l .J. 4 0 9 o.:3436 :o.s:: O.C03 

c,:..n: ?art. C~r:-. 

-., 
:•:O -0.030 0. "770~0 ' 0. 027 0.872 ... 

r :-::: J. Gt:51 J.:6198 l 0 ' • ., o. -:-.;o 
:: ••"°\ ~ 

.\- ~ -0.C39 c.201599 0.047 ,J ::30 
' ' :,:4.2 rJ. 009 0.263l.5 .. :J. '.JO: J. 9152 -.. 
18 :•:"7!. 0.093 0.13149 l 0 . .210 0.€50 

-------------------------------------------------------------------------------
:::er: :; ,: R = I~ 1 ;.sc R-Square = J. 93 3 
:'e:-:n re:noved: X3.2 

Effect Coefficient Std Er:-:!' ~td Coef Tol. df F' , P' 

In 

- Constant 
3 x1: 10.580 2.'5.28 J.515 0.12853 l :6 . .203 0.000 
-I :•:13 4. 00-l 2.756 0 .118 0.31701 l 2.110 0.156 
5 :(15 4.034 l.-l60 0 . .205 0.38185 l 7.633 0.009 
7 X22 5.205 1. 676 0.277 0.26479 1 9.647 0.004 
9 X.24 -7.465 3.307 -0.194 0.28519 l 5.096 0.031 

11 X33 -3.826 2. 411 -0.204 0.12795 l 2.518 0.122 , ., :,:34 4 .174 1.657 0.240 0. 23234 l 6.347 0.017 
13 :o5 -1.697 1. 671 -0.086 0.29179 1 l.031 0.318 
15 :,.:5: ::! . 870 2.337 0.146 0.1492: l 1. 508 o . .::2s 
16 :<62 -3.045 3.197 -0.128 0. 11696 l 0.907 0.348 
17 X63 -1.572 1. 738 -0.090 0.21190 1 0.818 0.373 
19 XSl 7.102 1. 930 0.351 0.23157 1 13.532 0.001 

Out Part. Corr. 
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" XO 0.011 -
6 :-::1 0.068 
8 :<23 -0.073 
,) :02 -1]. l: 7 

4 :.;42 0.017 
g xi:. C.071 

Step ff 7 R = 0.965 R-Square = 0.931 
7e~~ ~e~=~ej: X~3 

--, Constant .... .., .. 

5 :-:: 5 
7 :-::: 

9 :-'.24 
11 :.03 

16 :-:62 
19 :-:s 1 

: :-:~ 
t: :-:::l 
8 X23 

1() :o:-: 
... .., ... ..,_ 

:-:r: 3 
: 8 • ' 

l. ·~-:'~ 
: . 9 60 
"t.9:3 

-6. 879 
-3.487 

- : . 2 4 '? 
:.dS 

-1.835 
.s.503 

'J. 104 
-0.074 
-0.086 

: . J: 5 - r.1-:l - . 
: . -l -l 3 
.. ~ 1 ,, 
~. c-,_ 

3.234 
2.375 
: . 5 3 3 
:. . r.35 9 
l.93 1 

2. 8 96 
l. sos 

Step~ 9 R = 0.9€4 R-Square = 0.930 
:e~~ ~e~c~•e,j: ~c-

::::ect. ::e:::..::ent S::l Erri:r 

:n 

~ C·:,ns tar. t 
3 :•::: ~.13'3 :.:,g 
4 :•:: 3 3.70: ... - Q.., 

- • C- -

~ :-: : 'i 1.C~4 1 . 38~ 
7 :-:~:2 4.539 1. 513 
9 x:4 -6.98: 3.201 

11 :•:33 -3.113 : . :so 
:•:34 4.236 l. 3,59 

13 X35 
.., ..... ., 

-- • .. o~ 1. 568 
15 X52 0.963 1. 543 
19 :<81 6. 488 1. 792 

Cut ?art. Corr. 

~ :•:,J -0.013 
6 x:1 0.065 
8 :-:23 -0.095 

lO X32 -·J.082 
:4 :•:42 0. 081 
:6 XE: -0.110 
17 X63 -0.097 
18 X71 0.115 

: . .; g 3 
; .119 
1J. l 9C 
o.:o: 

-0.179 
-0.186 
,J.:: 5 

-,) . J94 
J.086 

-0.077 
0.321 

.s~ j ,::ef 

J.~~5 
J.:09 
,J. l 84 
0.242 

-0. 18: 
-0.166 

,: . 243 
-0. 110 

0.049 
0.321 

0.85244 
0.10249 
0.22410 
C.. l.5558 
0.26418 
0. 13261 

'). : 3 96 3 
,, : l -:-01 
l) • 38857 
0.27433 
0.29657 
0. 13111 
·J.:53,J.; 
1J.:9..;c: 
0.215% 
0. 14180 
0.26245 

1~.85794 
(). 17335 
0.22-114 
0. : ,i 4 1 1 

- . .: .., : ➔': 

c.:::~o 
lJ • 13859 

~~' . •,_ ..... 

.J.: 32..,'J 
0.3:7:9 
0.4lC:~ 
0.31748 
o.:9733 
0.13973 
0.33249 
0.3:391 
0.33464 
0.26249 

0.86723 
0.19167 
0.23462 
0.16431 
0.30272 
0.14180 
0.25692 
0.14131 

.l. 

1 
1 

1 
1 

l 
' .j. 

l 

jf 

: 

1 
1 
1 .. 
1 
1 
1 

l 
l 
1 
l 
1 
l 
1 
1 

0.004 0.949 
0.142 0.709 
0.165 0.687 
,J. 511 C. -l80 
0.009 0.927 
C.155 ,) . 696 

I? I 

: 5. s: :'.l ,J . ,JO rJ - ::1 , 1:, J -
7 .152 ).,'Jl2 
8. 988 0. ,J05 
4.525 ,:J. 041 
2.155 0. !5: 
5 .5::l"' : . .J24 
: . : 3-:- ,J. :;..; 
0.765 0. J ~: 
0.402 0.531 

12.930 C.001 

.J. O~]C ,J. ~94 
0. 3 5: o. 5 5e 
"' -, -, ~ 
l,J •~I 0 0.678 
0. 241 0.0:7 

J~: ' -i9 
" 0 1 W '.J • V ,._..., J. 37 3 
., 330 ::.570 ". 

: t? I 

~- .579 .J. J'J J 
:.905 "' 1""'""' '.,j. - I I 

i,. 3,5 Q. ,) 13 
9. 002 0.005 
4. 758 0.036 
1. 8€4 0.181 
:? . 5-; 5 ,) . 004 
:.899 0.177 
0. 390 0.536 

13.104 0.001 

0.005 0.94: 
0.138 0. 713 
0.301 0.587 
0.2:3 0.640 
C.216 0.645 
0.402 0.531 
0. 311 0.581 
0.439 0.512 

-------------------------------------------------------------------------------
Step ij 9 R = 0.964 R-Square = 0.929 
Term removed: X52 
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Effect C:-efficient Std Error Std Coef Tol. df = , P' 

Ir. 

.:. .::•:--.s:.a:--.t 
3 .... "'I 

.• • ..1.- 8.399 2. 1:7 0. -13.J 0.18841 1 17.505 0.000 
.; :-::3 .j.:. 3 4 2.569 0. 122 0.35048 l : . 590 0.117 
5 Xl5 3.579 1. 368 0.182 0.41738 l 6.843 0.013 
7 x:: -l.646 1.490 0. 247 0.32164 1 9.720 0.004 
9 :-::~ -,3. :1:.; 3. 172 -o.:so C.29758 : .; . 7.Sii J.C36 

:•:3 3 " --c:."'I --.J~- 1.910 -0. 1.25 0.19564 1.515 0.:27 
:•:34 1.:1: 1.356 0. :-16 C.33306 l 9. 927 0.003 

13 X35 -1.877 1. 487 -0.095 0.35362 1 1. 592 0.215 
:9 X81 6.054 1. 638 0.299 0.30888 1 13.665 0.001 

:·..:t ~ar:. : .:·r?:'. 

--~ :-:c :; . J 04 :}.88839 l 0.001 ']. 98: 
6 :•:: l IJ.077 0. :,9479 l 0.203 0.c55 
8 x::: 3 -0.080 0.23867 1 0. 2 l 9 0.644 

10 X3: -0.059 0.1711: l 0.117 0.734 
:-:.;: , ........ J. 308:4 ' 0.145 .J. 7 05 -.. ...... ,::, -. ~ :-:::: j.: :J ,:, .J.334'34 : 8.390 .J. ~ 3 6 

r :-:6: -0.02.i 0.21973 l 0.020 0.:89 
1 '7 :•:63 -0.044 0.30797 1 0.067 0.797 
18 :01 0 .110 0.14149 l 0.418 0. 52::: 

-------------------------------------------------------------------------------
Step• l0 R = J.9c: R-Square 
Ter~ rerecved: ~33 

Effect: :::e::::.::ent 

: :1 

7 Constant 
3 x1: 7.846 
.; :-:: 3 • "\ C. Q 

'1. - _._, 

5 :-::s ~. 2 04 
~ :-:::: 3.861 
9 

.. ..., , 

.\_-, -7 .013 
1: :,:34 3. 983 
. ~ :•:3 5 -.:.:1s 
:9 xe: =. ... 1,, 

..,, •I_,_ 

Ou':: Pa:-~. ::orr. 
--, :o J. Jl 4 -

r :,::: J.J:3 
:-:: 3 -,) . J 34 

!.O :o: -0.123 
:1 X33 -0.204 
l.J X4: 0.143 
:. 5 xs: -,) .0:1 
:o ..... "" :.c_ -0. ,)50 

17 :•:63 -0.085 
18 X71 0.204 

Std Err,,r 

i C ... , •. .,c ... 
,., c:.o ... - .... ""':, 
1.366 
l. 3 56 
3.194 
1. 345 
: .. 4 8 5 
" ....... 0 
- "-=-""' 

Std .:Jef ~~l. df : 'p' 

0.38: 0.:2,ns 1 16.004 0.000 
"""I .. " - 0.351·]3 ' ~ 7 :J J.: ,J 8 '..J • .... 0 - -. 
:J.: 94 0. 4:497 :.:co cJ. JOS 
0.:06 0.39388 1 8.108 0. oc-: 

-0.19: 0.29773 1 4.s:2 0.035 
0. 2:9 0.34333 1 8. 771 0.005 

-C.108 0.35988 :.J35 ,J. lo: 
o.:s3 ,J.31696 l :: . 3 94 J.001 

,J.:3907: .:. J.007 .J. 93 3 
0. :07:5 1 J.019 0. 89::: 
o. :.i9:9 l 0.04: J.840 
0.19366 l 0.542 0.466 
C.19564 1 1. 515 0.227 
0.37377 1 0.734 0.397 
0.4695.J l 0.015 0.903 
o.::361 l 0.089 0.767 

0.32210 1 o.:56 0.616 
0.20752 1 1. 520 0 .::::6 

-------------------------------------------------------------------------------

~I: 4 5 Multiple R: 0.962 Squared multiple R: 0.9:c 

Adjusted squared multiple R: 0.910 Standard error of estimate: 2.643 

Coe:ficient Std Error Std Coef Tolerance 

CONSTANT 76.666 1. 793 0.000 42.750 0.000 
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Xl2 7.846 1. 961 0.382 0.225 4.001 0.000 
:<13 4.258 2.585 0.126 0.351 1. 647 0.108 
:<15 3.804 1.366 0.194 0. 425 2.786 0.008 .. ..," _.,, __ 3.861 l. 356 0.206 0.394 2.847 0.007 
:•:2-l -7.013 3.194 -0.182 0 . .'.:98 -2.196 0.035 
:<34 3.983 l. 345 0.229 0.343 2.962 0.005 
X35 -2. llS 1. 485 -G.108 0.360 -1. 426 0.162 
X81 5.732 1.628 0.283 0.317 3.520 0.001 

Analysis of ·:aria nee 

Source Su:n-of-Squares df Mean-Square f-rat.io p 

Regression 315.'.; .243 8 3:H .030 56. 419 0.000 
Residual 251.426 36 6.984 
-------------------------------------------------------------------------------
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Appendix 5c 

Detailed Project Data 

Backward Stepping 

Force 18 variables into the model 
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Step II 0 R 0.:367 R-Square = 0.934 

Effect Coefficient Std Error Std Coef Tol. df F IP' 

In 

- Ccr.stant 
~ . ~ ~ ,., 9.599 -1. 57 3 0.-168 0.05092 : -1. -107 0. 0-16 - .•. ·-
3 :-:13 4.290 3.: 17 0.127 0.29731 1.895 0.180 
' :.:: 5 : . 960 " ~ , Q 0.:01 C.21760 ' 3. -I 9c o. o-;-3 .. - • l ... 1w1 

5 ~:o -0.068 0. -188 -0.008 0.71017 l o.o:o o.~so 
6 x:1 0.500 :.807 0.026 0.11868 1 0.032 0.860 
~ :-::: 5.'358 :.~73 0.301 0 .14517 l 5.: 12 J.031 

:-:: 3 -o. o:5 :.-597 -J. ,]01 0. l 53 5 3 .. J.000 C.9S6 
9 :-::-1 --:.e..;3 4.408 -G.20-1 0.192-18 l < ' - -~--CO ,J. 08 7 

10 :02 -1.870 2.975 -0.092 0.11691 l 0.395 0.535 
11 XJ3 -2.990 3.914 -0.159 0.05820 l 0.584 0.452 
12 X34 3.422 2.610 0.197 0.11229 1 1. 719 0.201 
::: :-:3 5 -1.coc ,., • , 0 

- • -"11,,1 - ,J . :J s 2 0.21191 ,J. 5 5 9 : . -I ,s l 
' :,:4 ~ ;i. (167 l. :igg 0. 80-1 ,J.19151 l :J. 001 0. 974 '., 

15 :-:s: 3.187 2.800 0.162 0.12462 l l. 295 0.266 
' - :•:c: -3.097 -I. 459 -0.130 0.07209 ' a.48: C.493 • C -
17 :-:c3 -1.595 :.081 -0.091 0.17726 l 0.587 0.451 
:~ :-::: . "',.., ~ 

- .... ..J. : . :.3 3 7 J.054 o. 1.u905 J.12-1 J. 7-:_7 
,, :-:e: 1 .C59 3. -I :s J.378 C.09855 1 5.a:o 0. 03-1 

Jut Part. Corr. 

none 
-------------------------------------------------------------------------------

Cependent Variable PPF 
Minimum tolerance for entry :nto model= 0.000000 
3ac~:warj Ete~w:se re;ressi:n ~1th F-~=-~n~er=4.JOO and F-tJ-?e~,:':e=3.9J,J 
3ackward stepwise ~1th ~irst 19 variables ~orced in nodel. 
F-to-£nter=4.000 and F-to-Remove=3.900 Max~ steps= 38 
!lotr.ing to do! 

Adjusted squared mult~ple R: 0.889 Standard error of estimate: 2.933 

CONSTANT 
:-:1: 
:•:l 3 
:-::. 5 

X23 
:-::4 
:02 
:,.:33 
i:34 
X35 

:,:52 
:~,s: 
X63 
:-'.71 
:•:31 

Source 

,:.,:eff:,.::e~t. Std E=r~r 

77.048 :.301 
9.599 -1. 57 3 
.;..::go 3. 11 7 
3.960 2.11S 

-1]. 068 J. 488 
0.500 2.807 
5.658 :.478 

-0.015 2.697 
--;". 843 4. 408 
-1. 870 :.975 
-2.990 3.914 

3.422 2.610 
-1.606 2.148 

0.067 1. 998 
3.187 2.800 

-3.097 -1. 459 
-1.595 2.081 

1.001 2.837 
-;- . ,559 3.418 

Analysis of 

Sum-of-Squares df 

Std C~ef :'ol.erance : 

0.000 33.484 
0.468 0.051 2.099 
tJ. 1:1 J.: 9-;- l. 3 "7,5 
0.201 0. 2 l8 1. s-:o 

-0.008 0.71S -IJ.:4C 
0.026 0 .119 0.178 
0.301 0.145 :.283 

-0.001 0.154 -0.005 
-0.:04 0.19: -1.779 
-0.092 0 .117 -o.6:9 
-0.159 0.058 -0.764 

0.197 0 .112 1. 311 
-0.082 0.212 -0.748 

0. 00-1 0.192 0.033 
0. 162 0.125 1.138 

-o .130 0. 01: -0.695 
-0.091 O.li7 -0.766 

0.054 0.109 0.353 
0.378 0.089 :.240 

Variance 

Mean-Square F-ratio p 

. ~ -

Regression 3180.062 18 176.670 20.542 0.000 
n ... - ~ ...a ... - , .,.,.., r.nc """ 0 r.nn 
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:'a:.l: 

0.000 
O.C46 
IJ.lSO 
0.073 
:J. 890 
O.SoO 
0.031 
0.996 
0.087 
0.535 
0.452 
0.:01 
0.461 
0. 97-1 
o.:c.s 
0. -193 
0.451 
0.727 
0.03-1 



Appendix Sd 

Residuals Plots 
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No. PREDICTION RESIDUAL LEVERAGE COOK 
1 92.13706522 -0.857065217 0.272704791 0.00847 
2 82.0111472 4.188852797 0.379623805 0.387088 
3 75.92625316 -8.386253165 0.105045303 0.206294 
4 88.95674216 1.063257839 0.343521727 0.020154 
5 91.03057075 -0.530570754 0.168840749 0.001539 
6 96.88493744 2.38506256 0.046966435 0.006579 
7 96.88493744 1 .68506256 0.046966435 0.003284 
8 96.88493744 1 .75506256 0.046966435 0.003562 
9 96.88493744 2.46506256 0.046966435 0.007028 
10 91.03057075 -1.110570754 0.168840749 0.006742 ,, 90.36432447 -2.224324475 0.199750223 0.034515 
12 91.03057075 -4.720570754 0.168840749 0.121807 
13 75.92625316 1.133746835 0.105045303 0.00377 
14 94.21089381 1.399106191 0. 185289531 0.012221 
15 77.26327498 1 .22672502 0. 18640201 1 0.009478 
16 96.88493744 -4.26493744 0.046966435 0.021036 
17 96.88493744 -1 .93493744 0.046966435 0.00433 
18 87.69028084 1 .079719156 0.205289824 0.008475 
19 86.01768339 1 .892316609 0.338865386 0.111625 
20 82.27616234 -0.266162342 0.306770864 0.001011 
21 96.88493744 -1 .66493744 0.046966435 0.003206 
22 96.88493744 -0.63493744 0.046966435 0.000466 
23 96.88493744 0.08506256 0.046966435 8.37E-06 
24 74.58923135 -6.389231349 0.114881804 0.133882 
25 96.884937 44 -0.38493744 0.046966435 0.000171 
26 95.54791562 -0.017915625 0.070531378 5.86E-07 
27 74.58923135 -2.489231349 0.114881804 0.020321 
28 96.88493744 1.09506256 0.046966435 0.001387 
29 95.54791562 -0.017915625 0.070531378 5.86E-07 
30 74.58923135 0.610768651 0.114881804 0.001223 
31 96.88493744 2.49506256 0.046966435 0.0072 
32 96.88493744 1.18506256 0.046966435 0.001624 
33 85.61645225 0.783547748 0.201883603 0.004352 
34 74.58923135 1 .260768651 0.114881804 0.005213 
35 96.88493744 -1 .03493744 0.046966435 0.001239 
36 96.88493744 -1.72493744 0.046966435 o.oo:;i441 
37 93.54464753 -1.344647531 0.15061254 0.008442 
38 96.88493744 -0.27493744 0.046966435 8.74E-05 
39 96.88493744 -0.28493744 0.046966435 9.39E-05 
40 74.58923135 2.560768651 0.114881804 0.021506 
41 92.20762572 -0.107625715 0.193637187 7.71E-05 
42 89.02730266 0.772697341 0.156923419 0.002948 
43 82. 94240862 5.357591379 0.231108708 0.250958 
44 93.70461438 -0.204614384 0.202220555 0.000298 
45 74.58923135 4.390768651 0.114881804 0.063227 
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Cook's Distance 

1-------------------------
1 0.9 r 

8 0.8 1---------------------------­
c 0.7 ------ -· 

I o.s )__ ____ _ 
i5 

·--- - ----·--- -------- ---------------- eCOOK 
0.5 I 

en 
~ 0.4 1-- • - -

-8 o.3 l . 
0 • • 
(J 0.2 1----------• ------ - ---- -- -

i • 
oo1 , I 

- .. • • • • ......... 
70 75 80 85 90 95 

Predicted values 
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o.4 I 
0.35 I 

I . . ~ 0.3 !------------ --•--------------- ------- -----
1 • f 0.25 : - ·------ --.----- •• ----==- ---·· 

• 

! 0.2 1, • - • -- • - •~-•-•••• - -~_!-~]VERA_G_E_ 
j 0.15 -l ------- ----• 
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Appendix 6 

Detailed Project Data 

Forward Stepping 
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S'.:ep ii 0 il. 0 .. 000 R-Square = 0.000 

Effe:::t C:~efficient Std Er:-or Std Coef T::il. df f 'P' 

In 

- ,:cnstant 

,]ut Part.. Corr. 

~ :-:o ] . : 41 :.00000 ::: . 64::: 0 .. 1.: 1 
3 ;.:12 0.883 1.00000 1 152.690 0.000 
4 Zl3 0.5:4 1.00000 l 16.234 0.000 
5 Xl5 0.571 1.00000 1 20.755 0.000 
" :-::!. J. :340 1. ooc,Jo l :.n. ,46 O.<JOO - :•::::: 0.799 :.00000 "75. ~04 :; . JOO 
~ :<:3 0. 7 25 l. coooo ;_ 47. '566 0.000 
9 • ..,~ ,1 .. _ .. 0.590 1.00000 1 22.943 0.000 

10 X3::: 0. 74 3 1.00000 l 53.107 0.000 
X33 J.:308 :. •JJCOO s:..014 0.000 . " .. ., . o. r3 : .• JOOOO ' 63.753 0.000 .\..---a -

:3 :o5 :J. 5 3 3 :.00000 : 1 .061 0.000 
14 :oe O.C95 1.00000 ~ 0.394 0.533 
15 :•:42 0.686 l. 00000 l 3 8.::: 2 6 0.000 
lE X52 0.523 1.00000 l 16.:13 0.000 
' -., .. ,...., 

.'-.0- 0.084 l.. 00000 37.870 0.000 
lS X63 0.718 i.00000 45.718 0.000 
19 X71 0.764 1.00000 l t:0.221 0.000 
:o XSl 0.833 1.00000 l 97.396 0.000 

-------------------------------------------------------------------------------

:eper.der.t ~ar:able ?Pf 
M:nir..wn '.:•::lerar.ce for entry into mcdel = 0. 000000 
Forward stepwise regression with F-to-Enter=4.000 and f-to-RemoveaJ.900 
Step~ 1 R = 0.883 R-Square = 0.780 
Term entered: Xl2 

Effect 

In 

1 C.:mstant 
3 :-:12 

:Jut 

~ XO 
4 :-:13 
5 :us 
6 •• "'I, 

,\_. 

-: x:: 
8 X~3 
9 X24 

10 X32 . , 
.1.. :•:33 
12 :<34 
13 X35 
14 X38 
15 X42 , -.. ,:, X52 
17 .. -., ... o_ 
, 0 .... ~, 

-:oefficient 

18 .132 

?art. Corr. 

0.005 
0.235 
0.512 
0.585 
0.471 
0.207 
0.045 
0.560 
0.237 
0.515 
0.360 

-0.019 
0.337 
0.:::21 
0.211 
n ,a, 

Std E=ror Std Coef ':'cl. df F 

1.467 0. :383 l. 00000 l l.5:.6:30 

0.92717 0.001 
0.76605 1 2.447 
0.84285 l 14.929 
0. 448S4 - 21.S95 
0.45953 l 11. 957 
0.44034 1 1. 872 
0.57802 1 0.085 
0.63421 1 19.206 
0. 2S011 l ::: . 4 se 
0.54748 1 15.150 
0.81429 l 6.257 
0.98607 1 0.015 
0.59183 1 5.395 
0.75966 1 2.153 
0.51800 1 1.949 
n c.,nc., ., i::c.n 
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'p' 

0.000 

0. 975 
0.125 
0.000 
0.000 
0.001 
0.178 
0.772 
0.000 
0 .121 
0.000 
0.016 
0.902 
0.025 
0.150 
0.170 
n nno 



19 x,1 
:o i:31 

0.601 
0.474 

Step~: R = J.927 R-Square = 0.860 
Term entered: X71 

Effect Coefficient Std Error 

In 

. C:J~.stant 
:c::.: 13.r:-l9 1.501 

19 X71 6.644 1. 363 

Out ?art. Corr. 

~ :•: '::! 0.07: 
4 Xl3 0.195 
5 :-::.5 0.258 
6 x21 0.439 
7 x:: J.516 
:3 :-:: 3 O.I.17 
9 :<:4 -0.026 

10 :o: 0.438 
11 X33 0.325 
1:; :•:34 C .15-1 
:3 :~3 5 0.J30 
: 4 ·•-,:) 

••• ..,v -,).:~23 
15 X42 0.175 
' -• t, 

vc~ 
.. ::i • 0. ~:!8 

., •• ... "'I 
.• .. o- u.:::3 

:s :•:63 0. ::o 
~ .~ :•:3: .... 1 .... ~ .u •.J. - - -

Std Coef 

0.665 
0.357 

0. 62479 
0. 37925 

Tol. 

0.c2479 
0.62479 

o. s:,Jo5 
0.75236 
0.5690: 
0.35639 
J. -154 92 
0.-12431 
0.57115 
J. 53-115 
0.27972 
o.:6954 
J.55349 
J.~8€07 
0.52204 
0.75652 
J.51644 
J.48693 
).3:945 

1 23.767 
1 12.198 

df F 

1 .J""'I ... ..,-, 
.._._ • 0 i I 

1 23.767 

l ,) . : 16 
1 1.618 
1 :: . 9:5 
1 9. 784 
. 14. 900 

0.570 
l 0.027 
: 9. 7 45 
1 4.841 
l 1.000 
~ J.C37 

,'). :J:: 
l 1.288 
l :.:58 
l :.139 
l :.ass 

' ~--., . , __ 

0.000 
o.ooi 

'!?' 

0.000 
0.000 

:.c45 
0.211 
~ ,., o::; 
l,,j ........ ..J 

0.003 
J.000 
0. -154 
0.870 
J.003 
0.033 
J.323 
J. 848 
; . 8 e 3 
0 .:'53 
~.141 
J.l51 
J.156 
).036 

-------------------------------------------------------------------------------
Step " 3 R = 0.947 R-Square = 0.S97 
:'erm e:'l t~ .:-ed: :•::~ 

Effect Coefficient Std Error Std Coef Tol. df F '!?' 

In 

. C~r.stant 
~ :-:1: 3.C3: .666 J.-169 0.38102 33 .H6 O.JOO 
7 x~: 5.387 .396 o.:8 7 0.45492 l 14.900 0.000 

19 .. ..,, 
,\I.., 6.185 .187 0,332 0.clS5: l 27 .136 0.000 

:::uc i?art. ,:vrr. 

~ :-:o 0.014 0.:rn756 l ,). 008 o.9:s 
4 Xl3 0.140 0.73596 1 0.800 0.377 
5 Xl5 0.300 0.56902 1 3.965 0.053 
6 :■::1 0.303 0.30327 1 -L052 0,051 
~ :-:.:;3 0.060 0.-ll731 1 0 .14-l 0.707 ~ 

9 •• ,., 1 
.\_-, 0.014 0.56809 l 0.008 0.930 

10 X32 0.219 0.37558 1 2.006 0.164 
11 :03 0.104 0.21603 l 0.441 0.510 
12 X34 0.077 0.26143 1 0.237 0.629 
: 3 X35 0. 032 J.55347 l 0. 040 0. 8-13 .. ~, ••"""O .... .,v -0.035 0.98588 ' 0.050 0.824 .I. 

:5 ·• ◄ "'I 
.·."1- 0 .114 0.51014 1 0.527 0. -l7: 

16 X52 0.057 0.66190 1 0.132 0.719 
17 X62 0.057 0.45578 l 0.130 0.721 
lS :-:63 0.106 0. 45-lSo 1 0.452 0.505 
:o xs: 0.333 0.31782 l 4. 992 J.031 

-------------------------------------------------------------------------------
Step ij 4 R = 0.953 R-Square = 0.908 
Term entered: X81 

Effect Coefficient Std Error Std Coef 
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Tol. df F '!?' 



In 

l Constant 
3 Xl~ 7. 46::: 1. 864 0.364 0. 27756 1 16. 034 0.000 
7 .. ...,..., 5.174 :.336 0. :::15 o . .;5:::co 15.008 0.000 .\ __ . 

:9 ... ~., 
.\, I - 5. :10 : . ::: 31 0.:::14 0.52410 1 l 7. :::::: 5 0.000 

:::a X81 3.836 1. 717 0.190 0.31782 1 4.992 0.031 

Out Part. Corr. 

,, :-:o -0.007 J.:rn395 l a. oo::: 0. 9155 -
-I Xl3 0.065 0.69310 1 0.166 0.686 
5 Xl5 0.289 0.56460 1 3.541 0.067 
6 x:::1 0.:2:! 0.27327 1 2. 018 0.163 
8 X23 J.165 J.3866-1 1.097 0.301 
9 :-::::-1 -J. l.O l J. 51:::05 l J. -10 3 0. 5:::9 

:-::;: J • \J., C, 
... ... .- .... - - :."7'73 • '0 V • -\.J-\j\J \.J. uV .._ 

11 :03 0. 0:::9 0.20435 1 0.034 0.955 
',, 
.l.- X34 0.138 0.24080 1 1. 433 0.238 
13 X35 0. 024 0.55310 1 0.023 0.880 
l4 :08 -,J. J77 J.97384 .l. o.:33 o. c3: 
:s :<42 o. :::Jc o. -165:::o , :.309 0.137 . 
16 :<52 0.103 0.65291 l 0.417 o. s:2 
17 . , -"' .: .. o_ 0.039 0.43405 1 0.058 0.811 
18 X63 0.099 0.45426 1 0.389 0.537 

-------------------------------------------------------------------------------

Dep Var: PPF N: 45 Multiple R: 0.953 Squared multiple R: 0.908 

Standard error ~f es:imate: :.790 

Effect Coefficient Std Error Std Coef Tolerance t p (::: Tail l 

CCNSTANT 7-l. 938 iJ. :368 ,J. 000 8-5. 305 0.000 
x1: ., 1 ... .., 

'. ~0- 1. 86-l ,J. 3 64 0. :"78 ·l.004 a.coo 
:-::: 5.174 1. 336 0.275 0.453 3.874 0.000 
X71 5.110 1. :31 0.274 0. 5:::4 4.150 0.000 
X91 3.836 1.717 0.190 0.318 : . :::34 0.031 

Analys::.s of Variance 

Source Sum-of-Squares df Mean-Square F-ratio p 

Regress1on 3092.205 -I 773.051 99.:80 0.000 
Residual 3:1.-163 .;o 7.787 
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Appendix 7 

Summarized Project Data 

Backward Stepping 
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0.949 R-Square = 0.900 

Effect 

In 

: Cc•r:star.t. 
~ LP 
3 :Cl 
4 LS 

8 LSAF 
9 :<81 

nor.e 

Coefficient 

-l. llo5 
2. 795 
3.422 

-,).301 
-l.383 
-: . .J08 

1. 162 
3.207 

?art. ,:orr. 

Je~endent Variable ?Pf 

Std Error Std Coef 

1.080 0. 524 
:.ooo 0.145 
0.915 0.447 
J. ,575 -G.040 
0.708 -o. :s3 
! . o.;: -0.:61 
0.825 0.158 
1. 993 0.158 

!-!i.nimum t:2.erance fer entry into model= J.000000 

Tol. df f 

0. 14641 . ::.4. 5: 3 
0.25613 1 1. 952 
0.19385 l 13.994 
0.35141 .. 0.199 
0. 3::_4,59 l 3.81: 
0. :1727 l 5.337 
0.22049 1 1. 983 
0.28558 1 2.588 

Backward stepwise regression with F-to-Enter=4.000 and f-to-Remove=3.900 
Step" : R = 0.949 R-Square = C.900 
Term removed: LC 

::r:ect 

In 

: LP 
3 x:: 
.; :..s 

8 LSAF 
- :•::3:. 

5 LC 

:S<::ep II ~ - R = 
:er:n removed: 

:'.ffect 

In 

- Constant 
~ LP 
3 x21 
4 LS 
6 1,,;, 
7 !.CCM 
9 :•:8 l 

Out 

-5 T~ ....... 
8 '-SAF 

,:cetf icient 

3. 921 
: . 769 
: . 4 0 ! 

-1. 323 
-: . .J49 

l.071 
3. 339 

-0.074 

J. 94 o5 R-Square 
:.SAF 

Coefficient 

3.960 
2. 778 
3.483 

-0.895 
-1.905 

3.979 

Part. Corr. 

-0.017 
0 .217 

= 

Std Error Std Coef Tol. df F 

0.977 J.-199 0.17514 lo. 1 :.1 
:.978 0.144 o.:5-534 :. . 9o50 
0. 904 ,).444 0.19437 • ' 1 .... 

- "'t • -~Cl 

0.688 -0. 17 5 0.32645 1 3.699 
:.o:, -0.2i;5 o.:::s91 5.681 
0.791 0.146 o.:34c9 1. 834 
:.950 o.:65 iJ.:9:oo . 2.934 

0.35141 1 0.199 

0.895 

Std Error Std Coef Tol. df f 

0.986 0.492 0.17551 l 15.312 
1. 999 0.144 0.25634 l 1. 930 
0. 911 0.455 0.19526 l 14.612 
0.618 -o .119 0.41366 l 2.100 
0.956 -0.206 0.25832 . 3.971 
l.91: 0.197 0.310:6 l 4.330 

0.37404 l 0.010 
0.23469 1 1. 834 

Ip I 

0.001 
0.171 
0.001 
C. o558 
O.C59 
0.027 
0.168 
0 .116 

Ip I 

J.000 
0.:10 
!) . ,JC l 
0.062 
C .. o:: 
0. 18 4 
C.095 

0.658 

'P' 

0.000 
0 .173 
0.000 
0.156 
0.054 
0.044 

0. 919 
C. 184 

-------------------------------------------------------------------------------
Step# 3 R = 0.943 R-Square 
Term removed: X21 

0.889 
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In 

l C•:r:stant. 
.., LP -l.302 -
' :.s 3.772 ., 
6 LQ -0.975 
7 LCOM -1.922 
9 XSl 4.931 

Jut ?art.. .:err. 

-3 .. .., ., 
·'-- .i a.::o 

5 LC -0.010 
8 LSAF 0. 213 

0.945 0.548 
0.898 0.493 
0.625 -0 .116 
0.967 -0.208 
l. 832 0.239 

,) .19582 
0.20600 
0.41389 
0.25837 
0.34589 

0.25634 
0.37435 
0. :3469 

1 
1 
1 
1 
1 

l 
1 
1 

.:o. 720 
17.659 

1.960 
3.951 
6.951 

1. 930 
0.004 
1. 801 

,l.000 
0.000 
0 .169 
0.054 
0.012 

0.173 
0.951 
0.188 

Step# 4 R = 0.940 R-Square = 0.884 

Effect Coefficient Std Error Std Coef Tol. df F 'p' 

In 

l Cc~s~ant 
~ L? 3.573 J.798 tJ. 4 5 5 o.:so96 :0.033 a.coo -
4 LS 3.831 0.907 0. 50 l 0.20645 1 17.92 6 0.000 
7 LCOM -2.099 0.970 -0.227 0.26284 1 4. 680 0.037 
9 :<S l s.:e~ : . 8: ,5 0. 2 61 0.35,588 l 8.371 0.006 

:·~~ ?ar':. :c.::-. 

-3 :-:21 0.209 0.25649 1 l.7S7 0.199 
5 LC C.008 J.37693 ' 0.003 0.959 . 
,5 =-·~ -0.219 ,J.41389 l 1.900 J.1139 
2 . ~- -_ _.,M.: 0.084 o.:974-1 o.:7c ' .. •"'\.., u.ov _ 

-------------------------------------------------------------------------------

De;:, Var: P?F N: 45 Multiple R: 0.940 Squared multiple R: 0.884 

Stanaara error of est:mate: 3.144 

Effect Coefficient Std Error Std Coef Tolerance t p (2 'rail) 

CONS':'.11.!.T 67.o,s: l. 914 0.000 35.028 'J. 000 
LE' 3.573 J. '7 '.:18 J . .;55 J.:s1 "t. "t70 ,: . ~OJ 
:s 3.831 0.907 ,J.501 J.:oc ' 

.., .., .., J.000 ~----
:.c::M -:.099 J.9"70 -0.:21 J.: '53 -: . :.s 3 J.037 
X81 s. :;s2 1. 826 0.261 0.357 2.893 0.006 

Analysis of Var:ance 

Source Sum-of-Squares df Mean-Square F-ratio p 

Regression 3008.:81 4 75:.070 76.084 0.000 
Residual 395.387 40 9.885 
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Appendix 8 

Summarised Project Data 

Fonvard Stepping 
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Step II 0 R 0.000 R-Square = 0.000 

Effect Coefficient Std Error Std Coef Tol. df F 

.:.!1 

- C-:nstant 

i::ut ?ar::. C-Jrr. 

' -C-
"" 0 1 0 :..JOOCO ::o.~:5 - \J • .... ""tu 

3 x:1 0.840 1.00000 1 102.746 
4 LS 0.875 1.00000 1 140.176 
:J C. ci..34 :..J,J:JJ:J ~ 33 .%3 
'C :..\~ 0.527 l. coooo : :.6.548 
~ :..,:-:M 0.693 :..JOOOO 39.653 
s LSAF 0. 1 23 1. 00000 l 47.014 
9 ·,10 1 

•• u - 0.833 1.00000 l 97.396 

:epende~t ~ar:able ??f 
~i~i~~m :2:erance f~r entry i~=J ~ode! = 0.000000 
Forward stepwise regression with F-tc-Enter=4.000 and F-to-Remove=3.900 
SLep ~ : R = C.:~5 R-Square = 0.765 
:erm entered: LS 

Effect 

:: :::s :ant 
'1 :.s 

3 :{:: 
5 :..c 
6 LQ 
7 LCC:!-! 
8 LSAF 

Coefficient 

6.c93 

0.544 
~. -t 9::l 
,J. :: 1. 
0.126 

-0.050 
0.:::1 
J.507 

Std Error Std Coef Tol. df 

J.5c5 :J.::375 :!..J0000 

0.38901 
~.3"7395 
'J.55304 
0.70408 l 
o.34Ese 
0.44976 
.J . .; ,JO 4 0 

Step II 2 R = J.914 R-Square 0.335 
:er::i en:-.ered: LP 

Effec: ::ef:i.cient .'.:t.J E::-ror Std i:cef :',:,1. df 

In 

7 C,:instant 
0 :.? "l 1 • - J.790 J. -.:: U.JS:31Jl _.. _. J.0 

.j ~s .J. 168 0.770 0.545 0.38901 l. 

Out Part. Corr. 

-3 ;.:21 0.322 0.28834 1 
~ '-'- -0.099 C.39514 1 
~ 

- ., -0.311 0.44026 1 _.,, 
~ L,:CM -0.388 0.27834 , -
8 LSAF -0.028 0.35606 1 
9 X81 0.464 0.37793 l 

f 

P .614 
:.J. S 3 0 

.., 1 '""' - • _.'1 I 

0. 67 9 
0.105 
:.:ss 

, ' c;-- 1 .. 1. _.:::, ... 

F 

17.614 
29.314 

4.756 
J.402 
4.399 
7.:'71 
0.032 

11.258 

'P' 

J. coo 
0.000 
0.000 
C.000 
0.000 
0.000 
0.000 
0.000 

, P' 

0.000 

0.000 
,J. UC l 
0.150 
0.415 ,, ..,, , .... 
\.I• I "1' 

0.135 
1J • \J cu 

'P' 

J.000 
0.000 

0.035 
0.530 
0.042 
0.010 
0.858 
0.002 

-------------------------------------------------------------------------------
Step~ 3 R = 0.933 R-Square = 0.870 
Term entered: X81 

Effect Coefficient Std Error Std Coef 

In 

1 --------
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2 LP :.736 0.729 0.348 0.36718 1 14.089 0.001 
4 LS :.790 0.803 0.365 o.:8729 1 12.070 0.001 
9 :-:81 6.:14 l. 852 0.307 0.37793 1 11.:58 0.002 

Out Part. Corr. 

-3 :,:: 1 0.201 0.25651 1 1. 690 0.201 
5 LC -0.051 0.38991 1 0.106 0.747 
6 LQ -o.:n 0.42105 , :.€09 J. l 14 -- LCOM -o.3:4 0. :6:84 l 4. 680 0.037 
g LSAF -0.058 0.35518 1 0.134 0. 716 

-------------------------------------------------------------------------------
Step~ 4 R = 0.940 R-Square = 0.884 
7erm entered: LCOM 

Effect Coefficient Std Error 

:n 

- - - r' - ► - - ► ..._,_,.1.:, ... a ..... 
1 LEl 3.573 ,J. 7 98 -
~ ::..s 3. ;3 31 0.907 - :.cc:-1 -2. ]99 :J.970 
9 :<81 5.282 1. s:6 

,Ju: Part. c.:irr. 

-3 :-:21 0.209 
5 LC 0.008 
6 LQ -0.219 
g LSAF 0.084 

Std Coef Tol. df F 'P' 

0.455 0.28096 l 20. 0 33 0.000 
0.501 c.:0,5.;5 1"7.820 J.000 ., ,.,,,.., 

-1.,.. -- • 0.20::84 4.680 ,J. ,)3: 

0.: 61 0.35688 ' 8. 371 0.006 .. 

0.25649 l. 1. 787 0.189 
0.37693 l 0.003 0.959 
0.41389 l 1. 960 0.169 
o.:974-l .. o.:76 c.oo: 

-------------------------------------------------------------------------------

::er, '.'ar: F?F 

Adjusted squared multiple R: 0.87: Standard error of estimate: 3.144 

Effect 

CONSTANT 
LP 
LS 

Regression 
Residual 

,:~efficient .3td Error 

67.062 1.914 
3. 57 3 0.798 
3. 8 31 0.907 

-2.099 0. 970 
,. .., 0., 
:i. -v- :.326 

Analysis of 

Sum-of-Squares df 

3008 . .281 4 
395.387 40 

Std Coef :'olerance t ;: (2 

0.000 35.028 
0.455 0.281 4.476 
0.501 0.206 4. 2:: 

-G. ::7 J.263 -: .163 
0.261 J.357 :.:393 

Variance 

Mean-Square F-ratio p 

752.070 76. 084 0.000 
9.885 
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Appendix 9 

Schedule Performance 

Backward Stepping 



Step it 0 R 0. 924 R-Square = 0.855 

Effect Coefficient Std Error Std Coef Tol. df E' 'P' 

In 

~ Ccr.st.ant 
2 :•:O -2. 102 a. 113 -0 .262 J. 71017 l 8.687 J.007 
3 .... ~ .., 23.723 6. 680 1.:77 J.05092 1:.010 iJ.JO: 

4 :-:: 3 0.203 -I. 5 5 4 a .. Jo6 .J.: 9"7 3 :'.. o.oo: ,J. 9C 5. 

5 Xl5 7. 987 3.094 0 .414 0.:1760 1 .. - .. ,, 
o.oo_ 0.016 

6 :Cl 7. 697 4.100 0.407 0.11868 1 3. 5:-1 0. o,: 
7 :ll::: 1.416 3.6:1 0.077 0.14517 1 0.153 J.699 
8 x:3 -3.:30 3.940 -0.156 0.15353 1 0.67: J. 4:0 
9 x:4 14.790 6.439 0.391 0.l.9:48 5.275 J. 030 

10 X32 9.812 -1. 346 0.494 0 .11691 1 5.097 0.033 
11 :0:33 -18.865 5. 719 -1.0:: 0.058:0 l 10.882 J.003 
12 :,:3.; 1. 534 3. 813 0.090 0.11229 l 0. 16: 0.691 
13 :o5 8.873 3 .137 0. -159 0.:1191 l 7 .:H9 0. 009 
.. -1 .~"t- 0. jci6 : . ;:0 \J • U-J. C.~;iSi U. U ~ 0 .: . :iC ~ 
15 X52 2. 321 4.091 0.1:0 0. 1:4 6.'.; 1 0. 322 0.575 
lo .. - ,, 

.... o_ -15.922 6.515 -0.681 o.,J7209 1 5.973 a.a:: 
17 :•:.S 3 l.606 3. 041 0.097 J.17726 l 0.300 1 ... V 0 .., .::i ....... 

lS :-:71. -13. 790 -I. 1-15 -,).753 0.10905 ll.J71 J. J1J 3 
19 :•:9 l -:.~:3 -1. 994 -,J. ~== J.J:3855 J.: 3 5 " ... 1 .... 

J • C _,_ 

Out Part. Corr. 

nrJne 

-------------------------------------------------------------------------------

Dependent Variable WSPE' 
Minimum tolerance for entry into model= 0.000000 
Backward stepwise with Alpha-to-Enter=0.150 and Alpha-to-Remove=IJ.150 

Step ij 1 R = 0.924 R-Square = 0.855 
Ter~ removed: Xl3 

Effect Coefficient Std Error Std ~-=e~ Tol. df . 'pt 

In 

-1 Constant 
: XO -:.lUi ,).699 -J. 261 \]. 7 l: 30 .. ~. J:.; J • 'J 1_, '".J 

3 .. , ., -~·- :3.695 6. 52 8 :.175 0.J5136 ..... 1 ..,.., 
• .J. ~ I I J.Jo: 

5 :us ; . 9€4 :.994 0. -I 13 o.::3s; -.)76 ~. ) : 3 
6 X21 7.712 -1.011 0.408 0 .1194.'.; l 3.696 0.065 
7 :-::::: 1.416 3.553 0.077 o.:4517 .. 0.159 2.C9~ 
8 :-:: 3 -3.:17 3.855 -0.156 0.15449 '.J.69E J.4:l 
9 x:4 14.95: 5.:11 0.396 J.:8310 :3. '.;35 O.J0:3 

l0 :o: 9.843 4 .: 1.1 J. 4 95 J .11990 ... 1 - , 
::, • ;O; ,J. J: -

!. l .. , -, 
... _ j -18.8"79 5. -3C 4 -1. J: 3 0.J583"7 : : . 3-19 J. ]8: 

12 X34 1. so: 3.674 0.088 0.11645 1 0.167 0. 686 
13 X35 8.894 3.046 0.460 0.21649 : s. s:-i 0.007 
14 :-:4: 0.369 2.864 0.022 0.191€1 l 0.017 .'). ~99 
15 :<s: 2. 322 4.015 0.1:0 0.1:462 l. 0.335 0. 56:3 
16 ...... ,., 

.\0- -15.885 6.3..! -0.679 0.073'.;7 1 r5. :75 0.019 
17 X63 1. 676 2. 976 0.09:3 0 .17827 1 0.317 0.578 
18 :<71 -13.777 4.058 -0.753 0.10957 1 11.s:9 a.co: 
19 :-:8 !. -2.436 4.888 -0.123 0.08904 1 o.:4s 0.E:: 

Out Part. Ccrr. 

-4 :-:13 0.009 .J.:97 31 .J. JC: : . 9,:5 
-------------------------------------------------------------------------------
Step# 2 R = 0.924 R-Square = 0.855 
Term removed: X42 

Effect 

In 

C-:efficient Std Error Std Coef 
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1 Constant ,, XO -2.111 0.683 -0.263 0. 7:015 l 9.559 0.00-l -
3 x1: :-1. 09-l 5. 6-16 1. 195 0.066:5 l 18.:13 0.000 
5 :us 8.091 2.776 0.419 0.25123 1 8.495 0.007 
6 X21 7.950 3. 494 0. 421 0.1518-l 1 5 .17 6 0.031 
7 :c2 1. 640 3.045 0. 089 0.19079 l o.:so 0. 59-l 
8 :{: 3 -3.065 3.606 -0. l-18 0.1'7032 ... o.,:: 0. -103 
9 :-::4 1-l. 900 s.:.o: 0. 39-l 0. :8485 8.5:7 !J.C07 

10 X32 9.768 4.097 0.491 0.1:229 l 5.686 0. 0:-1 
11 X33 -19.208 4.895 -1.041 0.07380 l 15.396 0.001 
12 X34 1. 509 3.609 0.088 0.11648 1 0.175 0.6'79 
l3 X35 9. 039 2. 778 0. -168 0.25109 1 10.5:35 0.003 
15 X52 : . -150 3.:3:l 0. 1:7 0.13279 l O. -Ill 0. 5:7 
16 X62 -16.315 5. 292 -0.697 0.10149 1 9.503 0.005 
17 X63 1.600 2.864 0.093 0.18565 l 0.312 0.581 
18 :01 -13.88: 3.904 -0.758 0.11419 l 1:. 6-l 4 o.oo: 
19 ••,:;1 .\....; ... -:: . -107 4. 795 -0.1:4 O.JS92o ;. J. :cs J.o:: 

Out ?art. C1Jrr. 

-4 Xl3 0.009 0.29745 l 0.002 0. 96: 
14 :-:42 0.025 0.19161 l 0.017 ']. ~ 99 

-------------------------------------------------------------------------------
Step ~ 3 R = 0. 9:4 ?--Square = 0.854 
Ter:n removed: X34 

Effect Coefficient Std Error Std Coef Tol. jf : I pt 

!n 

' ,:cnsta~: . 
: XO -.:.us .J. 007 -,J. 267 o. 732-lo :J. J '51 J.JC3 
3 :-::: 23.607 5.-l-15 :.171 J.Jc919 ~ Q -, Q :::-_ 

• .J • I ... _,. J.JOO 
5 :-::s 1. 9,s: . ·::1 , ,, ,, J. :s-n,s 3.573 ') , '., - . J. "1 ·- • v·J 

6 x21 8 .131 3.-llS 0.430 0.15421 l 5.660 0. 02-l 
7 x2: 1. 674 3.000 0.091 0.19093 . 0.311 0. 5:3 l 
s :c 3 -2.557 3.347 -J.12-l J.1::;.:13 ,) . 5:3-l J. -l 51 
9 x:-1 :5.280 .J. 9.J9 o . .;o.; "'I , Q, .... .., .... -...... __ 9. 53-l 0. ~0-i 

: ') :02 9. -l ,J 4 3. ·~..; 5 J . .; ~ 3 ~. ::::~89 5. '3 8: "', ~ n • 
- • .J ... "1 

11 X33 -18.337 4. 366 -0.994 0.0901.5 17.640 0.000 
13 X35 9.087 : . 73ti o.-no 0.25151 ' :1.029 o.oo: . 
15 X52 :.458 3. it3'5 0.127 0.13279 l 0. 42 6 ,J.:: 9 
16 Xo2 -lo. 7 38 5.::J -0.716 0.10534 l :o. '5:3 ,5 J.:JC3 
:_7 :<63 l. 979 "I .. ..,0 ,) . :: 0 ,J. :0,533 . ,) . 54 6 J . .; '56 - • 0 IV . 
19 X71 -12.795 2.871 -0.699 o.:os2: l 19. e 69 ,). 000 
19 :-:81 -2.835 4.646 -0.1-13 0. J9:3::l :. 0.372 0.5~C 

Out ?art. Corr. 

.; x:3 -0. ,J ,JC .J.3C:43 ... "' ... , 
., • 'j C ,J •• ..,1., ... 

12 X34 0.079 0.11648 l o.:75 0. 67 9 
14 :-:..;2 0.026 0.19165 l O.Ol9 o.ss: 

-------------------------------------------------------------------------------
Step i:J ' R = 0.923 R-Square = 0. :J 5: .. 
Term removed: . . ..,,, 

.\--

Effect Coefficient Std Error Std Coef Tol. df F IP' 

In 

- c ::i:1s tar.t 
2 XO -2.079 J. 6-18 -0.259 0.'75892 l.0.288 0.003 
3 .... .., ...... _ 23.667 5.381 l. 17 4 0.06922 l 19.343 O.JOO 
5 •• 1 " ., .... ::, 7.6-16 : . ,s:g 0.396 o.2.s5es l 8.459 0.007 
6 x21 S.335 3.359 0.441 0.15598 1 6.157 0.019 
8 X23 -2.578 3.308 -0.125 0.19215 l 0.607 0.44: 
9 x2.; 15.641 -l. 850 a. 414 o . .:9931 l 10.-101 0.003 

10 X32 10.423 3.457 0.524 0.16303 l 9.091 0.005 
11 X33 -17.649 4.140 -0.957 0. 09797 1 18.176 0.000 
13 X35 8.577 2.549 0.444 0.28309 1 11.320 0.002 
15 X52 1. 740 3.498 0.090 0.15035 1 0.247 0.623 
16 X62 -15.657 4.685 -0.669 0.12295 1 11.169 0.002 
17 X63 2.466 2.502 0.144 0.23089 l 0. 971 0.332 
, 0 v..,, , ,, . .., " ,, ..,..,0 " r.'O't " "'\ .. . 1 f\ .: "" .. .1r. " """ 
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19 X81 -3.851 4.225 -0.194 0.1091-l 1 0.831 0.369 

Out Part. Corr. 

-4 Xl3 -0.005 0.30846 1 0.001 0.980 
7 :c2 0.103 0.19093 1 0. 311 0.581 

12 X34 0.081 0.11.656 1 0.192 :J.i:65 
14 :<42 0.073 o.:5200 l 0.155 0.697 

-------------------------------------------------------------------------------
Step It 5 R = 0.922 R-Square = 0.851 
Term removed: X52 

Effect ccefficient Std Error Std Coef Tol. df F Ip I 

:!: :1 

l Constant 
2 :<O -2.060 0.639 -0.256 0.76147 1 10.390 0.003 
J :: . ;;:.; J.:~o ........ ~,.. ,.. .. 

l -v. •.:J"'t ..... _ • • J.J I V •VI JU.I. \,J. vuv 

5 Xl5 7.387 : . 54 5 0.383 0.27678 1 8 . .;: 3 0.007 
6 X21 8.351 3.318 0. 442 0.15599 l 6.335 0.017 
8 :.:23 -2.722 3.255 -0. 132 0.19364 1 0.699 0.409 
9 X24 16.219 4.651 0.429 0.31756 l l:.101 0.001 

lJ :o: 10. 719 J. Jo4 0.539 0.16799 l l.J. 15 3 J.J0J 
:1 X33 -16.394 3.305 -0.916 0.::31.,3 ;_9. 7: 7 J.J00 
:3 :-:35 3.'339 "'I c:. 1 .. 

- • ~. 'J 1J .4·P o.:3375 : : . "7 95 J. JC: 
16 . ., ,..., .. c_ -14.219 3. 642 -0.609 0.19851 1 15.243 0.000 
17 :0:63 3.176 2.030 0.185 0.34232 1 2.449 J.1:8 
18 .. .., ~ 

.\ I J. -12.396 2. 7 40 0 ---, 
- • 0 I I 0.21467 1 20.462 J.J00 

!3 :\8 l -4.784 3. 739 -Q ":.;: o.:3594 , l. '337 J. 2:.: . 
Out Part. Corr. 

-4 :<13 -0. 004 0.30849 1 0.000 0. 982 
7 :c2 0.J66 0.21'317 J. 1.2 9 J. ;::: 

12 :04 0.080 0.1:.650 .:. ,J. 195 ,J. cc: 
14 X42 0.078 0.25290 1 0. 18 3 0.672 
15 X52 0.090 0.15035 1 o.:47 J. 62 3 

-------------------------------------------------------------------------------
Step ff 0 R = J. 921 R-Square = 0. 8.J7 
Term remo1:ed: :-::J 

Effect coefficient Std Error Std Coef Tol. df F t?' 

In 

-1 Constar.t 
2 XO -2.183 0.619 -0.2,2 0.90418 l :.2. 441 o.oo: 
3 x12 20 .116 3.829 0.998 0.13213 : 27.598 0.000 
5 Xl5 6.544 2.326 0.339 0.32828 l 7.914 0.008 
6 X21 8.009 3.280 0.459 0.15808 , o.985 0.013 .l. 

9 :\: ... lo.396 -l.'524 0. 43-1 0.31822 . ::.573 a.Jo: 
:o :02 9.648 3.096 0.485 0.!9647 l 9.7:: J.oc.; 
11 :,:33 -15.965 3.'522 -0.865 0.12371 l 19.432 0.000 
13 X35 8.376 2.484 0.43-1 0.28826 1 11.371 0.002 
16 .. ~., .. c_ -14.657 3.587 -0.627 0.20270 l lc.695 0.000 
17 :-:o3 3.051 2.015 0.178 0.34418 1 2.293 0 .1-10 
18 :<71 -12. 135 2. 710 -0.o63 0.21750 l :0.056 0.J00 
19 X81 -3.490 3.388 -0.176 0.16404 1 1.061 0. 311 

Out Part. Corr. 

4 Xl3 -0.008 0.3086S 1 0.002 J. 960 
7 :c:2: 0.062 0.21625 1 0 .119 0.732 
8 X23 -0.149 0.19364 1 0.699 0.-109 

12 X34 0.025 0.13160 1 0.019 0.892 
14 X42 0.032 0.27437 l 0.033 0.858 
15 X52 0.102 0.15150 1 0.326 0.572 

-------------------------------------------------------------------------------
Step It 7 R -= 0.918 R-Square = 0.842 
Term removed: X81 
,.. .. ___ ---••.; -~ --- ,. _ _, ""---- ...... ---· '"-, .. ., 

'"' 
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In 

1 Constar.t 
" :-:a 
3 :u2 
5 :-:is 
6 X21 
9 :-:24 

10 :02 
11 X33 
13 :os 
16 X62 
17 X63 
18 Xi l 

Out 

-4 :,:13 
7 x:2 
8 :.;:3 

1: :0-1 
14 :<-l2 
:5 :•:52 
19 XSl 

-2.301 
18.619 

6.923 
7. 576 

14.038 
7.929 

-15.186 
8.219 

-13.306 
2.919 

-12.121 

i?art. Corr. 

0. 006 
o .112 

-0.059 
0.089 
J .10-l 
,).: 70 

-0. 17 9 

0.609 
3.546 
:.299 
3.107 
4.022 
2. 610 
3.5-l5 
2.481 
3.342 
2.013 
2. 712 

Step ff SR= 0.912 R-Square = 0.832 
Term removed: X63 

-0.286 0.83251 
0.924 0.15-137 
G.359 0.33669 
0.401 0.17656 
0.372 0.42149 
0.399 0.27685 

-0.823 0.12935 
0.-126 0.2893-l 

-0.569 0.23399 
0.171 0.34557 

-0.662 0.21750 

;J. 31037 
0.23751 
0.23366 
J. 15252 
0.3331:3 
J. :89'"17 
0 .16-104 

l l-l.'.::78 

9.0137 
l 5.947 
1 12.180 
1 9.227 
l 1:3.350 
l 10.971 
l 15.854 
1 2.104 
l 19.975 

l 
l 
1 

l 
1 

0. 001 
0.404 
0 .111 
o. :s-1 
:J. 351 

1.061 

Effect 

In 

Coefficient Std Error Std Coef Tol. jf F 

-1 Constant 
2 XO 
3 :<12 
5 Xl5 
6 X21 
9 :c-1 

10 :02 
11 :03 
13 X35 
16 X62 
18 X71 

Out 

-4 Xl3 
7 :-::: 

8 X23 
1: X3-l 
14 X42 
15 X52 
17 :-:.s 3 
19 X81 

18.950 
7.310 
6. 1:3 

8.003 
-13.0:6 

8.568 
-13.598 
-10.99-l 

0.011 
0.140 

-o .o.n 
0. 1'58 
0.102 
0.266 
0.245 

-,J .158 

J.,5~5 
3.596 
2.320 
3.100 
3. :.)9-l 
2.652 
1 .., .... 
~ ._o:io 

2.510 
3.389 
2. 6-lO 

Step# 8 R = 0.919 R-Square = 0.844 
Ter~ entered: X52 

- ,). 2 7 -l O . 3-l:: -le 
o.940 o.~5501 
0.379 0.34130 
0.356 0.19313 
J.339 J.-l-llll 
0.-103 0.276% 

-o.7o5 o.:s131 
0.444 0.29208 

-0.581 0.23485 
-0.601 0.23697 

0.31052 
0.24170 
0. '.;3406 
0.1 7 5 1)7 

0.33318 
0.25516 
0.34557 
0. lo470 

l 
1 

1 

1 
1 

1 
l 
1 
l 

27.777 
9.927 
4.704 

lJ.: s:: 
:1.107 

:. 5. ~ 8 5 
11. 655 
1'5.096 
:7.339 

0.004 
0. ,55,;; 
,J. 07 3 
,) . 96 i 
0.344 
:: . 519 
:: . 10-l 
0. 8-13 

Effect Coefficient Std Error Std Coef Tol. df 

-1 Constant 
2 XC 
3 :u: 
5 Xl5 
6 X21 
9 X24 

10 X32 
11 X33 
13 X35 
15 X52 
., r. vr..., 

21. 793 
7.600 
7. 763 

13.477 
8.410 

-16.598 
8.355 
4.168 

0.602 
3.948 
2.277 
3.103 
3.931 
2.607 
3.912 
2.459 
2.627 
A -, ..,., 

-0.276 C.84232 
1.081 0.12308 
0.394 0.33909 
0.411 0.17496 
0.357 0.43603 
0.423 0.27428 

-0.900 0.10497 
0.433 0.29121 
0.216 0.25516 
n ""'fC A n , AOl'\1 
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1 13.571 
1 30.471 
1 11. 137 
1 6.259 
l ll. 755 
1 10.404 
l 17.999 
1 11.544 
l 2.518 

0.001 
0. 000 
0.005 
0.020 
0.001 
0.005 
0.000 
0.002 
0.000 
0.156 
0.000 

1). 975 
0.529 
0.741 
,J.dS 
0.558 

0. 311 

'p• 

J.001 
0.000 
0.003 
0. 03-;' 
J.J83 
0.005 
J.JOO 
0.002 
0,0GJ 
0.000 

0.951 
0.42-l 
J,-;'89 
.) . 3 3 -I 
0.561 
0.122 

J.365 

IP' 

0.001 
0.000 
o.oo: 
0. 017 
0.002 
0.003 
0.000 
C.002 
0.122 



18 X71 -11. 332 2.637 -o.o4o 0.22745 1 20.139 0.000 

Out Part. Corr. 

-4 Xl3 -0.001 0.30992 1 0.000 0.996 
7 X22 0.164 0.24059 l 0.884 0.354 
8 :<:?3 -0.0:32 0.23071 l 0.219 0. 6-l 3 

12 :0-1 J. 093 0.16005 l 0.310 0.532 
::.4 'I,""' J.055 0.32158 , 

Q. J96 1J.-:' 5 8 •• "1 - -
17 X63 0.132 0.25702 l 0. 571 0.455 
19 :-:s1 -0.070 0.14402 l 0.159 0.692 

-------------------------------------------------------------------------------

!Jep Var: WSPf ~= 45 Multiple R: 0.919 Squared multiple R: 0. 8-14 

... -,..:. ··~ ► ~ 4 3q:.:J::-c:i _,,., .. .;_,:'"'I R: (]_;9: ~ ~..1~:i.J!':! c---- -· cr•"-2 ... c· , a·v1 
~ .... j ... ~ .... i.= .... .u ............ t-'-1,.; 

Effect. Coefficient .Std Error .Std Coef 'I'olera:1ce ::. ? (2 Tail I 

CC'NS:'.~ .. 'l':' l 4. 53 .J :.ao: 0.000 :::. .. 0'"" 1J. JOO .... _ .... ' 

XO _., .,, .., 
~•-•I 0.602 -0.276 0.842 -3.o34 0.001 

Xl2 21.793 3.948 1.081 0.123 5. 520 0,Q00 
Xl5 7.600 2.277 0.394 0.339 3. 3 37 o.oo: 
X21 7. 703 3.103 J.Ul Ll .175 :.so: 0.Jl7 
:-::4 13.-17' 3. :331 0.357 J. -l36 3. -129 ,J. JO: 
X32 8.410 :.007 0.423 0.274 3.226 0.003 
X33 -16.593 3.912 -0.900 0.105 --l. 2·D a.coo 
X35 S.355 2.459 0.433 0.291 3.398 iJ. 002 
X52 -l .16:3 2.627 ,) . 216 0. :55 l.:i:l7 J. 1:: 
:{62 -:.1.c:s 4. l 7i -,J. 75-l 0. l-l S --l. 220 J. QJ:J 
:01 -::.sJ: 2 . .sr -i). 646 ' 

., .,., -4. ;se :J. ,:: 0 0 .J. --

Analysis of Variance 

Source :31..lJ:1-of-Squares df !-lean-Square :-rati-:i ? 

Regression 2771. 913 11 251. 993 , .. .., -.., 
-0 ... o .. 0.000 

Residual 511.374 33 15.496 
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Appendix 10 

Cost Penormance 

Backward Stepping 
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Step I! 0 R J.i07 R-Square = 0. -199 

Effec~ Coeff:_.:ient Std Error Std Ccef Tol. df F Ip' 

In 

-1 Constant 
~ XO : . Oc: 0. 383 0. 33-1 0. il017 l 5. -151 ,] . 0: 3 
1 .. , .., ..... ., _ -12.935 3. 272 -0. 9'55 0.0:09: 1 :.-104 U. :: 9 
-I :-:: 3 -0.,507 5.038 -o. o:7 o.:973: "I "'11.., J. 3: 5 u • .; --

5 :us -7.319 3.831 -0.568 0.21760 , 3. 6-19 0.067 ... 
6 "✓..,, ··- ... 0.216 5.077 0.017 0.11868 1 o.oo: 0. 9'36 
7 :-::: -9.841 -l.484 -0.799 0.14517 l 4.817 0. 0 3-, 

8 :CJ -: . '59-1 4.879 -u.196 0.15353 : J.305 J.5~C 
9 :c-1 7. 49: 7.973 0.: 97 0.19:48 ' 0.383 ,] . 3:,; ~ 

10 :o: :.cso 5. 3 8::: 0. 53-1 1J.::c9: : . ..,30 '].: 2 \j 
11 X33 14.180 7.081 1. 152 0. 058:0 1 ·l.01() 0.056 
12 X34 -7.841 -l. 721 -0.683 0.11229 l 2. i58 0. !.C 9 
13 :05 -6.069 3.885 -0. -Pl 0.21191 ~ : . 4-ll J. : 3 J 
14 :-:-12 7. -!53 3.615 0. 65-l 0.19151 ' ""'C.. 

"1 • - -' C o. c..; 9 
15 :-:5 2 --l. -!94 5.066 -0.3-!9 0.1:-16: o.~s; ,J. 38 3 
16 X62 12.536 8.067 0.803 0.07209 l : . .Jl5 0.13: 
17 :<63 2.547 3.765 0. 22 3 C.177:0 l 0.451 o. scs 
18 :-:-:1 13. 980 5.13: 1. 14 5 0.10905 l 7. 4: 1 J . .J:: 
19 xs: -i. 3:-1 -:: . 15-l -J.552 O.J:3855 : . "t J: 1...:-1~ 

Out Part. C,:,r::-. 

none 
-------------------------------------------------------------------------------

Dependent Variable WCPF 
:-Ii :,imum tolerance for entry i.nto mode;. = O.JOOOOO 
Backward stepwise with Alpha-to-Enter=0.150 and Alpha-to-Remove=0.150 

Step ~ 1 R = 0.707 ;..-square = o. -199 
'I'erm rerr . ..:ved: :-::: 

Effect Coefficient Std Error Std Coef Tol. df Ip' 

In 

1 Ccnstant -,, XO 2.064 1). 8 '55 0.385 0.71275 5.C93 1 ~ ., • - '.J • V-°1 

3 :<12 -13. 045 7.99S -0.970 a. 05245 1 :.ooo 0.1:5 , :c.3 -0.588 5.516 -0.027 0.2991'3 1 O.Oll J. 91'5 .. 
5 Xl5 -7.286 3.680 -0.566 0.22710 1 3.919 0.058 
7 X'".' -9.869 -l.352 -0.802 0.14835 1 5.141 0.032 
8 X23 -2.749 4.612 -0.200 0.16550 1 0.355 0. 55.S 
9 X24 7.376 7.351 0.293 0.21808 l 1.007 J. 32 5 

10 :o: 7.091 5.276 0.535 0.11718 .l. :.300 0. :so 
11 X33 14.294 6.433 1.161 0.06791 1 4.937 0.035 
12 XJ4 -7.818 4.602 -0.686 0 .11380 l 2.886 0.101 
13 X35 -6 .130 3.546 -0.476 0.24488 l 2.988 0.095 
14 X42 7.529 3.152 0.660 0.24257 1 5.704 0.024 
15 :<52 -4.510 4.957 -0.350 0.12535 1 0.828 0. 371 
' -.o 

. .,, .... ,, .. o_ 12.€84 7 .137 0. 813 0.08868 1 3.158 0.087 
17 X63 2.531 3.677 0.222 0.17903 1 0.474 0.497 
18 X71 14.031 4. 897 1.149 0 .11533 1 8.209 0.008 
19 X81 -7.255 5.859 -0.547 0.09500 1 1. 533 0.226 

l'""h,+- o.., .... ,..,.. __ 
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6 X21 0.008 0.11868 1 0. 002 0. 966 
-------------------------------------------------------------------------------
Step " 

,, R = 0.706 R-.5quare = G.-!99 -
Term removed: Xl3 

Effect Coefficient Std Error Std Coef 'I'ol. df F 'P' 

In 

-1 Constant 
2 :-:o 2.060 0.8-19 0.384 ;J.71-ll:3 1 5.890 Q. 022 
3 Xl2 -12.953 7.810 -0.963 0.05306 1 2. 7 51 0.108 
5 :us -7.225 3.571 -0.561 0.23269 l 4.093 0.053 
7 .. ,..,, ,.,. __ -,; . 86-1 -l. 275 -0.:301 0 .14:336 l 5.325 J. J2 9 
8 :CJ -: . 77 9 4.5:~ -0.:02 0.16009 l 0. 37 8 J.5-H 
9 •• ., 1 

···- "1 
c.925 5.906 Q. 275 J.32595 L.375 J.: 5:. 

10 X32 ii. 998 5 .112 0.528 0.12040 l l. 87-l 0.182 
11 :03 1-l. 312 o.310 1.163 0.00795 l 5 .134 0. 0 3 l 
12 :,:34 -7.729 ·l. -!45 -0.1578 0.117€9 1 3. 02 3 0.093 
13 X35 -0.177 3.450 -,J.479 0.24:382 l 3.196 J.085 
14 :<42 7.507 3.J90 :] . i:58 0.2-.3ol 5.9G3 J. 1J:: 
15 X52 -4.510 4.869 -0.350 0.12535 l 0.858 0.362 
16 :-:02 12.548 ii. 897 0.804 0.091'51 l 3.310 0. 080 
17 X63 2. 504 3.603 0.219 0.17987 1 0. -l ~ 3 0.493 
1:3 :\7: 13. 9:3-1 .j. 7-:1J l.1.-15 -"'\ .. , ~., ... 

~ ":,..: 1 J. ~ 07 l.i,. •~0- I . 
:_g ·•o 1 

.\ ... J. -7.::o 5. 7-lc -0. 5-l 5 O.J9530 :. . 5-; 9 J.:: 9 

Out Part. Corr. 

-4 :•:13 -0.021 o.299lc 1J. J ! : ,'J. 9: C 
0 .. .., , ,.,._. ,J. JO 7 0 .119-1: J. 001 J.972 

-------------------------------------------------------------------------------
Step " 3 R = 0.702 R-Square = 0.492 
Term removed: :<:3 

Effect Cceff1c1e:1t Std Er::-or s::o 1:.Je~· 7•:.l. :Jr . f p' 

In 

-1 Constant 
' :-:o ' .. , ..., J.:30:3 J. j 5 :3 u.77:Jo 5.do J. -:.: ➔ ••":)_I 

3 :.::.: -15.121 o.393 -l. !.: 4 o.J66oc , ..J ... ,., 

"1."" ·- O.J3'5 
5 :ns -7.650 3. 466 -0.594 o. :.i: 13 L :3"73 .J. J 3 5 
7 X,,,, _ .. -9.516 4.191 -0.773 0.15101 l 5.155 0.031 
9 X24 6.748 5.835 0.: 08 0.32673 1. 337 0.257 

10 :u2 5.703 -1. 000 0.430 J. 1-1503 l.533 .. '°\,.,. ... 1,,/. --~ 

ll :03 :5.372 6. 011 l.2-19 O.J734-l . 0. 5.;.: O.Jlo 
1: :04 -8.551 4.: 93 -0.750 o.:2s1-13 : -l. :s 9 ·'J. J 5: 
13 X35 -6.337 3.409 -0. 4 92 0.25024 1 3.456 0.073 
14 .. ,. ,.. 7.101 2.986 0.623 0. :55:7 , 5.€56 o.o:.; ..... _ ... 
15 :<5: -4.100 4. "771 -0.318 0.12775 l 0.739 0.397 
1 • --= .... ., 

... o_ 11.501 ci. 611 0.737 0.09757 l 3.o:o 0.093 , ~ :-:r53 2. 329 3.553 0.:0-1 0.18099 l J.430 .J. 51 7 .I., 

18 :01 14.863 4.522 l. 217 0.12767 1 10.803 0.003 
19 X81 -5.977 5.320 -0.451 0.10877 1 1..262 0.270 

Out Part. corr. 

--l :,::3 -,) . 027 0.30024 : 0.0:1 ,J. 3 S r3 
6 X21 0.037 0.12839 1 0.038 0.840 
8 X23 -0 .115 0.16609 1 0.378 0.544 

-------------------------------------------------------------------------------
Step ff 4 R = O.o9o R-Square = 0.485 
Term removed: :<63 

Effect Coefficient Std Error Std Coef 

In 

253 

Tol. df F IP' 



-1 Constant 
2 XO 1. 919 0.800 0.358 o.77:::oc l 5.751 0. 0:::3 
3 .. , ., 

-'-~- -13.5-1: 6.397 -1.007 0.07593 1 -1. -181 0. 0-13 
5 :c.s -6.936 3.:5s -0.539 0. :o::83-i -!. 531 0. O-l: 
7 :-::: -8.506 3.860 -,) . 69:!. 0.17-163 -l. 854 0.035 
9 :c-i 5.373 5.393 0. 213 0.37517 1 0.993 0.3~7 

10 :o: 5.1:27 4. 479 0.387 0 .1505"7 1 1. 310 0. :61 
11 X33 1-1.2-1-1 5. 70-l 1. 157 (). 07999 ' 6.:30 0. J 1:3 ... 
~ .., :-:J -l -7.595 3. 8 9-l -0. 66,5 0.1-n::5 3.805 0.060 
~3 :-::: 5 -5.790 3. :"".' 3 -0. -l-l9 0.:co:1 1 3. 1:::9 0. c) 8"' 
1-1 X42 6.582 2.851 0.577 0.2745'3 l 5.329 0.028 
15 :.:52 -2.182 3. 73::: -0 .169 0.2047-l 1 0.34: 0.563 
16 .. - ,., .... c_ 9.3:::0 5.659 0.597 0. 1306::: 1 :.71~ 0. 110 
13 :{71 1-l. 213 -l.370 :.lo-l 0.13-ll~ ' 10.578 0.003 ~ 

1::1 XSl --l. 559 -l. 81-1 -0. 3-l-l 0.1303: : ,) . 8 97 0.351 

uut. flart.. Corr. 

--l Xl3 -0.018 0.30183 ... 0.010 0.9:3 
6 :Cl J.023 0.13001 ... O.Jl5 J. jQj 

3 :-::3 -0.l:J5 Q. lC7:1 J. J:: J.575 , .., . ' ... 1 
.'.t:-- ,J. :: l .) .181)9') ,J. 4 3 0 J ~' -

-------------------------------------------------------------------------------
Step If 5 R = 0.692 R-Square = '.l.-P9 
Te:-:n ::-o::ncved: ..... .., .... :,_ 

Ef:ec': .:~e:fi.;:i.ent Std Er:-:;:- Std :~e: -:-: l. j:" F '?' 

In 

-1 Constant .., :-:o . ~ .. ..,, 0.73-l J. 3-l o J. "73533 s.o•E J. J.:.; - ~•'"":JI 

3 :,::: - 1:. -l 3-l <i. 045 -J. s:-1 J.083:::J -l.: 3: J. J-18 
5 :-:: 5 -r5. -ts 3 3. :31. -,J. 5J 3 0.: 8-l 38 ..; . :2-- " ., ..... 

.J • .J., 

7 :<22 -7.990 3. 718 -0. 64 9 0.18425 l 4.618 J.J40 
9 :-::4 -l. 945 s.:so :J.196 "'I 1 C,.,.., 1. V • _.,._, __ ,.,. ... .., ,:) ..... ~ 

',J. \J'...,, : . 3 5 ... 
10 :o:: 4.555 -1. 3:::-l :J. 34-1 0. 1::809 l : . : l 0 C.30C 
11 X33 1.::. 7 64 5.057 :.J37 o.J99oo o. 3 "7: J. J l-;-

:0-1 -8.C93 3.759 -,).7:J ..., , ,- , - ~ 

l.., •• :.l "1 cc : -t.C3"7 '"'I .... - ... 
..J • ..., J-;: 

:3 :-:35 -5.739 3.: 3 ~ -,J. 44 9 ,J.:~r::: 3.:9c '"I '"'I-=. -- ..... ._, 

14 X42 o.460 2. 813 0.5'37 o.:::7004 l 5. :::72 0.0:::9 
16 ·,:. ~ 

•• C- 7.388 -l. 5-15 a. -1-: 3 o.~9s:4 : . C4 3 ' , .. 1 u. J. ., 

18 X71 14 .108 4. 3:::0 1. 155 0.13435 1 10.667 0. 003 
:9 X91 -3.557 -1. -150 -0.268 0. l-19:::-l l. o. 03 9 0. -130 

Out Part. Cor::-. 

-4 Xl3 -0.0:3 o. 30:::4.s l t]. o :c 0.901 
6 .. ...,, 

·'--.!. 0.037 a. l.3237 :. J. J-l l 0. 8-12 
8 X23 -0.091 0.109:-; 0. :53 0.619 

:5 :-:5: -o.:o.s (). :IJ-17-l ·J. ~ 4: J. 5,: ~ 
17 X63 0.030 0.29009 1 0.027 0.871 

-------------------------------------------------------------------------------
Step " 0 R = 0.684 R-Square = 0.468 
Ter:n removed: X81 

Effect Coefficient Std Error Std Coef Tel. df F 'P' 

In 

-1 Constant 
2 XO 1. 726 0.763 0.322 o.s21s.: l 5.U8 0.031 
3 :-:12 -H. 384 5. 499 -1.069 0.0994-l ' 6.843 0.0:J J. 

5 :n5 -6.-302 3.110 -0.513 o.:::8503 ' -l. 507 0. 0-12 
7 X22 -7.531 3.653 -0.612 0.18875 1 4.251 0.047 
9 X24 3.452 4. 917 0.137 0.43675 l 0.493 0.488 

10 X32 2. 715 3.639 0.205 0.2206-l l 0.557 0.461 
11 X33 12.432 5.012 1.010 0.10028 l 6.154 0.019 
12 :<34 -7.223 3 .577 -0.634 0.16882 1 4.078 0.052 
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13 :<35 -5.665 3 .216 -0.440 0.26682 1 3.102 0.088 
14 X42 6.804 2. 76-l 0.597 0.2S266 1 0.057 0.019 
16 y,,,..., .. o_ 8.363 4.353 0.536 0.21363 1 3.691 0.06-l 
18 X7l 12.985 -l. 062 1. J63 0.15023 1 10.221 0.003 

Out Part. c,:rr. 

-4 Xl3 -0.011 0.30432 1 0.004 0.949 
6 X21 -0.022 0.15659 1 0.016 0.901 
s X23 -0.038 0.1907-l l 0 .0-l-l 0.:335 

15 X52 -0.0-lS 0.23-l46 l 0. 070 0.793 
17 X63 0.009 0.29599 l ,J. 003 0. 960 
19 XBl -0.142 0.14924 1 0.639 0.430 

-------------------------------------------------------------------------------
Step ff 7 R = 0.678 R-Square = 0. 460 
Term removed: :C-l 

Effect Coefficient Std Error Std Coef Tol. df F Ip I 

In 

-1 Constant 
2 XO l. 726 0.757 0.322 0.82152 1 5. l 99 J.J:9 .. 
3 Xl2 -12.995 5.091 -0.966 0.11425 l 6.516 1). 01.S 
5 Xl5 -5.864 2.904 -O.-l55 0.32182 ' -l.077 0. 0 52 ... 
7 :-::: -7.509 3.625 -0.610 0.1887.S l -l. 2 92 0. ,J-l c 

10 X32 2. 52-l 3.ciOl J .190 J.22188 l J.-131 J. 488 
11 X33 , ,., 

"'"" -l. 96-l ,J. 993 0.:0062 :. 6. 067 ] . J: 9 ·-. --.J 

l::! :04 -1.255 3. 549 -0.636 ,J.1'3885 : 4. ~ 7 3 .; . :J.j4 

13 X35 -5.774 3.188 -0.448 0.26745 1 3.281 0.079 
14 X42 6. 2-i2 2.625 0.548 0.30856 l 5.65: 0.0:3 
16 X62 :3. 78:3 -l. 277 0.563 0.21786 l 4.:~l J.J-l3 
18 :n: 13. 035 -1. 030 :.067 0.15028 :o. -lt:2 J.J03 

Out Part. Corr. 

--l :•:13 ,J. 0€5 O.-l7896 l : . : 3 7 C. ~ 14 
6 X21 -0.050 0.16516 l J.079 J. 780 
8 :<:3 -a.cs: 0.19350 : J.086 0,771 
9 x:4 0.123 0.43675 l 0.493 0. -l88 

15 :<52 -0.047 o.:3446 l 0.071 0. "7 9: 
17 X63 -0.013 0.30585 ' J. 00 6 ,, Q .. , .. \J • ... '1 ... 

l.:i X81 - 1J. 0:38 J.17052 .. J.:s~ j. ci:. 9 

-------------------------------------------------------------------------------
Step jj 8 R = 0.672 R-Square = 0.452 
Term removed: X32 

Effect Coefficient Std Error Std Coef T,:;l. df . Ip I 

In 

l Constant 
2 XO 1. 610 0.733 0.300 0.86311 1 4. 8::! 3 0.035 
3 :,;i: -13.944 ·l.870 -1.037 0. 1::95 l 3. 197 0.00"7 
5 :us -5.631 2.863 -0.437 0.3:608 l 3.867 0.057 
7 x:: -6.590 3. 35-l -0.535 o.:1716 1 3.Sol 0.058 

11 X33 13.738 4.439 1.116 0.12396 1 9.579 0.004 
12 X34 -9 .128 3.299 -0. 713 0.19256 1 6.071 0.019 
13 :<35 -5.451 3 .131 -0.423 0.27315 1 3.032 0. :J91 
14 ;.:42 6.158 :.603 0.540 0.30920 1 5.596 J. J24 
16 X62 9.073 4.226 0.581 0.21984 1 -i.609 0.039 
18 X71 14.195 3.647 1.162 0.18076 1 15.151 0.000 

Out Part. Corr. 

-4 Xl3 0.078 0.48539 1 0.204 0.655 
6 X21 -0.026 0.1711-i l 0.022 0.883 
8 X23 -0.018 0.20787 1 0.010 0.919 
9 X24 0.113 0.43920 1 0.426 0.519 

10 X32 0 .121 0.22188 1 0.491 0.488 
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15 X52 
17 X63 
19 X81 

Dep Var: WCPF 

-0.044 
-0.004 
-0.017 

N: 45 Multiple R: 0.672 

0.23458 
0.30769 
0.22470 

1 
1 
1 

0.063 
0.000 
0.010 

Squared multiple R: 0.452 

0.803 
0.983 
0.923 

Adjusted squared multiple R: 0.291 Standard error of estimate: 4.954 

Effect Coefficient Std Error Std Coef Tolerance t P ,.., 1~ Tail l 

CONSTANT 23. 493 :.102 J.000 11. 177 0.000 
:-:o l. olO 0.733 J.300 0.863 2 .196 0.035 
Z!.2 -13. 944 4.970 -1. 037 J.123 -2.863 0.007 
Xl5 -5.631 2.863 -0.437 0.326 -1. 967 0.057 . ~.., .., ,. __ -o.590 3.354 -0.535 0. 217 -1. 965 J.058 
X33 13.738 4.439 1.116 0.124 3.095 0.004 
X3.J -8.128 3.299 -0. 713 0.193 .., ' - ' ---'10'1 J. 8 l 9 
:o5 -5.451 3 .131 -,J . .J2 3 0.273 -1.7-l: O.J9: 
:<42 6.158 2. 603 0.540 0.309 2.366 0.024 . ~ - ., 
1.0~ 9.073 4.226 0.581 0.220 2.147 0. 039 
X7l 14.195 3.647 1. 162 0. 181 3.89: 0.000 

Analysis of Variance 

Source Sum-of-Squares df Mean-Square r-ratio p 

Regression 000 . .::93 10 00.0:9 2.803 J.o:: 
Residual 800.987 H :3.558 
-------------------------------------------------------------------------------
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Appendix 11 

Quality Performance 

Backward Stepping 
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Step II 0 R 0.697 R-Square = 0.485 

Effect Coefficient Std Error Std Coef Tol. df F 'I?' 

In 

Const.ant ,, XO - -o.o:s l. 341 -0.003 0.71017 l ,J. 000 a. ss-1 
3 :-:12 -l.139 12.563 -0.057 G.05092 l 0.008 0. 929 
4 Xl3 -l.694 8.563 o. 1-11 o.:9731 l 0.300 ,1 ,,. '~ .J 

'.J.::,"" .,_. 

5 Xl5 3.292 5.819 o .171 0.21760 1 0.320 0.576 
6 X21 -7.414 7. 711 -0.393 0.11868 1 0.924 0.345 
7 x:: l·L 083 6.809 0.764 0.14517 1 4.277 0.049 
8 :C3 5. 909 7 .410 0.286 0.15353 1 0.636 0. -132 
9 x:-1 -30.124 12. 109 -0.798 0. 192-18 l 6.l99 o.o:c 

10 X32 -18.762 8.174 -0.945 0.11691 1 5.269 0.030 
11 X33 1. 695 10.755 0.092 0. 05820 l 0.025 0.876 
1: X34 9.730 7.171 0.570 0.11229 l 1. 841 0 .196 
13 X35 --l.410 5.900 -0.228 0.21191 0. 55 9 0.46: 
'' .,, • •"'I _, _,5, 5. ·19l -0. -l5·l 0. 1915!. !. . ~9'3 •'). : "'.'rl ... ..... _ 
l5 X52 5.359 7.694 0.278 0.12462 l 0.485 0. 4 9: 

16 "l ,. "" •. o- 0.289 12.251 0.012 0.07:09 l 0.001 0.98: 
17 X63 -5.807 5. 718 -0.339 0.17726 l 1.03!. J.319 
l9 X71 0.811 7. 794 J. :)44 J.10905 J.011 ,) . 91:3 
19 ••Q, 17.401 9.392 0. 876 u.09855 ' 3. 4 3 3 .J. u~:, .\>J ... . 

Out Part. Corr. 

none 
-------------------------------------------------------------------------------

Dependent Variable WQl?F 
Minimum tolerance for entry into model = 0.000000 
Backward stepwise Wlth Alpha-t.o-Enter=0.150 and Alpha-t.o-Remove=0.150 

Step II 0 R = 0.697 R-Square = 0.485 

i::ffect CoefficiP.nt Std Error Std Ccef Tol. jf . I? I 

In 

-1 Const.a~t - XO -o.o:s : . 341 -,J. 003 0.71017 G.JOO J.9:::4 
3 Xl2 -1. 139 1:::. 563 -0.057 o.:::509: l ,J. JO 8 -, ,:..,.J 

-.J. ~ --.J 

4 Xl3 4.694 8.563 0. 141 o.:9'3l l ,) . 30 0 J. 5 ~5 
5 Xl5 3.292 5.819 0.171 0.21760 1 0.320 0.576 
6 X21 -7.41-l 7.711 -0.393 0.11868 l 0.924 0.345 
7 :\:: 14.083 6.809 0.764 0.14517 1 4 ~~~ • - I/ 0.049 
8 :C3 5. 909 7.410 0. 2 9 6 0.15353 1 ,J. 63 6 C. 4 3.: 
9 :<24 -30. 1:::4 1: .109 -o. 198 0.19248 1 6. 18 9 o.o:o 

10 X32 -18.762 8 .174 -0.945 0 .11691 1 5.269 0.030 
11 X33 1. ,595 10.755 0.092 0.05820 1 0.025 0.876 
12 :04 9.730 7. 171 0.570 0.11229 1 l. 941 0.186 
13 :os -4 .HO 5.900 -0.228 0.21191 l 0.559 0. 46: 
14 :-:-1: -7.'757 5. 491 -0.454 0.19151 l 1. 996 ,., • -,"'I 

u .... '\.J 

15 .. ~,., 
... ::i~ 5.359 7.694 0.278 0. 1:4,s: l 0.485 0. 49: 

16 X62 0.289 12.251 0.012 0. 07209 l 0.001 0.981 
17 X63 -5.807 5. 718 -0.339 0.17726 1 1.031 0.319 
18 X71 0. 811 7. 794 0.044 0.10905 1 0.011 0.918 
19 :,:9 l 17.401 9.392 0.376 0.08855 l 3.433 :J.J75 

Out Part. Corr. 

none 
-------------------------------------------------------------------------------
Step# 1 R = 0.697 R-Square = 0.485 
Term removed: XO 

Effect 

In 

Coefficient Std Error Std Coef 
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Tol. df F 'I?' 



1 Constant 
3 :<1: 
-l Xl3 
5 Xl5 
6 :<21 
7 :{:: 
8 :-::3 
9 x:-1 

10 X3: 
11 X33 
1: X34 
13 :<35 
1-l :<4: 
15 x5: 
16 X6: 
17 :-'.63 
18 X71 
19 :.:s 1 

-1.107 
-l.687 
3. 298 

-7.423 
14.05: 

5.967 
-30. :06 
-18.697 

1. 693 
9.7-17 

-4. -Ill 
-7.744 

5.337 
o.:95 

-5.905 
Q.801 

17.349 

12.:41 
8.397 
5.703 
7.553 
6.s:: 
6. 98 9 

11. 8 50 
7.406 

10.553 
6.988 
5. 790 
5.354 
7. 476 

12.018 
5. 611 
7.633 
8.879 

Step~: R = 0.697 R-Square = 0.485 
Term removed: X6: 

-0.055 0.05165 
0.141 o.:9ns 
0.171 0.21912 

-0.393 0.11911 
0.76: 0.15:37 
o.:s-1 0.16.s:o 

-0.797 0.19357 
-0.941 0.1371-l 

0.092 0.05820 
0.571 0.11385 

-0.:29 0.21191 
-0.-154 0.19393 

0.276 0.12710 
0.013 0.07213 

-0.339 O.l.7731 
O.OH 0.109-19 
0.873 0.095-l3 

0.71017 

1 
1 
l 
1 , ... 
l 
: 
1 
1 
1 
l 
1 
1 
l 
1 

l 

Effec:: Std ErrQr Std Coef -:o l.. d f 

In 

-1 Constant 
3 x1: 
-l Xl3 
5 :,: : 5 
6 x:1 
7 
8 
9 

:o :o: 
11 X33 
1: X34 
13 :os 
14 :,:4: 
15 :-:s: 
17 X63 
18 :01 
19 X81 

Out 

- :,:a 
16 :<62 

3. 3 3 '3 
-7.343 
14.139 

5. 92: 
-30.109 
-18.7:9 

1. 577 
9.726 

-4.341 
-7.813 

5. -159 
-5.862 

0.754 
17 .377 

!?art. Corr. 

iJ. "/10 
9. 180 
5.397 
6.689 
5.391 
6.-19-1 

::. 635 
7. :s-1 
9 . .'.;70 
6.909 
4.961 
4. -170 
5.-17: 
5.018 
7. :6: 
8. 644 

Step~ 3 R = 0.696 R-Square = J.-185 
Term removed: Xl2 

-,). 048 0. J6506 
0. :4: .J. 30:58 
0.:-;-3 .J.:3-190 

-0.399 0.14643 
o.707 o.:1so1 
J.:87 0.185'54 

-0.797 o.:9360 
-0.943 J.:-ip: 

0.086 0.07.'.;74 
0.570 0.11563 

-0.2:5 0.27840 
-,] . 45;3 0. :6828 

J.:83 o.::ss: 
-0.343 0.21373 

0.041 0.:1606 
0.975 0.09707 

o.-:J-:l 
0.07213 

l 
1 

1 
l 

l 

Effect 

In 

Coefficient Std Error Std Coef Tol. df 

1 C:nstant 
-l X13 
5 :<15 
0 x:: 
7 X22 
9 X23 
9 X24 

10 :02 
11 X33 
12 X34 
13 X35 
14 X42 
15 X52 

-l.7-P 
3.528 

-7.356 
14.139 
5.561 

-30.331 
-18.452 

1.048 
9.899 

-4.291 
-7.950 

5.494 
C l"\f'\1 

S.030 
-L 979 
6.573 
5.298 
5.044 

11.190 
6.354 
7.073 
6.425 
4.931 
4 .137 
5.364 
,t ..,., ., 

u.l-13 0.303:: 
0.193 o.:7768 

-0.390 o.:.;,s-19 
0.767 0.21507 
0.270 0.29719 

-0.803 0.20254 
-0.929 0.17350 

0.057 0.1:067 
0.580 0.12545 

-0.222 0.29352 
-0.466 0.30251 

0.285 0.2:996 
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1 
1 
l 
1 

1 
1 
1 
1 

0.008 
0.31: 
0.334 
0.966 
4.642 
0.705 
6.455 
6.373 
o.o:6 
1. 945 
0.590 
:: . 09: 
0.510 
0.001 
1.070 
0. 011 
3.919 

J.JOO 

J. JOS 
J.33: 
J. 3 8: 
1. :as 
6.879 
0.:33: 
6.696 
c.253 
a. o:9 
:.040 
J.766 
J.J55 
iJ. ~95 
l. 364 
0. 011 
4.041 

.J .. : GU 
0.001 

J.349 
0.523 
1.:s: 
7.122 
1.216 
7.361 
8. 432 
a.a:: 
2.374 
0.785 
3. 69: 
1.049 
1 ,t AC 

a. 9,:9 
0.581 
0.569 
0.334 
0. 0-10 
J. -lC9 
a. o:-;-
0 - 0 18 
0. 8 7-l 
0.1"'4 
0. -153 
0.160 
0.491 
0.991 
0.310 
0.917 
iJ. 061 

Ip t 

: . 5 ':)9 

J. s .; : 

a. a 14 
0.370 
,J. C :s 
,J. ,J :4 
0.866 
J.1€4 
0.399 

J. 3 :-:­
o.: 53 
J. 918 
0.054 

J. g: 3 
0.981 

'P' 

J.559 
J. 4'75 

0.012 
0.:19 
0.011 
0.007 
0.883 
0.134 
0.393 
0.065 
0.314 
n .,.,n 



18 X71 0.501 6. ~·86 0.027 0.13695 1 0.006 0.940 
19 X81 17.124 S.039 0.862 0.10841 1 -L538 0.042 

Out Part. Corr. 

-,, 
XO -0.002 0.72600 1 0.000 0.993 

3 :u2 -0.017 0.06506 1 0.008 0. :328 
16 :•:6: -().004 O.G9086 . 0.000 0.985 . 

-------------------------------------------------------------------------------
Step It 4 R = 0.696 R-Square = 0.485 
Term removed: X71 

Effect Coefficient Std Error Std Coef Tol. df F 'P' 

In 

-1 Constant 
4 Xl3 4.763 7. 8 93 0.144 0.30343 l 0.364 0.551 
5 Xl5 3.552 4.786 0.184 0.27889 1 0.551 0.464 
6 :Cl -7 .270 6.367 -0.385 0.15092 1 1. 304 0.263 
7 x:: 14.191 5.165 J. 770 0.21379 1 7. 549 0. ,] :J 
9 :-::3 5.518 L 928 J.267 0.30104 1 1. 254 J.:1: 
9 ., .., 1 

·--"1 -30.334 :0.993 -,).903 o. :o:54 : ; . ,:. 15 lJ .. J l tJ 
10 X32 -18.423 6.237 -0. 92 8 0.17410 1 8. 724 0.006 
11 :<33 0.789 6. 100 0.043 0.15684 l 0.017 0. 898 
12 :<34 10.23: 4.621 0.599 0.23443 1 4.902 0.035 
13 :<35 -4.189 4.600 -0.217 0.30232 , 0. ~=::) J.370 ~ 

: 4 :•:42 -"7.938 4.0o5 -0.465 0. 30291 . 3. 913 J. J-30 . 
15 X52 5.467 5. :63 o.:83 0.23098 l 1.079 0.307 
17 :-:63 -5.916 4.826 -0.346 0.21580 l 1. 503 o.2Jo 
19 :•:81 17.319 7.490 0.87: 0.12074 1 5.347 o.02~ 

Cut i?art:. C.:itr. 

~ XO -0.001 ,) . ;:,3:>J l J. ,JOO -'"'t o-, - ) ..... ~'1 

3 Xl2 -0.010 0.07638 l C.003 0.956 
16 X62 -0.004 0.09117 1 0.001 0.981 
18 :-:n 0.014 0 .13695 1 0.006 a. 94.J 

-------------------------------------------------------------------------------
Step It 5 R = 0.696 R-Square = 0.485 
Term removed: X33 

Effect Coeffic1,rnt: Std Error Std Ccef Tol. df . Ii?' 

:n 

-1 Constant: 
4 Xl3 4.519 7.541 0.136 0.32188 1 J.359 0.553 
5 :us 3.-lll 4.585 ,J. l 7 1 o.:9-121 .. 0.553 0.-ld 
6 X .... • -.1. -1.049 6.036 -0.313 0. l.6:64 .1. 1. 364 o.:s: 
7 X22 14.384 4.867 0.780 0.23861 1 8.735 0.006 
8 X23 5.612 4.796 0.272 0.30776 1 1.369 0.251 
9 :-:24 -30.037 10.578 -0.796 0.21181 l 8.Ct3 J. '.JC': 

10 :o:: -l.S.396 6 .134 -J.926 0.17429 l 8.994 J.005 
1:: :o.; 10.305 4.513 0.604 o.:3801 l 5. 214 0.029 
: 3 :o 5 -.J.193 4. s:,s -0.21: 0.30233 :J.858 ,'.J. 36: 
14 X-12 -8.016 3.956 -0.469 0.30972 1 4.106 0.051 
15 X52 5.675 4. 929 '.l .294 0.25491 1 1.326 0.258 
17 X63 -5.861 4.730 -0.343 0.21749 1 1. 535 0.225 
19 X81 17.489 7.256 0.881 0.12450 1 5.509 o.022 

Out Part. Corr. 

-2 XO -0.004 0.73550 1 0.000 0.982 
3 Xl2 0. 004 0.10801 1 0.000 0.982 

11 X33 0.024 0.15684 1 0.017 0.898 
16 X62 -0.009 0.09487 1 0.002 0.961 
18 X71 0.001 0.17800 1 0.000 0.995 

-------------------------------------------------------------------------------
Step # 6 R = 0.692 R-Square = 0 .479 
Term removed: Xl3 
__ ,_ ___ 

,... __ •• :._:.-- ► ...... ----- .. .... ,... __ . 
'" - 1 

...., ' "' 
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In 

-1 Constant 
5 Xl5 
6 :Cl 
7 :-::: 
8 X23 
9 :C4 

10 :,:3: 
12 XJ4 
13 X35 
14 X4: 
15 X52 
17 X63 
19 :-:s 1 

Ct!C 

-,, XO 

3 Xl2 
4 :-:u 

11 :o 3 
16 :-:-:: 
18 :n l 

3.181 
-6.687 
14 .-PS 

5.934 
-26.555 
-17.763 

9. 486 
-3.-153 
-8 .119 

5.860 
-5.864 
17.006 

!?art. Corr. 

0.004 
-0.013 

0.107 
-0.003 

0.00€ 
0.016 

4.523 
5.945 
-l. 81.5 
4.718 
8.750 
5.982 
-l. 258 
4.311 
3. 913 
4.870 
4.683 
7 .139 

Step~ 7 R = 0.686 R-Square = 0.471 
Term removed: Xl5 

0.165 0.29629 
-0.354 0.16428 

0.785 0.23886 
0.288 0.31167 

-0.703 0.30330 
-0.894 0.17963 

0.556 0.26206 
-0.179 0.32664 
-0.475 0.31030 

0.304 0.25591 
-0. 343 0. 21750 

0.:::56 0.12612 

0.73937 
0.11083 
u.32188 
0.16639 
0. 09€ 1 4 
0.19160 

l 

l 
1 
l 
1 
1 
l 
1 
1 
l 

1 
l 
l 

l 

0.494 
1.:65 
9.040 
1. 582 
9.210 
8.818 
4.964 
0.642 
4.305 
1. 448 
1. 568 
5. ,575 

0.000 
0.005 
0.359 
J.000 
,J. JO: 
0.008 

Effect 

In 

Coefficient Std Error Std Coef Tel. df 

l Constant 
6 :\: l 
7 :-::2 
8 :-::3 
9 :-:24 

10 :02 
1: :•:3 4 
13 :•:35 
14 X42 
15 :<52 
17 :•:63 
19 X81 

Out 

-., XO 
3 :,.:1: 
.j :-:13 
5 :us 

11 X33 
16 :-:6: 
18 :{71 

-5.169 
13.276 

6.328 
-:4.067 
-16.516 

9.349 

-7.648 
4. 894 

-5.:15 
15.3:o 

!?art. Corr. 

0.006 
-0.061 

0.095 
0.123 

-0.028 
0.019 
J.035 

5. 497 
-l. 467 
4.648 
7.94: 
5. 6.:i9 
, "'1..,/"I '1. __ J 

3.957 
3,825 
4. 636 
-l. 556 
6.67: 

Step ij 8 R = 0.682 R-Square = 0.465 
Term removed: X35 

-0.274 0.1:39:2 
0.7:0 0.27330 
0.307 0.31612 

-0.637 0.3-52'50 
-u.ilJ2 o.19693 

:J.5-18 J.:,s:01 
-,J. ! 1. 9 J. J 8: rS 8 
-0.448 0.31967 

o.254 o.21so6 
-tJ.305 0.::,529 
0.77: 0.:-1::5 

0.73971 
0.13116 
J. 32415 
0.29629 
0.17360 
o.osn2 
J.l:-519 

l 
1 

,J. :3 8 -l 
9.932 
1.. 95 3 
9.184 
g. -l:3 8 
4.9C~ 
,J. 3 3 8 
3.997 
~ .114 

,. ... ""'.., 
::, . -, -

0.001 
u.:13 
J.29-l 
0.494 
0.025 
0.011 
,J. J-l 0 

Effect Coefficient Std Error Std Coef Tol. df 

-1 Constant 
6 X21 
, x2: 
S X23 
9 X24 

10 X32 
12 X34 
14 X42 
15 X52 
17 X63 
1 n V01 

-5.104 
14.454 

5.937 
-24.389 
-17.648 

8.783 
-8.089 

4.287 
-5.250 
'1 C "')QA 

5.442 
3.943 
4.555 
7.845 
5 .272 
4.067 
3. 712 
4. 473 
4 .511 

-0.270 0.19930 
0.794 0.34399 
0.288 0.32289 

-0.646 0.36436 
-0.889 0.22325 

0.514 0.27736 
-0.474 0.33279 

0.222 0.29288 
-0.307 0.22633 

n ..,..,c n ., ,...,., n 
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1 c.sso 
13.439 

1 1.699 
1 9.665 
1 11.206 
l 4.665 
1 4.748 
1 0.915 
1 1. 355 

0.487 
0.269 
0.005 
0.218 
0.005 
o. oo.s 
0.033 
0. 42 9 
0.046 
0.238 
0.220 
0. u: 3 

0.984 
0.942 
J.553 
J.988 
0. 97 3 
0. 92 9 

t pf 

0.354 
0.005 
0. l S 3 
0.005 
J.JOc 

) . : 0:: 
0.054 
0.299 
0. 2o 1 
O.J2e 

o. 91: 
J.-: 34 
J.591 
0.487 
0.876 
0.915 
·J. ~ 4 4 

'P' 

0.355 
0.001 
0.201 
0.004 
0.002 
0.038 
0.036 
o. 345 
0.253 



Out Part. Corr. 

-.., 
XO 0.001 0.741,56 1 0.000 0.995 

3 Xl2 -0.035 0 .13845 1 0.042 0.840 
4 Xl3 0.065 CJ.34797 1 0.141 0.709 
5 :us 0.075 0.34621 1 0.188 0.ci:7 

11 X33 -0.011 0.17815 l 0. 004 0.949 
13 :05 -0.101 0.38108 l 0.338 o.5o5 
lo .... "'I 

.\0- -0.033 0.12904 l 0.030 0.850 
18 X71 -0.001 0.21011 1 0.000 0.995 

-------------------------------------------------------------------------------
Step fi 9 R = 0.'572 R-Square = 0.451 
Term removed: :c1 

Effect Coefficient Std Error Std Coef Tol. df f 'E'' 

In 

1 Constant 
7 :,:.:: 13.:318 3.877 0.749 0.354-17 1 12. 7 0 0 O.JOl 
8 :,::: 3 6.440 4. 515 0. 312 0.3'.:744 l 2.035 ,J. lo3 
9 .. .., , 

.' .. -'1 -::2.377 7.533 -0.593 0.393S0 E.S:4 0.005 
10 X3'.: -1s.oo: 5. ::so -0.906 0.22440 l 11.759 o.oo: 
12 :04 7. 721 3.899 0.452 0.30067 1 3. 9:::!2 0.050 
14 X4::: -9.506 3.386 -0.557 0.39878 1 1.883 0.008 
15 x5: : . 646 4 .110 0 .137 J.34581 l u. 41.J 0.524 
17 X63 -3.994 4.300 -0.::: 33 o. :::4s:::o 1 ,] . 8 63 0.359 
19 X81 12.19:::! 5.652 0.614 0.19359 l -I. 653 0.038 

Out Part. Corr. 

-., XO -0.006 ,) . 7 42 98 l :J. 00 l 0. 97 4 
3 :-:~.: -0.044 0. 13887 1 ,J. 065 ']. 2 00 
4 Xl3 0.054 0.34953 1 0.098 0.756 
5 :us 0.017 0. 389:::7 1 0.010 0.920 
0 X21 -0.159 0.18930 1 0.:380 J.355 

11 :03 -,] . J39 0.18404 1 0.053 0.820 
13 X35 -0.]96 o.J8:s-1 l (). 3:; ,) . 57-: 
lo X62 -0.089 0 .14910 1 0.270 0.607 
18 X71 -0.015 0.:11.11 l 0.008 0.930 

-------------------------------------------------------------------------------
Step fi 10 R = 0. 667 R-Square 0.-l45 
Term remcved: X52 

Effect Coefficient Std Error Std Coef Tel. df IE'' 

In 

-1 Constant 
7 .. .,.., 

-\-- 14.144 3. 913 0.7,57 0.36064 l 13. 76::: J.001 
8 X23 6.952 4.408 0.337 0.33793 1 2.487 0 .1:::4 
9 :<24 -20.58S 6.944 -0.545 0.45590 l 8.790 0.005 

10 :•:32 -16.552 4.703 -0.833 0.27503 l 12.385 0.001 
'., .1.- X34 7.520 3.855 0.440 0.30201 1 3.S0o 0.059 
14 :-:42 -9.935 3. 29'.; -0.5S:: 0.41490 1 9.108 0.005 
17 :-:i:3 -::: . 670 3.74,5 -0.156 0.3::178 , 0.509 0.-181 . 
19 X81 10.392 4. 872 0.523 0.25625 1 4.549 0.040 

Out Part. Corr. 

~ :-:0 0.016 0.77243 1 :J. 009 a. 9:1 
3 Xl2 -0.024 0.14325 l 0.020 0.888 
4 Xl3 0.073 0.36218 l 0.lSo 0.669 
5 :<15 0.011 0.39045 l 0. 004 0.9-l7 
0 X21 -0.103 0.2::!350 1 0.375 0.544 

11 X33 0.007 0.21824 l 0.002 0. 9,58 
13 X35 -0.067 0.40422 1 0.160 0.o92 
15 X52 0.10S 0.34591 1 0 .414 0.524 
16 X62 0.009 0.27800 1 0.003 0.957 
18 X71 -0.031 0.21637 l 0.033 0.857 

-------------------------------------------------------------------------------
~ ... __ .. , , n - n cc, n ~-··--- - n . .,., 
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Term removed: X63 

Effect Coefficient Std Error Std Coef Tol. df : 'P' 

In 

-1 Constant 
7 x.::2 13.573 3.703 0. 736 0.37727 1 13.-137 0. 00 l 
a :c3 o.605 -l. 352 0. 3:20 0.34210 1 2. 303 0 .13:3 
9 x.::4 -19.640 6.770 -o.s:o 0.47323 1 3.416 0.006 

10 X32 -16.498 4. 671 -0.831 0 . .27510 1 12.475 0.001 
12 X34 5.894 3.086 0.345 0.46581 l 3.647 0.064 
1. _ .. X42 -9.563 3.229 -0.560 0. 4:557 l :L 773 0.005 
19 X8l 9.600 4. 712 0. -183 0.:1033 1 -Ll50 0.049 

Out Part. Corr. 

- ... XO 0.008 0. 77530 1 0.002 o.9c0 -
3 x1: -0.035 0 .1-1459 1 0.044 0.835 
.; :-:13 J.U05 J.Ji333 • C • :.~39 ... V • •..J ._ 

5 :us 0.003 0.39220 1 0.000 0.985 
6 :Cl -0.088 0.2:635 l 0 .283 0.598 

11 X33 -0.017 0.:21:5 ' 0.010 o. 9:0 .. 
13 X35 -0.08.J 0. -11335 0 . .:: 55 J. 6.: 7 
15 xs: 0.038 0.-14833 ::. 0.052 0. 3'.::l 
16 ., .. '°'I .. c_ 0.005 0.:18:6 .J. :JO::. 1J. 9;.1 
17 X63 -0 .118 0.32178 1 0.508 o. -181 
18 X7 l -0.012 0.22136 1 0.006 0.941 

-------------------------------------------------------------------------------

Dep Var: WQPF Multiple R: 0.661 Squared multiple R: 0.-137 

Adjusted squared multiple R: 0.330 Standard error of estimate: 7.063 

Effect Coefficient Std Error Std Coef Tolerance c P 
. ., 
l- Tail, 

CONSTANT 4::.. 00 3 4. 770 0. ,JCO ~.596 ,J. i'J O 0 
X22 13.573 3.703 0.736 0.377 3.666 0.001 
X23 6.605 4.352 0.320 0. 3•1: l. 518 0 .138 
X24 -19.640 6.770 -0.520 0.473 -2.901 0.006 
X32 -16.498 -l. 671 -,J.831 0.275 -3.532 1J. JOl 
X34 5.894 3. 08 6 0.345 ,J. 4 6 6 ::..no J.C64 
:,:42 -9.563 3 ...... 0 -0.560 o. 4:,s -: . 3'5:: ,J. ,JC 5 
X81 9.600 4. 712 0.483 0.270 2.037 0. 049 

Analysis of Variance 

Source Sum-of-Squares df Mean-Square F-ratio p 

Regression 143::!.6-17 7 204.664 -L 102 0. oo.:: 
Residual l945.876 37 -19.899 
-------------------------------------------------------------------------------

263 



Appendix 12 

Predicted PPF 

Neural Network l 

264 



PJ~ Actual(l) Network(l) Act-Net(l) 
:~-1:~ 91.279998779297 94. 737030029297 -3.457031 250000 
::;~?? 86. 199996948242 86.438346862793 -0.238349914551 
:::::,4::~ 67.540000915527 74.340301513672 -6.800300598145 
. 5·.- 90 01 9996643066 94.737030029297 -4. 71 7033386230 
tr 90.500000000000 90.633392333984 -0.133392333984 

~:z::: 99.269996643066 94.737030029297 4 53296661 3770 

-=:::-a : 98.569999694824 94. 737030029297 3 832969665527 
. 9 .. 98 639999389648 94.737030029297 J.902969360352 
10 99.349998474121 94.73 703002929 7 4.612968444824 

·n 89.919998168945 94.7349 77722168 -t814979553223 
,2- 88 1 39999389648 88.319007873535 -0 179008483887 

;J.3~: 86. 309997558594 86.270057678223 0.039939880371 
·-:14· 77 059997558594 76 62810516357 4 0 431892395020 
-15 •. 95 610000610352 94 737030029297 0.872970581055 

16 78 489997863770 78.294097900391 0.195899963379 
:1t· 92.620002746582 92.713272094727 -0 093269348145 

: 18 •• 94 949996948242 94. 559425354004 0 390571594238 
19 88 769996643066 88 830421447754 -0 060424804688 
20 87 910003662109 94.7298431 39648 -6 819839477539 

.·-2;::: 82 010002136230 82154907226563 -0 1 44905090332 
-:22~. 95.220001220703 94.736946105957 0 483055114746 

·z:3_:-·:' 96.250000000000 94.718185424805 1 531814575195 
2◄ .. 96 970001220703 94.718185424805 2.251815795898 

":::ts~~ 68.199996948242 67 818603515625 a 381393432617 
~~&-~ 9 6. 500000000000 94 737030029297 1 762969970703 

.2.7 a 95 529998779297 94.717071533203 a 01 2927246094 
21i 

. 
72 09999847 4121 72.484611511230 -0 384613037109 

.29- 97 980003356934 94.718185424805 1261817932129 
.JO 95. 529998 77929 7 9 ◄. 717071533203 0.81 2927246094 

_.;ajf:=-_ 75. 199996948242 7075488281250 0.824508666992 
:_,.?~ 99.379997253418 94.737030029297 ◄ 642967224121 

·.31:.: 98.06999969 ◄824 94. 737030029297 1332969665527 
34 • 86.400001525879 86 606475830078 -0.206474304199 

.·'35_,.., 75 84999847 4121 76.140228271484 -0.290229797363 
· 36 ·, 95.8◄9998474121 94. 718185424805 1.131813049316 

37 95 1600036621 09 94. 718185424805 0 441818237305 
38 • 92.199996948242 94.677314758301 ·2 477317810059 

-'i3g"-=- 96. 61000061 0352 9.037030029297 1 872970581 ass 
:.. ◄o-~· 96.599998474121 94. 718185424805 1 881813049316 

41 77150001525879 77 562042236328 -0. 41204071 0449 
. ◄z.· 92.099998474121 94. 73703002929 7 -2 637031555176 
-:-_'~3~- 89.800003051758 9 ◄. 737030029297 --1.937026977539 
:' ◄4.~ 88.300003051758 94. 736946105957 -6.-136943054199 
. ,45·: 93.500000000000 91410125732422 0.08987 ◄267578 
_..,,-.· 78. 980003356934 80.951126098633 -1 971122741699 
◄7/ 87889999389648 94. 735877990723 -6.845878601074 

,~:◄If~ 73.599998◄ 74121 80.983917236328 -7 383918762207 
t.~9~ 89. 769996643066 9◄. 737030029297 --1.967033386230 

~\~~ 88.830001831055 9◄. 737030029297 --5.907028198242 
·::St~ 80.699996948242 80. 7557983398 4◄ -0 055801391602 
Ls211 88. l 39999389648 9◄. 736953735352 -6 59695◄3 ◄5703 = 88.099998◄74121 88.2◄653625◄883 --0. 146537780762 

87.55999755859◄ 82.89◄5922851 56 ◄.665405273◄38 

~ ;;;-._,_;; 79.500000000000 80.983917236328 ·1 ◄83917236328 
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.:....2 .... ..,:- .:= •_;:iA~:f-7~:~¥..t.:::...,;;:;5.a½..:;.~::-.:.~7:. ,;;1,n,;:_;,~~--C:':\. .··· =.. -:: 
';.:-:,h-=::: Actu el (1) Networ~l) Act-Net(l) 

-¥:2a 91.279998779297 88.93157958984"1 2.348419189453 

~~ 86.1999969-182"12 86'445899963379 -0.245903015137 

~~i'§ 67.5 ◄0000915527 7037960815430 -7.197959899902 
·-:~~st~ 90.019996643066 88.825965881348 1.194030761 719 

~~ 90.500000000000 90.212852478027 0.287147521973 

~?:¥I~ 99.269996643066 90 450080871582 8.819915771484 
-,,:8"0 98.569999694824 90.394142150879 8.1 75857543945 
~-r·:~ 98.639999389648 90.436599731445 8 .203399658203 
.•1Q:::,, 99.34999847 4121 90.401840209961 8.948158264160 
'f(' 99.91999815B945 90.30397033691 ~ -0.383972167969 

~!~'2 8B.13999938964B 90.21763610839B -2.077636718750 
':'.13~.;_;, 86.309997558594 90.6-43661499023 -4333663940430 

- lt,: 77059997558594 75.058700561523 2.001296997070 
15~ 95.610000610352 90.13211 0595703 5477890014648 

~::.1&2 78.48999 7863770 75.058700561523 3.431297302246 

/17 .. 92.620002746582 90.123153686523 2 496849060059 
-18 ·_ 94.949996948242 90.1624221 80176 4.787574768066 
{19.-'. 88.769996643066 90.180870056152 -1.410873413086 

=~ii;: 87.910003662109 78.541854858398 9.368148803711 

~~ 82.010002136230 83 755737304688 -1.745735168457 
:·22;= 95.220001220703 -~· ·--"' 

90. 477325439453 4.742675781250 
23 ·., 96.250000000000 90.693099975586 5.556900024414 

E24:: 96.970001220703 90.996566772461 5.973434448242 
~S;~ 68.199996948242 73.672111511230 -5.472114562988 
·_?_~ ,_- 96. 500000000000 90.412986755371 6 087013244629 
~2r~ 95 529998779297 90 135169982910 5 394828796387 
;_28;--. 72099998474121 73.572250366211 -1. 472251892090 
--29-::-;c 97 980003356934 90 1 754684◄4824 7 8045349121 09 
~o~ 95.529998779297 90.120056152344 5. 4099◄2626953 
~llli 75 199996948242 73.466880798340 1. 733116149902 
--32::· 99.379997253418 90.436851501465 8.943145751953 
• 33'::· 98.069999694824 90.334060668945 7. 735939025879 
~3◄~ 86. ◄00001525879 88.584770202637 -2.184768676758 
,:~-~; 75.849998474121 73 5834655761 72 2.266532897949 

35· 95.849998474121 90. ◄12986755371 5.437011718750 
·37·: 95.160003662109 90.248855590820 4.911148071289 
~:~~ 92.199996948242 90.240989685059 1 959007263184 

~'-~ 96.610000610352 90.019065856934 6.590934753418 
,:◄IL_ 96.599998◄74121 90.228630065918 6.371368408203 
":,et::~ 77150001525879 73.632987976074 3.517013549805 

~z.~ 92.099998◄74121 90.153625488281 1.9463729858◄0 

r1 89.800003051758 90.24919891357 4 -0. 449195861816 
88.300003051758 86.503768920898 1.796234130859 

-:"5:.,:: 93.500000000000 90.939567565918 2.560432434082 
'=A=.:: 78.980003356934 74.358802795410 4.621200561523 
,;:iii 87.889999389648 90.551551818848 -2.661552429199 
~ 73.59999847◄121 73.73557281 ◄941 -0. 1 3557 ◄340820 
~lg 89.7699966◄3066 90.182075500488 -0.412078857422 

-f~?. 88.830001831055 90. 182716369629 -1.35271453857◄ 

¢$k: 80.699996948242 77.00◄875183105 3.695121765137 

~ 88.139999389648 88.158958◄35059 -0.018959045◄10 

1111 88.09999847◄121 90.637◄81689453 -2.537◄83215332 

all 87.55999755859◄ 90.238◄109◄9707 -2.678◄13391113 - 79.500000000000 73.8◄3307495117 5.65669250◄883 
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~f-:- --~,: •. ,1:¥.k'='-; ... -~---·--.. ··_.a===::=:.,.::-~~ 
':};l~Aduel(l) Network(l) Act-Net(l) 

~ 36.560001373291 31.195325851 ◄◄O 5.36 ◄675521851 

~~~ 30.B60000610352 31.197257995605 -0.337257385254 
~4'-t 27.B99999618530 28.36 ◄3550872B0 -0. ◄6 ◄355◄68750 

~}5'~ 29.370000839233 33.1513099670◄ 1 -3. 7B 1 309127B08 

~=6'.~ 26.21999931335◄ 35.0977859◄9707 -8.B77786636353 

~!£~ 3◄.270000◄5776◄ JO.Bl 92596◄3555 3.-4507◄081 ◄209 

'~:.a-c.:: 32.6399993896◄8 30.8192596◄ 3555 1.8207397 ◄6094 

--:9-::-:: 32.639999389648 30.8192596◄3555 1.8207397 ◄6094 

,,. toJ",,, 3◄.619998931 BBS 30.819259643555 3.800739288330 
:H::::i 40.000000000000 33.910717010◄ 9B 6.089282989502 
:~ff~ 30.590000152588 31.6778 ◄6908569 -1.087846755381 
'tU~ 26. ◄8999977111 8 32.915218353271 -6. ◄25218582153 

ff:= 26.48999977111 B 28.532991 ◄09302 -2.0◄2991638184 

)5.l 22.979999542236 31 406120300293 -8.426120758057 
:~&::;'. 26.5◄9999237061 28. 778970718384 -2.228971481323 
";17;f 29.96999931335-4 34.387199◄01855 --4.417200088501 
JB·::· 31.64999961 8530 30.839033126831 0.810966491699 
19:~ 41.900001525879 31 626741 ◄09302 10.273260116577 
~o~ 26.909999847412 29.61073◄939575 -2. 700735092163 
t:2'.i1¥ 26. 309999◄659◄2 29.59282302856◄ -3.282823562622 
-J2_1 25. 709999084◄73 30 8881 -41 632080 -5. 1 781 425◄760 7 
.'·23:-; 31 500000000000 31.051723 ◄80225 0. ◄ 48276519775 
-~{7; 22.000000000000 31 051723◄80225 -9 .051 723◄80225 
l:2s:jj 28.950000762939 29.059728622437 -0. 109727859497 
-:'i~>:. 34 299999237061 30.868946075◄39 3.431053161621 
::..27-: 33.599998 ◄ 74121 30.856510162354 2.743488311768 
-\?8;} 28350000381 ◄ 70 28. 438989639282 -0.088989257B13 
:(~j 33.250000000000 31.051 723 ◄80225 2. 198276519775 
~jy:; 33.599998◄7◄121 30.85651016235◄ 2. 7 ◄3◄88311 768 
5lff! 28.250000000000 28.61961555◄810 -0.369615554B10 
\32:· 34.650001525879 30 8192596◄3555 3 8307◄1882324 

-:33:·- 3 ◄ .650001525879 30.8192596◄3555 3.830741882324 
:_::3-4_3 33.250000000000 3 ◄.1129684◄4824 -0.8629684◄4824 

;'ls'':'. 28.350000381470 28 870988845825 -0. 520988◄6◄ 355 
:36'::· 34.299999237061 31051723480225 3.248275756836 
37 .. , 18. 799999237061 31.051723◄80225 -12.25172 ◄2 ◄ 3164 

':-'38~} 1 7.39999961 8530 30.8819866180◄2 -13.481986999512 
::-39~1 29. 100000381 ◄70 30.8192596◄3555 -1. 719259262085 

~Jl 19. 600000381 ◄70 31.051 723 ◄80225 ~1 451723098755 
':;.~1?t 26.600000381 ◄ 70 28.551803588867 -1 .951803207397 

~ 38.◄00001525879 3◄.686927795◄10 3.713073730469 

~i 36. ◄00001525879 33.78906631 ◄697 2 610935211182 
24.000000000000 28.83083915710◄ --4.8308391571 O◄ 

I~ 26.700000762939 33.39◄279 ◄79980 -6.69◄2787170◄ 1 

·'J-~.;: 1 5.38000011 ◄◄◄ l 28.7733◄2132568 -13.3933◄2018127 

"'Ted 18.6599998◄ 7 ◄ 12 33.12016677856◄ -1 ◄.460166931152 
~~ 30.399999618530 29.112262725830 1.287736892700 
~ 29.299999237061 3 ◄.3◄8888397217 -5.0◄8889160156 

ii 29.250000000000 33.51311111 ◄502 -◄.26311111 ◄502 

2◄ .◄50000762939 29.42329216003◄ -◄.973291397095 
iiiij 19.0◄9999237061 33.0057373041688 -13.955738067627 - 30.930000305176 35.1092◄911 ◄990 -◄ .179241880981 ◄ - 35.8◄0000152588 31.233501 ◄341326 41.6064198718262 

im 541.869998931885 29.11226272583D 25. 757736206055 
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Predicted Schedule Penormance 

Neural Network 
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Bsl~~.:.:.:'". ·.-~A=,:·----~•··.:-~··-.::- '.~S:½":.:.·~•=:::~ ~:-.-:-, -::-.::..~£:.::::.· 
~f;fiActual(1) Network(1) Act-Net(1) 

~ 35.000000000000 34.788379669189 0.211620330811 
~--:; 22.340000152588 32.210582733154 -9.870582580566 
;-7:c,_:f 14.989999771118 24.698078155518 -9. 708078384399 

"-;$.:: 41 .650001525879 32.07168960571 J 9.578311920166 

~15~ 34 279998779297 32.186084747314 2.093914031982 
~:ii;, 35.000000000000 34.204483032227 o. 795516967773 
z·a-:~- 33.000000000000 34.204483032227 -1 204483032227 
:.~9:': 33.000000000000 34 204483032227 -1 204483032227 
:'-::1Jt{{ 40.000000000000 34.2044B3032227 5. 795516967773 

~{! JO 000000000000 31 971199035645 ·1.971199035645 
24. 750000000000 29. 787439346313 -S.037439346313 

!f!..£ 30.000000000000 32.193592071533 -2.193592071533 
;.1.◄:~: 30. 750000000000 31 997430801392 -1247 430801392 
-~15"=: 23.329999923706 34.593139648438 -11 263139724731 

~Jt!: 32.09999847 4121 25.701643261719 6.398155212402 
t1r.:. 26.010000228882 32 759700775146 -6 749700546265 
... ,~.:~ 30.459999084473 JS. 498413085938 -5 038414001465 
-~-1:9 .:. 17.139999389648 31 471675872803 -14.331676483154 

;; 12.500000000000 22.898801803589 -10.398801803589 
37.500000000000 35.619834B99902 1 880165100098 

-~22:i: 35.000000000000 34.635009765625 0. 3649902343 75 
:'-tl~.:. • 40.000000000000 34.806262963971 5 193737030029 
~~ 40.000000000000 34.B06262969971 5. 193737030029 
~;,;- 16.000000000000 25.057B59420776 -9. 057859420776 

~~-== 32.200000762939 33.427730560303 -1 227729797363 
~'°27fr 32.200000762939 35 078384399414 -2 878383636475 

-i~f!1 20.000000000000 25.350294113159 -5 350294113159 
:~-29·:.= 35.000000000000 34.806262969971 0.193737030029 
'.€30~ 32.200000762939 35 078384399414 ·2.B78383636475 
~ 23.200000762939 25.140565872192 • 1 9◄0565109253 
;3Z? 35.000000000'100 34.204483032227 0.795516967773 
<33".: 33.59999847 4121 34.204483032227 ·0.60448455B105 

~E 23.450000762939 32.435752868652 -8. 9857521 05713 
Its"':f. 23.500000000000 24.956726074219 -1 456726074219 
.:.?&~:: 31 B50000381470 34.806262969971 -2 956262588501 
:-n:-:: 36.7999992 J 7061 34.8062629699 71 1 993736267090 

-~-:-~t 35.599998474121 36.174022674561 -0.574024200439 
~"'::' 37.599998◄74121 3◄.204◄83032227 3.3955154◄ 1 B95 

_·-~JI=. 3 7.200000762939 34.806262969971 2.393737792969 
>~r:·:_~ 26.799999237061 25.538455963135 1.2615◄3273926 

':.~"2 2 ◄.000000000000 J ◄. 784492◄926 76 • 10.78 ◄492492676 

~~ 24.000000000000 26.655261993408 -2.655261993◄0B 
-~◄-1:· 1 4.800000190735 24.-1031 94427490 ·9.603194236755 
I~s:;: 47.000000000000 36.1531982421 BB 10.846801757813 
~~ 46=-: 6.659999B47412 2◄.819242477◄ 17 • 1 8. 1 59242630005 

~ 
24.989999771118 23.320232391357 1 669767379761 
24.799999237061 24.943782806396 -0.143783569336 

:A19~ 41 .669998168945 34.234207153320 7 ◄35791015625 

f~ 31.079999923706 33.336055755615 -2.256055B31909 
~'5,.1~ 33.500000000000 24.536542892456 8.963457107544 

~ 41.650001525879 35. 758941650391 5.891059875488 .. 42.299999237061 31.39431953◄302 10.905679702759 - 33.319999694824 32.885841369629 0. 43◄158325195 - 8.500000000000 24.943782806396 -16.443782806396 
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5:sl::=:.::.=l~~~ =~-===-tr.~.-=: =-~~:.,; ___ _... ... -~ 
~~Aduel(1) NelWOrk(1) Act-Net(l) 

~ 19.719999313354 22.354412078857 -2.63◄412765503 

Els 33.000000000000 JJ.224636077881 -0.22 ◄636077881 

::~-t=---'9 2 ◄.64999961 8530 22. 7405376◄3433 1.909461975098 

Stl~ 19.000000000000 22.792518615723 -3.792518615723 

~ 30.000000000000 34.75772◄761963 -◄.757724761963 

?:El.cg 30.000000000000 23425825119019 6.574174880981 
,.faf@ 32.930000305176 23. ◄25825119019 9.504175186157 

~1,E .. 33.000000000000 23.425825119019 9.574174880981 
;,-:_la~ 24. 729999542236 23.425825119019 1.304174◄23218 

·:_:1~ i 9.92000007629-l Z2.51955-l138i 84 -2.599554061890 
~ 32.799999237061 31.100255966187 1 .699743270874 
[-:I~ 29.B19999694824 30.219413757324 -0.399414062500 
--~1€ 19 Bl 9999694824 22.829978942871 -3.009979248047 
--Hi:,.: 49.299999237061 JO. 525476455688 18. 774522781 372 
~fjf:: 19.840000152588 22 463733673096 -2.623733520508 

~!.~ 36.63999938964B 16.910041809082 19.729957580566 
.JS::,' 32.8 ◄0000152588 21 3065166 ◄ 7339 11 533◄83505249 

:':1 g~f 29.729999542236 38.54196548 ◄619 -8.811965942383 
~ 48.500000000000 50.280944824219 -1 780944824219 
m-i 18.200000762939 22. 470607757568 -◄ .270606994629 

~"22:;, 34.509998321533 25.192493438721 9.317504882813 
:-21:'." 24. 750000000000 26.774101257324 -2.024101257324 
~~:; J4.a10001220103 26.774101257324 8.1958999633 79 
:;z~ 23. 250000000000 29.272230148315 -6.022230148315 
;~21r'=°· 30.000000000000 21.814931869507 8.1850681 30493 
:-:-2_?,~ 29. 729999542236 1 B 682975769043 11 047023773193 

1:i 23. 750000000000 25 284303665161 -1.534303665161 
29.729999542236 26.774101257324 2.955898284912 

tao~ 29.729999542236 1 B.682975769043 11 047023773193 
~~ 23. 750000000000 26.094444274902 -23◄4444274902 
_:-?.32"':..;-; 29. 729999542236 21425825119019 6.30417 4423218 
·::::-33'~ 29.B19999694824 21425825119019 6394174575806 
f~ 29.700000762939 28.B65880966167 0 83◄119796753 

~E 24.000000000000 27.060411 ◄53247 -1060◄11453247 

-:~-~ 29.700000762939 26. 774101257324 2.925899505615 
·:37)/ 39.560001373291 26.774101257324 12.785900115967 
J.31:i 39.200000762939 26 2005271911 62 12.999473571777 
''..'39,}, 29.909999847412 23.425825119019 6.48 ◄17◄728394 

·,40 J 39. 799999237061 26.774101257324 1 J.025897979736 
'.f~t'°~ 23. 750000000000 22.766906738281 0.983093261 719 
~-4'2-~ 29. 700000762939 21005037307739 6.694963◄55200 
-~ 29.399999618530 28. 736576080322 0.663◄23538208 
-::~~ 49.500000000000 49.1150703◄3018 0.38◄929656982 

AS~ 19.799999237061 22. ◄62738037109 -2.662738800049 

-"'"'iiAi 56.939998626709 19.63058853149◄ 37309410095215 
:.=:_~;-~ 4 ◄.240001678467 22.461702346802 21.778299331665 
l~ l 8.399999618530 22.134J0023193◄ -3.73◄300613◄03 

~ 18. 799999237061 27.155385971069 -8.355386734009 
~ 28.500000000000 30.178276062012 -1.678276062012 

~~ 22.750000000000 1 ◄.869999885559 7 .88000011 ◄◄◄1 

!iii$ 27.◄◄000053◄058 14.869999885559 12.5700006◄8499 .. l ◄.869999885559 35.621738◄33838 -20.7517385◄8279 

~ l 8.399999618530 22.722478866577 -◄ .322◄792480◄7 

1111 16.129999160767 22.1 3◄300231 93◄ -6.004301071167 
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