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ABSTRACT 

Recently, many construction organizations have shifted from offline to online data 

storage platforms, such as MS SharePoint. Construction companies are storing more historical 

data than ever. The question is how these historical data can be structured and analyzed to make 

actionable decisions and bring competitive advantages. This dissertation discusses a reliable 

solution for using historical data in construction. In this project, we developed a decision support 

system which predicts conceptual costs of construction projects and supports decision-making 

for long-term capital planning in public universities. A prototype system was developed based on 

historical data for roofing projects at the University of Alabama. We collected this historical data 

via a web-based data entry form subsystem. The developed system uses ridge regression models 

to train historical data, which helps reduce multicollinearity. K-fold cross-validation and 

evolutionary algorithm are used to fit ridge regression models. This system has a user-friendly 

interface and supports what-if analysis which allows the user to see multiple scenarios of the 

estimation. Also, the system has an automated process which adjusts inflation based on 

construction start date. Finally, validation has shown that the system can improve in the accuracy 

in conceptual estimation of roofing projects at the University of Alabama.
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CHAPTER 1: INTRODUCTION 

This chapter introduces the role of conceptual cost estimation in construction and 

discusses the essentials of a decision support system during this estimation process. An initial 

investigation has been conducted on previous studies regarding conceptual cost estimation which 

indicates this process is highly significant to the overall success of a construction project. 

Further, predictive analytics is recognized as a useful component of conceptual costs estimation. 

The nature of the problem domain is analyzed with considering of university construction 

environment. 

 

1.1. Nature of the Problem Domain 

Various research has long proven that the result of the cost estimate process can either 

make or break the project outcomes (Might and Fischer 1985; Cerpa and Verner 2009). This 

scenario exists even though cost estimating is becoming ubiquitous, and exists either formally or 

informally in every organization. Generally, cost estimation is needed to support the decision of 

funding, developing the budget requests and evaluating resource requirements (GAO 2009). The 

Bureau of Labor Statistics reported that cost estimators encompass around 213,500 jobs in 2014 

(BLS 2015). 

For most organizations, from a typical household to the largest corporations, one of the 

first questions brought to the discussion table is, “what will the project cost?” (Mislick and 

Nussbaum 2015). However, it would be difficult to predict exact project cost at the earliest phase 

of a project. The best reference for cost estimation typically is similar cases, however;  
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construction projects are often unique and cannot be replicated with the same tasks and resources 

giving the same results (Kerzner 2009). Also, construction projects are often riskier, as compared 

to projects in other industries, due to the complexity of coordinating various activities (Zwikael 

and Ahn 2011). 

For most organizations, from a typical household to the largest corporations, one of the 

first questions brought to the discussion table is, “what will the project cost?” (Mislick and 

Nussbaum 2015). However, it would be difficult to predict exact project cost at the earliest phase 

of a project. The best reference for cost estimation typically is similar cases, however; 

construction projects are often unique and cannot be replicated with the same tasks and resources 

giving the same results (Kerzner 2009). Also, construction projects are often riskier, as compared 

to projects in other industries, due to the complexity of coordinating various activities (Zwikael 

and Ahn 2011). 

Construction cost estimates are typically classified by their functions. As suggested by 

Hendrickson and Au (2008), and Schmid (2012), a typical project often has three major 

estimation types: design estimates, bid estimates, and control estimates. The design estimate is 

typically initiated by the owner and developed by designers. It is used in the scope definition, 

selection of design alternatives, and to keep the owners informed of forecast costs (Peurifoy and 

Oberlender 2014). There are three sub-phases under the design estimate, including the order-of-

magnitude estimate, conceptual estimate, and detailed estimate (Hendrickson and Au 2008). 

Once alternatives are approved, contractors conduct the bid estimate based on the subcontractor 

quotations, quantity takeoffs, and contractors’ experience. A bid estimate is submitted to the 

owner, either for competitive bidding or negotiation, and consists of direct construction costs 

including field supervision, plus a markup to cover general overhead and profits. After selecting 
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the successful contractor, the bid becomes the contractor’s budget and the baseline for managing 

their resources through the control phase. 

To initiate a project, public organizations generally conduct an owner’s study including a 

technical feasibility study and an economic feasibility study of the proposed construction project 

(Peurifoy and Oberlender 2014). A conceptual cost estimation (CCE) is a part of this economic 

feasibility study. It is used to forecast the approximate costs to evaluate the economic feasibility 

of proceeding with the project. Since CCE is performed with limited information about the 

project, the accuracy will inevitably be less than later detailed estimates. CCE, however, is 

essential for the owner to decide to proceed with the project. It is conducted at the inception of 

the project, when the owner typically has more significant influence and lower sunk costs, than 

other estimating types on later phases (Gibson Jr. et al. 1995). 

As suggested by Gibson Jr. et al. (1995), Duverlie and Castelain (1999), and Chou 

(2009), Figure 1.1 describes the influence of the CCE on a project life cycle. The graph indicates 

that decisions at the conceptual phase, based on the estimate having a high influence on the 

project. After the decision has been made, this influence will drastically decrease. 

Underestimation at this phase will result in overoptimistic projects being approved. On the other 

hand, overestimation will push the stakeholders to reject the project at the inception. Andersen et 

al. (2008) indicate the roots of underestimation including underestimating risk, overestimating 

opportunities, inadequate estimation methods and skills, reliance on weak information, and 

strategic/deliberate scope creep and division of projects. This underestimation can lead to 

decreasing quality and canceling project (Peurifoy and Oberlender 2014). Thus, improving the 

accuracy of CCE is highly essential to the ultimate success of any project. 



 

4 
 

 
Figure 1.1 The influence of conceptual cost estimating on the project life cycle. 

 

1.2. Conceptual Cost Estimation 

CCE, also referred to as “predesign cost estimates”, “preliminary cost estimating” or 

“early cost estimating”, are approximate estimates early in the project. Generally, CCE is 

prepared from the project scope, when there is little or no design yet completed. Some 

quantifiable definitions have been discussed in recent papers. For example, Asmar et al. (2011) 

identified CCE as an estimate prepared at 30% of the completed design. Rast and Peterson 

(1999) suggested the accuracy at CCE level should be around +30% to -15%. The AACE 

International (2016) suggested that CCE is conducted at about 1% to 15% of project definition, 

with typical variations from -15% to -30% of low accuracy and from +20% to +50% of high 

accuracy. Petroutsatou et al. (2012) suggested that CCE accuracy should be around ± 25%. 

Duverlie and Castelain (1999) and Chou (2009) mention that during the conceptual phase of a 

project, even though only 5-10% of the total project cost is spent, 70-80% of the cost is 

committed during the initiation phase. AACE International (2016) also indicates that the 
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maturities of the project data are proportional to the estimation accuracy. 

CCE is strategically important because it is an essential part of project planning (Kim et 

al. 2012a). Karshenas (1984) and Sonmez (2004) mentioned that CCE is required by most 

project stakeholders during the project initiation and project planning. At first, the owner needs 

CCE to determine the feasibility of a project. During later phases, designers and contractors will 

need CCE for financial evaluation of alternatives and establishment of an initial budget. As 

suggested by Kim et al. (2012a), five characteristics of CCE are identified: (1) strategic 

importance, (2) limited and vague information, (3) limited time allowed for estimating, (4) low 

accuracy, (5) depend on estimator’s judgment and historical data, and (6) subject to changes. 

Various research has argued that limitations in time and information would be two major 

obstacles in this process (Sonmez 2004; Kim et al. 2012a). Thus, the effectiveness of a CCE 

method will rest on utilizing limited information in a short period. 

 

1.3. Requirements of the Decision Support System Platform 

Peurifoy and Oberlender (2014) indicate that estimating in construction is not an exact 

science, where common sense and judgment are placed as important as estimator’s knowledge. 

Cheng et al. (2009) mentions that the estimator's judgment plays a critical role in the conceptual 

estimation of construction costs. This implies CCE should be viewed as a decision-making 

process since judgment is typically used rather than solely calculating and summarizing project 

costs. According to the “degree of structuredness” framework by Simon (1977) and Keen and 

Scott-Morton (1978), conceptual cost estimation is categorized as a semi-structured problem 

where the problem is solved with standard solution procedures and human judgment. This infers 

the need for a specialized decision support system (DSS) for CCE. 
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The term decision support system, like management information system, business 

intelligence, big data and other terms in the field of information technology is a content-free 

expression (Turban et al. 2006). In this dissertation, the decision support system is simply 

understood as the information system that is designed to assist both analysts and managers in the 

process of decision-making through sophisticated software technologies, operations research and 

management science models. Normally, a DSS is oriented toward decision-making rather than 

information processing and operation. Especially, it always requires the active participation of 

one or more managers (Kingsman and de Souza 1997). For more than 40 years, the domain 

knowledge of DSS has progressed toward becoming a solid academic discipline, and can be 

applied to almost any type of decision-making. 

At the early phases of a project, management needs to make many cost-driven decisions, 

such as go/no-go projects, accept/reject alternatives, increase or decrease project funding, choose 

major materials regarding quality to be used in the design, and decide on the necessary 

timeframe to establish a schedule. Those decisions are primarily driven by the results of CCE. 

Currently, the conceptual estimation process at the University of Alabama is a time-consuming 

process involving manually analyzing data without a robust platform. This also causes 

difficulties in collaboration among analyst, estimator, and managers. Numerous changes in 

project scope, time, and schedule are often involved to meet the project owner’s requirements. In 

fact, the conceptual cost estimation process comprises numerous iterations, where the estimators 

must determine the effects of various scope revisions. In this case, what-if analysis can be used 

to explore significant changes in parameters. This what-if analysis capability is critical to 

supporting management, as it struggles to determine the most effective solution matching the 

owner’s needs (Moynihan 1995). 



 

7 
 

A major concern of this strategy is balancing the adequate provision for project funding 

with the provision of needs. The availability of large quantities of historical data can provide 

estimators with a better chance to improve accuracy and enable enhanced decision-making. 

However, estimators also have to deal with a large amount of noisy and biased data. Poor 

analysis can provide imprecise and irrelevant information to managers, leading to confusion. 

Graham (2009) discussed that incomplete historical data could cause inefficiencies in the 

estimating process. 

These difficulties infer a need for a decision support system to be developed for 

conceptual cost estimation. This DSS is especially valuable in the early phases when more than 

one alternative is evaluated. DSS provides an automated system with fast computations which 

can reduce the time spent on estimation and integrating changes (Turban et al. 2006). With the 

availability of predictive analytics models, the DSS is capable of dealing with a large volume of 

historical data to improve the accuracy, and to control noisy and biased data (Sauter 2010). 

Knowledge of the manager, advanced research from analysts, and skills of estimators can be 

derived and embedded in the DSS. In addition to providing solutions, a DSS can help project 

managers understand the problems and quickly capture information through the data dashboard. 

Overall, communication among project managers, analyst staff, estimators, and project owners 

can be improved (Turban et al. 2006). 

 

1.4. Predictive Analytics 

In CCE, it is important to identify predictors that are easily accessible during the early 

stages. Those predictors, i.e., variables that will influence cost estimation accuracy, and 

incorporate various aspects. All too often, prior researchers preferred to develop predictive 
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models and compared model accuracy, based on a given database. This database was normally 

collected by an institution and is then given to an analyst. Unfortunately, detailed information 

regarding most construction projects, such as as-built schedules, is not well organized (Yau and 

Yang 1998). In general, analysts rarely have a chance to ask construction companies to collect 

data they need. Yau and Yang (1998) also mentioned that most of the time, only several key 

figures (e.g., final construction costs or project start/completion dates) are recorded. Also, some 

of the predictive models are applicable solely to the dataset being used, and could be misleading 

when used for other cases. This project offers a chance to develop the required variables for the 

predictive models and to collect the needed data. 

Predictive analytics is a subset of data science. Larose and Larose (2015) define 

predictive analytics as a process of extracting information from large data sets to forecast future 

outcomes. Predictive analytics embodies sophisticated models such as data mining, statistical 

modeling, machine learning, and artificial intelligence to analyze data. Turban et al. (2006) 

indicated that analytics could support anticipatory decision-making and serve as a bridge 

between IT and business stakeholders. 

 

1.5. University Construction Environment 

For years, higher education construction has been a significant contributor to the national 

economy. A survey of campus construction leaders conducted by University Business Magazine 

indicate challenging times ahead for higher education, yet universities and colleges across the US 

continue building (Papandrea 2015). It is not surprising that academic buildings and residence 

halls are top project types since student enrollment growth is a big motivational factor for new 

construction and renovations. The report on construction spending by the United State Census 
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Bureau indicates that public educational construction accounted for more than 70 billion dollars 

in 2016 to 2017, which accounts for 24.1% of the total public construction value (USCB 2016). 

A report from College Planning & Management Magazine indicates that university construction 

totaled more than $11.6 billion in 2014 (Abramson 2015). 

Research universities are at the pinnacle of the academic system and directly involved in 

the global knowledge network. This requires significant expenditures to build facilities, and the 

results are expensive to sustain (Altbach et al. 2009). For that reason, university construction has 

many unique aspects compared to other construction applications. Public postsecondary 

construction has been decentralized since 1995 when most state’s universities and colleges have 

administrated their own construction program with the administration provided by individual 

boards of trustees (BOT). Campus projects are funded from a variety of state and non-state 

sources, which dictate certain project aspects. Generally, all of the construction projects in a 

university need to conform to a predetermined campus master plan. Such campus master plans 

are based on assumptions about basic campus characteristics drawn from projections of a broader 

academic plan (Caruthers and Layzell 1999). They outline building design and location, campus 

traffic patterns, utility needs and needed land improvements or acquisitions. 

Besides, the life of buildings on campus may span hundreds of years and require high 

maintenance and renovations throughout their lifecycle (Duke 2013). In many cases, new 

construction is required to blend with older historic structures. Universities, especially in urban 

settings, are under pressure to find space for growing programs and changing university needs. 

Sometimes, this search leads off campus to historic structures, warehouses, and other buildings 

with a different original use than what is needed (BOM 1991). Finally, a report by the Office of 

Program Policy Analysis and Government Accountability indicates that educational facilities are 
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costlier to build than many other types of construction (OPPAGA 2006). The reasons regard the 

type of facilities built, higher land costs, and the stricter building code, regulations, and standards 

that educational facilities must meet. 

 

1.6. Requirements from the University of Alabama Construction Administration 

The University of Alabama Construction Administration department (UACA) is a 

function under the vice-president of Financial Affairs of the University of Alabama. UACA aims 

at providing management and support for construction projects on campus. UACA is responsible 

for implementation of the capital improvement projects and works closely with other 

departments in reviewing the project requirements based on needs and functions. When 

necessary, staff retains design professionals for the preparation of drawings and specifications 

based on the scope of work to be executed. One of the most critical missions of UACA is 

estimating and controlling construction cost. These often account for an extensive portion of the 

University budget. To accomplish that mission, they focus on planning and strategizing the long-

term budget and mitigating the inflation risk. For that reason, UACA requires a robust estimation 

process to provide accurate cost information for making choices among alternatives promptly. 

In the university environment, CCE is required by the Board of Trustees (BOT). This 

CCE will be the foundation for subsequent procedures such as establishing scopes, detailed 

planning, and bidding of campus constructions. In late 2016, UACA decided to support a 

research project which intends to develop a cost estimating DSS prototype utilizing big data 

analytics to support decision-making. The purpose of this research is to develop a cost model 

taking into effect all attendant variables. This research is funded by the UACA to develop a 

computer-based application to fulfill those requirements.
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CHAPTER 2: LITERATURE REVIEW 

In this chapter, a literature review is undertaken to summarize the current knowledge in 

the area of CCE and DSS. Historical development of various CCE and DSS types are 

investigated and discussed. The three most common predictive analytics techniques in 

developing CCE models are reviewed and analyzed to bring to the fore the potential strengths 

and eliminate weaknesses. Applications of DSS in construction are discussed to select the most 

suitable methodology and design development for this project. 

 

2.1. Conceptual Cost Estimation 

In general cost prediction, Shepperd et al. (1996) and Mendes et al. (2002) classified 

previous approaches into three categories including expert judgment, algorithmic models, and 

analogy. Expert judgment is one of the most widely used techniques, which derives estimates 

based on the expert’s previous experiences (Gray et al. 1999). Algorithmic models attempt to 

represent the relationship between one or more of the project’s characteristics. Machine learning 

allows computers to modify or adapt their actions, so that these actions progressively become 

more accurate, where accuracy is measured by how well the chosen actions reflect the correct 

ones (Marsland 2015). According to Written and Frank (2005), there are four basic styles of 

machine learning application, including classification learning, association learning, clustering, 

and numeric learning. Cost estimation is one adapted application of numeric learning. 

In manufacturing, some researchers have attempted to categorize product cost estimation 

techniques using specific criteria. Zhang et al. (1996) categorized cost estimation into five 
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categories including traditional detailed breakdown, simplified breakdown, group technology-

based, regression-based, and activity-based. Shehab and Abdalla (2001) suggested that cost 

estimating approaches can be broadly classified as an intuitive method, parametric techniques, 

variant-based models, and generative cost estimating models. They later classified cost modeling 

approaches at the design stage into knowledge-based, feature-based, function-based, and 

operations-based approaches. Cavalieri et al. (2004) suggested three main quantitative 

approaches for cost estimation including analogy-based techniques, parametric models, and 

engineering approaches. Other researchers agreed that cost estimation in manufacturing should 

be classified into four categories as intuitive, analogical, parametric, and analytical methods 

(Ben-Arieh and Qian 2003; Dai and Balabani 2006). 

In construction, we can roughly categorize conceptual cost estimation methods into five 

generations. Raftery (1987) suggests three of these generations. The first generation which began 

in the late 1950's, and continued up to the late 1960's, used the square foot prices method. 

Quantity and quality are updated by straight-line adjustments of time and by professional 

judgment. The second generation was developed during the middle of the 1970's, and was 

characterized by intensive use of regression analysis making use of increasing availability of fast 

computing facilities at lower prices. The third-generation appeared to have begun in the early 

1980s. This generation was characterized by probabilistic estimates based on Monte Carlo 

techniques as well as artificial intelligence and knowledge-based computer systems. Shin (2015) 

suggests that the fourth generation is an advanced area of the third generation, which focuses on 

machine learning techniques. Finally, Shin (2015) predicted that the booting approach, which is 

developed by Freund and Schapire (1997), will be the next generation of cost estimation system. 

Recently, several comparisons have been made among CCE prediction methods based on 
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their accuracy and performance (Duverlie and Castelain 1999; Kim et al. 2004a; Sonmez 2004; 

Kim et al. 2005b; Vasudevan and Parthasarathy 2007; Ahangar et al. 2010; Kim et al. 2013). 

Even though later generation methods appeared to be more involved and powerful, no 

convergence has been obtained to date. It would be hasty to suggest applying the latest 

generation method in all CCE systems. Ashworth (2004) indicates that many of the later 

generation models have been dismissed since their results were not better than traditional 

models. In fact, each predictive method has its own advantages and disadvantages. Different 

methods have different properties, and their use depends on multiple criteria, including the 

availability of data, characteristics of data, hardware capability, level of accuracy, 

comprehensiveness, and dependability (Mendes et al. 2002; Dysert 2008). Ashworth (2004) and 

Lowe et al. (2006) also suggest that prediction models should be selected based on their ease of 

operation, familiarity, speed, and a satisfactory degree of accuracy in conjunction with the 

availability of design information. Typically, an information system can be an asset to an 

organization by processing data and producing useful information. However, it can be a liability 

if people become fascinated with the technology for its own sake, and lose sight of the business 

problems to be solved or the needs to be met. 

To obtain an overview of the historical development of CCE, searching with keywords 

related to conceptual cost estimating research has been done using Scopus, a bibliographic 

database containing abstracts and citations for academic journal articles (Scopus 2017). Table 2.1 

indicates that the search query used potential synonym phrases related to conceptual cost 

estimating research. The result indicates more than 370 publications were found from 1953 to 

2016 including journal articles, conference papers, business articles, book chapters, books, 

erratum, and short surveys. Figure 2.1 visualizes publications related to conceptual cost 
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estimating study from 1953 to 2016. The column chart indicates that CCE publications have 

been rapidly increased in recent years. 

Table 2.1 Potential synonym phrases related to conceptual cost estimating research 

Keywords 

Conceptual cost estimating 
Conceptual cost estimate 
Conceptual cost estimation 
Preliminary cost estimating 
Preliminary cost estimate 
Preliminary cost estimation 

Early cost estimating 
Early cost estimation 
Early cost estimate 
Predesign cost estimate 
Predesign cost estimating 
Predesign cost estimation 

 

 

Figure 2.1 Conceptual cost estimating publications from 1953 to 2017 found by Scopus. 
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Using the same analysis with data on Scopus, the percentage of CCE publication among 

different research disciplines has been calculated. Figure 2.2 provides a pie chart of CCE 

publication among different research areas. Other engineering includes construction and 

manufacturing and contributes a major number of publication in the CCE process. 

A literature search has found that case-based reasoning (CBR), neural network (NN), and 

regression analysis (RA) are there most effective methods applied in the CCE process. Using 

data from advanced search facilitates in Scopus (Scopus 2017), Figure 2.3 presents the number 

of publications among three are most common predictive analytics model related to the 

construction industry. Among the three predictive analytics models, regression is the most 

applicable due to its solid mathematical foundation (Kutner et al. 2008). 

 

Figure 2.2 Conceptual cost estimation publications among different research disciplines 
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Kulkarni et al. (2017) conducted a review of neural network applications, and indicates 

that the number of publications in construction management related to neural network has 

rapidly increased during the last two decades. The same authors classified five main applications 

of neural network in the construction industry, including cost estimation, productivity of labor 

and/or equipment, risk analysis and safety, duration, dispute and unit rate, and hybrid models 

such as neural-fuzzy systems (Kulkarni et al. 2017). The literature indicates that neural networks 

are a powerful tool for solving many problems in the field of construction management. Later 

sections will discuss, in detail, neural network algorithms and their applications in CCE. 

 

Figure 2.3 Publications of CBR, NN and regression related to construction. 
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2.1.1. Case-Based Reasoning 

Recently, the application of CBR in CCE has gotten much attention. CBR is an artificial 

intelligence technique which supports the capability of reasoning and learning in advanced 

decision support systems (Aamodt and Plaza 1994). Its basic concept is solving a new problem 

by remembering and reusing a previous similar situation. In other words, CBR solves new 

problems by modifying solutions of previous problems (Kim and Hong 2012). CBR is similar to 

the expert judgments which rely on the use of experience to solve problems (Kim et al. 2004a). Ji 

et al. (2010) have classified two common approaches of CBR that have been studied in previous 

CCE research. One is to predict construction costs (Kim et al. 2004a; An et al. 2007a; Wang et 

al. 2008; Chou 2009; Ji et al. 2010; Kim and Shim 2014; Zima 2015). The second applied and 

compared the methodologies for calculating the attribute weights for the models (Doğan et al. 

2006; Doğan et al. 2008; Kim and Kim 2010; Kim and Hong 2012). Kim et al. (2004a) suggest 

CBR models are an alternative to the expert system using rule-based reasoning. The processes 

involved in CBR have been described as a cyclical process comprising the four R’s including (1) 

retrieve the most similar case(s); (2) reuse the case(s) to attempt to solve the problem; (3) revise 

the proposed solution if necessary; and (4) retain the new solution as a part of a new case 

(Aamodt and Plaza 1994). 

Yau and Yang (1998) conducted a review of case-based reasoning in construction 

management. They indicate that CBR can be potentially applied throughout the lifecycle of a 

construction project from the feasibility study, conceptual planning, preliminary design, detail 

design, procurement and contracting, construction, operation and maintenance, to dismantling 

and rebuilding. Later, Hu et al. (2016) conducted another review about case-based reasoning in 

construction management. They found that applications of case-based reasoning rapidly 
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increased from 1996 to 2015, especially after 2006, with most of the publications emanating 

from South Korea. Hu et al. (2016) also classified the application of CBR into four major 

categories including construction cost estimation, construction tendering, bidding and 

procurement, and environment and sustainability management. Generally, most research in CBR 

agreed that the predictive technique is suitable to address construction management problems 

due to its capabilities of recalling and reissuing historical experience and knowledge (Yau and 

Yang 1998; Hu et al. 2016). CBR appears to work well with both decision support systems 

(Wang et al. 2008) and expert systems (Kim et al. 2012b). 

Many studies have demonstrated that CBR is an effective method in conceptual cost 

estimation of construction projects. For instance, Kim et al. (2004a) compare CCE models 

among multiple linear regression, neural network and case-based reasoning. From a given 

database of 530 records, the research built and tested three models. Even though neural network 

gave the highest accuracy in model verification, the paper concludes that the CBR model was 

most effective due to its clarity of explanation and ease of updating. However, Kim et al. (2005b) 

created CBR and NN models for a database of 540 records in Korea. The authors found that 

CBR outperformed the NN model in error rates. Hu et al. (2016) explained that this 

inconsistency might be due to differences in model design, such as the different methods used in 

indexing and weight determination, as well as different data sets. Doğan et al. (2006) later 

developed a CBR model on an Excel spreadsheet by means of three optimization techniques, 

namely feature counting, gradient descent, and genetic algorithms. The results indicated that 

genetic algorithms performed slightly better than CBR used in association with the other two 

optimization techniques. However, the testing data failed to conclude the hypothesis due to the 

low statistical significance among average errors. Doğan et al. (2008) continued to try decision 
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trees as an optimization method for CBR models with the same database of previous research. 

Even though the errors did not improve from the research in 2006, the authors indicate that the 

study is valuable by contributing a new weight generation technique for CBR models of CCE 

rather than being confined by default methodologies. An et al. (2007a) developed a CBR model 

substituting for an expert system. The model uses the Analytic Hierarchy Process (AHP) to elicit 

domain knowledge from the experts and estimate the costs. The research of An et al. (2007a) is 

adopted by Chou (2009) and improved to generate a web-based system for CBR models. The 

model is verified that it qualifies the accuracy criteria of the Association for the Advancement of 

Cost Engineering (AACE International 2016). Some studies such as Kim and Shim (2014) and 

Kim and Kim (2010) indicate genetic algorithms are also useful to generate the weight attributes 

of CBR models in the CCE process. Generally, previous research agreed that CBR is a useful 

model for predicting conceptual costs through reusing specific knowledge from previous 

experience problems. One of the most significant drawbacks of case-based reasoning is that it 

requires sufficient similarity between the case stored in the database and the retrieved cases (Kim 

and Hong 2012). If we do not have enough similar cases, the model will underperform. 

 

2.1.2. Regression 

Kutner et al. (2008) defined the regression model as a formal means of expressing the 

two essential ingredients of a statistical relation including (1) a tendency of the response variable 

to the vary with the predictor variables in a systematic fashion and (2) a scattering of points 

around the curve of statistical relationship. Regression serves three main purposes: (1) 

description, (2) control, and (3) prediction (Kutner et al. 2008). It is one of the classical methods 

of forecasting. 
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Regression has an excellent mathematical foundation which explains why it has the 

largest applications in the construction industry, as compared to other predictive models (Wilmot 

and Mei 2005). The popularity of regression has been further bolstered in recent years since 

construction cost estimation has gotten considerable attention from researchers (Jafarzadeh et al. 

2015). Lowe et al. (2006) indicate that regression is suitable to predict the construction cost of 

buildings. The authors conducted a study to build regression models using 286 records of data 

with 41 predictor variables. Six regression models were developed and discussed. The smallest 

number of variables used was eight, and the largest was 14. The best model provided an R-

squared of 66.1%, and the percentage of error is 19.3% which qualified the criteria. The study 

implied a validation process with field-testing needs to be taken in future research. Recent 

research, such as Fragkakis et al. (2011), Rui et al. (2011), and (Jafarzadeh et al. 2015), continue 

to investigate the uses of regression models in a specific field of construction cost estimation. 

Regression is also used to access model accuracy (Oberlender and Trost 2001; Trost and 

Oberlender 2003). 

One of the disadvantages of regression is that it cannot deal with a large amount of data. 

Kutner et al. (2008) indicate that regression modeling techniques typically were developed for 

use with data sets involving fewer than 1,000 observations and fewer than 50 predictors. Also, 

regression requires users to make decisions about the use of interaction terms and the class of 

relationships (e.g., linear, quadratics) (Sonmez 2004). However, if we present the relations 

among variables adequately, regression will allow better prediction than other models such as 

neural networks since it uses fewer parameters (Sonmez 2004). 
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2.1.3. Neural Networks 

As mentioned above, NN is the second most common predictive analytics model which 

has been developed in recent years. Kutner et al. (2008) explain the basic idea of neural network 

is to model the response as a nonlinear function of various linear combinations of predictors. 

Thus, a neural network contains many more parameters than the corresponding linear statistical 

model. This causes the neural network model to be overparameterized, resulting in parameters 

that cannot be interpreted (Kutner et al. 2008). Hegazy and Ayed (1998) developed a decision 

support system for the neural network model to predict the highway project costs. The system 

provides one module for optimizing the model, and another module allowing simple what-if 

analysis. Means and standard deviations of predicted costs are among what-if scenarios that can 

be compared by the system to provide decision support to the initially estimated costs (Hegazy 

and Ayed 1998). Hegazy and Ayed (1998) also constructed the model on a simple Excel 

spreadsheet with a small database of 18 records, and trained it with three different techniques, 

including back-propagation, simplex optimization, and genetic algorithms. Finally, the study 

concluded that simplex optimization outperformed other training methods. 

Günaydın and Doğan (2004) developed and tested a neural network model to estimate the 

square meter cost of reinforced concrete structural systems of buildings in Turkey. Results of the 

models implied providing decision support to the early design phase of projects. The study used 

eight fields and thirty records of data for training and testing. Kim et al. (2004b, 2005a) used 

twelve predictor variables and 530 records of residential buildings to build a neural network 

model to predict the actual costs. The study attempted to improve the process of determining the 

model’s parameters by incorporating generic algorithm and backpropagation. Wilmot and Mei 

(2005) analyzed 2,827 records with eleven predictor variables and five outputs. Their study used 
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a random selection of 85% for training and 15% for testing. The model concluded that the 

highway construction costs in Louisiana would double between 1998 and 2015. Cheng et al. 

(2009) developed a decision support system for the CCE process utilizing NN combined with 

fuzzy logic. The study discussed the design of the decision support system with three main 

components, including user interface, model, and data module. The user interface is suggested to 

be developed on a web-based platform. The study used 23 database records for training and five 

records for testing. Generally, the study indicated that NN could be combined with fuzzy logic to 

develop a decision support system for conceptual cost estimation. The interface subsystem was 

developed on a web-based platform to provide convenience for the user to access the system via 

a browser. 

Petroutsatou et al. (2012) developed another NN model to estimate the construction cost 

of a road tunnel. Input parameters were normalized by dividing the maximum value of the input 

set. The study indicated that normalization provides better prediction. Recent research has 

focused on applying the NN model to specific fields. For example, Jafarzadeh et al. (2014) built 

a NN model to predict retrofit net construction costs. Hyari et al. (2016) built a NN model to 

predict engineering services cost. 

Generally, the main drawback in previous research is that the authors failed to explain the 

results of the model. This makes the model less convincing compared to regression and case-

based reasoning models. Also, the relationships among predictors and response variables cannot 

be easily identified, causing difficulties in capturing the level of importance among predictor 

variables. Also, Petroutsatou et al. (2012) indicate that the amount of data used largely affects 

neural network model performance. Greater accuracy is achieved when more training data is 

available. For example, Bode (1998) conducted a study indicating that relative deviations were 
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24.5% for 20 training samples and 9.9% for 200 training samples. 

 

2.1.4. Other Predictive Models 

Besides the three most common predictive methods of neural network, regression and 

case-based reasoning, there are some other techniques that have been utilized by researchers in 

the field of CCE. Some researchers suggest the use of the support vector machines in CCE such 

as Dibike et al. (2001), Cheng and Wu (2005), (An et al. 2007b), Kong et al. (2008) and Cheng 

et al. (2010). The basic concept of the support vector machine is to map the data into a higher 

dimensional feature via a nonlinear mapping, and then to do linear regression in this space 

(Vapnik 2000). The learning theory of support vector machine is an alternate training technique 

for polynomial, basic radial function and multi-layer percept classifiers (Cheng and Wu 2005). 

Chou et al. (2009) approach probabilistic simulation for developing the likelihood 

distribution of engineering project cost. Their study used Monte Carlo to simulate cost data and a 

lognormal distribution to fit those data. A cumulative distribution function is then developed to 

estimate preliminary costs under several uncertain risks. 

Shin (2015) discussed the application of boosting regression trees to preliminary cost 

estimation. Boosting is one of the most potent methods for predictive data mining in the last 

thirty years (Trevor Hastie et al. 2009). Boosting regression trees are developed by applying 

boosting methods to regression trees which computes a sequence of simple trees that each 

successive tree is built for the prediction residuals of the preceding tree (StatSoft 2013). 

Fayek and Flores (2010) discussed that fuzzy logic could be used to access the quality of 

the CCE process. Marzouk and Amin (2013) developed a model to predict construction material 

prices using fuzzy logic in combination with neural networks. Generally, fuzzy logic is a logical 
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system including multivalued logic (de Barros et al. 2017). In CCE, fuzzy logic is often used to 

calculate the degree of importance that each of the predictor variables contribute to the response 

variables (Marzouk and Amin 2013).  

In general, most of the identified studies found agreed that predictive analytics could be 

employed to predict CCE in construction even though some methods may outperform others for 

a specific dataset. 

 

2.2. Decision Support Systems 

The validity of a decision depends heavily on the information possessed by the decision 

maker. There is often no logical sequence of problem-solving events followed. This frequently 

leads to erroneous and costly decisions. Therefore, decision support systems (DSS) have been 

introduced by Scott Morton (1971) to increase the effectiveness of decision-making (Power 

2007). A DSS is an information system which is designed to assist both analysts and managers in 

the process of decision-making, through sophisticated software technologies, operation research 

and management science models. In such systems, computer technologies provide support rather 

than replace to the role of manager (Turban et al. 2006). The DSS goal is to improve the 

effectiveness of decision-making in semi-structural tasks (Hastak and Vanegas 1993). Besides, 

DSS does not give direct solutions to the user, but requires the user to add inputs to the system to 

be processed by analytical models and reach desired outputs. (Molenaar and Songer 2001). 

DSS has progressed toward becoming a solid academic discipline. An analysis has been 

conducted on Scopus (Scopus 2017) indicating that the rate increased from less than 50 

publications in 1980 to over 15,000 new DSS publications per year in the subsequent twenty-five 

years. Figure 2.4 indicates the trend of decision support system publications found by Scopus 
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(Scopus 2017) from 1970 to 2016. It compares the total number of publications in all research 

areas to construction. 

 

Figure 2.4 Number of publications about decision support system 

 

While there are universal acceptances the use of DSS, there is no agreement and standard 

characteristics and capabilities of DSS (Turban et al. 2006). Currently, the most important DSS 

capabilities indicated among reviewed literature are providing predictive analytics and what-if 

analysis. As suggested by Turban et al. (2006), a typical DSS includes three main components. 

The data management subsystem includes a database that contains relevant data for the situation 
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0

4000

8000

12000

16000

20000

1970 1980 1990 2000 2010 2020

Total Construction



 

26 
 

analytical capabilities. Finally, the user interface subsystem is where users communicate with the 

system. The users are sometimes considered as part of the system. As suggested by Turban et al. 

(2006), Figure 2.5 presents a basic schematic view of a typical DSS to be used in this 

dissertation. 

  

Figure 2.5 Basic schematic view of DSS. 

 

2.2.1. Decision Support Systems in Construction 

Hastak and Vanegas (1993) and Molenaar and Songer (2001) indicate that the 

construction industry provides an excellent context for the utilization of DSS. This opportunity is 

explained by the highly unstable environment which categorizes the decision-making process in 

construction as a semi-structured task. This requires increasing effectiveness rather than 

efficiency in such a situation (Hastak and Vanegas 1993). This section reviews several 

outstanding studies regarding the application of DSS in construction. This helps develop a 

strategy for the design of the DSS in the next chapter. Three studies regarding DSS in three 

different area of the construction industry are reviewed and discussed. 
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Leu et al. (2000) developed a decision support system which facilitates resource leveling 

problems in construction.  The paper described the use of genetic algorithms, which are 

stochastic search techniques based on the mechanism of natural selections and natural genetics, 

to calculate the activity schedule. The system was developed with three main components 

regarding data, user interface, and model subsystems which are developed mainly on MS Access 

and MS Excel software. The system generates an output with schedules before and after leveling. 

Users can conduct what-if analysis by modifying the inputs to obtain desired results. Better 

results from the what-if process can be saved back to the database, and referenced later. Users 

can then compare each alternative’s result to make their own decision on planning resources. 

Molenaar and Songer (2001) developed a web-based DSS for project delivery in 

construction. The developed system collected data from a web-based questionnaire which 

included 44 criteria. The system then used five multiple linear regression models to calculate the 

score of the overall user’s satisfaction, administrative burden, conformance to expectations, 

schedule variance, and budget variance. A rating system with good, average, and poor was 

developed for several factors including additional contractors, additional scope, market factor, 

contingency, owner staff design, and design builder prequalification to council the owners on 

selecting public sector projects that are appropriate for design/build. 

Banias et al. (2011) developed a web-based decision support system for optimal 

management of construction and demolition waste. The goal of the system is to minimize 

management costs with consideration of economic and environmental criteria. In the paper, 

Banias et al. (2011) summarize the technical and functional structure of the web-based system. 

The system collected data via a web-based utilizing Google Map software and calculated 

quantities of waste via mixed-integer linear programming. It then generated alternatives to 
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support users in deciding end-of-life solutions. 

Among reviewed literature, it is observed that two current obstacles hinder applications 

of DSS in construction: (1) the decentralization nature of construction industry (Molenaar and 

Songer 2001), and (2) difficulty in sharing data in construction. As discussed above, construction 

companies are project-oriented organizations (Kerzner 2009). Thomas and Priyanka (2014) 

argued that the decentralized and dispersed nature of project oriented-organizations affects the 

interactions of the inter-organizational nature. Mandicák et al. (2016) conducted a survey and 

found that only 13 % of participants are using shared systems in construction. In general, sharing 

data requires many different parties to come together on a project, including project managers, 

contractors, architects, subcontractors, vendors, and owners. However, the construction 

environment does not use open standards for sharing data between general contractors, 

subcontractors, and customers as do other industries, such as retail, manufacturing, finance, 

logistics, and healthcare (Thomas and Priyanka 2014). This practice creates difficulties in 

acquiring historical project data to build a DSS model. 

 

2.2.2. Decision Support Systems Use in Conceptual Cost Estimation 

From the literature search, it is observed that most of the previous research in CCE 

focuses on developing analytical models for CCE while ignoring the design for DSS for CCE. 

Hegazy and Ayed (1998) and Cheng et al. (2009) are two of the few studies which partially 

discuss the design of a DSS for CCE. 

As discussed above, Hegazy and Ayed (1998) developed a decision support system for 

the conceptual cost estimation of highway projects. The system was built using an MS Excel 

spreadsheet, which allows simple data management functions. The system uses GeneHunter, 
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which is an add-in in MS Excel to build a model of NN. Finally, the user interface is built 

through an MS Excel Macro. The database component in MS Excel was used to store data and 

allow users to conduct simple data manipulations, such as view, add, and delete data records. 

The model management subsystem can optimize the NN model and estimate the costs of new 

projects based on historical data. The user interface provides visual screens and buttons allowing 

users to conduct what-if analysis. 

Cheng et al. (2009) built a decision support system which estimates project cost using 

fuzzy logic and neural network models. The system is suggested to be web-based and 

communicates with the user via the internet. The system is built in a Windows environment. The 

database subsystem includes historical data, estimating results, model parameters, net price 

value, and users’ input. The model management subsystem supports the project management 

process, transfer projects, calculates price indices, and estimates project costs. The model can 

communicate directly to users for each function of the model via internet servers. 

This project will address the limitations of previous research about CCE by discussing 

the design for a DSS, beyond analyzing its predictive analytics models. This study also focuses 

on satisfying the end-users who are construction managers rather than researchers.
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CHAPTER 3: METHODOLOGY AND SCOPE 

This chapter discusses the methodology, scope, and limitations of the system 

development. The system development methodology is a framework to structure, plan, and 

control the development process. The scope of the system refers to the detailed set of 

deliverables and features of the system. The current system, with its limitations and deficiencies, 

is reviewed and discussed. The developed system will assist UA construction managers in 

estimating the conceptual costs of construction projects, and conduct what-if analysis by 

changing construction factors to determine the most favorable construction cost alternative 

according to various design. 

 

3.1. Objective and Scope 

The objective of this research is to develop a prototype decision support system which 

estimates costs and performs what if-analysis among alternatives at the conceptual phase of 

university construction projects. What-if analysis is a process of changing the input variables, 

assumptions, or parameter values, to see how those changes will affect the solution (Turban et al. 

2006). With the appropriate user interface, managers can quickly query the developed system 

those types of questions and get immediate answers. Case studies and requirements of the 

Construction Administration Department of the University of Alabama (UACA) provide a 

framework for this research. The research develops a cost model which takes into effects of 

attendant variables regarding historical data of construction projects on campus. This cost model 

helps predict construction costs of the University in long-term capital planning, such as preparing 
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the Annual Consolidated Capital Plan Report and Campus Master Plan. 

This project was started in August 2016, with the original plan to build a series of 

modules to support conceptual cost estimation. Meetings with the executive manager of UACA 

were held to identify their requirements. Data investigation has been conducted on the Estus 

system (Estus 2009), Alabama Building Commission (ABC 2016) website, and Alabama 

Commission on Higher Education (ACHE 2018a) database to access the available data for the 

DSS. Estus is an information system of the Division of Financial Affairs at the University of 

Alabama (Estus 2009). Alabama Building Commission’s (ABC) primary function involves 

promulgating and enforcing the State Building Code through plan reviews, inspections, and by 

serving as the state's contract administrator for state-funded construction (ABC 2016). The 

Alabama Commission on Higher Education (ACHE) is the coordinating board for higher 

education in the State of Alabama (ACHE 2018a). 

After conducting data feasibility study in December 2016, four project types were 

selected for building system modules including roofing, lighting, plumbing, and electrical 

projects. These projects were considered to have high uniformity and consistency in design. This 

allows us to collect data based on a designed questionnaire. A web-based data entry form was 

created for collecting roofing and lighting data. Details of the entry form will be discussed in 

Section 3.5. On September 1, 2017, in a meeting with Mr. Tim Leopard, we were redirected to 

focus on roofing only as the basis for our database and subsequent DSS. Mr. Tim Leopard is 

currently the University Associate Vice President working in University Lands, Planning, Design 

and Management of the University of Alabama, who directly supported this research. 

 



 

32 
 

3.2. Estus System 

This section reviews the Estus system with its associated strengths and weaknesses. Also, 

interviews conducted with project managers at UACA provides the author limitations of the 

current CCE procedures. These include a lack of a cost estimation automation system, effective 

cost model, what-if analysis capabilities, and data visualization tools. Those limitations of the 

current system would be noted to determine the essential requirements of the proposed system. 

Figure 3.1 presents the main page of the Estus system. 

 

Figure 3.1 Main page of the Estus system. 

 

The Division of Financial Affairs at the University of Alabama has been using Estus 

system since 2009 as a web-based document management and virtual filing system (Estus 2009). 

Estus facilitates the Division of Financial Affairs in communication with other on-campus 



 

33 
 

departments, and off-campus stakeholders (e.g., general contractors, subcontractors, architects, 

engineers, consultants) (UACA 2009). Each Estus user is granted access permission respective to 

their role (e.g., general contractor, architects). In the past, Estus was built in the Microsoft Office 

SharePoint 2007. In 2017, Estus was upgraded to a new system in Microsoft Office SharePoint 

365. Most of the data in the old system (SharePoint 2007) are migrating to the new system 

(SharePoint 365).  

As discussed in Chapter 1, UACA is an important department of the Division of 

Financial Affairs, which is responsible for the capital construction projects on campus. UACA 

project managers oversee all aspects of the construction project from the bid to final inspections 

(DFA 2018). Therefore, the Estus system has a significant role in supporting UACA. It provides 

a collaborative area among UACA and their stakeholders during each construction project. Three 

main functions that Estus provides are: 

(1) Provide UACA stakeholders with universal project documents, such as guidelines, 

templates, and policy for users (e.g., Architect and Consultant Agreement Templates, Checklists, 

Pre-Qualification Forms, Bid Requirements, Contract Requirements, General Requirements, UA 

Construction Procedures Manual, CSI Numbering System, DBE Program Policy, Design 

Guidelines, Builders Risk Policy, Change Order Policy, Direct Deposit Form, General 

Requirements for Purchase Orders Involving Public Works, Standard Articles of the Owner-

Designer Agreement, forms to request Estus Access, and Electronic Process Instructions for 

Architects/Engineers and General Contractors). These files are stored permanently in document 

management area and rarely update.  

(2) Provide one-way communication protocol with UACA stakeholders via the 

construction public site module. The module informs users with new information such as 
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Shutdowns and Closures, Closeout Meetings, Advertised Bids, Drawing Reviews, Pre-Bid 

Conferences, Pre-Construction Meetings, and Prequalification Meetings. 

(3) Functions as virtual filing cabinets, with areas for collaborating. Users can share data 

via locating specific folders to upload and download files, which is convenient when documents 

are too large to be emailed. It also supports UACA with file storage capabilities where system 

users can store project data such as project drawings, accounting files. 

From the investigation, it is observed that historical data required in this research is 

located in two main places of the Estus system: (1) Active Projects directory and (2) Building 

and Campus Information directory. UACA works primarily in the Active Projects directory 

where project data are stored in individual project folders. Figure 3.2 presents an example web 

page on Active Projects directory. 

 

Figure 3.2 Project folders in Estus 
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Each project folder is coded with a specific number regarding its file code year of 

construction, building name, and project accounting number. Figure 3.3 presents the coding 

format of each project folder. 

 

  

File Year Building Pr oject  
Code Code Accounting

Number

AAA BB CCC / DDDD− −


 

Figure 3.3 Coding format of each project folder 

 

Each project folder contains project sub-folders, which help organize construction 

information (e.g., project accounting documents, architect documents, project approval forms). 

Table 3.1 list all project sub-folder types inside a project folder. This allows users to easily track 

specific files as needed. Stakeholders are granted with permissions to access specific project 

folders and sub-folders. Each project sub-folder directly contains files used during the 

construction project. Figure 3.4 visualizes a folder tree of the Active Projects directory. 

The Building and Campus Information directory is where building physical 

characteristics information is stored. Facilities Department works closely with Construction 

Administration to maintain this database. Figure 3.5 presents an example web page of the 

Building and Campus Information directory. As shown in Figure 3.5 each building folder 

contains information related to the of the physical characteristics of the building such as 

buildings drawings, 3D models, specifications, building warranty books. 

The whole campus is divided into 10 zones, and each building is coded with a specific 

number. Each building is visualized in a building and campus navigation map. That allows users 

to easily search for building folders via their locations. Each building folder contains simple 
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information about that building, which is mainly collected from historical construction project 

packages. It makes data in the facilities directory more of project-based than facility-based. 

Currently, the facilities department is collecting and building a unified information system 

database. This would help users easily manage data.  

Table 3.1 Project sub-folders in Construction subsystem 

No. Sub-folder name No. Sub-folder name 

1 AE 21 GC 

2 Architect & Consultant Agreements 22 Inspections and Test Reports 

3 Architect Documents 23 Materials Testing 

4 BACPP 24 Meeting Minutes 

5 Bid Documents 25 Observation Memos 

6 Bids 26 Other File Documents – AE & UA Access 

7 BIM 27 Other File Document – All Access 

8 Close Out Documents 28 Other File Document – UA Access 

9 CMT & GEO Tech Documents 29 PAF 

10 Conformance Documents 30 PAF & Budget 

11 Consultant 31 Project Accounting 

12 Consultant Documents 32 Project Accounting Supporting Documents 

13 Contractors Documents 33 Project Team Documents 

14 Contractor Pre-Qualification 34 RFIs 

15 COR, CORAF & CO 35 RFPs and ASIs 

16 Daily Reports 36 Risk Point Meetings 

17 Documents 37 Site Access 

18 Drawing Reviews 38 Submittals 

19 Engineer Documents 39 Submittals in Review 

20 Front End Documents 40 UofA 
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Figure 3.4 Folder tree of the Active Project directory. 

 

 

Figure 3.5 Building folders in Estus 
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3.3. System Deficiencies 

Generally, this Estus system can be considered as a simple Management Information 

System (MIS). Estus system allows UACA users to store and share a large amount of data on 

web-based storage. Users can also locate and retrieve projects’ information via their project 

code. This help UACA improve their productivity and management process. However, the 

current system has some limitations which require improvements. 

The primary limitation of Estus regards to its system architecture which is not designed 

for extracting historical data later. For example, even though data on Estus are organized in 

folders and coded by their names, it is not easy for us to retrieve structured data from the system. 

One of the main reasons is that part of the system utilizes scanned documents with handwritten 

notes. This requires us to manually re-key data from a variety of PDF documents. 

Further, Estus supports just a simple search box which only allows finding files via their 

names. This box does not have advanced search query techniques to extract a specific piece of 

information contained inside those files. For example, the author wanted to look for the 

architect’s cost of the Hardaway Hall roofing project. Using the search box, we found more than 

20 project folders which contain the keyword Hardaway in their names. The author needed to 

inspect each of those project folders to find the needed information regarding the architect’s cost. 

The original purpose of the system is to allow sharing information of a contemporary project 

during its construction life cycle. Data are organized and located based on agreements of the 

contemporary workgroups (e.g., contractors, project managers, architect) instead of a universal 

standard which allows later extraction. For example, costs and schedule information for a roofing 

project are located in many different files rather than being summarized in one Excel table. 

In addition, the large variety of project types, and document formats also contribute to the 
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complications of data collection. Even though UACA created standardized templates for some 

files such as the Project Approval Form (PAF), and the Project Accounting Tracking Table, most 

of the documents uploaded by stakeholders (e.g., contractors, architects, consultants) are 

unstandardized. For example, we observed a large variety of different schedule templates 

uploaded by general contractors. These are difficult and time-consuming to interpret without the 

help of project managers. Further, we found difficulties in locating specific pieces of data even 

with help of UACA project managers. Due to the high volume of information within a project, it 

was difficult to ask project managers for specific project information which they did several 

years ago. Hence, a large part of the collected database was missed which impacted the 

conclusion that can be drawn from the data. 

Finally, Estus is limited in analyzing data while UACA currently requires an advanced 

system which can use historical data to provide insights for long-term capital planning. UACA 

wants to apply predictive analytics and what-if analysis to improve conceptual cost estimation 

and capital budgeting. Besides, they discuss a possibility of a system to summarize relevant data, 

extract important information, calculate critical metrics, and have data visualization tools such as 

graphs or charts. Those functions would facilitate decision-making processes during the 

planning. This research is required to improve discussed deficiency by developing a conceptual 

cost estimation decision support system (CCE-DSS). 

 

3.4. Methodology for Developing the DSS 

As suggested by Turban et al. (2006), the framework we used to develop this system has 

four main phases: (1) planning, (2) analysis, (3) design, (4) implementation. Generally, planning 

maps out the project’s overall structure. Analysis is to discover and understand details what the 
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system must do to address the problem or needs. The design focuses on configuring and 

structuring the new components. Implementation includes programming, testing and putting the 

system into operation. 

The nature of this project requires stabilization in planning and analysis while 

maintaining flexibility in design and implementation. Therefore, we used a hybrid method in 

system development methodology which combines the system development lifecycle (SDLC) 

approach (Satzinger et al. 2015) and prototyping approach (Turban et al. 2006). The SDLC 

approach is applied during the first haft of the project life cycle: (1) planning and (2) analysis 

while the prototyping is applied for the second half of the project life cycle: (3) design and (4) 

implementation. 

As suggested by Satzinger et al. (2015), the system development life cycle (SDLC) is a 

structured framework that identifies all the activities required to research, build, deploy, and 

often maintain an information system. The SDLC approach used in this research requires that 

most of the tasks in one phase are completed before the work proceeds to the next phase. Due to 

difficulties in identifying and analyzing the problem at the beginning of the project, we applied 

SDLC approach during the planning and analysis phases to establish the solid foundation for 

later phases – design and implementation. Project scope and schedule were verified with the 

UACA manager at the end of the analysis, before we started the design phase, to avoid scope 

creep. For example, at the beginning of the project, we identified that the objective is to develop 

a conceptual cost estimation decision support system for UACA; however, we did not 

completely understand the scope of the project. Information related to the availability of data was 

not known at that time. In addition, there is a large variety of construction project types on 

campus which requires us to refine the scope of the project to specific project types. Without 
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carefully analyzing and refining the project scope to specific project types, we could not proceed 

to the next stage such as designing the web-based questionnaire to collect data. Another example 

is selecting the predictive analytic model for the system. Since we have a fixed schedule (i.e., 

two years) to develop this system, we must carefully analyze collected data and have a definite 

decision before design the system. Changing the analytical model during design and 

implementation can cause delay in project completion. 

Turban et al. (2006) noted that the prototyping approach involves performing the 

analysis, design and implementation phases concurrently and repeatedly. In this project, 

prototyping is applied during the design and implementation (programming) phases of the 

project life cycle. This approach builds system in a series of short steps with immediate feedback 

from users to ensure that the development is proceeding correctly (Turban et al. 2006). This was 

a good approach during programming the system when neither managers nor system developers 

fully understand what they are trying to build. Another advantage of the prototyping approach in 

this project is to ensure the satisfaction of the managers (users) with the system interface and 

system functions. For example, one example of feedback from the UACA manager is to have a 

simpler interface with default settings instead of having multiple options on the screen. This 

feedback helped us understand the manager’s requirements and reduce the developing time by 

focusing on important needs. 

 

3.4.1.   Current Data Flow 

There are a variety of graphical modeling techniques used in the design of information 

systems. These are first applied to understand the existing framework. Figure 3.6 presents the 

data flow diagram of the current system. The data flow diagram (DFD) forms an important role 
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in the design of an information system. Bruza and van der Weide (1993) identify DFD as a 

diagram built from elementary building blocks to describe an aspect of the information system at 

a particular abstraction level. In the first phases of information analysis, DFD is used to establish 

a global model of an information system which can be further refined (Bruza and van der Weide, 

1993). 

As shown in Figure 3.6, project managers (PMs) are responsible for creating project 

folders on the Estus System. PMs establish access authorizations for the architects, contractors, 

and accountants who are working in that project. Each of participants can access and upload 

project files to specific directories of project sub-folders. Most of the project files are 

unstructured data (e.g., PDF documents, Excel spreadsheets). All uploaded data, in web-based 

storage, can be accessed easily via the internet. Construction Administration staffs help organize 

and regulate files in Estus. If there are changes in the database, a revised file will be uploaded 

beside the original file. For example, the Project Approval Form (PAF) file of Tutwiler Parking 

Deck project has one original file and two additional revised files: 

- Original PAF - Tutwiler Parking Deck (782-16-951) 90728.pdf 

- Revision 1 PAF - Tutwiler Parking Deck (782-16-951) 90728.pdf 

- Revision 2 PAF - Tutwiler Parking Deck (782-16-951) 90728.pdf 
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Figure 3.6 Data flow diagram of the current system 

 

After the project termination, the project folder is marked as closed and most updating 

activities end. Project data are then shared with the facilities department, so they can create the 

building information system in Estus. 

 

3.4.2. Current Functional Flow 

Figure 3.7 presents the functional flow diagram (FFD) of the current Estus system. 
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DAUP (2001) discussed the purpose of the FFD as functionally oriented, and it describes system 

requirements in functional terms. Each function on a functional flow diagram is separated and 

represented by a single box or solid line. 

 

Figure 3.7 Current functional diagram of Estus. 

 

As shown in Figure 3.7, the main function of this system is limited to storing data. As 

discussed previously, Estus provides different levels of access based on the role of project 

participants (e.g., contractors, architects). This system cannot perform some advanced search 

queries for needed information. Users search manually for information basically via the project 

or building code. This system cannot extract information from internal files, such as to create a 

summary report of all gross building areas in Zone 1, or generate a graph of percentage charts of 

material roof types on campus. We also do not have any decision support tools for the users. 

Users currently have to download data manually, extract data and perform analysis on another 

system. 
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3.5. Resulting Design Approach 

Based on this understanding, the proposed system was envisioned to consist of: 

(1) Data Collection component has the main purpose is to collect data via a web-based 

questionnaire; 

(2) Data Analysis component which has the main purpose to manage, analyze, and 

control data. 

Based on the two components, system development methodology is divided into two 

stages (Stage I and Stage II). Stage I is to develop the Data Collection component. This 

component has one subsystem: (1) Data Entry Form subsystem. Stage II is to develop the Data 

Analysis component. This component has three subsystems: (2) Historical Data subsystem, (3) 

Estimation subsystem, (4) Control subsystem. 

 

3.5.1. Stage I – Develop Data Collection Component 

Figure 3.8 presents the methodology used in the Stage I. We apply the SDLC approach in 

the first two phases: (1) Plan I, and (2) Analysis I. We apply prototyping approach on the next 

two phases: (3) Design, and (4) Implementation. The objective of Stage I is to acquire structured 

data for the system to perform data analysis on Stage II and build an efficient tool to collect data. 

This also allows a better understanding of the available data which will allow performing Stage 

II. 

3.5.1.1. Plan I 

Several meetings with the executive manager of UACA (Mr. Tim Leopard) were held at 

the beginning of this project to discuss user’s requirements. In brief, UACA wants a system to 

perform conceptual cost estimations and support decision-making. The system should have a 
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user-friendly interface, account for inflation, and support long-term capital planning. 

 

Figure 3.8 Methodology – Stage I 

 

We discussed some sources of potential data that we could use to build the system: (1) 

Estus system database (Estus 2009), (2) Alabama Building Commission (ABC) database (ABC 

2016), (3) Alabama Commission on Higher Education (ACHE) database (ACHE 2018a), (4) 

RSMeans (RSMeans 2018). Estus and the Alabama Building Commission database were 

introduced previously. An account was created which allowed us to access all databases on the 

Estus system to conduct this investigation. The Alabama Commission on Higher Education is the 

coordinating board for higher education in the State of Alabama (ACHE 2018b). RSMeans is a 

North American supplier who provides construction cost rates and indexes to help owners, 
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developers, architects, engineers, and contractors conduct cost estimation. 

Since there are many types of projects (e.g., new construction, renovation, repairs), 

building types (e.g., stadium, aquarium, classroom, library, parking deck), facility types (e.g., 

roof, electrical, lighting, plumbing), we discussed which type on which we needed to focus. As 

discussed previously, roofing was identified as the priority. Several approaches were considered 

to collect data: (1) collect data via a Microsoft Access form, (2) collect data by a web-based 

questionnaire which is provided by a third party (e.g., Qualtrics (Qualtrics 2018)), (3) build a 

web-based form on a private domain. 

3.5.1.2. Analysis I 

  At this phase, we reviewed the five possible data sources we have listed above. It was 

observed that data on the Estus system is useful and essential for this research. The ABC web-

based system does not provide a database per se, but it has state code and regulations, which can 

be used to build the general categorical variables library in the data entry form. In this research, 

variables which can only take values from a finite set contain discrete values are referred to as 

categorical variables. The finite set containing all possible discrete values of a categorical 

variable are referred to as a categorical variable library. 

The ACHE web-based system was reviewed. It has information regarding the Facility 

Master Plans, and Capital Project Requests for all universities in Alabama, from 2006 to 2014 

(ACHE 2018a). However, most of the data are estimated values instead of actual values, so 

ACHE data was not useful for this research. Roof categories in the RSMeans Building 

Construction Cost Data (RSMeans 2014) manual are used as the main source to create the roof 

categorical variables library in the data entry form. 

Data from Estus was determined to be the main source for the analysis. Due to the large 
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volume and high variety of data on Estus, we asked UACA to help collect data. One suggestion 

was to send a data entry form to architects and contractors who worked in previous UA 

construction projects. Three options to build the data entry form were reviewed. A MS Access 

form was initially created; however, it was observed that the method was not efficient. The 

option to build a private website was not possible at this time. We decided to use Qualtrics to 

build a web-based data entry form. Qualtrics is a web-based platform, which provides a 

convenient way to create an online research survey and report results (Qualtrics 2018). It allows 

us to send the entry form via email or share the form link to the participants. As discussed above, 

the scope of this project is limited only to roofing projects. All new construction and renovation 

projects of all building types are included in the research. 

3.5.1.3. Design I 

After completing the analysis, we started the entry form design. The whole form set has 

two main parts: (1) general building information and (2) roofing information. General building 

information includes information regards building specifications, project construction costs, and 

project construction schedule. Roof information includes only information regarding roof design 

and costs. Participants for this entry form are architects and general contractors working on the 

UA campus. 

As shown in Figure 3.9, the entry form is designed to provide different sub-forms with 

different questions regarding the participant roles (i.e., architect or general contractors). The 

architect will be directed to sub-forms with questions regarding project design and specifications. 

Contractors will be directed to sub-forms with questions regarding construction process (e.g., 

construction start, actual completed cost). 
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Figure 3.9 The form proceeds with different sub-forms regarding the role of the participants 

 

At this phase, we were unable to confirm which specific types of data are useful for the 

subsequent mathematical analysis, so a large variety of questions regarding the design, costs and 

schedule are included into the form. Meetings with UACA project managers were held to help 
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review the questionnaire. Essential questions (e.g., gutter types) were added, while questions 

regarding unavailable data (e.g., history of roof repairs) were eliminated. At the bottom of each 

page, a comment textbox was placed to allow participants to send feedback regarding the form 

design. This allowed us to improve the form after reviewing the feedback. 

3.5.1.4. Implementation I 

Figure 3.10 presents a sample of the web-based data entry form interface. The form is 

programmed to allow participants to easily and objectively answer the questions. As shown in 

Figure 3.10, categorical variables are built as multiple-choice questions (e.g., contract types). 

Continuous variables are built with a textbox, which allows typing in the value. 

Because Qualtrics has a limitation on validating the answer, some questions include a 

description or an example to make sure that participants provide the correct type of data. As 

shown on Figure 3.11, the question about roof areas has an example picture to help users better 

understand the question. Currently, the form has a total of 92 different question types. Qualtrics 

has the Survey Flow function which allows us the customize the block-level view in the form. 

We customized where respondents go in the entry form and what they see. Depending on the role 

of the participant, the form will skip unapplied questions. The Loop & Merge function in 

Qualtrics allows us to take a block of questions and dynamically repeat them multiple times for a 

respondent. For example, if the roof has four roof areas, the roof design block will be repeated 

four times. As discussed above, the prototyping approach was used during Design I and 

Implementation I, where multiple versions of the entry form are created and reviewed by the 

UACA manager. This helps both the manager and the developer understand the form via each 

revision and improve it. Qualtrics also support viewing the form on a mobile device which 

allows respondents response data where they are in the construction site if need.  
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Figure 3.10 Interface of the web-based entry form 

 

After refining the final version of the web-based entry form, we met with a group of 

UACA project managers to discuss collecting historical data for UA projects. The original plan 
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was to contact architects and contractors who worked on UA projects and have them fill in the 

form. However, UACA found difficulties in contacting past architects and general contractors. 

Therefore, data was collected from the Estus system with the help of UACA project managers. 

 

Figure 3.11 Example included in some questions 

 

3.5.2. Stage II – Develop Data Analysis Component 

Figure 3.12 presents the methodology in Stage II. Similar, to Stage I, we applied the 

SDLC approach in the first two phases: (1) Plan II and (2) Analysis II and prototyping approach 

on the next two phases: (1) Design II and (4) Implementation II. The objective of Stage II is to 

build the analysis component of the system (i.e., DSS) which provides three main basic 

functions: (1) manage data, (2) analyze data, (3) control the system. 
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Figure 3.12 Methodology – Stage II 

 

3.5.2.1. Plan II 

After data was collected data from the Estus system, we reviewed the data and created a 

development plan for the system. Generally, missing data is the major problem of collected data. 

We asked UACA to help update missing data. Data are partially updated, but many records still 

have missing data. A plan is set to address missing data. This imputation process is discussed 

detailed in Chapter 4 and Appendix A of this dissertation. Data flow and functional flow 

diagramming were used to plan the DSS. 

 Proposed Data Flow Diagram 

Figure 3.13 presents the proposed system’s data flow diagram and Figure 3.14 presents a 
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partition of the “calculate results” process bubble. As shown in Figure 3.13, the responsible 

project manager initiates a new record in the system. The project manager also provides the 

management data of the project (e.g., project code, project name, project management fee) into 

the system. Architect and contractor help fill in the entry form with design and construction data. 

All data are then merged and stored on the Qualtrics website. Architects and contractors can 

update their form anytime if they cannot complete it all at once. Stored data can be viewed and 

changed by the administrators of the Qualtrics site as well. Collected data can be download and 

be stored on a personal computer. Data are then imported into the Data Analysis component of 

the system. Data are then cleaned and modified to have the correct format. The system will 

impute missing values in the database. The imputed raw data will be adjusted for inflation to the 

current time. Adjusted raw data is used to calculate the results using the system analysis 

methods. The result is then projected to a future value with consideration of inflation. This 

adjusted result is then displayed to the users. 

As shown in Figure 3.14, the adjusted raw data are split into general data and roof data. 

General data are data related to the general specifications, cost data and schedule data of the 

constructed building. (e.g., total building area, building frame). Roof data are data regarding the 

roof specifications, and construction cost of only the roof (e.g., roof floor area, number of 

chimneys, roof eave height). Since we cannot conduct calculation directly with categorical 

values (e.g., roof covering materials, insulation types), we must code them in binary values (i.e., 

dummy variables). Roof data and general data are then used to calculate corresponding 

responses. Details of the analysis are discussed in Chapter 4 of this dissertation. 
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Figure 3.13 Proposed data flow diagram 
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Figure 3.14 Partition of “Calculate Results” process bubble 

 

 Proposed Functional Flow Diagram 

Figure 3.15, Figure 3.16, Figure 3.17, Figure 3.18, and Figure 3.19 present the proposed 

functional flow diagram for the system. 
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Figure 3.15 Functional flow diagram of the total system 

 

 

Figure 3.16 Data Entry Form subsystem functional flow diagram 

 

As shown in Figure 3.15, the Conceptual Cost Estimation Decision Support System 

(CCE-DSS) has two main components: (1) Data Collection Component and (2) Data Analysis 

Component. Data Analysis Component is comprised of three subsystems: (1) Access Control 
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Subsystem, (2) Historical Data Subsystem, and (3) Analysis subsystem. Generally, the Access 

Control Subsystem provides different access levels to the system. The Historical Data Subsystem 

helps control and manage the system database. The Analysis Subsystem is the most important 

component of this project. This help processes data, conduct estimation and provide decision 

support information to the users. The design and details of each of the function are discussed in 

Chapter 4 of this dissertation. 

 

 

Figure 3.17 Historical Data subsystem functional flow diagram 
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Figure 3.18 Estimation subsystem functional flow diagram 
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Figure 3.19 Control subsystem functional flow diagram 

 

3.5.2.2. Analysis II 

Kutner et al. (2008) discuss regression analysis as a common methodology utilizing the 

relation between two or multiple quantitative variables to predict the response variables. 

Regression discovers which predictors are important, estimates the impact of changing a 
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predictor on the value of response, and provides a model to estimate the future value of response 

(Weisberg 2005). Regression analysis using ordinary least squares (OLS) is among the simplest 

and most widely used methods in prediction (Gokpinar and Ebegil 2016; Welc and Esquerdo 

2018). Weisberg (2005) suggests that most other modern regression methods are elaborations 

and modifications of the OLS regression. 

As suggested by (Kutner et al. 2008), to express a general linear regression model, one 

postulates a model of the form: 

 i 0 1 i1 2 i2 p 1 i,p 1 iY X X ... X− −= β +β +β + β + ε  (3.1)  

In matrix terms, we need to define the following matrices: 
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In matrix terms, the general linear regression model in the Equation (3.1) is: 

 
n×1 n×p n×1p×1
Y = X +× β ε  (3.6) 

Kutner et al. (2008) define in Equation (3.6) that Y is a center vector with size p 1×  

containing observed values of the dependent variable at the n observation. Matrix X has size 

n p× , which contains values of p predictor variables at each of n observations. β  is the p 1×  

vector of population values of the parameters. ε  is an n 1×  vector of experimental errors having 

the properties { }E 0ε =  and { }2 2

n n
I

×

σ ε = σ . If the iε  are normally distributed, then they are 

independent (Kutner et al. 2008). 

The conventional estimator for β  is the ordinary least squares (OLS) method, which 

minimizes the quantity Q (Kutner et al. 2008): 

 2pn n
2
i i ij j

i 1 i 1 j 1
Q y x

= = =

 
= ε = − β 

 
∑ ∑ ∑  (3.7) 

In matrix terms: 

 ( ) ( )TTQ Y X Y X= ε ε = − β − β  (3.8) 

We obtain the normal equation (Kutner et al. 2008): 

 T TX X X Yβ =  (3.9) 

The solution for β  is (Kutner et al. 2008): 

 ( ) 1T T
OLS

ˆ X X X Y
−

β =  (3.10) 

 By the Gauss-Markov Theorem, the least squares estimators are unbiased and have 

minimum variance among all unbiased linear estimators (Kutner et al. 2008). 



 

63 
 

 ( )ˆE β = β  (3.11) 

Kutner et al. (2008) also indicates OLS method provides an unbiased estimate of 2σ   

 
( )2 T 21E s E e e

n p
 

= = σ − 
 (3.12) 

To apply OLS, predictor variables are required to be linearly independent (Kutner et al. 

2008). If the columns of TX X  are linearly dependent, the normal equation will be linearly 

dependent as well. Thus, no unique solutions can be obtained to solve β  (Kutner et al. 2008). 

When the predictors are correlated among themselves, we refer to this phenomenon as 

intercorrelation or multicollinearity (Kutner et al. 2008). During the investigation of this 

research, we observed that data on predictor variables are potentially correlated by its nature. For 

example, the data on the thickness of roof material covering is probably correlated with data of 

thickness of insulation layer. The analysis in Chapter 4 confirmed this hypothesis. This research 

focuses on the predictive accuracy. Multicollinearity among variables can impact the result of the 

prediction when using the traditional OLS regression because OLS method typically has low bias 

but large prediction variance (Friendly 2013). One solution is to eliminate some variables in the 

model to reduce the model complexity and avoid multicollinearity. However, since we do not 

have a sufficiently large database, we cannot confirm which variables are more important than 

others. Besides, it would be difficult to require system users to perform variable selections 

because the process requires a deep statistical knowledge. 

In the current modern literature on model selection, the three most common regression 

methods used to address this problem are: (1) Ridge Regression, (2) Lasso Regression, and (3) 

Elastic Net Regularization. These methods achieve a more favorable trade-off between bias and 

variance to improve overall accuracy. Trevor Hastie et al. (2009) briefly explain that Ridge 
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Regression does a proportional shrinkage, Lasso Regression translates each coefficient by a 

constant factor λ  which truncates at zero, and Elastic Net is introduced as a compromise 

between these two techniques. Ridge Regression cannot have zero coefficients, so we either 

including all coefficients in the model or none of them. On the other hand, Lasso Regression and 

Elastic Net provide variables selection which automatically eliminate some insignificant 

predictors (Trevor Hastie et al. 2009). This variable selection can improve the performance of the 

prediction; however, it would be difficult to program Lasso Regression and Elastic Net in an 

automatic system which requires stability each run time. Using Ridge Regression can reduce the 

overall accuracy somewhat, but it ensures the system stability. 

 Ridge Regression 

Ridge Regression was developed by Hoerl (1962), which is one of several methods that 

have been introduced to remedy multicollinearity problems by modifying the method of least 

squares allowing biased estimators of the regression coefficients (Kutner et al. 2008). By 

allowing a small bias, the estimator can improve the precision and probability of being close to 

the true parameters β . This can be illustrated by the bias-variance dilemma of error (Trevor 

Hastie et al. 2009): 

Let ( )i iy f x= + ε  where ε  is independent and identically distributed (iid) noise with 

zero mean and variance 2σ . We estimate f using f̂ . Then the expected mean square error (MSE) 

for a new y at 0x  will be equal to: 

 
( )( ) ( ) ( ) ( ) ( )
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2 2
2

2
e

irreducible errortrue predictedpredicted average predicted value

VarianceBias

ˆ ˆ ˆ ˆE y f x E f x f x E f x E f x
         − = − + − + σ             
 

 
(3.13) 

 In (3.13), the bias error is taken as the difference between the expected prediction of our 
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model and the correct value which we are trying to predict. Variance error is taken as the 

variability of a model prediction for a given data point 0x . Irreducible error comes from noise in 

data set and cannot fundamentally be reduced as a generalization error. Trevor Hastie et al. 

(2009) discussed the more complex the model f(x), the lower the bias will be; however, 

coefficient estimates will suffer from high variance as more terms are included in the model. 

Theoretically, if we know the true model and have infinite data to fit it, we can reduce both bias 

and variance to 0. Unfortunately, with an imperfect model and finite data in the real world, we 

have to balance two ideas: minimizing the bias (overfitting) and minimizing the variance 

(underfitting). Thus, at the cost of bias, Ridge Regression will reduce the variance and the MSE. 

To derive the Ridge Regression estimator, we minimize Q in Equation (3.14) with 

constraints (Kutner et al. 2008):  

 2pn n
2
i i ij j

i 1 i 1 j 1
Q y x

= = =

 
= ε = − β 

 
∑ ∑ ∑ , 

p
2
i

i 1=
β ≤ λ∑  (3.14) 

Where: λ  is the biasing constant (i.e., constraint value, shrinkage value, etc.) which 

reduces the parameters toward 0. Equation (3.14) with the constraint can be decomposed into the 

below equation (Kutner et al. 2008): 

 2p pn
2

Ridge i ij j j
i 1 j 1 j 1

ˆ arg min y x
= = =

 
β = − β + λ β 

 
∑ ∑ ∑  (3.15) 

The result of the Ridge Regression estimator is (Kutner et al. 2008): 

 
 ( ) 1T T

Ridge pX X X Y
−

β = + λΙ  (3.16) 

 Correlation Transformation 

As suggested by Kutner et al. (2008), standardization should be employed to control 

roundoff errors in normal equation calculations and to permit comparison of the estimated 
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regression coefficients in common units. We standardize response variable Y, and predictor 

variable X are as follows: 

 
( )

i
i standardize

Y

Y YY
s
−

=  (3.17) 
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where Y  and kX  are the respective means of the Y and jX  observations, and Ys  and js  

are the respective standard deviation defined as follows: 
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 Since our data has a high potential of correlation, we can use correlation transformation 

for the variables. This correlation transformation is just a simple modification of the usual 

standardization of a variable (Kutner et al. 2008). This would help control roundoff errors and 

comparing coefficients by expressing the central observation in units of standard deviation of the 

observations for the variable. These correlation transformations are expressed as: 

 
( )

i
i CorrTran

Y

1 Y YY
sn 1

 −
=  
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 (3.21) 
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 , ( )j 1,...,p 1= −  (3.22) 

 The regression model with the transformed response and predictor variables are denoted 

as *Y  and *X . The regression model is written as: 
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 * * * * * *
i i i1 p 1 i,p 1 iY X ... X− −= β + +β + ε  (3.23) 

We do not have the intercept 0β  because maximum likelihood estimates 0 0β = . We can 

convert standardized coefficients back to the coefficients in the original models by: 

 

j

*Y
j j

X

s
s

 
 β = β
 
 

, ( )j 1,...,p 1= −  (3.24) 

 
0 1 1 p 1 p 1Y X ... X− −β = −β − −β  (3.25) 

 Correlation Matrix 

The correlation matrix is the matrix whose elements are the coefficients of simple 

correlation between all pairs of the X variables. We denote the correlation matrix as XXr . 
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 We can simply calculate the correlation matrix as: 

 *T *
XXr X X=  (3.27) 

 The ridge standardized regression coefficients are calculated by: 

 
 ( )* 1

Ridge XX p YXr r
−

β = + λΙ  (3.28) 

 Significance Testing in Ridge Regression 

Halawa and Bassiouni (2000) discuss estimates of the standard error of the estimator β̂ : 

 ( ) ( ) ( )1 12 T T T
p p

ˆvar X X I X X X X I
− −

β = σ + λ + λ  (3.29) 

In practice, 2σ̂  is replaced by its estimate, given by the residual mean square of the ridge 

model (Cule et al. 2011): 
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 ( ) ( )T

2
ˆ ˆY X Y X

ˆ
− β − β

σ =
ν

 (3.30) 

We calculate the predicted value: 

 ( ) 1T T
P

ˆŶ X X X X I X Y
−

= ×β = + λ  (3.31) 

 We define the hat matrix H as: 

 ( ) 1T T
PH X X X I X

−
= + λ  (3.32) 

Degrees of freedom for error are (Cule et al. 2011): 

 ( )Tn tr 2H HHν = − −  (3.33) 

 Methods to Determining the Biasing Constant λ  

In (3.16), when λ approaches 0, we obtain the least squares solutions in (3.10). When λ 

approaches ∞, we have Ridge
ˆ 0β = . Kutner et al. (2008) indicate there always exists some value λ  

for which the Ridge Regression estimator Ridgeβ̂  has a smaller total mean squared error than the 

ordinary least squares estimator OLSβ̂ . However, the optimum value of λ  varies from one 

application to another and is unknown because λ ultimately depends on the unknown 

parameters. 

There are many methods to determine the biasing constant λ ; however, there is currently 

no consensus which method is best. The traditional means of choosing λ  is using ridge trace 

which was given by Hoerl and Kennard (1970). This is a graphical means of selecting λ  by 

plotting estimated coefficient ( β̂ ) and variance inflation factors (VIFs) against a range of 

specified values of λ . Some current research such as Friendly (2013) gives an extension of ridge 

trace using ellipsoids to improve visualization of the bias-variance tradeoff; however, the ridge 
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trace method is very subjective, so we cannot apply to this automated system. A more objective 

method than ridge trace is to use cross-validation methods, which probably are the most common 

methods to select λ  in current practice (Piegorsch 2015). This research uses the k-fold cross-

validation method to estimate λ  in Equation (3.16). This method is used when data are scarce 

(Trevor Hastie et al. 2009). Beside ridge trace and cross-validation methods, we could also 

consider using alternative approaches from recent studies. Some of the well-known methods are 

listed below. 

( ) ( )( )2 2 2
1 max max maxˆˆ ˆn p 1λ = λ σ − − σ + λ α  (Khalaf and Shukur 2005) 

( )
2

2 '
jOLS OLS max

ˆp 1max 0, ˆ ˆ n VIF

 σ λ = −
 β ×β 

 (Dorugade and Kashid 2010) 

 K-fold Cross-Validation Method to Determining λ . 

Basically, k-fold cross-validation uses part of the available data to fit the model, and a 

different part to test it (Trevor Hastie et al. 2009). On this method, we first partition the training 

data into k separate sets of equal size. Figure 3.9 illustrates this method. The common practice of 

choosing k is k = 5 and k =10 (Trevor Hastie et al. 2009). Since we have few records at this time, 

we decided to use k = 5 for the system. Adapted from Tibshirani (2006), we select λ  by 

choosing the minimum cross-validation error in six steps: 

(1) Partition the training data T into k = 5 sets (folds) with equal size kT   

(2) For each k = (1,2,3,4,5) fit the model ( )
kf̂ λ

−  to the training set excluding the kth fold 

(3) Compute the fitted values ( ) ( )
ik k

ˆŷ f xλ
−=  for the observations in the kth fold, based on 

the training data that excluded this fold 

(4) As suggested by (Trevor Hastie et al. 2009), we compute the cross-validation for a set 
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kT  by: 

 ( ) ( )i i

2

k k k
k

1 ˆCVErr y y
T

λ = −∑  (3.34) 

(5) The overall cross-validation errors are: 

 ( ) ( )
k

1CVErr CVErr
k

λ λ= ∑  (3.35) 

(6) Select selectλ  as the one with minimum ( )CVErr λ . 

 

 

Figure 3.20 K-fold cross-validation method 

3.5.2.3. Design II and Implementation II 

Design II and Implementation II incorporating the Ridge Regression approach will be 

discussed in detail in Chapter 4 
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CHAPTER 4: SYSTEM DEVELOPMENT 

Chapter 4 discusses the system development process which includes designing and 

programming. We provide specifications of all system elements regarding system input, 

processing, and output. Structure of the database is reviewed and discussed. A prototype system 

has been programmed based on the discussed design. Important functions in the programming 

regard calculations and estimations are discussed in this chapter. The detailed source code of 

these functions can be found in the Appendix B. Other functions and procedures supporting the 

system user interface are not discussed in this dissertation. Operations of each system screen are 

explained consistently with employed mathematical algorithms. Hardware and software 

alternatives are evaluated and selected based on the project requirements. 

 

4.1. System Overview 

This section provides users with a summary of individual features of the system. The 

system architecture is discussed which guided developing the system. Each subsystem design is 

presented and illustrated with diagrams and figures. 

 

4.1.1. System Architecture  

Jaakkola and Thalheim (2011) indicate the system architecture represents the conceptual 

model which includes structural, behavioral and collaboration elements. Figure 4.1 illustrates the 

summary system architecture. This expands on the functional flow diagram in Figure 3.15. As 

shown in Figure 4.1, the system collects data from users (e.g., project managers, architects, 
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contractors) and stores them in the Web-based Data Entry Form subsystem. 

 

Figure 4.1 System summary 

 

Data are then downloaded and stored in the Historical Data subsystem. Relevant data are 

then accessed and stored as a temporary database. The Estimation subsystem uses the temporary 

data to run the prediction model, which utilizes the ridge regression analysis. The prediction 

result is then used for long-term capital planning. Users access the Historical Data subsystem and 

the Estimation subsystem via the Access Control component of the Control subsystem. The 
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Control subsystem also helps users access the libraries (i.e., the categorical library and inflation 

index library) in the Historical Data subsystem, and provides support documents to users (i.e., 

Help and About documents). 

We use system flowcharts to illustrate the detailed architecture of each subsystem. The 

International Organization for Standardization (ISO) (1985) defined that system flowchart 

represents the control of operations and the data flow of a system. Various symbols are used in 

the system flowchart to designate specific actions. As suggested by ISO (1985), Table 4.1 

presents the symbols used in the system flowcharts. 

Table 4.1 Symbols used in the system flowchart 

Symbol Description 

 
Process: This symbol defines a process that occurs in the system. 

 

Decision Box: This symbol indicates that the user has to select from a 
list of options at this stage in the system. 

 

Manual Input: This symbol indicates that the user has to manually 
input the values to allow the system. 

 

Off Page Connector: This symbol is used to connect two symbols that 
are in different pages of the flowchart. 

 

Merge: This symbol is used to denote that data is being merged at this 
stage from different sources. 

 
Stored Data: This symbol is used to denote that the system retrieves the 
data stored in the local drives or a server. 

 
 
Display: The data is displayed on the screen. 

 

4.1.2. Data Entry Form Subsystem 

Figure 4.2 presents the system flowchart of the Data Entry Form subsystem which is built 
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using the Qualtrics platform. The design of this subsystem has been discussed in the previous 

chapter. As shown in Figure 4.2, for each construction project on campus, the project manager 

opens the Web-based Data Entry Form subsystem and creates a new record (on Qualtrics) and 

fills in the form with project management data. The form links are then sent to the architect and 

contractor to fill out the form with design and construction information. Data are merged and 

saved on the Web-based subsystem. The project managers help review collected data and contact 

the architects and the contractors to update missing data on the system. If project managers 

cannot find the needed information, they can consider several missing imputation methods which 

will be discussed in the later section of this chapter. System administrators then review and 

download data from the Web-based subsystem. Collected data is imported manually into the 

main system database. 

 

Figure 4.2 System flowchart of the Data Entry Form subsystem 

 

4.1.3. Control Subsystem 

Figure 4.3 presents the system flow diagram of the Control subsystem, based upon the 



 

75 
 

functional flow in Figure 3.19. This Control subsystem is responsible for providing different 

security levels for project participants (i.e., administrators, project managers, architects, 

contractors). Further, it helps users update system libraries (i.e., categorical library and inflation 

cost index library). It also provides a summary dashboard with buttons to redirect to the other 

screens. Utilizing the Control subsystem, we can designate who can use specific functions within 

the system. 

 

Figure 4.3 System flow diagram of the Control subsystem 
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4.1.4. Historical Data Subsystem 

Figure 4.4 presents the system flow diagram of the Historical Data subsystem, based 

upon the functional flow in Figure 3.17. This subsystem helps users manage and control the 

historical data of the system. 

Users can add, delete, and modify system records on the database. The system also helps 

prepare temporary data for the Estimation subsystem. This helps the system improve the 

performance each time it conducts an estimation. 

 

4.1.5. Estimation Subsystem 

Expanding on the functionality identified in Figure 3.18, Figure 4.5 presents the system 

flow diagram of the estimation subsystem. This subsystem is the main part of the decision 

support system and is responsible for processing estimation calculations. The Estimation 

subsystem uses temporary data to build fitted models via ridge regression analysis. Users input 

data into the Estimation subsystem. Input data is incorporated into the fitted models to calculate 

the result and display to users to review. Details of this subsystem will be discussed in a later 

section. 

 

4.2. Software and Hardware Consideration 

This system requires the following features to fulfill the requirement of a conceptual cost 

estimation decision support system (CCE-DSS). This section analyzes individual features and 

determines the software and hardware required for the development of the CCE-DSS. 
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Figure 4.4 System flow diagram of Historical Data subsystem 
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Figure 4.5 System flow diagram of Estimation subsystem 
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4.2.1. Software Platform Alternatives 

The original project plan was to build the decision support system in SAS software (SAS 

2018). During the meeting on January 29, 2018, the project plan was redirected to build the 

system in MS Excel. There are several reasons that MS Excel is preferred instead of SAS. Table 

4.2 compares MS Excel with SAS based on some requirements of this project. Critically, SAS is 

not currently used within the UACA. 

Another reason that MS Excel was selected is that the system file can easily be shared 

among users. MS Excel is quite popular compared with SAS which requires users to possess a 

SAS software license in the computer to run the system file. The University of Alabama has a 

SAS license on campus; however, UA business partners (e.g., architects and contractors) may 

not, which would cause difficulties to share the system files with them. 

 

Table 4.2 Compare system software platform alternatives 

Compared criteria MS Excel SAS 

Ease to share system file among users High Low 

Ease to update data manually High Low 

User-friendly interface High Low 

Ease to upgrade the system as needs Medium Low 

Have built-in ridge regression functions No Yes 

Statistical features and capabilities Medium High 

Currently available to the UACA Yes No 
 

MS Excel has a friendly interface which allows administrators to easily update the system 

database with basic MS Excel skills. However, SAS requires users to run SAS code to modify 

data and import data into the system. Besides, this system is envisioned to be applied in the other 
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universities and public projects in Alabama. Therefore, selecting MS Excel 2017 provides us an 

advantage in sharing this system to be used in other places. 

One of the advantages of SAS is having powerful capacities in statistical analysis and 

techniques. SAS also has a built-in ridge regression function, when Excel does not. Therefore, 

we created user-defined functions to do ridge regression analysis in MS Excel. Administrators 

with knowledge about Visual Basic Application (VBA) in MS Excel can view the VBA code and 

do some minor editing if needed. If the system was built in SAS, it would be more difficult for 

administrators to modify the SAS code. 

 

4.2.2. Hardware Consideration 

UACA utilizes a series of networked MS-Windows based personal computers. Consistent 

with this, the recommended hardware specifications to effectively use the CCE-DSS include: 

- Operating system: Window 10 or MaxOS X. 

-  Processor: Dual-core x 86 CPU running at 2 GHz. 

- RAM: 4 GB. 

- MS Excel 2017. 

 

4.2.3. System Sharing Platform 

This system requires a convenient method for sharing files among users. Within UA, this 

system used Box as a sharing software platform. Box is a cloud content management and file-

sharing software. This software allows users to work on the same system file which is stored on 

the cloud. The University of Alabama has a license to use Box. All copies edited will be saved as 

versions which are easily restored and backup data. The version history function allows us to 
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view all the saved files and who edited the file. 

 

4.3. Input Specifications 

This section discusses the inputs of each process in the developed system. Specifications 

of each input are discussed. This system uses input from two main sources, including: (1) 

historical data, (2) scoring data. In this project, scoring data is new data which is applied to the 

fitted model and generates a fitted value output (SAS 2014). Figure 4.6 presents the Control 

subsystem main dashboard of the developed system. 

 

Figure 4.6 Control subsystem main dashboard 

 

As shown in Figure 4.6, all functional buttons are located on the right side of the 
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dashboard. Users can open the “Settings” dashboard to designate some default settings (e.g., 

change dashboard size to full screen). Users can save what they have done in the system and 

close it by clicking on the “Save” and “Close” buttons on the Control subsystem main dashboard. 

As shown in Figure 4.3, when the system user (i.e., project participants) opens the 

decision support system file (i.e., MS Excel system), the Control subsystem main dashboard is 

displayed. On the Control dashboard, users can click to select the system “Help” tab and 

“About” tab. Figure 4.7 shows the “Help” tab in the Control subsystem main dashboard. The 

“Help” tab provides some quick references which guide users how to utilize the system. It also 

contains a link to an online user’s manual which allows the user to view the full system 

references on a web browser. 

 

Figure 4.7 “Help” tab on the Control subsystem main dashboard 
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Figure 4.8 shows the “About” tab in the Control subsystem main dashboard. The “About” 

tab provides users with some basic information about the system (e.g., system version, system 

owner). 

 

Figure 4.8 About tab on the Control subsystem dashboard 

 

4.3.1. Different Security Levels 

To utilize other functions in the system (i.e., Historical Data subsystem, Estimation 

subsystem), users need to first login into the system. As shown in Figure 4.6, users select their 

role on the screen and log in with their user ID and password. This account with associated user 

ID and password is provided by system administrator. An internal query checks if the user ID 

and password match with the account data. Account data includes information about each 
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account’s user ID, password, and granted records that the account can view on the Historical 

Data subsystem. If the user ID and password are correct, users can unlock the system, and use 

other functions. Figure 4.9 illustrates the unlocked system. If the user ID and password do not 

match, users are notified with a message to redo the login process. Figure 4.10 presents the 

screen when an incorrect user ID and password are typed in. 

The roles of the users and account names determine which functions they can use. There 

are four types of roles corresponding with four access levels in the system: (1) Administrator, (2) 

Project Manager (PM), (3) Architect, and (4) General Contractor. Table 4.3 presents a summary 

of the four access levels. Among the four types of roles, the administrator is the highest level and 

has full accessibility to the system. Administrators have access to the system source code on the 

design mode to change and improve the system performance when needed. All levels can use the 

Historical Data Subsystem to view and manage the database; however, only the administrator 

and project manager have full accessibility to all data records. They can also open the Excel 

workbook and view historical data in the worksheet. Any architect and general contractor can 

view only information (design information or construction information) regarding their 

responsibility within the project. For example, if the architect’s company ABC works for project 

XYZ 1 and XYZ 2 on the university campus, they are granted permission to view only the design 

information of those two specific projects. The architect cannot see either the construction 

information of those two projects or design information of the other projects. This will help 

secure the project information among users. Administrators are responsible for creating new 

accounts with the user ID, password and granted specific permission views to each account. Only 

the administrator and PMs have the right to use the Analysis Subsystem. Administrators and 

PMs can also see all historical data on the Excel spreadsheet.  



 

85 
 

 

Figure 4.9 System is unlocked 

 

 

Figure 4.10 Incorrect user ID and password 
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Table 4.3 Four different access levels in the system 

Level of 
Accessibility Administrator Project 

Manager Architect General 
Contractor 

View the system 
source code ✓ ✗ ✗ ✗ 

Use Historical Data 
Subsystem 

Access 
to all records 

Access 
to all records 

Access to  
granted records 

Access to  
granted records 

View Design 
Information ✓ ✓ ✓ ✗ 

View Construction 
Information ✓ ✓ ✗ ✓ 

View Project 
Management Information ✓ ✓ ✗ ✗ 

Use Estimation 
Subsystem ✓ ✓ ✗ ✗ 

View data on 
Excel workbook ✓ ✓ ✗ ✗ 

Manage accounts (Add 
or Delete Accounts) ✓ ✗ ✗ ✗ 

Manage Categorical 
Library ✓ ✗ ✗ ✗ 

Manage Cost Index 
Library ✓ ✗ ✗ ✗ 

View Help and About 
Dashboards ✓  ✓ ✓ ✓ 

 

In this system, administrators are responsible for updating the system library, including 

categorical library and Cost Index library. All levels of users can see the support dashboards 

(Help dashboard and About dashboard). 
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4.3.2. Control Account in Control Subsystem 

Figure 4.11 presents the partition of the “Control login accounts” symbol in Figure 4.3. 

As shown in Figure 4.3, only the administrator can access the “Account Control” tab in the 

Control subsystem main dashboard. Figure 4.12 presents the “Account Control” tab in the 

Control subsystem main dashboard.  

 

Figure 4.11 Partition of “Control login accounts” symbol 

 

The “Account Control” tab allows the administrator to create a new account with the 

indicated user ID and password, and grant view permissions for the created account. In the 

“Account Control” tab, the administrator can view the account list and choose to delete or add 
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new accounts via “Add” and “Delete” buttons. 

The administrator types in the user ID and password that other project participants can 

use to login into the system. After the new account is created, the administrator reviews the 

record list and adds the granted record into the created account via “Grant record” button. The 

administrator can also delete a granted record via “Delete record” button. All account data are 

saved to the main system database which is discussed in Figure 4.2. 

 

Figure 4.12 Account Control tab in the Control subsystem dashboard 

 

4.3.3. Library Control in the Control Subsystem 

Figure 4.13 presents the partition of “Control libraries” symbol in Figure 4.3. As shown 

in Figure 4.3, only the administrator can access the “Control libraries” process bubble. The 
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administrator clicks on the “Library” button to open the “Library” tab which allows the 

administrator to update the categorical library. 

 

Figure 4.13 Partition of “Control libraries” symbol  

 

Figure 4.14 shows the “Library” tab in the Control subsystem dashboard. The 

administrator clicks on the “Cost Index” button to open the “Cost Index” tab where the 

administrator updates inflation index data. Figure 4.15 shows the Cost Index Library tab in the 

Control subsystem dashboard. These inflation index data are used to project construction costs 

for future values. As shown in Figure 4.14, the administrator selects a specific categorical 

variable (e.g., Fire Barrier), types in the value (e.g., Class D) that the administrator wants to add 

into the library, and clicks the “Add” button on the bottom left. The administrator can also delete 

unused values via the “Delete” button on the bottom right. Similarly, the administrator can 

update the new cost index in the “Cost Index” tab as shown in Figure 4.15 . 
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Figure 4.14 Categorical Library tab in the Control subsystem dashboard 

 

 

Figure 4.15 Cost Index Library tab in the Control subsystem dashboard 
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All data in the library is saved back to the main system database in Figure 4.3. As 

suggested by managers from UACA, we update inflation index data with the Construction Cost 

Index and the Building Cost index of the Engineering News-Record (ENR) magazine 

(Engineering News-Record (ENR) 2018a). ENR is an American weekly magazine provides 

engineering news, analysis, commentary and data for the construction industry worldwide (ENR 

2018b). 

 

4.3.4. Data Structure 

As discussed in Chapter 3, data in Estus are primarily document-driven which cannot be 

processed. Therefore, we have created a relational structure to store data in the Historical Data 

subsystem. Figure 4.16 shows part of data tree which helps us identify the structure of data in 

Estus and build a relational data table in the Historical Data subsystem to store data. A data tree 

is a tool which helps describe, define, categorize, and generalize data from large data sets (Knipe 

2013). 

 

4.3.5. Data Element List 

The data elements list presents details of all fields in the main system database. These 

fields are selected based on reviewing the historical data in Estus, and suggested by the UACA 

executive and project managers. In this system, each record contains information of one 

construction project. A field is part of a record and contains a single piece of data for the subject 

of the record (Turban et al. 2006). The data tree in Figure 4.16 helps create the structure to 

organize these fields. Table 4.4 presents the inputs in the Project Management tab of the 

Historical Data subsystem. Figure 4.17 shows the Project Management tab of the Historical Data 
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subsystem. 

As shown in Figure 4.17, the Project Management tab includes data regarding the project 

management of the construction project. These data help characterize a specific project. For 

example, “CA project file code” is the project code which is used by UACA. This project code is 

unique and follows a rigid rule which was discussed previously in Chapter 3. Project 

management data are provided by a project manager for a specific project. 
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Figure 4.16 Part of the data structure 
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Table 4.4 Inputs in the Project Management tab of the Historical Data subsystem 

No. Variable name Description Unit/Format 
1 textRecordNumber Record number Numerical 
2 textABCCode ABC project file code Numerical 
3 textYear Year Numerical 
4 textCACode CA project file code Numerical 
5 textProjectName Project Name Categorical 
6 textAddressLine1 Address line 1 Categorical 
7 textAddressLine2 Address line 2 Categorical 
8 textCity City Categorical 
9 comboCounty County Categorical 
10 comboState State Categorical 
11 textPostalCode Postal code Numerical 
12 comboFacilityType Facility type Categorical 
13 comboActiveProject Active Project ? Categorical 
14 comboBuildingOwner Building owner Categorical 
15 comboBuildingName Building name Categorical 
16 comboProjectType Project type Categorical 
17 textPMFee PM fee ($) Numerical 

 

 

Figure 4.17 Project Management tab of the Historical Data subsystem 
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Table 4.5 presents inputs in the Architect tab of the Historical Data subsystem. Figure 

4.18 shows the associated Architect tab of the Historical Data subsystem. This tab includes all 

data regarding the general design of the building. These data can be provided by the architect of 

the project. 

Table 4.6 lists all inputs in the Contractor tab of the Historical Data subsystem. Figure 

4.19 shows the Contractor tab in the Historical Data subsystem. These data can be provided by 

the contractor for the construction project. As discussed previously, we limited this research to 

roofing projects only, so we have one tab reflecting this which is the subsection of the Contractor 

tab. 

The Project Management tab, Architect tab, and Contractor tab contain information 

regarding the general design of the building. Data from these three tabs are called “General” data 

in this project. Data from the roof tab are called “Roof” data in this project. The roof tab has two 

main components, including: (1) the General sub-tab and (2) Area sub-tabs. 

Table 4.5 Inputs in the Architect tab of the Historical Data subsystem 

No. Variable name Description Unit 
18 comboArchitectCompany Architect company Categorical 
19 textArchitectBudget Architect project budget ($) Numerical 
20 textArchitectFee Architect fee ($) Numerical 
21 textDesignStart Design start (mm/dd/yy) Numerical 
22 textDesignEnd Design end (mm/dd/yy) Numerical 
23 comboBuildingType Building type Categorical 
24 textTotalBuildingArea Total building area (sf) Numerical 
25 textGroundFloor Ground floor (sf) Numerical 
26 comboFrame Frame Categorical 
27 comboExteriorWall Exterior wall Categorical 
28 comboBasement Basement Categorical 
29 textNumberStories Number of stories Numerical 
30 textFloorFloor Floor-to-floor height (ft) Numerical 
31 textFloorCeil Floor-to-ceil height (ft) Numerical 
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Figure 4.18 Architect tab of the Historical Data subsystem 

 

Table 4.6 Inputs in the Contractor tab of the Historical Data subsystem 

No. Variable name Description Unit 
32 comboGeneralContractorName General contractor name Categorical 
33 comboContractType Contract type Categorical 
34 textSubcontractors Quantity of subcontractors Numerical 
35 textChangeOrders Quantity of change orders Numerical 
36 textAwardedBid Awarded bid ($) Numerical 
37 textActualCost Total actual cost ($) Numerical 
38 textLaborCost Total labor cost ($) Numerical 
39 textMaterialCost Total material cost ($) Numerical 
40 textEquipmentCost Total equipment cost Numerical 
41 textBidDate Bid date (mm/dd/yy) Numerical 
42 textLaborUnion Labor force (% union) Numerical 
43 textLaborNonUnion Labor force (% non-union) Numerical 
44 textOriginalStartDate Original start date (mm/dd/yy) Numerical 
45 textActualStartDate Actual start date (mm/dd/yy) Numerical 
46 textOriginalFinishDate Original finish date (mm/dd/yy) Numerical 
47 textActualFinishDate Actual finish date (mm/dd/yy) Numerical 
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Figure 4.19 Contractor tab of the Historical Data subsystem 

 

Table 4.7 lists all inputs in the General sub-tab of the Roof tab of the Historical Data 

subsystem. Figure 4.20 displays General sub-tab in the Roof tab of the Historical Data 

subsystem. 

Table 4.7 Inputs in the General sub-tab of the Roof tab of the Historical Data subsystem 

No. Variable name Description Unit 
48 checkDemolition Demolition Binary 
49 textDemolitionTime Demolition time (days) Categorical 
50 textQuantityChimney Quantity of chimneys Numerical 
51 textChimneyArea Total chimney areas (sf) Numerical 
52 textQuantitySkylight Quantity of skylight Numerical 
53 textSkylightArea Total skylight area (sf) Numerical 
54 comboManyArea How many new roof area Categorical 
55 textRoofArea Total roof area (sf) Numerical 
56 textOldRoofAge Old roof age Numerical 
57 comboReasons Reasons Categorical 
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Figure 4.20 General sub-tab in the Roof tab of the Historical Data subsystem 

 

Figure 4.21 displays an example of roof areas from the Help function of the system to 

support users. In this research, we consider a roof area to be where roofing elements (e.g., roof 

deck, gutter) inside the area have identical specifications information (e.g., type of roof deck 

material, type of gutter material, roof slope). As shown in Figure 4.21, we have three roof areas. 

Figure 4.22 shows the Area sub-tab in the Roof tab of the Historical Data subsystem.  Table 4.8 

lists all input variables in the Area sub-tab in the Roof tab of the Historical Data subsystem. 

Since roofs in the UA campus often have different areas with different designs, the Historical 

Data subsystem creates a number of Area sub-tabs based on the values of the variable 

textRoofArea in the General sub-tab in the Roof tab. This allows users to organize design 
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information from multiple roof areas.  

 

Figure 4.21 Example of roof area 

 

The default minimum value of the variable textRoofArea is one area, and the maximum 

value is ten areas. If a roof has too many areas, the data collector may consider grouping some 

areas that have similar specifications information. 

As shown in the area tab, each roof area has the same input variables. The value “(i)” in 

Table 4.8 indicate the specific area being characterized. For an area that does not have a specific 

value (e.g., Radiant Barrier), users can select “None” in the combo box. The system will 

eliminate that variable in the analysis. 

Regarding the data elements associated with the roof configuration, and based on the 

High-Velocity Hurricane Zone Uniform Permit Application Form of the International Code 
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Council (ICC) (2014), Figure 4.23 illustrates different layers in a typical roof which are used in 

this project. As shown in Figure 4.23, the lowest layer is the roof deck which is the foundation of 

the whole roof system. The next layer is roofing underlayment which is a water-resistant material 

added to protect the roof from severe weather. The third layer is the insulation layer which 

provides thermal insulation for the building. The fourth layer is the fire barrier which has three 

main classes (i.e., Class A, Class B, Class C) (ICC 2014).  

Table 4.8 Inputs in the Area sub-tab in the Roof tab of the Historical Data subsystem 

No. Variable name Description Unit 
58 comboRoofShape (i) Roof shape of area (i) Categorical 
59 textRoofSlope (i) Roof slope ratio of area (i) Numerical 
60 textRoofRidge (i) Roof ridge height of area (i) Numerical 
61 textRoofEave (i) Roof eave height of area (i) Numerical 
62 textCostRoofArea (i) Square feet of area (i) Numerical 
63 textAreaSF (i) Cost of the roof area (i) Numerical 
64 comboRoofCovering (i) Roof covering of area (i) Categorical 
65 textThickness (i) Thickness of covering of area (i) Numerical 
66 textCostPerUnit (i) Cost per unit of area (i) Numerical 
67 comboRadiantBarrier (i) Radiant barrier type of area (i) Categorical 
68 comboCapSheet (i) Cap sheet type of area (i) Categorical 
69 comboAdhesive (i) Adhesive type of area (i) Categorical 
70 comboFireBarrier (i) Fire barrier type of area (i) Categorical 
71 comboInsulationType (i) Insulation type of area (i) Categorical 
72 textInsulationThickness (i) Insulation thickness of area (i) Numerical 
73 textThermalResistant (i) Thermal resistant of area (i) Numerical 
74 comboUnderlayment (i) Underlayment type of area (i) Categorical 
75 textUnderlaymentThickness (i) Underlayment thickness of area (i) Numerical 
76 comboDeckType (i) Deck type of area (i) Categorical 
77 textDeckThickness (i) Deck thickness of area (i) Numerical 
78 comboFastenerType (i) Fastener type of area (i) Categorical 
79 textFastenerSpacing (i) Spacing of fastener of area (i) Numerical 
80 comboGutterType (i) Gutter type type of area (i) Categorical 
81 comboDripEdge (i) Drip edge type of area (i) Numerical 
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Figure 4.22 An Area sub-tab in the Roof tab of the Historical Data subsystem 

 

 

Figure 4.23 Organization of different layers in a roof 
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Some types of roofs, such as an Asphalt Shingle roof, requires a roofing adhesives layer. 

In some low roofs, such as Modified Bitumen roofing, a cap sheet layer is required to create a 

water-tight surface. The cap sheet covers and protects the layers below to help extend the life of 

the roof. Roof covering is the highest layer of the roof system with various material types such as 

Asphalt Shingles or Wood Shakes. This layer contributes the largest portion of the cost of a roof. 

 

4.3.6. Inputs in Historical Data Subsystem 

Users open the Historical Data subsystem from the “Historical Data” button in the 

Control dashboard. Users can open the Settings dashboard to change default settings (e.g., 

change dashboard size to full screen). As shown in  Figure 4.17, users select the “Back to 

Dashboard” button to turn off the Historical Data dashboard and reopen the Control dashboard. 

Users can click the “Next” and “Back” buttons to view each record in sequence from the first 

record to the last one. The system retrieves data from the main system database in Figure 4.3 and 

displays them in the dashboard. 

Figure 4.24 shows the Search dashboard in the Historical Data subsystem. Users can 

open the Search dashboard to view the whole record list, select a specific record and click on the 

“Search” button to view that record. 

 

Figure 4.24 Search dashboard in the Historical Data subsystem 
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Figure 4.25 shows the settings dashboard of the Historical Data subsystem. Users can 

select variables that they want to use in the Estimation. We designed this option because current 

data has too many missing values. Therefore, those variables with missing data need to be 

excluded from the analysis to improve the accuracy. Future research with better data can include 

more variables in the estimation. This dashboard also helps make the system maintenance 

simpler.  Users can make a change easily on the dashboard instead of modifying the program 

source code. The “Reset Default” button helps users reset the settings to defaults where needed 

variables are selected by defaults based on the current database. The “Full Screen” button helps 

expand the dashboard to the full monitor screen. 

 

Figure 4.25 “Setting” dashboard of the Historical Data subsystem 
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Depending on the role of the user, the system will display the project management tab, 

architect tab, or contractor tab. The display rule for each tab in the Historical Data dashboard has 

been discussed in Table 4.3 above. To edit the database, users must change from the view mode 

to edit mode. The view mode is set as the default, which prevents inadvertent changes by the 

users. Figure 4.17 shows the dashboard is in the view mode, where several buttons are disabled. 

Figure 4.26 shows the edit mode, where buttons are enabled, and users can select. 

 

Figure 4.26 Edit mode in Historical Data subsystem 

 

As shown in Figure 4.26, users may switch to the edit mode in order to use some data 

management functions, including: 

- Add: this function helps users add additional records to the system. Users can use the 
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button “Clear” to clear the whole form and type in the new record values. 

- Modify/Save: this function allows users to modify an existing record and save the 

modification to the current database. 

- Delete: this function allows users to delete an existing record in the system. 

- Update: this function allows the system to reduce the amount of time to execute code 

in the Estimation subsystem by preparing temporary data for the estimation process. 

This temporary data helps the system save time during what-if analysis. Generally, 

we require that users run the “Update” function after they edit or change the database. 

This makes sure that users utilize the most current database for the analysis. 

The system creates temporary data from the main system database. As shown in Figure 

4.4, categorical variables are coded as dummy variables with binary values (i.e., 0 and 1). Roof 

data is determined to have some interaction, so interaction values are calculated. After that, roof 

data is concatenated by roof area. Inflation cost index data is used to build a fitted model by OLS 

regression. This fitted model is used to adjust prepared data value with inflation consideration to 

the current time when users run the system. All data are saved in another worksheet in MS Excel 

and are updated regularly each time users call the “Update” function (i.e., users click the 

“Update” button). A later section explains how data are processed. 

 

4.3.7. Inputs in Estimation Subsystem 

Similar to the Historical Data subsystem, users open the Estimation subsystem via the 

“Estimation” button in the Control dashboard. Figure 4.27, Figure 4.28 and Figure 4.29 show the 

Estimation dashboard of the developed system. This dashboard is where users input scoring data 

and run estimations based on the values that users select. 
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Figure 4.27 Estimation subsystem – Building Information tab 

 

 

Figure 4.28 Estimation subsystem – Project Information tab 
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Figure 4.29 Estimation subsystem – Roof tab 

 

The “Re-Estimation” will be enabled after the result is displayed. This allows users to 

modify the scoring values and redo the estimation until they are satisfied. As shown in Figure 

4.28, the default value of Facility Type is roofing projects. Since we focus on roofing in this 

research, users who select other facilities type would receive an error message that only roofing 

is currently available. Based on the variables selections on the “Setting” dashboard of the 

Historical Data subsystem, the Estimation subsystem will enable users to input scoring data in 

specific fields on the dashboard. Textboxes and combo boxes with gray background are locked 

which represents unselected variables on the “Setting” dashboard of Historical Data. This makes 

sure that users select only variables that we have historical data to predict. Figure 4.30 and 

Figure 4.31 show the “Setting” dashboard in the Estimation subsystem. 
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Figure 4.30 “Setting” dashboard in the Estimation subsystem – Chart tab 

 

 

Figure 4.31 “Setting” dashboard in the Estimation subsystem – Indicator tab 
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Users can also open the “Setting” dashboard to change default settings such as chart 

types, indicator colors. Users can change the size of the dashboard and select the chart types in 

the results. The “Back to Dashboard” button is used to turn off the Estimation dashboard and 

reopen the Control dashboard. 

 

4.4. Processing Specifications 

This section discusses the detailed analysis that the system employs. During building the 

historical data for this system, we confronted a large problem in missing values. Therefore, we 

used some imputation methods to handle the incomplete database during inputting historical data 

into the MS Excel system. The imputation process is discussed in detail on Appendix A of this 

dissertation.  

In this section, we discuss how we applied mathematical equations discussed in Chapter 3 

into “VBA functions” and “VBA subs” in MS Excel. In the VBA language, a set of commands 

to perform a specific task is placed into a function procedure or a sub procedure. The main 

difference between a VBA function and a VBA sub is that a VBA function returns a result while 

a VBA sub does not (Microsoft 2018). Important system processes are illustrated by flowcharts, 

VBA functions, and VBA subs. Detailed source code of these VBA procedures is provided in the 

Appendix B of this dissertation. 

Source code used in controlling the system user interface (i.e., display buttons, tabs) and 

linking data among subsystems (i.e., copy data from the user interface to the MS Excel sheet) is 

not provided and discussed in this dissertation because they are not directly related to the 

research methodology. However, if the reader wants to see all source code, they can access it via 

the Visual Basic Editor by pressing “Alt + F11” on MS Excel. 
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4.4.1. Create Unique Historical Database. 

Figure 4.32 illustrated the process of creating the unique historical database. The system 

runs through each column (i.e., field) and uses the VBA function “SFMatrixUniqueSort” to 

create unique matrices which include unique values from that column. 

 
 

sheet 
HistoricalData 

  

 
 

sheet 
HistoricalDataUnique 

 
Record 
number … Building type … 

 
 C

reateSheetH
istoricalD

ataU
nique 

 

… Building type 
(Unique) … 

1 … Office building … … Office building … 
2 … College classroom facility … … College classroom facility … 
3 … College classroom facility … … Gymnasium … 
4 … College classroom facility … … Dormitory … 
5 … Gymnasium … … Library … 
6 … College classroom facility … …  … 
7 … Dormitory … …  … 
8 … College classroom facility … …  … 
9 … Library … …  … 
10 … Dormitory … …  … 
11 … Dormitory … …  … 
12 … Dormitory … …  … 
13 … Dormitory … …  … 
14 … Dormitory … …  … 
15 … Dormitory …  …  … 
16 … Dormitory …  …  … 
17 … Dormitory …  …  … 
18 … Dormitory …  …  … 
19 … College classroom facility …  …  … 
20 … College classroom facility …  …  … 
21 … College classroom facility …  …  … 
22 … College classroom facility …  …  … 
23 … College classroom facility …  …  … 
24 … College classroom facility …  …  … 
25 … College classroom facility …  …  … 
26 … College classroom facility …  …  … 
27 … College classroom facility …  …  … 
28 … Dormitory …  …  … 
29 … Dormitory …  …  … 
30 … Dormitory …  …  … 
31 … Dormitory …  …  … 
… … … …  …  … 

 

Figure 4.32 Create unique data based on raw data 
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Unique historical data values are sorted and stored in another sheet of MS Excel, named 

“HistoricalDataUnique”. VBA sub “CreateSheetHistoricalDataUnique” utilized VBA function 

“SFMatrixUniqueSort” to create the sheet “HistoricalDataUnique”. The source code of the  VBA 

function “SFMatrixUniqueSort” and VBA sub “CreateSheetHistoricalDataUnique” are provided 

in B.1 and B.2 of Appendix B.  

Unique historical data values are used as the source for combo boxes in the Estimation 

dashboard. This makes sure that users cannot select data values that we do not have in the 

historical database (i.e., Exhibition hall, Art Gallery, Armory) to do estimation. For example, 

Figure 4.33 and Figure 4.34 compares the “Building type” combo box in the Historical Data 

subsystem dashboard and Estimation subsystem dashboard. In the Historical Data dashboard, we 

can select values from the main categorical library with all types of building. In the Estimation 

dashboard, we can select only building types that we have in the historical data. 

 

Figure 4.33 Building type combo box in the Historical Data dashboard 
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Figure 4.34 Building type combo box in the Estimation dashboard 

 

4.4.2. Concatenate Roof Area into Relational Database. 

Roof data cannot be processed as general data because they are non-relational. Basically, 

non-relational refers to data that do not fit neatly into rows and columns (MongoDB 2018). 

Therefore, we cannot process them with ridge regression because of the null values inside the 

matrices. One solution is to concatenate roof data into the relational database with a fixed size of 

columns. For example, as shown in Figure 4.35, Record 1 has only one roof area, so it does not 

have data for Area 2 and Area 3. Columns in Area 2 and Area 3 cannot contain any values. We 

cannot either assign “0” values or treat them as missing values. For example, Area 1 is a flat roof 

and receives a value “0” for roof slope. In this case, the ridge regression model is confused if we 

assign value “0” for roof slope on Area 2 and Area 3 to express null values. 
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Non-relational data 

  

 

 
 

Relational data 

  
Record Quantity of Area Area 1 Area 2 Area 3 

 

Record Data of 
1 1 x   1 Area 1 
2 3 x x x 2 Area 1 
3 1 x   2 Area 2 
4 2 x x  2 Area 3 
5 1 x   3 Area 1 
6 1 x   4 Area 1 
       4 Area 2 
       5 Area 1 
       6 Area 1 

 

Figure 4.35 Convert roof data into relational database. 

 

Figure 4.36 illustrates how roof data are concatenated in the built system. Concatenated 

roof data is stored in another sheet of MS Excel, named “ConcatenateRoof”. VBA sub procedure 

“CreateSheetConcatenateRoof” is used to create sheet “ConcatenateRoof”. The source code of 

“CreateSheetConcatenateRoof” is provided in B.3 of the Appendix B.
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sheet 
HistoricalData 

Record 
number … 

Quantity 
of Roof 

Area 
… Roof covering 1 … Roof covering 2 … Roof covering 3 … 

… … … … … … … … … … 
11 … 2 … SBS Modified Roof … Polymeric Slate …  … 
12 … 1 … Polymeric Slate …  …  … 
13 … 2 … SBS Modified Roof … Asphalt Shingles …  … 
14 … 3 … Synthetic Slate Shingles … PVC Membrane Roofing … Standing-Seam Metal Roof … 
15 … 1 … Polymeric Slate …  …  … 
… … … … … … … … … … 

 
CreateSheetConcatenateRoof 

 

 
 

 

Figure 4.36 Concatenate roof data 

 
 
 

 
 

sheet 
ConcatenateRoof 

Record number Quantity of roof area … Roof covering … 
… … … … … 
11 1 … SBS Modified Roof … 
11 2 … Polymeric Slate … 
12 1 … Polymeric Slate … 
13 1 … SBS Modified Roof … 
13 2 … Asphalt Shingles … 
14 1 … Synthetic Slate Shingles … 
14 2 … PVC Membrane Roof … 
14 3 … Standing-Seam Metal Roof … 
15 1 … Polymeric Slate … 
… … … … ... 
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4.4.3. Convert Categorical Variables into Binary Matrix 

As discussed in Chapter 3, categorical variables are converted into dummy variables 

which contain binary values. Numerical variables are kept in their original format. The system 

creates two new MS Excel sheets, including: 

• Sheet “HistoricalDataCoded”: contains converted categorical variables and 

numerical variables of general data. The system calls VBA sub 

“CreateSheetHistoricalDataCoded” which utilizes data from sheet 

“HistoricalData” and sheet “HistoricalDataUnique” to build sheet 

“HistoricalDataCoded”. Source code for the VBA sub 

“CreateSheetHistoricalDataCoded” is provided in B.4 of the Appendix B. Figure 

4.37 helps illustrate this process. 

• Sheet “ConcatenateRoofCoded”: contains converted categorical variables and 

numerical variables of roof data. The system calls VBA sub 

“CreateConcatenateRoofCoded” which utilizes data from sheet 

“ConcatenateRoof” to build sheet “ConcatenateRoofCoded”. Source code of the 

VBA sub “CreateConcatenateRoofCoded” is provided in B.5 of the Appendix B. 

 

4.4.4. Calculate Interaction of One Roof Element 

It is observed that some categorical and numerical variables of one roof element could 

have interaction based on their nature. For example, one interaction of roof insulation material 

and roof insulation thickness can have a better linear combination relationship with the predicted 

roof material cost instead of including both individual variables (i.e., roof insulation material 

variable and roof insulation thickness variable). 
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sheet HistoricalData 
  

 sheet HistoricalDataUnique 
 

Record 
number … Ground 

floor (sf) Building type  

 

… Building type 
(Unique) … 

ID  Numerical Variable Categorical Variable … 
1 … 4,186 Office building … …  Office building  … 
2 … 13,950 College classroom facility … …  College classroom facility  … 
3 … 21,546 College classroom facility … …  Gymnasium  … 
4 … 6,594 College classroom facility … …  Dormitory  … 
5 … 99,125 Gymnasium … …  Library  … 
6 … 26,038 College classroom facility … …  Communications building  … 
7 … 49,571 Dormitory … …  Apartment  … 
8 … 41,275 College classroom facility … …  Stadium  … 
9 … 23,366 Library … …  Medical school  … 

… … … … … …  Retails  … 

                                                  

sheet HistoricalDataCoded 
 

Record 
number 

… 
Ground 

floor (sf) 

Building type … 

… Office 
building 

College 
Classroom 

facility 
Gymnasium Dormitory Library Communications 

building Apartment Stadium Medical 
school Retails … 

1 … 4,186 1 0 0 0 0 0 0 0 0 0 … 
2 … 13,950 0 1 0 0 0 0 0 0 0 0 … 
3 … 21,546 0 1 0 0 0 0 0 0 0 0 … 
4 … 6,594 0 1 0 0 0 0 0 0 0 0 … 
5 … 99,125 0 0 1 0 0 0 0 0 0 0 … 
6 … 26,038 0 1 0 0 0 0 0 0 0 0 … 

… … … … … … … … … … … … … … 
 

Figure 4.37 Convert categorical variables into dummy variables for general data 
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Typically, each roof insulation material has a unit price (e.g., cost per square foot) which 

highly depends on both the material used and the thickness. Using the interaction can help the 

regression model treat these variables (e.g., roof insulation material variable and roof insulation 

thickness variable) as a group instead of confusing them with other categories (e.g., thickness of 

underlayment, thickness of roof covering material) during the training process. 

Another advantage of using interactions is reducing the model complexity by eliminating 

some variables. This is especially helpful when processing our current small sample size of data 

(i.e., 30 records). Therefore, we suggest using interactions instead of including both material 

categorical and thickness numerical variables of one roof element. 

Table 4.9 shows the list of interactions that will be used for roof data. If we have missing 

data in one variable of the group (e.g., having data only for comboRoofCovering while missing 

data in textThickness), the system will not use the interaction. In this case, the system uses only 

the variable with complete data (e.g., comboRoofCovering) without any interaction in the 

analysis. Calculating interaction is also part of the VBA sub “CreateConcatenateRoofCoded” 

which has discussed above. Figure 4.38 illustrates the how the VBA sub 

“CreateConcatenateRoofCoded” convert categorical variables of roof data into dummy variables 

and calculates the interaction. 

Table 4.9 Variables that use interaction 

No. Variable name No. Variable name Use 
64 comboRoofCovering (i) 65 textThickness (i) Interaction 
71 comboInsulationType (i) 72 textInsulationThickness (i) Interaction 
74 comboUnderlayment (i) 75 textUnderlaymentThickness (i) Interaction 
76 comboDeckType (i) 77 textDeckThickness (i) Interaction 
78 comboFastenerType (i) 79 textFastenerSpacing (i) Interaction 
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sheet ConcatenateRoof 
 
 

 

 

 sheet ConcatenateRoofCoded 
            (before calculate interaction) 

 

Record Quantity of 
Roof Area … Deck Thickness … 

C
re

at
eC

on
ca

te
na

te
R

oo
fC

o
de

d   

 

 

Wood 
Fiber Plywood Metal 

Deck Thickness 

1 1 … None 0 … 0 0 0 0 
2 1 … Wood Fiber 0.5 … 1 0 0 0.5 
2 2 … Plywood 0.75 … 0 1 0 0.75 
3 1 … Plywood 0.75 … 0 1 0 0.75 
4 1 … Plywood 0.75 … 0 1 0 0.75 
4 2 … Plywood 0.75 … 0 1 0 0.75 
5 1 … Plywood 0.625 … 0 1 0 0.625 
6 1 … Metal Deck 0.04 … 0 0 1 0.04 

    

  

CreateConcatenateRoofCoded  
 
  

sheet ConcatenateRoofCoded 
              (after calculate interaction) 

 

Record Quantity of 
Roof Area 

 … Wood Fiber Plywood Metal 
Deck  

1 1  … 0 0 0  
2 1  … 0.5 0 0  
2 2  … 0 0.75 0  
3 1  … 0 0.75 0  
4 1  … 0 0.75 0  
4 2  … 0 0.75 0  
5 1  … 0 0.625 0  
6 1  … 0 0 0.04  

 

Figure 4.38 Create dummy variables and calculate interaction for roof data 
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4.4.5. Calculate Date Ranges 

Date time variables (e.g., Construction actual finish date) are not appropriate to be used 

directly in the estimation models because they cannot explain the difference in costs or schedule 

among projects. Therefore, we must convert them into date ranges. By default, MS Excel stores 

date as sequential serial numbers instead of text so we can use them in calculations. For example, 

January 1, 1900, is serial number 1, and January 1, 2019, is serial number 43466 because it is 

43,466 days after January 1, 1900. We can calculate two new variables, design duration (days) 

and construction duration (days) via Equations (4.1) and (4.2): 

 Design duration = Design finish date – design start date (4.1) 

 Construction duration = Construction actual finish date – Construction actual start date (4.2) 

This calculation works via VBA sub “CalculateDateRange”. The source code is provided 

in B.6 of Appendix B. 

 

4.4.6. Process Inflation Index Data 

4.4.6.1. Fit ENR Inflation Index with Simple Linear Regression. 

After analyzing the ENR inflation index data, we decided to fit them with a simple linear 

regression model. Figure 4.39 shows the inflation data fitted chart in the Estimation dashboard. 

As shown in Figure 4.39, the linear regression model fitted the inflation data well with small 

errors. VBA sub “LinearCoeff” is used to fit the inflation data. This sub source code is provided 

in B.7 of Appendix B. Details of the inflation dashboard will be discussed later in the output 

specification. 

4.4.6.2. Adjust Historical Data Values with Inflation. 

Some values in the historical data are adjusted with inflation before conducting 
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estimation with the ridge regression model. This helps improve the accuracy of the historical 

data because roofing projects were implemented at different times in the past. 

 

Figure 4.39 Inflation dashboard in Estimation subsystem. 

 

Table 4.10 show a list of variables that are adjusted with an inflation index. As suggested 

by ENR (2018c), we calculate present values via Equation (4.3). As suggested by the UACA 

project manager, we use the Actual Construction Start Date as the baseline for the adjustment.  

 Present ENR indexPresent value = Past value
Past ENR index

×   (4.3) 

The system uses the VBA sub “CalculateInflationSheetHistoricalDataCoded” to adjust 

historical data values with inflation. This sub calculates directly in sheet “HistoricalDataCoded” 
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and sheet “ConcatenateRoofCoded” and saves the data back onto sheets. Source code of the sub 

is provided in B.8 of Appendix B. The process is illustrated via the upper part of Figure 4.40. As 

shown in Figure 4.40, sub “CalculateInflationSheetHistoricalDataCoded” tried to match the 

Construction Actual Start Date on the historical data with the date on the ENR data. If it cannot 

match, it would search for the closing date. The ENR index (i.e., BCI) of that date is plugged 

into the “Past ENR index” (e.g., 4105) on Equation (4.3). If the system cannot find the index at 

the time the sub is executed, it uses the newest ENR index as “Today ENR index” (e.g., 4429) in 

Equation (4.3) to calculate the “Today value” (e.g., Adjusted Material Cost = $127,369). 

Table 4.10 Variables are adjusted with ENR inflation indexes 

Variables Action 
PM fee 

Adjust with 
ENR inflation index 

Architect project budget ($) 
Architect cost ($) 
Awarded bid ($) 
Total actual cost ($) 
Total labor cost ($) 
Total material cost ($) 
Total equipment cost ($) 
Design duration (days) 
Construction time (days) 
Demolition time (days) 
Cost of the roof area (i) ($) 
Cost per unit (i) ($/unit) 

 

4.4.6.3. Calculate Future Values of Predicted Cost and Schedule. 

The system uses the VBA sub “comboPredictDate_Change” (i.e., this sub is linked to 

Change Event of Prediction Date combo box in the Inflation dashboard) to calculate future 

values of predicted costs and schedule. The process is illustrated via the lower part of Figure 

4.40. Users select a future date that they want to adjust the predicted values for inflation. 
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 ENR data 
  

Historical data 
 

  

  Obs # Date BCI CCI 

Match with 
date has min 
date range 

Clark Hall Roof Replacement  New Project 

H
is

to
ric

al
 D

at
a 

 

1 Dec-78 1548 2283 PIR# (040-13-028)  PIR# (###-##-###) 
2 Dec-79 1702 2432     
3 Dec-80 1756 2558 

 

  
… … … … Construction Start Material Cost   

129 Apr-13 4105 6759 
 

16 Mar 2013 $118,050   

… … … …   

 

  

185 Feb-18 4430 7258   Adjusted 
Material Cost 

 Estimated 
Material Cost 186 Mar-18 4429 7257  Present  

187 Apr-18 4429 7257  16 Apr 2015 $127,369  $200,000 

  

 
Use linear regression to predict values 

 

 
 

    

 

Pr
ed

ic
te

d 
D

at
a 

 

1 May-18 4380 7157     
2 Jun-18 4387 7169 

Users select on 
inflation form 

   
3 Jul-18 4394 7180    Future 

Material Cost … … … … Future   
14 Jun-19 4465 7303 

 

Jun 2019   $201,641 
… … … …      

185 Sep-33 5581 9213      
186 Oct-33 5587 9224      
187 Nov-33 5594 9235      

 

Figure 4.40 Calculate Inflation 
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As suggested by ENR (2018c), VBA sub “comboPredictDate_Change” looks for the 

ENR index of the specified future date and uses that index to calculate future value via Equation 

(4.4). 

 Future ENR indexFuture value = Present value
 Present ENR index

×   (4.4) 

 

4.4.7. Calculate Response Values 

After the historical data are well prepared (e.g., convert categorical variables, calculate 

inflation), the system is ready to conduct ridge regression. Users input scoring data via the 

Estimation subsystem which is shown in Figure 4.27. Scoring data are stored temporarily in 

sheet “HistoricalDataCoded” and sheet “ConcatenateRoofCoded” via the VBA sub 

“CopyScoring”. This helps MS Excel save memory during the calculation. Source code for the 

sub “CopyScoring” is provided in B.10 of Appendix B. Scoring data are used to build the scoring 

matrices ( )score roof iX − for each roof area and one matrix score generalX −  for general data. When the 

“Estimation” button is clicked, the VBA sub “GeneralResponse” and VBA sub “RoofResponse” 

are called to calculate the responses. The process is illustrated in Figure 4.41 and Figure 4.42. 

The sub “RoofResponse” uses historical data from sheet “ConcatenateRoofCoded” to 

create a predictor matrix ( )roof iX  for each roof area based on the scoring data that users select for 

the roof. One response matrix roofY  (i.e., contain data of roof area cost ($) input) is used for all of 

the roof area. We may have multiple predictor matrices for the roof because scoring matrices 

may have different quantities of columns for each roof area. For example, users know what 

material they want to use for insulation in Area 1 and provide scoring data; however, they may 

not have decided the material to be used for insulation for Area 2 and Area 3. In this case, they 
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can just skip the combo box of Insulation of Area 2 and Area 3. The system eliminates the 

insulation columns in the predictor matrices of Area 2 and Area 3. If users have values in all 

boxes of the Estimation dashboard, all predictor matrices for each roof area are the same. All 

matrices are stored temporary of the VBA local memory and deleted after the calculation. 

The sub “RoofResponse” utilizes the VBA function “RidgeStdCoeff” to calculate the 

coefficient ( )roof iβ̂  for each roof datum. This VBA function employs Equation (3.16) from 

Chapter 3. Equation (4.5) illustrates the calculation. The source code of the VBA function 

“RidgeStdCoeff” is provided in B.13 of Appendix B.   

 
( ) ( )( )roor foo ff i roo iUARidgeCVEˆ rr X ,Y ,β = λ  (4.5) 

The VBA function “RidgeStdCoeff” first standardizes roofX  and roofY  by Equations 

(3.21) and (3.22) in Chapter 3. Matrices are standardized via the VBA function 

“MatrixStandardize”. The source code of “MatrixStandardize” is shown in B.14 of Appendix B. 

These standardized matrices are used for calculation. Since VBA does not have matrix functions 

such as adding or subtracting matrices, some additional matrix functions are built to support 

calculations. These VBA functions are provided in B.15 to B.20 of Appendix B. In Equation 

(4.5), lambda is calculated via a cross-validation process, which is discussed in the next section. 

The sub “RoofResponse” iterates through each roof area and creates ridge regression 

models for each roof area. These coefficients are multiplied with scoring matrices of each roof 

area to obtain the predicted values as shown in Equation (4.6). 

 ( ) ( ) ( )roof i roof i score roof i
ˆŷ X −= β ×  (4.6) 

Predicted values are stored in sheet “Result” and displayed to the “Result” tab of the 

Estimation subsystem dashboard. Similarly, VBA sub “GeneralResponse” is used to calculate 

the responses’ values for general data. Figure 4.42 summarizes the calculation process. 
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Record 
number 

PM 
fee 

Design 
Duration … 

Project type Building type Ground 
floor (sf) … Renovation New construction Office building … Dormitory Library 

Inflation Adjusted Inflation Non-Adjusted 

    
 

Scoring matrix 

     1 0 0 … 0 0 20,000 … 

 
 

Y matrix 1 
 

 
Y matrix 2 

 

 
Y matrix n 

 

 
X matrix 

 
1 2,402 32 … 1 0 1 … 0 0 4,186 … 
2 12,217 67 … 1 0 0 … 0 0 13,950 … 
3 5,466 29 … 1 0 0 … 0 0 21,546 … 
4 4,115 36 … 1 0 0 … 0 0 6,594 … 
5 9,270 82 … 1 0 0 … 0 0 99,125 … 
6 9,493 30 … 1 0 0 … 0 0 26,038 … 

… … … … … … … … … … … … 

 
Used to calculate βmatrices for each Y 

   

 

 

 
Predicted values 

 

Scoring matrix 

 
 

 3,500 40 1 0 0 … 0 0 20,000  
 

Figure 4.41 Calculate Responses 
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Figure 4.42 Partition of “Estimate” symbol  
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As shown in  Figure 4.42, the “Check 1” symbol first checks if the roof scoring data do 

not have any value. An error message is then displayed indicating no scoring data was input and 

that users should provide input data to proceed. If data is provided, the subsystem creates X and 

Y matrices for each roof areas. X matrices for each roof areas may not have the same columns 

because users may provide more scoring data in this roof area, but may not have enough planned 

information for the other areas (i.e., users leave some blank textboxes in the dashboard). 

Therefore, roof areas may use different models depending on the quantity of predictors 

that users have provided in these areas. The “Check 2” symbol is used to determine if we can use 

OLS regression for that area. This rarely happens, however if users input only one predictor (i.e., 

the X matrix has only one column), we can use OLS regression. Ridge regression is used when 

we have more than one predictor. If the data requires ridge regression, the system standardizes 

all X and Y matrices, and fits them with ridge regression models to get standardized coefficients. 

Default lambdas are first used in this fitting process. These coefficients are then unstandardized. 

The fitted model of each roof area is calculated. Data are partitioned into k-folds (i.e., we choose 

5 folds in this system) to conduct cross-validation. Cross-validation uses the fitted models to 

calculate overall cross-validation errors as discussed in Chapter 3. An optimal lambda value is 

obtained by using the automatic trial and error (i.e., Goal Seek in MS Excel) to find the 

minimum value of the overall cross-validation error. This lambda is used to recalculate the fitted 

models. Roof scoring data are plugged into the fitted models to obtain the material costs (i.e., 

response Ys) of each roof area. These material costs are added up to the total material cost and 

merged with general scoring data that the user input. The total material cost is calculated as: 

 
( )

Total  Roof Area

i 1
Total Material Cost $  = Material Cost of Area i

=
∑  (4.7) 

This merged data becomes the new general scoring data. The system redoes the process, 
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similar to what it has done with the roof data, to obtain final fitted models for the general data. 

Table 4.11 lists all of the predictive models in the Estimation subsystem. 

Table 4.11 Predictive models in the Estimation subsystem 

No. Response 
1 textCostRoofArea (i) 
2 textLaborCost 
3 textEquipmentCost 
4 textArchitectCost 
5 textPMCost 
6 textConstructionDuration 
7 textDesignDuration 
8 textDemolitionTime 
9 textSubcontractors 
10 textChangeOrders 

 

The total cost is calculated as: 

 Total Cost = Total Material Cost + Total Labor Cost + Total Equipment Cost (4.8) 

The total duration cost is calculated as: 

 Total Construction Duration = Demolition + Design Duration + Construction Duration (4.9) 

 

4.4.8. Calculate Lambda by Cross-Validation 

4.4.8.1. Calculate Overall Cross-Validation Error of Default Lambda. 

After acquiring X (predictors) and Y (response) matrices in the temporary database. We 

created a VBA function, named UARidgeCVErr to calculate overall cross-validation error which 

has been discussed in (3.35). Figure 4.43 visualizes the process that the system uses to calculate 

the overall cross-validation. Equation (4.10) illustrates function UARidgeCVErr: 

 CVErr = UARidgeCVErr [X matrix, Y matrix, lambda, fold matrix] (4.10) 

Source code for the function UARidgeCVErr is provided in the Appendix B. We used the 

default lambda value to calculate the CVErr and optimize that later by the evolutionary algorithm 
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via Solver functions provided by MS Excel.  

As suggested by Hoerl and Kennard (1970), the default lambda is calculated as: 

 N 1
100
−

λ =  (4.11) 

Where: N is a number of records in the database. 

CVErr iterates through each fold (i.e., we used 5 folds as default in this research) and 

split data into two partitions, including: training set and validation set. The training set is used to 

train the model and calculate the coefficients trainβ : 

 ( )train train defau trai lt n RidgeStdCoeff X ,Y ,β λ=  (4.12) 

trainβ  is used to calculate the predicted values in test set testŶ . This is illustrated in the 

following equation: 

 test train testŶ X= β ×  (4.13) 

 Predicted values of test set testŶ  are used to compare with the response values of the test 

set testY , and calculate the cross-validation error for fold k which has been discussed in Equation 

(3.34) of Chapter 3. For example, Equation (4.14) illustrates how the cross-validation error of 

fold 1 (i.e., fold 1CVErr − ) is calculated. fold 1N −  is number of observation in fold 1. 

 ( ) ( )( )fold 1
default

N 2

fold 1 fold 1 i fold 1 i
ifold 1

1 ˆCVErr y y
N

−
λ

− − −
−

= −∑  (4.14) 

The overall cross-validation error (i.e., CVErr ) is calculated as the average value of all 

cross-validation error of each fold as discussed in Equation (3.35) of Chapter 3. 

4.4.8.2. Calculate Optimal Lambda 

Optimal lambda values are calculated by minimizing the overall cross-validation error. 
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We used Solver functions in MS Excel for the minimization. Solver uses an evolutionary 

algorithm which is a stochastic search algorithm. 

 
 

Y matrix 

 

 
X matrix 

 

fold 
matrix 

 

 

Obs # Cost of 
each area ($) 

Roof 
Slope 

Roof Eave 
Height (ft) 

Roof 
Area (sf) 

Covering 
area …   

1 25116 0.25 39 4143 1 0 0 … 0 0 … 1 

 
temporary 

data 
 

2 52280 0.25 46 6937 1 0 0 … 0 0 … 2 
3 45852 5 46 4985 0 1 0 … 0 0 … 3 
4 4369 0.25 46 1784 0 0 0 … 0 0 … 4 
5 155410 6 36 24340 0 1 0 … 0 0 … 5 
6 56254 6 48 5740 0 1 0 … 0 0 … 1 
7 2545 0.25 48 2076 0 0 0 … 0 0 … 2 
8 317325 5 58 34500 0 0 1 … 0 0 … 3 
9 172739 0.125 43 26304 0 0 0 … 1 0 … 4 
10 51911 1.5 48 4134 0 0 0 … 1 0 … 5 
11 404441 1.5 48 41200 0 0 0 … 1 0 … 1 
12 21316 1.5 38 7658 0 0 0 … 1 0 … 2 
 … … … … … … … … … … … …  

 

 

 

 
Y matrix 

 

 
X matrix 

 

fold 
matrix 

  

 

Obs # Cost of 
each area ($) 

Roof 
Slope 

Roof Eave 
Height (ft) 

Roof 
Area (sf) 

Covering 
area …   

 

               
2 52280 0.25 46 6937 1 0 0 … 0 0 … 2 

 

Train 
set 

3 45852 5 46 4985 0 1 0 … 0 0 … 3 
4 4369 0.25 46 1784 0 0 0 … 0 0 … 4 
5 155410 6 36 24340 0 1 0 … 0 0 … 5 
7 2545 0.25 48 2076 0 0 0 … 0 0 … 2 
8 317325 5 58 34500 0 0 1 … 0 0 … 3 
9 172739 0.125 43 26304 0 0 0 … 1 0 … 4 
10 51911 1.5 48 4134 0 0 0 … 1 0 … 5 
12 21316 1.5 38 7658 0 0 0 … 1 0 … 2 
 … … … … … … … … … … … …   

  
1 25116 0.25 39 4143 1 0 0 … 0 0 … 1 

 

Validation 
set 6 56254 6 48 5740 0 1 0 … 0 0 … 1 

11 404441 1.5 48 41200 0 0 0 … 1 0 … 1 
 

Figure 4.43 Cross-validation process 
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Evolutionary algorithm is often used in optimization problems where we have 

insufficient or imperfect information (Vikhar 2016). The detailed source code of the solver 

functions are included inside the VBA sub “GeneralResponse” and “RoofResponse” in 

Appendix B. Since the nature of the data is not confirmed due to the small sample size, we used 

only one constraint for lambda values in this research, which is 0λ ≥ . Later research can 

consider applying more constraints on the lambda values to reduce computational time and 

increase accuracy. 

 

4.4.9. Calculate Percentage Mean of Error 

To evaluate the result of the estimation, mean absolute percentage of errors are calculated 

to help the users evaluate the result of the estimation. Mean absolute percentage of errors of 

regression are calculated by Equation (4.15), which is suggested by Myttenaerea et al. (2017).   

 
N

i i

i 1 i

ˆ1 y yMean Absolute Percentage Error = 
N y=

−∑  (4.15) 

The VBA function “MeanAbsPercentError” is used in sub “GeneralResponse” and sub 

“RoofResponse” to calculate the percentage mean of error. In case, we have a 0 value in the 

response, such as demolition days, the quantity of subcontractors, and the quantity of change 

orders, the denominator in Equation (4.15) is 0 which would cause the VBA function errors. 

Therefore, we use another equation to calculate the percentage of error for demolition days, 

quantity of subcontractors, and quantity of change orders. In this case, we use symmetric mean 

absolute percentage error provided in Equation (4.16), which is suggested by (Kim and Kim 

2016).  
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( )N

i i

i 1 i i

ˆy y1Symmetric mean absolute percentage error = 
ˆN y y

2
=

−

 + 
 
 

∑  
(4.16) 

The VBA function “SymMeanAbsPercentError” is used to calculate the symmetric mean 

absolute percentage error. This function is also embedded in sub “GeneralResponse” and sub 

“RoofResponse”. The source code of VBA the function “MeanAbsPercentError” and VBA 

function “SymMeanAbsPercentError” are provided in B.22 and B.23 of Appendix B. 

 

4.5. Output Specifications 

4.5.1. Display Results 

The result is displayed for users to review. If users are not satisfied with the results, they 

can modify the scoring inputs and redo the estimation process. This allows users to see multiple 

scenarios in accordance with the designs. The results of the estimation include: 

- Estimated cost: this tab includes the results of the estimation regarding cost (e.g., 

material costs, construction cost, total cost). Percentage of errors of the regression 

analysis are calculated based on comparing the fitted values and actual values of the 

response. These guide users to accept or reject this analysis. The cost result is used to 

plot summary charts which are displayed to the users. Figure 4.44 displays the Cost 

sub-tab in the Result tab of the Estimation subsystem. 

- Estimated schedule: this tab includes results of the schedule estimation (e.g., 

demolition duration, construction duration). Percentage of error and the resulting 

chart are generated and displayed in this tab. Figure 4.45 shows the Schedule sub-tab 

in the Result tab of the Estimation subsystem. 

- Estimate of other criteria: this tab reports the results of other models (e.g., the 
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quantity of change orders, the quantity of subcontractors). Percentage of error is 

calculated and reported to the users. Figure 4.46 shows the Other sub-tab in the Result 

tab of the Estimation subsystem. 

If users reject the results, the users can click on the “Re-Estimation” button and go back 

to bubble “A” as shown in Figure 4.5. Users can go back to the scoring tabs (i.e., as shown in 

Figure 4.27 to Figure 4.29), where they can change scoring inputs and conduct another 

estimation. Users can redo this process until they are satisfied with the result. This what-if 

analysis aims to provide users with different scenarios of the estimation. What-if analysis is 

effective when managers do not have any specific design idea in mind. By reviewing multiple 

scenarios, users compare time, cost and scopes values to decide the most optimal design to 

proceed with the project. 

 

Figure 4.44 Cost sub-tab in the Result tab of the Estimation subsystem 
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Figure 4.45 Schedule sub-tab in the Result tab of the Estimation subsystem 

 

 

Figure 4.46 Other sub-tab in the Result tab of the Estimation subsystem 
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4.5.2. Adjust the Results with Future Inflation 

When users accept the estimation result, they can open the Inflation dashboard as shown 

in Figure 4.39, to adjust the result with inflation consideration. Users can select several future 

timepoints on the Time combo box to adjust predicted values to that timepoints with 

consideration of inflation. Users can click on the “Advance” button to view the prediction chart 

and change the sources of inflation cost index. Users click “Ok” button to display the new 

results.
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CHAPTER 5: VERIFICATIONS AND VALIDATION 

Chapter 5 discusses the system verification and validation process. The verification 

process includes examining each system component to ensure that the system is designed for the 

proposed specifications. We focused on component and integration testing after programming 

each system component, rather than waiting for system testing after the entire application is 

complete. We carefully compared the actual outputs provided by the system with the expected 

outputs from manual calculations based on the methodology proposed in Chapter 3. The 

validation includes two usability tests with our client, the Construction Administration, and two 

test cases. The results of verification and validation are reviewed and discussed. 

 

5.1. Verification 

Verification aims at ensuring that the product is built correctly and meet the designed 

specifications (i.e., the system is developed correctly) (Bourque and Fairley 2014). As suggested 

by the International Software Testing Qualifications Board (ISTQB), we verified the developed 

system via three testing levels, including: component testing, integration testing and system 

testing (Bourque and Fairley 2014). 

 

5.1.1. Component Testing 

Component testing is often called unit testing which tests individual hardware or software 

components (ISTQB 2018). Bourque and Fairley (2014) discuss that component testing verifies 

the individual testable system functions which are often done by system programmers. To 
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improve the quality of the system, we performed component testing during the system 

programming phase. We focused on testing each VBA function, and VBA form component (e.g., 

buttons, text boxes, combo boxes) immediately after each of them were created. Any discovered 

error was completely resolved before we proceeded to the next components. 

Each developed VBA function can be simply tested on the MS Excel spreadsheet. We 

used multiple random inputs for each developed VBA function. The output of a developed VBA 

function is returned on the same MS Excel spreadsheet, so we can easily compare them with a 

manual calculation result. Figure 5.1 and Figure 5.2 illustrates how to test a developed VBA 

function on the MS Excel spreadsheet. 

 

Figure 5.1 Example 1 of testing a developed VBA functions on MS Excel spreadsheet. 
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Figure 5.2 Example 2 of testing a developed VBA function on an MS Excel spreadsheet. 

 

Even though each VBA function is tested during the programming, we conducted another 

final test after we completed the system development. The test results for the other functions are 

summarized in Tables 5.1 through 5.3. Table 5.1 shows the results of testing for VBA functions 

regarding matrix calculation. Figure 5.1 shows an example of Test 13 on Table 5.1. Figure 5.2 

shows an example of Test 1 on Table 5.1. Table 5.2 shows the test of VBA functions regards 

OLS and ridge regression. Table 5.3 shows the test for other VBA functions. 

Table 5.1 Component test of VBA functions regarding matrix calculation 

Test 
# Purpose Input Output of 

the function 

Result of 
Manual 

Calculation 

Accepted/ 
Rejected 

1 Check the MatrixAdd function which 
calculates the addition of two matrices. 

Random matrices 
A1 and B1 

Matrix C1 
Matched 
matrix C1 

Accepted 

2 
Check the MatrixSubtract function 
which calculates subtraction of two 
matrices. 

Random matrices 
A2 and B2 

Matrix C2 
Matched 
matrix C2 

Accepted 
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Table 5.1 Component test of VBA functions regarding matrix calculation (continued) 

Test 
# Purpose Input Output of 

the function 

Result of 
Manual 

Calculation 

Accepted/ 
Rejected 

3 
Check the MatrixScalar function which 
calculates scalar multiplication of a 
scalar and a matrix. 

Random matrix A3 and 
a random scalar k3 

Matrix B3 
Matched 
matrix B3 

Accepted 

4 
Check the MatrixTrace function which 
calculates the trace of a matrix (i.e., 
trace is the sum of diagonal entries) 

Random matrix A4 Value k4 
Matched 
value k4 

Accepted 

5 
Check the MatrixIdentity function 
which creates an identity matrix with k 
rank. 

A random value k5 
Matrix A5 

with k5 rank 

Matched 
matrix A5 

with k rank 
Accepted 

6 Check the MatrixCorrelation function 
which calculates the correlation matrix. A random matrix A6 Matrix B6 

Matched 
matrix B6 

Accepted 

7 
Check the MatrixCorrTran function 
which returns the transformation of the 
correlation matrix. 

A random matrix A6 Matrix T
6B   

Matched 
matrix T

6B  Accepted 

8 
Check the MatrixStandardize function 
which calculates standardized values of 
a matrix. 

A random matrix A8 Matrix B8 
Matched 
matrix B8 

Accepted 

9 
Check the MatrixBin function which 
creates a bin matrix based on the 
quantity of bin and quantity of rows. 

A random quantity of 
bin k9 and a random 
quantity of rows m9 

Matrix A9 
Matched 
matrix A9 

Accepted 

10 
Check the SFCountUnique function 
which returns the number of unique 
values in a matrix. 

Random matrix A10 Value k10 
Match 

value k10 
Accepted 

11 
Check the SFMatrixUnique function 
which returns a matrix with unique 
values. 

Random matrix A11 Matrix B11 
Matched 

matrix B11. 
Accepted 

12 
Check the SFMatrixUniqueTran 
function which returns the transpose of 
the matrix with unique values. 

Random matrix A12 Matrix T
12B   

Matched 
matrix T

12B . Accepted 

13 
Check the SFMatrixUniqueSort 
function which returns the matrix with 
sorted unique values. 

Random matrix A13 Matrix B13 
Matched 

matrix B13. 
Accepted 

14 
Check the SFCatDum function which 
returns the dummy matrix of a 
categorical matrix. 

Random matrix A14 Matrix B14 
Matched 

matrix B14. 
Accepted 
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Table 5.2 Component test of VBA functions regarding regression 

Test 
# Purpose Input Output of 

the function 

Result of 
Manual 

Calculation 

Accepted/ 
Rejected 

1 
Check the LinearCoeff function which 
calculates coefficients of simple linear 
regression with standardization. 

Random matrices X1 
and Y1 

Matrix 1β̂  
Matched 
matrix 1β̂  Accepted 

2 
Check the RidgeStdCoeff function 
which calculates coefficients of the ridge 
regression with standardization. 

Random matrices X2 
and Y2. A random 
lambda value k2  

Matrix 2β̂  
Matched 
matrix 2β̂  Accepted 

3 
Check the UARidgeCVErr function 
which calculates the overall cross-
validation error. 

Random matrices X3 
and Y3. A random 

lambda value k3 and a 
random bin matrix C3. 

Value e3 
Matched 
value e3. 

Accepted 

4 
Check the MeanAbsPercentError 
function which calculates the mean 
absolute percentage of errors. 

A random matrix Y1 
(i.e., actual responses). 
A random matrix X2 
(i.e., actual predictors). 
A random 4β̂  matrix 
(i.e., fitted 
coefficients) 

Value e4 
Matched 
value e4. 

Accepted 

5 
Check the SymMeanAbsPercentError 
function which calculates the symmetric 
mean absolute percentage error. 

A random matrix Y5 
(i.e., actual responses). 
A random matrix X5 
(i.e., actual predictors). 
A random 5β̂  matrix 
(i.e., fitted 
coefficients) 

Value e5 
Matched 
value e5. 

Accepted 

 

Table 5.3 Component test of other VBA functions 

Test 
# Purpose Input Output of 

the function 

Result of 
Manual 

Calculation 

Accepted/ 
Rejected 

1 
Check the SFLastCol function which 
returns the last column number which 
contains any value of a selected row. 

A random row r1 Value k1 
Match 

value k1  
Accepted 

2 
Check the SFLastRow function which 
returns the last row number which 
contains any value of a selected column. 

A random column c1 Value k2 
Match 

value k2 
Accepted 

 

Each developed VBA form component (e.g., a button) can be tested on the Visual Basic 

Editor by executing (i.e., clicking “F5” on the keyboard) the VBA form, which contains that 
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specific component. Figure 5.3 shows an example of how the “OK” and “Advance” buttons of 

the “Inflation” dashboard were tested. Component testing results for each VBA Form component 

are summarized and discussed in the Tables 5.4 to 5.6. Table 5.4 displays the results of the 

component test for the Control subsystem main dashboard. Table 5.5 shows the results of the 

component test for the Historical Data subsystem main dashboard.  

Table 5.6 displays the results of the component test for the Estimation subsystem main 

dashboard. Some of the buttons (e.g., the “Update” button) that include multiple integrated 

processes, were verified during the later integration testing, and discussed in the next section of 

this chapter. 

 

Figure 5.3 Example of testing a VBA Form component. 
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Table 5.4 Component testing on the Control subsystem main dashboard 

Test 
# Purpose Input Expected 

Result 
Actual 
Result 

Accepted/ 
Rejected 

1 Check “Settings” 
button 

The user clicks on 
“Settings” button of the 
Control subsystem main 
dashboard and clicks on 
“Expand” button on 
“Setting” dashboard. 

The user can click on 
“Settings” button to open 
the Settings dashboard. The 
user can click on “Expand” 
button to expand the 
dashboard to full screen. 

As 
expected Accepted 

2 Check “About” 
button 

The user clicks on “About” 
button to open “About” tab 
which contains basic 
information about the 
system. 

The user can open and view 
“About” tab 

As 
expected Accepted 

3 Check “Help” 
button 

The user clicks on “Help” 
button to open “Help” tab, 
which contains some guides 
of using the system. 

The user can open and view 
the “Help” tab 

As 
expected Accepted 

4 

Check the online 
link of the user 
manual on “Help” 
tab. 

The user clicks on the link 
on the “Help” tab. 

The user can view the full 
version of the user manual 
online and download it. 

As 
expected Accepted 

5 

Check the 
contents of 
“About” tab and 
Help tab. 

The user clicks on each tab 
to view the content. 

The content displays 
correctly with tab title. 

As 
expected Accepted 

6 Check “Historical 
Data” button 

The user clicks on the 
“Historical Data” button. 

The system displays the 
Historical Data subsystem 
main dashboard and closes 
the Control subsystem main 
dashboard 

As 
expected Accepted 

7 
Check 
“Estimation” 
button 

The user clicks on the 
“Estimation” button 

The system displays the 
Estimation main dashboard 
and closes the Control 
subsystem main dashboard. 

As 
expected Accepted 

8 
Check the 
“Workbook” 
button 

The user clicks on the 
“Workbook” button 

The system closes the 
Control subsystem and 
displays the MS Excel 
workbook which contains 
all historical data. 

As 
expected Accepted 

9 
Check the 
“Account Control” 
button 

The user clicks on the 
“Account Control” button 

The system displays 
“Account Control” tab 

As 
expected Accepted 

10 Check the 
“Library” button 

The user clicks on the 
“Library” button 

The system displays 
“Library” tab 

As 
expected Accepted 
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Table 5.4 Component testing on the Control subsystem main dashboard (continued) 

Test 
# Purpose Input Expected 

Result 
Actual 
Result 

Accepted/ 
Rejected 

11 Check the “Cost 
Index” button 

The user clicks on the “Cost 
Index” button 

The system displays “Cost 
Index” tab 

As 
expected Accepted 

12 Check the “Save” 
button 

The user clicks on the 
“Save” button 

The system saves the works 
on MS Excel 

As 
expected Accepted 

13 Check the “Close” 
button 

The user clicks on the 
“Close” button 

The system closes the 
Control subsystem main 
dashboard and the main MS 
Excel application. All Excel 
worksheets are hidden and 
locked for security. 

As 
expected Accepted 

 

Table 5.5 Component testing on the Historical Data subsystem main dashboard 

Test 
# Purpose Input Expected 

Result 
Actual 
Result 

Accepted/ 
Rejected 

1 

Check each 
textbox and 
combo box in the 
Historical Data 
subsystem main 
dashboard 

The user reviews each text 
box and combo box. 

Text boxes and combo 
boxes display correct values 
of the historical data. Text 
boxes display the correct 
format of the value (e.g., 
format for money values). 
Combo boxes contain 
corrected values. 

As 
expected Accepted 

2 

Check the 
validation function 
of the total actual 
cost. 

The user types value into 
the “Total actual cost” text 
box on the “Contractor” tab 

If the total actual cost is not 
equal to the sum of 
component costs, a warning 
message is displayed. 

As 
expected Accepted 

3 Check clickable 
labels. 

The user hovers the mouse 
cursor to each clickable 
label, then double-clicks on 
them. 

When the user hovers the 
mouse cursor to each 
clickable label, the mouse 
cursor is changed to 
question mark indicating 
that the label is clickable. 
When the user double-
clicks on a clickable label, 
an example dashboard is 
displayed to the user which 
helps clarify the label 
question. Each of the 
example dashboards is 
displayed correctly regard 
the clicked label. 

As 
expected Accepted 

4 Check the 
“Settings” button. 

The user clicks on the 
“Settings” button. 

The “Settings” button is 
displayed to the user. 

As 
expected Accepted 
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Table 5.5 Component testing on the Historical Data subsystem main dashboard (continued) 

Test 
# Purpose Input Expected 

Result 
Actual 
Result 

Accepted/ 
Rejected 

5 Check displays of 
the roof area tabs 

The user selects different 
value on the “How many 
new roof areas?” combo 
box. 

Roof area tabs are displayed 
correctly according to the 
selected value. 

As 
expected Accepted 

6 Check the 
“Search” button. 

The user clicks on the 
“Search” button. 

The “Search” dashboard is 
displayed to the user. 

As 
expected Accepted 

7 Check the “Edit 
Mode” button. 

The user clicks on the “Edit 
Mode” button. 

Background of text boxes 
and combo boxes are 
changed to white. All 
buttons are unlocked. 

As 
expected Accepted 

8 Check the “Clear 
Form” button. 

The user clicks on the 
“Clear Form” button. 

All values in the current 
text boxes and combo boxes 
are deleted. A blank form is 
displayed. 

As 
expected Accepted 

9 Check the 
“Dashboard button 

The user clicks on the 
“Dashboard” button. 

The user goes back to the 
Control subsystem main 
dashboard. 

As 
expected Accepted 

 

Table 5.6 Component testing on the Estimation subsystem main dashboard 

Test 
# Purpose Input Expected 

Result 
Actual 
Result 

Accepted/ 
Rejected 

1 Check displays of 
the roof area tabs 

The user selects different 
value on the “How many 
new roof areas?” combo 
box. 

Roof area tabs are displayed 
correctly according to the 
selected value. 

As 
expected Accepted 

2 

Check the 
validation of the 
“Facility type” 
combo box. 

The user selects value on 
the “Facility type” combo 
box. 

If the user selects 
“Roofing”, the “Roof” tab 
is displayed. If the user 
selects the other values, a 
message is displayed to 
notify that other facilities 
are not available. 

As 
expected Accepted 

3 
Check the 
“Estimation” 
button. 

The user types in scoring 
values and clicks 
“Estimation” button. 

If no scoring value is typed 
in, the system displays an 
error message. Estimation 
functions will not be 
executed. On the other 
hand, if we have scoring 
data, the system will 
calculate and display the 
results. 

As 
expected Accepted 
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Table 5.6 Component testing on the Estimation subsystem main dashboard (continued) 

Test 
# Purpose Input Expected 

Result 
Actual 
Result 

Accepted/ 
Rejected 

4 Check the 
“Settings” button. 

The user clicks on the 
“Settings” button. 

The system displays the 
“Settings” dashboard. 

As 
expected Accepted 

5 
Check the “Re-
Estimation” 
button. 

After the “Result” tab is 
displayed, the user clicks on 
the “Re-Estimation” button. 

After the “Result” tab is 
displayed, the “Re-
Estimation” button is 
enabled. When the user 
clicks on the “Re-
Estimation” button, the 
“Result” tab is hidden, and 
scoring tabs are displayed 
again. 

As 
expected Accepted 

6 Check “Inflation” 
button. 

After the “Result” tab is 
displayed, the user clicks on 
the “Inflation” button. 

After the “Result” tab is 
displayed, the “Inflation” 
button is enabled. When the 
user clicks on the 
“Inflation” button, the 
“Inflation” dashboard is 
displayed to the user. 

As 
expected Accepted 

7 Check the “Clear 
Form” button. 

The user clicks on the 
“Clear Form” button. 

All text boxes and combo 
boxes on the Estimation 
subsystem main dashboard 
are cleared. 

As 
expected Accepted 

8 
Check the 
“Dashboard” 
button. 

The user clicks on the 
“Dashboard” button. 

The Estimation subsystem 
main dashboard is closed, 
and the Control subsystem 
main dashboard is 
displayed.  

As 
expected Accepted 

 

5.1.2. Integration Testing 

Some of the VBA subs discussed in Chapter 4, such as “CreateConcatenateRoofCoded”, 

include multiple VBA functions and calculation processes. Further, some buttons are designed to 

execute a group of VBA subs such as the “Update” button on the Historical Data subsystem main 

dashboard. The output of the previous VBA subs provides the input to later VBA subs, so we 

cannot test these VBA subs individually. For example, Table 5.7 includes all VBA subs which 

are assigned to the “Update” button. 
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Table 5.7 VBA subs assigned to the “Update” button. 

# VBA subs name 
1 DeleteNoRoofDataSheetHistoricalData 
2 CreateENRCoded 
3 CreateSheetHistoricalDataUnique 
4 CreateSheetHistoricalDataCoded 
5 CalculateDateRange 
6 CreateSheetConcatenateRoof 
7 CreateConcatenateRoofCoded 
8 CalculateInflationSheetHistoricalDataCoded 
9 CheckClosedActiveData 

 

We use integration testing to verify these complex VBA subs and groups of VBA subs. 

The integration testing combines individual units and inspects the interactions between 

integrated components (ISTQB 2018). A VBA sub performs actions rather than returns a final 

value. These VBA subs cannot be executed on the MS Excel spreadsheet as VBA functions, so 

we test these subs via three processes: 

- For VBA subs creating new MS Excel spreadsheets during their execution, such as 

“CreateConcatenateRoofCoded”, we can inspect the MS Excel spreadsheets to ensure 

that these Subs perform correctly. 

- If the VBA sub temporary data are not output into the MS Excel spreadsheet, we 

debug them on a single line of code. On the Visual Basic Editor, we debug each VBA 

sub through single step (i.e., clicking “F8” on the keyboard) and inspect the change of 

values on each variable on the Local Window. The Local Window automatically 

displays all declared variables in the current procedure and their values. This is one of 

the most time-consuming processes during the programming of the system. We 

considered dividing some large VBA subs into smaller VBA subs to improve the 
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testing. However, having too many VBA subs can cause confusions in reading the 

programming codes for the other people. Therefore, we only divided VBA subs that 

are too complicated. Figure 5.4 illustrates the single step debugging process on the 

Visual Basic Editor for the VBA sub “CreateSheetHistoricalDataUnique”. 

- Since VBA does not provide log files following the execution, as other languages, 

such as SAS, we created additional testing code which output values on a temporary 

MS Excel spreadsheet. For example, this method helps us inspect temporary 

responses, and predictor matrices when executing VBA subs “RoofResponse” and 

“GeneralResponse”. For example, Figure 5.5 illustrates the response and predictors 

matrices that are output into the “GeneralMatrix” spreadsheet. This helps us inspect 

the temporary matrices while executing the “GeneralResponse” VBA subs. Due to 

improving system performance and providing readable codes for subsequent system 

maintenance, some of these testing codes were deleted upon completion of system 

test. 

The results of the integration testing of the VBA form components (e.g., buttons, 

textboxes, combo boxes) are summarized and reported in Tables 5.9 through 5.11. These 

components are integrated with multiple VBA subs and related to various VBA forms.  

Table 5.8 shows the integration testing of the Control subsystem. Table 5.9 shows the 

integration testing of the Historical Data subsystem, and Table 5.10 shows the integration of the 

Estimation subsystem. 
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Figure 5.4 Single step debugging process on the Visual Basic Editor. 

 

 

Figure 5.5 Temporary values are output into a temporary spreadsheet. 

 

 

 

Local Window 
Visual Basic 
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Table 5.8 Integration testing of the Control subsystem 

Test 
# Purpose Input Expected 

Result 
Actual 
Result 

Accepted/ 
Rejected 

1 

Check “Expand” 
button on 
“Settings” 
dashboard. 

The user clicks on the 
“Expand” button on the 
“Settings” dashboard. 

The Control subsystem 
main dashboard expands to 
full screen. Sizes of all 
textboxes and combo boxes 
are adjusted based on the 
expansion.  

As 
expected Accepted 

2 

Check the “Add” 
button on the 
“Account Control” 
tab. 

The user selects “role in 
project”, and types values 
into “New user” and “New 
password” textboxes. Then 
the user clicks on the “Add” 
button. 

If there is no data on the 
“New user” and “New 
password” textboxes, the 
system display error 
message. 
If there are data on these 
textboxes, the system adds 
the new account into the 
account list. Data on 
“AdminPass”, “PMPass”, 
ArchtPass”, and “GMPass” 
spreadsheets are updated 
correctly. 

As 
expected Accepted 

3 

Check the 
“Delete” button on 
the “Account 
Control” tab. 

The user selects an account 
on the account list and 
clicks on the “Delete” 
button. 

The system removes that 
account out of the account 
list. Data on “AdminPass”, 
“PMPass”, ArchtPass”, and 
“GMPass” spreadsheets are 
updated correctly. 

As 
expected Accepted 

4 

Check the “Add 
Granted” button 
on the “Account 
Control” tab. 

The user selects an account 
on the account list. The user 
selects any type of fields 
they want to use to look for 
the specific record. The user 
selects the needed record 
and clicks “Add Grant” 
button. 

The system adds that record 
to the granted list. Any user 
with that account can view 
only records on the granted 
list. Data on 
“AdminSearch”, 
“PMSearch”, ArchtSearch”, 
and “GMSearch” 
spreadsheets are updated 
correctly. 

As 
expected Accepted 

5 

Check the “Delete 
Granted” button 
on the “Account 
Control” tab. 

The user selects a specific 
record on the record list and 
clicks on the “Delete 
Granted” button. 

The selected record is 
removed out of the granted 
list. Data on 
“AdminSearch”, 
“PMSearch”, ArchtSearch”, 
and “GMSearch” 
spreadsheets are updated 
correctly. 

As 
expected Accepted 
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Table 5.8 Integration testing of the Control subsystem (continued) 

Test 
# Purpose Input Expected 

Result 
Actual 
Result 

Accepted/ 
Rejected 

6 

Check the “Add” 
button of the 
“Library” tab on 
the Control 
subsystem. 

The user selects a specific 
roof category on the “Select 
category” combo box. The 
user then types new value 
on the “New value” text 
box and clicks “Add” 
button. 

The new value is added to 
the combo box value list on 
below. Data on “Lib” 
spreadsheet are updated 
correctly. 

As 
expected Accepted 

7 
Check the 
“Delete” button of 
the “Library” tab. 

The user selects a specific 
value on the value list and 
clicks “Delete” button. 

The system removes that 
value out of the value list. 
Data on “Lib” spreadsheet 
are updated correctly. 

As 
expected Accepted 

8 
Check the “Add” 
button of the 
“Cost Index” tab. 

The user types new values 
of ENR indexes and clicks 
“Add” button. 

New ENR indexes are 
added into the system. Data 
on “ENR” spreadsheet are 
updated correctly. 

As 
expected Accepted 

9 

Check the 
“Delete” button of 
the “Cost Index” 
tab. 

The user selects specific 
value on the ENR indexes 
list and clicks “Delete” 
button. 

The selected row (e.g., ENR 
indexes) are removed out of 
the system. Data on “ENR” 
spreadsheet are updated 
correctly. 

As 
expected Accepted 

 

Table 5.9 Integration testing of the Historical Data subsystem 

Test 
# Purpose Input Expected 

Result 
Actual 
Result 

Accepted/ 
Rejected 

1 

Check the opened 
status of the 
Historical Data 
subsystem main 
dashboard. 

The user reviews the 
opened status of the 
Historical Data 

The dashboard is in the 
viewing mode, which 
protects data from 
unintentional changes. 
“Delete Record”, “Update 
Record”, “Modify/Save”, 
“Add Record”, “Clear 
Form” buttons are locked. 
Tabs are displayed and 
hidden correctly regarding 
the account role. 

As 
expected Accepted 

2 Check the 
“Delete” button. 

The user clicks in the 
“Delete” button. 

The displayed record is 
removed out of the system. 
A message is displayed to 
the user to notify about the 
processed action. Data on 
the “Historical Data” 
spreadsheet are updated 
correctly. 

As 
expected Accepted 
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Table 5.9 Integration testing of the Historical Data subsystem (continued) 

Test 
# Purpose Input Expected 

Result 
Actual 
Result 

Accepted/ 
Rejected 

3 

Check the two 
combo boxes on 
the “Search” 
dashboard. 

The user reviews and 
selects any value of each 
combo boxes. 

Values on each combo box 
display correctly regard the 
account role. 

As 
expected Accepted 

4 

Check the 
“Search” button 
on the “Search” 
dashboard. 

The user selects desired 
record on the “Search” 
combo box and clicks 
“Search” button. 

The Historical Data 
correctly displays the 
selected record.  

As 
expected Accepted 

5 
Check the 
“Update Record” 
button. 

The user clicks on the 
“Update Record” button. 

The system processes 
through 11 updating steps. 
At each step, a message is 
displayed to notify 
progress. Details tests of 
assigned VBA subs are 
discussed on later table. 

As 
expected Accepted 

6 
Check the 
“Modify/Save” 
button 

The user makes changes on 
data of the displayed record 
and clicks on the 
“Modify/Save” button. 

Changes on the displayed 
record are saved to the 
system. A message is 
displayed to the user to 
notify about the processed 
action. Data on the 
“Historical Data” 
spreadsheet are updated 
correctly. 

As 
expected Accepted 

7 Check the “Add 
Record” button. 

The user types new data on 
the blank form and clicks 
on the “Add Record” 
button. 

New data are added to the 
historical database. Data on 
the “Historical Data” 
spreadsheet are updated 
correctly. 

As 
expected Accepted 

8 
Check the “Next” 
and “Back” 
buttons. 

The user clicks on the 
“Next” and “Back” buttons. 

When the user clicks on 
“Next” button, the 
dashboard displays the (n + 
1) record. On the other 
hand, the dashboard 
displays (n - 1) record. 
When the dashboard 
reaches the lower or higher 
limits of record, these 
buttons are disabled. 

As 
expected Accepted 

9 

Check the “Full 
Screen” button on 
the “Settings” 
dashboard. 

The user clicks on the “Full 
Screen” button on the 
“Settings” dashboard. 

The Historical Data 
subsystem main dashboard 
expands to full screen. Sizes 
of all textboxes and combo 
boxes are adjusted based on 
the expansion. 

As 
expected Accepted 
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Table 5.9 Integration testing of the Historical Data subsystem (continued) 

Test 
# Purpose Input Expected 

Result 
Actual 
Result 

Accepted/ 
Rejected 

10 

Check each 
checkboxes and 
the “Save 
Change” button in 
the “Settings” 
dashboard. 

The user clicks on 
checkboxes and clicks 
“Save Change” button. 

Labels of the checkbox turn 
into red when it is checked. 
Each of the checkbox is 
linked to a specific data 
filed correctly. Unchecked 
variables are disabled on 
the Estimation subsystem 
main dashboard and 
eliminated out of the 
calculation. Data on the 
“Predictors” spreadsheet are 
updated correctly. 

As 
expected Accepted 

11 

Check the “Reset 
Default” button on 
the “Settings” 
dashboard. 

The user clicks on the 
“Reset Default” button. 

The system resets all checks 
on the dashboard to the 
default. Default settings are 
saved. 

As 
expected Accepted 

 

Table 5.10 Integration testing of the Estimation subsystem 

Test 
# Purpose Input Expected 

Result 
Actual 
Result 

Accepted/ 
Rejected 

1 

Check each 
textbox and 
combo box in the 
Estimation 
subsystem main 
dashboard. 

The user reviews each text 
box and combo box. 

Text boxes and combo 
boxes are linked correct to 
the internal database. 
Combo boxes contain only 
values we have in the 
historical data. 

As 
expected Accepted 

2 

Check the opened 
status of the 
Estimation 
subsystem main 
dashboard. 

The user reviews the 
opened status of the 
Historical Data 

Text boxes and combo 
boxes regarding unchecked 
variables on the “Settings” 
dashboard of the Historical 
Data subsystem is disabled. 
“Re-Estimation” and 
“Inflation” buttons are 
disabled. The “Result” and 
“Roof” tab are hidden. All 
text boxes and combo boxes 
are empty. 

As 
expected Accepted 

3 

Check the “Full 
Screen” button on 
the “Settings” 
dashboard. 

The user clicks on the “Full 
Screen” button. 

The Estimation subsystem 
main dashboard expands to 
full screen. 

As 
expected Accepted 
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Table 5.10 Integration testing of the Estimation subsystem (continued) 

Test 
# Purpose Input Expected 

Result 
Actual 
Result 

Accepted/ 
Rejected 

4 

Check the chart 
type combo box 
on the “Chart” tab 
of the “Settings” 
dashboard. 

The user selects chart type 
on the chart type combo 
box. 

The type of charts on the 
“Result” tab is changed 
correctly based on the 
selected values. 

As 
expected Accepted 

5 

Check text boxes 
on the “Indicator 
color” tab of the 
“Settings” 
dashboard. 

The user types in threshold 
values for color indicators. 

Color indicators on the 
“Result” tab is displayed 
correctly as the specified 
thresholds. 

As 
expected Accepted 

6 

Check the “Save 
Change” button on 
the “Settings” 
dashboard. 

The user clicks on the 
“Save Change” button. All settings are saved As 

expected Accepted 

7 

Check predicted 
values and 
predicted errors on 
the “Result” tab. 

The user reviews predicted 
values and predicted errors 
on the “Result” tab. 

All predicted values and 
predicted errors on the 
“Result” tab is displayed 
correctly as the results of 
calculation 

As 
expected Accepted 

8 

Check the “OK” 
button on the 
“Inflation” 
dashboard. 

The user selects date value 
on the “Project to” combo 
box and clicks on the “OK” 
button. 

The predicted values on the 
“Result” tab is adjusted 
with ENR inflation indexes 

As 
expected Accepted 

9 

Check the 
“Advance” button 
on the “Inflation” 
dashboard. 

The user clicks on the 
“Advance” button. 

The advanced settings 
including the “Source” 
combo box and a fitted 
chart are displayed.  

As 
expected Accepted 

10 
Check the 
“Source” combo 
box. 

The user selects value on 
the “Source” combo box. 

The system correctly uses 
values of the selected 
source for calculation. The 
fitted chart displays values 
of the selected source 

As 
expected Accepted 

11 Check the fitted 
chart. 

The user selects different 
values on the “Project to” 
combo box. 

The fitted chart correctly 
displays the projection to 
the selected value on the 
“Project to” combo box. 

As 
expected Accepted 

 

As discussed previously, each VBA sub is tested by three processes: (1) visually 

inspecting the results on the MS Excel spreadsheet, (2) debugging each line of code and 

comparing local values with manual calculations, and (3) inspecting data on the temporary MS 
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Excel spreadsheet. Further, MS Excel often returns error messages when it cannot execute the 

VBA subs with errors. For example, Figure 5.6 shows an error message appearing when the MS 

Excel cannot execute a VBA sub which contains errors. This error regards an array variable 

which does not have correct dimensions assigned in the VBA sub. Table 5.11 shows the detailed 

integration testing for each complex VBA subs which are integrated from components on the 

previous tables. The actual result of each executed test is discussed and compared with the 

expected result. 

 

Figure 5.6 An error message when MS Excel cannot execute a VBA sub. 

 

Table 5.11 Integration testing on complex VBA subs 

Test 
# Purpose Expected Result of Execution Actual 

Result 
Accepted/ 
Rejected 

1 
Check the CalculateDateRange sub 
which is integrated into “Update” button 
on Historical Data subsystem. 

Ranges of design and duration on each 
record on the “HistoricalData” spreadsheet 
is calculated correctly as discussed in 
Chapter 4 

As 
expected 

Accepted 

2 
Check the CreateENRCoded sub which 
is integrated into “Update” button on 
Historical Data subsystem. 

The sub correctly creates temporary ENR 
data for calculation 

As 
expected Accepted 

3 

Check the 
DeleteNoRoofDataSheetHistoricalData 
which is integrated into the “Update” 
button on the Historical Data subsystem. 

Data on roof areas which are not part of 
the defined areas are correctly deleted. 

As 
expected Accepted 
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Table 5.11 Integration testing on complex VBA subs (continued) 

Test 
# Purpose Expected Result of Execution Actual 

Result 
Accepted/ 
Rejected 

4 

Check the 
CalculateInflationSheetHistoricalDataCoded 
sub which is integrated into “Update” button on 
Historical Data subsystem. 

Construction start date is matched 
with the closed date on the ENR 
data from “ENRCoded” 
spreadsheet. Values on the 
“HistoricalData” spreadsheet are 
adjusted with inflation correctly as 
discussed in Chapter 4 

As 
expected Accepted 

5 
Check the CreateSheetHistoricalDataUnique 
sub which is integrated into “Update” button on 
Historical Data subsystem. 

Data from “HistoricalData” 
spreadsheet are filtered to obtain 
unique values. Unique values are 
correctly saved on the 
“HistoricalDataUnique” spreadsheet 
as discussed in chapter 4 

As 
expected Accepted 

6 
Check the CreateSheetHistoricalDataCoded 
sub which is integrated into “Update” button on 
Historical Data subsystem. 

Data from “HistoricalData”, 
“Predictor”, 
“HistoricalDataUnqiue” 
spreadsheets are used to created 
coded data for categorical variables. 
Coded data are correctly saved on 
the “HistoricalDataCoded” 
spreadsheet as discussed in chapter 
4. 

As 
expected Accepted 

7 
Check the CreateSheetConcatenateRoof sub 
which is integrated into “Update” button on 
Historical Data subsystem. 

Roof data from “HistoricalData” 
spreadsheet are concatenated to 
create structured roof data. 
Structured roof data are correctly 
saved on the “ConcatenateRoof” 
spreadsheet as discussed in chapter 
4 

As 
expected Accepted 

8 
Check the CheckClosedActiveData which is 
integrated into the “Update” button on the 
Historical Data subsystem. 

The sub checks the actual 
completion date of construction 
with the current date. The status of 
the project (e.g., closed, active) are 
assigned correctly. 

As 
expected Accepted 

9 
Check the CreateConcatenateRoofCoded sub 
which is integrated into “Update” button on 
Historical Data subsystem. 

Data from “HistoricalData”, 
“Predictor” and “ConcatenateRoof” 
spreadsheets are used to created 
coded data for categorical roof 
variables. Coded data are correctly 
saved on the 
“ConcatenateRoofCoded” 
spreadsheet as discussed in chapter 
4. 

As 
expected Accepted 
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Table 5.11 Integration testing on complex VBA subs (continued) 

Test 
# Purpose Expected Result of Execution Actual 

Result 
Accepted/ 
Rejected 

10 
Check the RoofResponse sub which is 
integrated into “Estimation” button on 
Estimation subsystem. 

The sub correctly creates temporary 
matrices for responses and 
predictors. RidgeStdCoeff, 
UARidgeCVErr, 
MeanAbsPercentError, 
SymMeanAbsPercentError 
functions are correctly integrated. 
The sub performs calculation 
correctly on a single step. The final 
results are corrected and match with 
the manual calculation. Data are 
saved on the “Result” spreadsheet. 
Total material cost is calculated and 
merged with the general scoring 
data correctly. 

As 
expected Accepted 

11 
Check the GeneralResponse sub which is 
integrated into “Estimation” button on 
Estimation subsystem. 

The sub correctly creates temporary 
matrices for responses and 
predictors. RidgeStdCoeff, 
UARidgeCVErr, 
MeanAbsPercentError, 
SymMeanAbsPercentError 
functions are correctly integrated. 
The sub performs calculation 
correctly on a single step. The final 
results are corrected and match with 
the manual calculation. Data are 
saved on the “Result” spreadsheet.  

As 
expected Accepted 

12 
Check the CopyScoring sub which is 
integrated into “Estimation” button on 

Estimation subsystem. 

Categorical variables data are 
converted into binary correctly. 
Input data typed by the users are 
correctly copied into the 
“HistoricalDataCoded” and 
“ConcatenateRoofCoded” 
spreadsheets as discussed in 
Chapter 4 

As 
expected Accepted 

13 
Check the SheetResultCopyFormAnalysis 
sub which is integrated into “Estimation” 
button on Estimation subsystem. 

The sub correctly copies data from 
the “Result” spreadsheet to the 
“Result” tab on the Estimation 
subsystem main dashboard. Total 
values are calculated correctly. 

As 
expected Accepted 

14 
Check the ChartPieCostConstruction sub 
which is integrated into the “Estimation” button 
on Estimation subsystem. 

The sub correctly creates a pie chart 
with accurately defined colors and 
formats  

As 
expected Accepted 

15 
Check the LoadPieChartResult sub which is 
integrated into the “Estimation” button on 
Estimation subsystem. 

The sub correctly copies created pie 
charts into the “Result” tab of the 
Estimation subsystem. 

As 
expected Accepted 
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Table 5.11 Integration testing on complex VBA subs (continued) 

Test 
# Purpose Expected Result of Execution Actual 

Result 
Accepted/ 
Rejected 

16 
Check the ChartTimeLineCostConstruction 
sub which is integrated into the “Estimation” 
button on Estimation subsystem. 

The sub correctly creates the 
timeline chart with accurately 
defined colors and formats  

As 
expected Accepted 

17 
Check the LoadTimeLineChartResult sub 
which is integrated into the “Estimation” button 
on Estimation subsystem. 

The sub correctly copies the created 
timeline chart into the “Result” tab 
of the Estimation subsystem. 

As 
expected Accepted 

18 
Check the ChartInflationIndex which is 
integrated into the “Project to” button on the 
“Inflation” dashboard. 

The sub correctly displays the fitted 
chart of inflation data. Predicted 
point is shown correctly. 

As 
expected Accepted 

 

5.1.3. System Testing 

System testing aims to test the behavior of the entire system which regards non-

functional system requirements such as security, speed, and reliability (Bourque and Fairley 

2014). Table 5.12 shown the result of system testing for system security. The overall result of 

this security test shows that data are stored securely in the MS Excel file. Only users with 

appropriate user IDs and passwords can access historical data of the system. 

Table 5.12 The system testing on security 

Test 
# Purpose Input Expected 

Result 
Actual 
Result 

Accepted/ 
Rejected 

1 

Check “Sign in” 
function 

The user logs in with wrong 
user ID and password. 

A login failed message is 
displayed to the user. The 
system is still locked. 

As 
expected 

Accepted 

2 

The user logs in with 
correct user ID and 
Password, but incorrect 
project role 

Accepted 

3 

The user uses correct user 
ID, password and selects 
the proper project role to 
log into the system. 

Successfully login message 
is displayed to the user. 
Buttons regard the 
accessible levels of the 
account are unlocked for 
the user to use. 

As 
expected Accepted 
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Table 5.12 The system testing on security (continued) 

Test 
# Purpose Input Expected 

Result 
Actual 
Result 

Accepted/ 
Rejected 

4 

Check if system 
data are secured 
when the user 
open the system. 

The user opens the system 
by double-clicking on the 
system MS Excel file 

Important MS Excel 
worksheets which contain 
Historical Data are hidden 
and locked for viewing. 
Any user needs to log into 
the system to see the 
database 

As 
expected Accepted 

5 

Check if users can 
access only views 
they are assigned. 

Administrator Can use all system 
functions and see all views. 

As 
expected Accepted 

6 Project Manager 

Can use all system 
functions except creating 
account and update system 
libraries. 

As 
expected Accepted 

7 Architect 

Can use only Historical 
Data subsystem and see 
only Architect and PM tabs. 
Access only to assigned 
records. 

As 
expected Accepted 

8 Contractor 

Can use only Historical 
Data subsystem. See only 
PM, Contractor, and Roof 
tabs. Access only to 
assigned records. 

As 
expected Accepted 

9 

Check if system 
data are secured 
when the user 
open the system. 

The user opens the system 
by double-clicking on the 

system MS Excel file 

Important MS Excel 
worksheets which contain 
Historical Data are hidden 
and locked for viewing. 
Any user needs to log into 
the system to see the 
database 

As 
expected Accepted 

10 
Check if VBA 
system source 
code are secured. 

The user opens Visual 
Basic Editor to view and 
modify the system source 
code. 

The system requires a 
password to open the source 
code. 

As 
expected Accepted 

11 
Check if the 
system closes 
correctly 

The user tried to close 
system with x sign on the 
top right corner and “Close” 
button. 

Users can only close the 
system by “Close” button. 
This ensures that all MS 
Excel is closed by the 
system. All sheets of data 
are locked after the system 
is closed. 

As 
expected Accepted 
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During development of the system, we focused on improving the speed of processing. As 

discussed previously, the “Update” button was created to help improve the system speed via 

creating temporary data. This is one of the important improvements that was suggested during 

the initial system validation with UACA. A later section discusses details of this validation 

process. We tested the speed of the developed system on standard computer hardware identified 

previously in Chapter 4. The speed test was conducted three times with the current system data 

containing 30 records. We focused on testing system functions which often take considerable 

time to execute such as opening the system file, updating historical data, and estimation. The 

average execution time of these functions is documented in Table 5.13. Other functions 

regarding system interface (e.g., open “Account Control” tab) are not included in the speed test 

since they normally execute within a second. We tested the reliability by executing the MS Excel 

system file on three different MS Windows-based computers since the MS Windows operating 

system is being used at UACA. Table 5.14 shows the detailed result of the test for reliability. The 

overall result indicates that the system can run correctly on various MS Windows computers. 

Table 5.13 The system testing on system speed 

Test 
# System Function Execution Time 

(seconds) 
Accepted/ 
Rejected 

1 Open the system 5s Accepted 

2 Add new record 1s Accepted 

3 Delete a record 1s Accepted 

4 Modify a record 1s Accepted 

5 Update system data (i.e., execute the “Update” button) 23s Accepted 

6 Progress estimation  6s Accepted 

7 Adjust result with inflation 2s Accepted 
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Table 5.14 The system testing on system reliability 

Test 
# Testing Criteria 

Computer 
1 

Computer 
2 

Computer 
3 

Processor: Core i5 
Screen size: 13’’ 

Processor: Core i7 
Screen size: 15’’ 

Processor: Core i7 
Screen size: 21’’ 

1 Dashboard size Display correct size Display correct size Display correct size 

2 Open and close the system Process correctly Process correctly Process correctly 

3 System security Process correctly Process correctly Process correctly 

4 Control subsystem dashboards Process correctly Process correctly Process correctly 

4 Historical Data subsystem dashboards Process correctly Process correctly Process correctly 

4 Estimation subsystem dashboards Process correctly Process correctly Process correctly 

 

5.2. Validation 

Validation aims at ensuring the developed system fulfills its intended purpose (i.e., 

developing the right system) (Bourque and Fairley 2014). As suggested by the International 

Software Testing Qualifications Board (ISTQB), we validated the developed system via usability 

tests (Rubin et al. 2008) and test cases (Chen et al. 2013). We have planned for validation since 

the beginning of the project, and conducted discussions with the client during the programming 

phase to obtain the exact client’s needs instead of waiting for validation after finalizing the 

system. 

 

5.2.1. Usability Testing. 

The usability testing aims at evaluating the degree of effectiveness, efficiency, and 

satisfaction when the client uses the developed system in their specified business activities 

(ISTQB 2018). We conducted two usability tests on Apr 25, 2018, and Sep 6, 2018, with our 

client who is the executive manager of the UACA. The first test focused on improving the 

system functionality to better match the client’s requirements. The second test focused on 
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finalizing the system and developing a transition plan for the UACA to apply this system. The 

results of the test were gathered by real-time observations of the client when he explored the 

developed system. 

5.2.1.1. First Usability Test (Apr 25, 2018) 

This first test was conducted directly after we completed preliminary programming. We 

presented this first system version to the client, communicated closely about detailed system 

functionality, and provided the client with a summary of the mathematical methods used. We 

focused on confirming if the programmed system met the client’s needs, and looked for 

suggestions for further improvements from the client. Generally, the client accepted the 

developed system with some minor suggestions. Detailed results of the test have been 

summarized in Table 5.15. In the table, we list all client’s recommendations and resolutions 

which have been applied to improve the system. 

Table 5.15 Results of the first usability test 

# Suggestions Resolution 

1 

In the meeting, the client strongly recommended simplifying the system interface to 
be more user-friendly. Irrelevant and insignificant functions should be removed to 
avoid confusing the user. For example, the original inflation dashboard has two date 
range combo boxes allowing the user to subset historical data for prediction. This 
would enable ignoring some outliners in the historical data due to the recession. The 
original system also allowed users to select the index source (i.e., Construction Cost 
Index or Building Cost Index) for the inflation adjustment. The client suggested 
removing these combo boxes and choosing the Building Cost Index as the default 
inflation source. Figure 5.12 illustrates the removal. 

We simplified the 
Inflation dashboard 
and added the 
“Advance” button 
which allows users 
to change the 
default settings 
when they need. 

2 

The first system was programmed to automatically add new categorical values into 
the combo boxes. We expected that this function would help users easily update the 
system categorical variable library. Specifically, when the user cannot find a needed 
value in a combo box reference (e.g., “Polymeric Slate” in the “Roof Covering 
Material” combo box), the user can type this new value directly into the combo box. 
After the user saves the system, it will automatically update the added value into the 
combo box reference. This added value will appear on the combo box reference on 
the next time that the user open the system. However, the client explained that this 
method was ineffective, since the user may add an extra name for the same value. For 
example, we may have “University of Alabama”, “The University of Alabama”, 
“Univ. of Alabama” in the historical data. This will confuse the system and cause 
errors in the estimation. 

We removed the 
function that 
automatically 
updating 
categorical library. 
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Table 5.15 Results of the first usability test (continued) 

# Suggestions Resolution 

3 

We discussed who can update historical data. The client suggested considering 
adding different security levels to the system. This secures the historical data, and 
allows the architect and contractors help in updating historical data after they 
complete the project. 

We added different 
security levels 
funtions into the 
system. 

4 
The client required adding “Concrete Masonry Unit (CMU)” to the “Frame” combo 
box on the “Architect” tab. Figure 5.7 shows the combo box “Frame”, which needs to 
add “CMU” value. 

We added “CMU” 
to the “Frame” 
combo box. 

5 

We discussed who can update historical data when we implement the system at the 
UACA. The client suggested us considering adding different security levels on the 
system. This secures the historical data, and allows architects and contractors to help 
update historical data after they complete the project. 

We added the 
function which 
allows users to log 
into the system 
with different 
security levels 
based on their 
roles. 

6 

This first version of the system was built with the perspective to collect and estimate 
all potential criteria regarding the construction project, including safety data. The 
meeting determined that we should not collect and predict safety data since it is 
irrelevant to the cost and impractical. Figure 5.8 and Figure 5.9 show the removal of 
safety criteria on Historical Data subsystem main dashboard and Estimation 
subsystem main dashboard. 

We removed safety 
criteria in data 
collection and 
estimation. 

7 The client required us adding a function which automatically totals up the actual cost 
from labor, material and equipment costs. Figure 5.10 illustrates the logic. 

We added the 
function which can 
calculate the sum 
of actual cost. 

8 

The first system version was programmed to calculate only the schedule durations. 
The client suggested adding bid date, construction date, and design date on the 
scoring dashboard. The clients required us to modify the system to calculate the 
actual completed dates, and account for inflation. Figure 5.11 expresses the idea of 
modification. 

We added 
suggested criteria 
on the scoring 
dashboard and 
accounted for 
inflation on 
calculation. 

9 On the first system version, it took more than 2-3 minutes for the system to process 
the estimation. The client asked us to consider improving the system performance. 

We added the 
“Update” function 
which reduces the 
estimation to lower 
than 10 seconds. 
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Figure 5.7 Add “CMU” to the “Frame” combo box 

 

 

Figure 5.8 Remove safety criteria in the Historical Data subsystem 
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Figure 5.9 Delete safety criteria in the Estimation subsystem 

 

 

Figure 5.10 Add the sum function 
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Figure 5.11 Add timelines to the Analysis dashboard 

 

 

Figure 5.12 Remove combo boxes on the Inflation dashboard. 

 

5.2.1.2. Second Usability Test (Sep 6, 2018) 

This second test was conducted after we finalized the system, resolved all suggested 

modifications on the first usability test, and conducted the first test case. We presented this 

Elimination these combo boxes 
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second system version to the client, and the results of the first test case (i.e., the Kappa Kappa 

Gamma Chapter House). Details of this test case are discussed in a later section. Generally, the 

client was satisfied with the developed system. Table 5.16 shows the list of updated and added 

functions on the second system version based on the first system version. 

Table 5.16 Results of the second usability test 

# Updated and Added Functions Accept/Reject 
1 Updated the dashboards of the Control subsystem. Accept 
2 Added the logging in function. Accept 
3 Added new data. Accept 
4 Updated “Help”, “About” tabs. Accept 
5 Added an online user manual. Accept 
6 Added the “Account Control” function Accept 
7 Added the “Library” function Accept 
8 Added the sum actual cost function. Accept 
9 Added the variables selection function. Accept 
10 Added the “Update” button allowing updating historical data. Accept 
11 Updated the estimation result tab on the Estimation subsystem main dashboard. Accept 
12 Added summary charts on the result tab of the Estimation subsystem main dashboard. Accept 
13 Updated inflation dashboard. Accept 
14 Added color indicator settings for the result tab. Accept 

 

The client also suggested improving the web-based data entry form to an advanced web-

based system which allows real-time calculations during data collections. However, this 

suggestion was considered beyond the scope of this research. Therefore, we preserved these 

ideas for future research. 

 

5.2.2. Test Cases 

ISTQB (2018) defines a test case as a set of preconditions, inputs, actions expected 

results and postconditions, developed based on test conditions. We tested the prediction accuracy 

of the system with the actual project values. The results are compared and discussed. 
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The initial system was developed to account for an extensive list of possible variables in 

ridge regression models. During validation, we found that eliminating some variables from the 

default settings can improve system performance. We removed four variables from the initial 

settings including: (1) “Number of stories”, (2) “Ground floor”, (3) “Frame”, (4) Floor-to-floor 

height (ft)”. Figure 5.13 shows that the default settings are reset to reflect this elimination on the 

Historical Data subsystem. We used these variable selection settings to validate two test cases. 

 

Figure 5.13 Default variables selections is reset. 

 

5.2.2.1. Test Case 1 

We used the Kappa Kappa Gamma New Chapter House project as the first test case. This 

is a new construction project. We trained the system with 29 records, and conducted an estimate 

based on the building and roof design information. As suggested by Graham et al. (2006), we 

documented the test case in Table 5.17. 
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Table 5.17 Summary of test case 1 

Test Case #: 1 
System: CCE-DSS 
Subsystem: Estimation 

Test Case Name: Kappa Kappa Gamma New Chapter 
House 
Test Date: Sep 16, 2018 
Short Description: Test the prediction accuracy 

 
Trained data: 29 records (i.e., not including the Kappa Kappa Gamma New Chapter House record) 

 
Step Action Expected System Response Pass/Fail 

1 

Click “Delete” button to remove the 
Kappa Kappa Gamma New Chapter 
House record from of the Historical Data 
subsystem. 

The system completely removed the Kappa 
Kappa Gamma New Chapter House record. Pass 

2 Click “Update” button to update the new 
historical data with only 29 records. 

The system processed the update correctly. 
Temporary data are correctly created on 
temporary spreadsheets. 

Pass 

3 Input the test scoring data into the 
Estimation system. The system dashboards are displayed correctly. Pass 

4 Click “Estimation” button to conduct 
prediction based on test scoring data. 

The system processed estimation process 
correctly and displayed the result to the user in 
the correct format. 

Pass 

5 Compare estimated results and actual 
values. 

The system provided acceptable results based on 
quality of historical data. Pass 

 
Test Data: Kappa Kappa Gamma New Chapter House. 

# Field Value 
1 Record number 14 
2 ABC project file code Missed 
3 Year 2012 
4 UACA project file code 842-12-253 
5 Project name Kappa Kappa Gamma New Chapter House 
6 Address line 1 811 Colonial Dr 
7 Address line 2  
8 City Tuscaloosa 
9 County Tuscaloosa 

10 State Alabama (AL) 
11 Postal code 35486 
12 Facility type Roofing 
13 Active project? Closed 
14 Building owner The University of Alabama 
15 Building name Kappa Kappa Gamma 
16 Project type New construction 
17 PM fee $9,945 
18 Architect company Cole and Cole Architects 
19 Architect project budget ($) $30,158 
20 Design start (mm/dd/yy) 10/28/13 
21 Architect fee ($) $27,839.00 
22 Design end (mm/dd/yy) 12/15/13 
23 Building type Dormitory 
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Table 5.17 Summary of test case 1 (continued) 

# Field Value 
24 Total building area (sf) 46,239 
25 Ground floor (sf) 13,427 
26 Frame CMU 
27 Exterior wall Brick 
28 Basement Full 
29 Number of stories 4 
30 Floor-to-floor height (ft) 14.22 
31 Floor-to-ceil height (ft) Missed 
32 General contractor name Harrison Construction Co, Inc. 
33 Contract type Unit Price 
34 Quantity of subcontractors 0 
35 Quantity of change orders 0 
36 Awarded bid ($) $440,940 
37 Total actual cost ($) $462,994 
38 Bid date (mm/dd/yy) 05/18/15 
39 Total labor cost ($) $280,000 
40 Total material cost ($) $158,094 
41 Labor force (% union) None 
42 Total equipment cost ($) $24,900 
43 Labor force (% non-union) None 
44 Original start date (mm/dd/yy) 11/16/15 
45 Actual start date (mm/dd/yy) 12/16/15 
46 Original finish date (mm/dd/yy) 04/26/16 
47 Actual finish date (mm/dd/yy) 05/24/16 
48 Demolition (does contract require ?) FALSE 
49 Demolition time (days) 0 
50 Quantity of chimneys 2 
51 Total chimney areas (sf) 25.56 
52 Quantity of skylight 0 
53 Total skylight areas (sf) 0.00 
54 How many new roof areas? 3 
55 Total roof area (sf) 13,100 
56 Old roof age (months) None 
57 Reasons None 
58 Cost of the roof area ($) 1 $130,323 
59 Roof shape 1 Pitch 
60 Roof slope ratio 1 9.000 
61 Roof ridge height (ft) 1 49.91 
62 Roof eave height (ft) 1 30.00 
63 Area in s.f. 1 11,021 
64 Roof covering 1 Synthetic Slate Shingles 
65 Thickness (mil) 1 1.00 
66 Cost per unit ($/unit) 1 $11.83 
67 Radiant barrier 1 None 
68 Cap sheet 1 None 
69 Adhesive 1 PVC adhesive 
70 Fire barrier 1 Class A 
71 Insulation types 1 Polyisocyanurate Board 
72 Insulation thickness (mil) 1 2.50 
73 Thermal resistant 1 5.7 
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Table 5.17 Summary of test case 1 (continued) 

# Field Value 
74 Underlayment 1 Single-layer felt underlayment 
75 Thickness (mil) 1 0.04 
76 Deck type 1 Plywood 
77 Deck thickness (inches) 1 0.63 
78 Fastener type 1 Staggered 
79 Spacing (inches) 1 6.00 
80 Gutter type 1 Aluminum 
81 Drip edge 1 Stainless steel 
82 Cost of the roof area ($) 2 $17,031 
83 Roof shape 2 Flat 
84 Roof slope ratio 2 0.25 
85 Roof ridge height (ft) 2 40.00 
86 Roof eave height (ft) 2 40.00 
87 Area in s.f. 2 2100 
88 Roof covering 2 Polyvinyl Chloride (PVC) Membrane Roofing 
89 Thickness (mil) 2 1.00 
90 Cost per unit ($/unit) 2 $8.11 
91 Radiant barrier 2 None 
92 Cap sheet 2 None 
93 Adhesive 2 PVC adhesive 
94 Fire barrier 2 Class A 
95 Insulation types 2 Polyisocyanurate Board 
96 Insulation thickness (mil) 2 2.50 
97 Thermal resistant 2 5.7 
98 Underlayment 2 Single-layer felt underlayment 
99 Thickness (mil) 2 0.04 

100 Deck type 2 Plywood 
101 Deck thickness (inches) 2 0.63 
102 Fastener type 2 Staggered 
103 Spacing (inches) 2 6.00 
104 Gutter type 2 Aluminum 
105 Drip edge 2 Stainless steel 
106 Cost of the roof area ($) 3 $10,740 
107 Roof shape 3 Pitch 
108 Roof slope ratio 3 5 
109 Roof ridge height (ft) 3 45.00 
110 Roof eave height (ft) 3 40.00 
111 Area in s.f. 3 1200 
112 Roof covering 3 Standing-Seam Metal Roof Panels 
113 Thickness (mil) 3 1.00 
114 Cost per unit ($/unit) 3 $8.95 
115 Radiant barrier 3 None 
116 Cap sheet 3 None 
117 Adhesive 3 PVC adhesive 
118 Fire barrier 3 Class A 
119 Insulation types 3 Polyisocyanurate Board 
120 Insulation thickness (mil) 3 2.50 
121 Thermal resistant 3 5.7 
122 Underlayment 3 Single-layer felt underlayment 
123 Thickness (mil) 3 0.04 
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Table 5.17 Summary of test case 1 (continued) 

# Field Value 
124 Deck type 3 Plywood 
125 Deck thickness (inches) 3 0.63 
126 Fastener type 3 Staggered 
127 Spacing (inches) 3 6.00 
128 Gutter type 3 Aluminum 
129 Drip edge 3 Stainless steel 

 

Figure 5.14 shows the process of inputting the test scoring data into the system. These 

scoring inputs are from the Table 5.17. Figure 5.15 shows the outputs that the system provided to 

the user based on the inputs on Figure 5.14. This system is designed to automatically adjust 

historical data to present value before conducting estimation. Therefore, we need to adjust the 

predicted values on the output back to the past values since this project was in 2015-2016. The 

default setting of the developed system uses the Building Cost Index from ENR to adjust the 

historical data. The system uses the actual start date of construction, December 16, 2015 as the 

baseline for adjustment. The BCI index for this time is 4429. When we conducted this test case, 

the present BCI index we used was 4429 for April 2018. We converted the output into past 

values based on Equation (4.3) in Chapter 4. Table 5.17 summarizes and compares the adjusted 

values with the actual values of the project. 

In Table 5.18, the third and sixth columns summarize the outputs provided by the 

developed system. The fourth column shows the adjusted values based on Equation (4.3). The 

fifth column shows the actual values of the Kappa Kappa Gamma New Chapter House project. 

The seventh column shows the differences between adjusted values in the fourth column and the 

actual value in the fifth column. The eighth column indicates the percentage error which is based 

on the Equation (5.1) and (5.2). Equation (5.2) is used as a substitute for Equation (5.1) when we 

actual value is 0 (e.g., demolition days). 
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Figure 5.14 Input of test case 1 

 

 

Figure 5.14 Input of test case 1 (continued) 
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Figure 5.14 Input of test case 1 (continued) 

 

 

Figure 5.14 Input of test case 1 (continued) 
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Figure 5.14 Input of test case 1 (continued) 

 

 

Figure 5.14 Input of test case 1 (continued) 
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Figure 5.15 Output of test case 1 

 

 

Figure 5.15 Output of test case 1 (continued) 
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Figure 5.15 Output of test case 1 (continued) 

 

 

Figure 5.15 Output of test case 1 (continued) 
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Figure 5.15 Output of test case 1 (continued) 

 

Table 5.18 Compare predicted values and actual values of test case 1. 

# Responses Predicted 
value 

Adjusted 
value 

Actual 
value 

Predicted 
error (%) 

Actual 
error 

Actual 
error (%) 

1 Material Cost: Roof Area 1 ($) $131,831  $127,634   $130,323  16.4%  $(2,689) -2.1% 
2 Material Cost: Roof Area 2 ($) $21,462  $20,779   $17,031  16.4%  $3,748  22.0% 
3 Material Cost: Roof Area 3 ($) $22,107  $21,403   $10,740  20.7%  $10,663  99.3% 
4 Total Material Cost ($) $175,400  $169,816   $158,094  16.9%  $11,722  7.4% 
5 Total Labor Cost ($) $203,915  $197,423   $280,000  24.4%  $(82,577) -29.5% 
6 Total Equipment Cost ($) $37,623  $36,425   $24,900  28.9%  $11,525  46.3% 
7 Total Construction Cost ($) $416,939  $403,665   $462,994  21.7%  $(59,329) -12.8% 
8 Architect Cost ($) $24,914  $24,121   $30,158  19.2%  $(6,037) -20.0% 
9 PM Cost ($) $8,101  $7,843   $9,945  17.3%  $(2,102) -21.1% 

10 Total Cost ($) $449,953  $435,628   $503,097  21.5%  $(67,469) -13.4% 
11 Demolition (days) 1 1 0 44.1%  1  200.0% 
12 Design Duration (days) 31 31 51 25.0%  (20) -39.2% 
13 Construction Duration (days) 149 149 160 8.6%  (11) -6.9% 
14 Total Project Duration (days) 181 181 211 11.6%  (30) -14.2% 
15 Quantity of Subcontractors 0 0 0 45.8%  0    0.0% 
16 Quantity of Change Orders 0 0 1 83.1%  (1) -200.0% 
17 Percentage of Union N/A N/A N/A N/A N/A N/A 
18 Percentage of Non-Union N/A N/A N/A N/A N/A N/A 



 

178 
 

 Adjusted predicted value  Actual valueActual Error (%) = 100%
Actual value

−
×   (5.1) 

 
( )Adjusted predicted value  Actual value

Actual Error (%) = 100%
Adjusted predicted value + Actual value

2

−
×

 
 
 

  (5.2) 

As shown in Table 5.18, the system underestimated the total cost by 13.4% based on the 

actual cost. The difference between the predicted total cost and the actual total cost is $67,469. 

The system also underestimated the project duration by 14.2% based on the actual project 

duration. The difference between the predicted duration and the actual duration is 30 days. Table 

5.19 shows the overall predicted errors of some notable research about conceptual cost 

estimation in the past. In Table 5.19, some researchers use the Mean Absolute Percentage Error 

(%) for evaluating their predicted models. The Mean Absolute Percentage Error has been 

discussed in Chapter 4. Other researcher uses the absolute percentage errors for evaluating their 

predictive models. Generally, we cannot easily compare their model performance based on the 

percentage error since they use different historical data. However, the result of this test may be 

considered acceptable when we examined the percentage error with previous research. 

Table 5.19 Best error values achieved by CCE research in the past. 

Previous 
research Model Estimate Overall error 

archived (%) 
Lowe et al. (2006) Linear regression Construction cost of buildings 19.3% 
Cheng et al. (2009) Neural networks Construction cost of buildings 16.072% 
Kim and Kim (2010) Case-Based Reasoning Bridge construction cost 7.621% 
Kim and Hong (2012) Case-Based Reasoning Railroad bridge construction 15.2% 
Jafarzadeh et al. (2015) Stepwise regression Construction cost of buildings 17.959% 
Hyari et al. (2016) Neural networks Engineering service cost 28.2% 
Dursun and Stoy (2016) Linear regression Construction cost of buildings 26.87% 

 

Since the developed system is planned to apply at UACA, it is more important to 

compare the performance of this system with an actual estimation at UACA. In this test, we 

planned to validate the result with the conceptual cost estimation conducted by UACA. 
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However, we were unable to perform this comparison since UACA has estimation only for the 

entire Kappa Kappa Gamma building. We could not find any detailed estimation for the roof. 

Figure 5.16 shows the original Project Approval Form (PAF) of the Kappa Kappa Gamma New 

Chapter House project. This Project Approval Form contains conceptual estimation information 

conducted by UACA. As shown in Figure 5.16, we have only the estimation for the entire 

building rather than detailed cost information for its facilities such as roofing. Therefore, we are 

unable to compare the performance of the test. Test case 2 will validate the system performance 

with an actual estimation by UACA. Please note that sensitive information in Figure 5.16, such 

as signature and handwriting is blurred to protect the content. 

In Table 5.18, we have a significant difference between the predicted material cost and 

actual material cost for the third roof area, which uses “Standing-Seam Metal Roof Panels” 

material. The main reason for this is that we have only two roof areas (i.e., from two historical 

records) using the Standing-Seam Metal Roof Panels in our historical data. One of the record has 

a large roof area, which is 21,500 sf comparing to the 1,200 sf on the test case used. This has 

dramatically impacted the regression model and has resulted in the large predicted value. We 

expect that this problem can be resolved when the system acquires more historical data in the 

future. 

We also have a large error in predicting the labor cost of the roof project. The main 

problem is that we do not have labor cost data available for each roof area, so we could not 

estimate the labor cost. The total labor cost is estimated based on the material cost and building 

design information. This has dramatically impacted the accuracy of the total labor cost. In future 

research, when the labor cost for each roof area is available, we can add more responses 

regarding the labor cost of each roof area to improve the total labor cost on this system. 
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Figure 5.16 Conceptual estimated costs of the Kappa Kappa Gamma building 
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In addition, we also have limited data about equipment cost which is discussed in 

Appendix A. For a new construction project, we used roofing equipment cost as the total 

equipment cost for the entire building on the partial payment report. This imputation results in 

low accuracy in estimating equipment cost. However, the equipment cost often accounts for a 

small portion in the total project cost so that we may accept this estimation. We expect that, this 

problem can be resolved when the system acquires more equipment cost data in the future.  

Finally, we have a large actual error on the prediction of change orders. This problem is 

mainly caused due to the “Round” function on the system since the quantity of subcontractors 

and quantity of change orders should be integer values. Similarly, with the design, we want to 

investigate more criteria which impact the values of subcontractors and change orders on future 

research, such as the quality of the project planning. Besides, we also consider treating quantity 

of subcontractors and quantity of change orders as discrete variables instead of continuous 

variables. This may help improve the prediction on future research. 

5.2.2.2. Test Case 2 

We used the Hardaway Hall Roof Replacement project as the second test case. We 

trained the system with 29 records, and conducted an estimate based on the building and roof 

design information. As suggested by Graham et al. (2006), we documented the test case in Table 

5.20. Figure 5.17 shows the process of inputting the test scoring data into the system. These 

scoring inputs are from Table 5.20. Figure 5.18 shows the outputs that the system provided to the 

user based on the inputs on Figure 5.17. As discussed in the first test case, we also need to adjust 

the predicted values on the output back to the past values since this project was in 2016. This 

system uses the actual start date of construction, June 01, 2016 as the baseline for adjustment. 

This BCI index for this time is 4289. We adjust the predicted values based on Equation (4.3). 
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Table 5.21 summarizes and compares the adjusted values with the actual values of the 

project. The format of Table 5.21 is similar to Table 5.17. Table 5.22 compares the conceptual 

cost estimation by UACA for the Hardaway Hall Roof Replacement project with the actual costs. 

This conceptual cost estimation can be found on the Project Approval Form reports (PAFs). 

Figure 5.19 shows the “PAF and Budget” folder on the Estus system, which contains all PAFs of 

the Hardaway Hall Roof Replacement project. The “PAF and Budget” folder helps UACA track 

the approved budget from the beginning to the completion of a project. Figure 5.20 shows part of 

the original PAF of the Hardaway Hall Roof Replacement project. This report was made on 

August 27, 2015. This is around six months before the project design. Figure 5.21 shows the 

revised PAF which contains actual project costs of the Hardaway Hall Roof Replacement 

project. Please note that the report in Figure 5.20 and Figure 5.21 are too long, so they are cut off 

in the middle. 

Table 5.20 Summary of test case 2 

Test Case #: 2 
System: CCE-DSS 
Subsystem: Estimation 

Test Case Name: Hardaway Hall Roof Replacement. 
Test Date: Sep 22, 2018 
Short Description: Test the prediction accuracy 

 
Trained data: 29 records (i.e., not including the Hardaway Hall Roof Replacement record) 

 
Step Action Expected System Response Pass/Fail 

1 
Click “Delete” button to remove the 
Hardaway Hall Roof Replacement record 
from of the Historical Data subsystem. 

The system completely removed the Hardaway 
Hall Roof Replacement record. Pass 

2 Click “Update” button to update the new 
historical data with only 29 records. 

The system processed the update correctly. 
Temporary data are correctly created on 
temporary spreadsheets. 

Pass 

3 Input the test scoring data into the 
Estimation system. The system dashboards are displayed correctly. Pass 

4 Click “Estimation” button to conduct 
prediction based on test scoring data. 

The system processed estimation process 
correctly and displayed the result to the user in 
the correct format. 

Pass 

5 Compare estimated results and actual 
values. 

The system provided acceptable results based on 
the quality of historical data. Pass 
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Table 5.20 Summary of test case 2 (continued) 

Test Data: Hardaway Hall Roof Replacement. 
# Field Value 
1 Record number 29 
2 ABC project file code Missed 
3 Year 2016 
4 UACA project file code 072-16-683 
5 Project name ACDP FY16 Hardaway Hall Roof Replacement 
6 Address line 1 401 7th Avenue 
7 Address line 2  
8 City Tuscaloosa 
9 County Tuscaloosa 

10 State Alabama (AL) 
11 Postal code 35487 
8 City Tuscaloosa 
9 County Tuscaloosa 

10 State Alabama (AL) 
11 Postal code 35487 
12 Facility type Roofing 
13 Active project? Closed 
14 Building owner The University of Alabama 
15 Building name Hardaway Hall 
16 Project type Renovation 
17 PM fee $6,720 
18 Architect company Birchfield Penuel & Associates 
19 Architect project budget ($) $21,643 
20 Design start (mm/dd/yy) 02/04/16 
21 Architect fee ($) $21,643 
22 Design end (mm/dd/yy) 03/10/16 
23 Building type College classroom facility 
24 Total building area (sf) 86,372 
25 Ground floor (sf) 39,345 
26 Frame Brick 
27 Exterior wall Brick 
28 Basement No Basement 
29 Number of stories 3 
30 Floor-to-floor height (ft) 9.67 
31 Floor-to-ceil height (ft) Missed 
32 General contractor name Standard Roofing of Montgomery, Inc. 
33 Contract type Unit Price 
34 Quantity of subcontractors 1 
35 Quantity of change orders 2 
36 Awarded bid ($) $223,794 
37 Total actual cost ($) $224,000 
38 Bid date (mm/dd/yy) 04/14/16 
39 Total labor cost ($) $138,082 
40 Total material cost ($) $64,414 
41 Labor force (% union) None 
42 Total equipment cost ($) $21,504 
43 Labor force (% non-union) None 
44 Original start date (mm/dd/yy) Missed 
45 Actual start date (mm/dd/yy) 06/01/16 
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Table 5.20 Summary of test case 2 (continued) 

# Field Value 
46 Original finish date (mm/dd/yy) Missed 
47 Actual finish date (mm/dd/yy) 09/26/16 
48 Demolition (does contract require ?) TRUE 
49 Demolition time (days) 9 
50 Quantity of chimneys 0 
51 Total chimney areas (sf) 0.00 
52 Quantity of skylight 0 
53 Total skylight areas (sf) 0.00 
54 How many new roof areas? 2 
55 Total roof area (sf) 11,042 
56 Old roof age (months) Missed 
57 Reasons Missed 
58 Cost of the roof area ($) 1 $54,526 
59 Roof shape 1 Flat 
60 Roof slope ratio 1 0.125 
61 Roof ridge height (ft) 1 29.00 
62 Roof eave height (ft) 1 29.00 
63 Area in s.f. 1 9,959 
64 Roof covering 1 Single Ply Membrane Roof 
65 Thickness (mil) 1 0.04 
66 Cost per unit ($/unit) 1 $5.48 
67 Radiant barrier 1 None 
68 Cap sheet 1 None 
69 Adhesive 1 Missed 
70 Fire barrier 1 Class A 
71 Insulation types 1 Polyisocyanurate Board 
72 Insulation thickness (mil) 1 2.50 
73 Thermal resistant 1 Missed 
74 Underlayment 1 Missed 
75 Thickness (mil) 1 Missed 
76 Deck type 1 Plywood 
77 Deck thickness (inches) 1 0.63 
78 Fastener type 1 Missed 
79 Spacing (inches) 1 Missed 
80 Gutter type 1 None 
81 Drip edge 1 Galvanized Steel 
82 Cost of the roof area ($) 2 $6,411 
83 Roof shape 2 Flat 
84 Roof slope ratio 2 0.25 
85 Roof ridge height (ft) 2 31.00 
86 Roof eave height (ft) 2 31.00 
87 Area in s.f. 2 1083 
88 Roof covering 2 Single Ply Membrane Roof 
89 Thickness (mil) 2 0.05 
90 Cost per unit ($/unit) 2 $5.92 
91 Radiant barrier 2 None 
92 Cap sheet 2 None 
93 Adhesive 2 Missed 
94 Fire barrier 2 Class A 
95 Insulation types 2 Polyisocyanurate Board 
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Table 5.20 Summary of test case 2 (continued) 

# Field Value 
96 Insulation thickness (mil) 2 2.50 
97 Thermal resistant 2 Missed 
98 Underlayment 2 None 
99 Thickness (mil) 2 None 

100 Deck type 2 Plywood 
101 Deck thickness (inches) 2 0.63 
102 Fastener type 2 Missed 
103 Spacing (inches) 2 Missed 
104 Gutter type 2 None 
105 Drip edge 2 Galvanized Steel 

 

 

Figure 5.17 Input of test case 2 
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Figure 5.17 Input of test case 2 (continued) 

 

 

Figure 5.17 Input of test case 2 (continued) 
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Figure 5.17 Input of test case 2 (continued) 

 

 

Figure 5.17 Input of test case 2 (continued) 
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Figure 5.18 Output of test case 2 

 

 

Figure 5.18 Output of test case 2 (continued) 
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Figure 5.18 Output of test case 2 (continued) 

 

 

Figure 5.18 Output of test case 2 (continued) 
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Table 5.21 Compare predicted values and actual values of test case 2. 

# Responses Predicted 
value 

Adjusted 
value 

Actual 
value 

Predicted 
error (%) 

Actual 
error 

Actual 
error (%) 

1 Material Cost: Roof Area 1 ($)  $65,094  $63,036  $54,526  21.1% $8,510 15.6% 

2 Material Cost: Roof Area 2 ($) Can't 
Predict N/A $6,411 Can't 

Predict N/A N/A 

3 Total Material Cost ($)  $64,664   $62,620   $64,414  21.1%  $(1,794) -2.8% 
4 Total Labor Cost ($)  106,110   $102,756   $138,082  24.4%  $(35,326) -25.6% 
5 Total Equipment Cost ($)  $17,034   $16,496   $21,504  28.9%  $(5,008) -23.3% 
6 Total Construction Cost ($)  187,807   $181,870   $224,000  23.7%  $(42,130) -18.8% 
7 Architect Cost ($)  $24,639   $23,860   $21,643  19.2%  $2,217  10.2% 
8 PM Cost ($)  $5,539   $5,364   $6,720  17.3%  $(1,356) -20.2% 
9 Total Cost ($)  217,985   $211,095   $252,363  23.0%  $(41,268) -16.4% 
10 Demolition (days) 11  9 44.1% 2 20.0% 
11 Design Duration (days) 41  35 25.0% 6 17.1% 
12 Construction Duration (days) 128  117 8.6% 11 9.4% 
13 Total Project Duration (days) 180  161 14.5% 19 11.8% 
14 Quantity of Subcontractors 2  1 45.8% 1 66.7% 
15 Quantity of Change Orders 1  2 83.1% -1 -66.7% 
16 Percentage of Union N/A  N/A N/A N/A N/A 
17 Percentage of Non-Union N/A  N/A N/A N/A N/A 

 

Table 5.22 Compare UACA estimation and actual values. 

# Responses Predicted 
value 

Actual 
value 

Predicted 
error (%) 

Actual 
error 

Actual 
error (%) 

1 Material Cost: Roof Area 1 ($)  None   $54,526  None  N/A   N/A  
2 Material Cost: Roof Area 2 ($)  None   $6,411  None  N/A   N/A  
3 Total Material Cost ($)  None   $64,414  None  N/A   N/A  
4 Total Labor Cost ($)  None   $138,082  None  N/A   N/A  
5 Total Equipment Cost ($)  None   $21,504  None  N/A   N/A  
6 Total Construction Cost ($)  $320,000   $224,000  None  $96,000  42.9% 
7 Architect Cost ($)  $24,000   $21,643  None  $2,357  10.9% 
8 PM Cost ($)  $10,560   $6,720  None  $3,840  57.1% 
9 Total Cost ($)  $354,560   $252,363  None  $102,197  40.5% 
10 Demolition (days) None 9 None N/A N/A 
11 Design Duration (days) None 35 None N/A N/A 
12 Construction Duration (days) None 117 None N/A N/A 
13 Total Project Duration (days) None 161 None N/A N/A 
14 Quantity of Subcontractors None 1 None N/A N/A 
15 Quantity of Change Orders None 2 None N/A N/A 
16 Percentage of Union None N/A N/A N/A N/A 
17 Percentage of Non-Union None N/A N/A N/A N/A 
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Figure 5.19 Project Approval Form in Estus system. 

 

As shown in Table 5.21, the system underestimated the total project cost by 16.4% based 

on the actual cost. The difference between predicted cost and actual cost is $41,268. However, 

the system overestimated the project duration with 11.8% of the actual duration. The difference 

between the predicted duration and the actual duration is 19 days. 

As shown in Table 5.22, the estimation by UACA overestimated the construction cost for 

42.9% based on the actual construction cost. The difference between predicted construction cost 

and actual construction cost is $96,000. Please note that the total project cost (i.e $390,000), on 

the report in Figure 5.20, also includes “Contingency Fee” (i.e., $32,000) and “Other Fee and 

Service” (i.e., $3,440). However, the developed system in this dissertation does not include these 

values in the total project cost. Therefore, we subtracted the estimated “Contingency Fee” and 

the estimated “Other Fee and Service” in the total estimated cost of UACA to achieve the same 

total project cost variable as our developed system. Hence, the total estimated cost by UACA is 

$354,560. This value is overestimated by 40.5% based on the actual cost of the project. 
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Figure 5.20 Conceptual estimated costs of Hardaway Hall Roof Replacement project. 
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Figure 5.21 Actual costs of Hardaway Hall Roof Replacement project. 
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Generally, the system has reduced the prediction error of the total project cost from 

40.5% to 16.4% in this second test case. This is 24.1% improvement on the accuracy of 

estimation. This system can also provide UACA detailed construction component costs such as 

labor, material, equipment costs. The original objective of this project is conceptual cost 

estimation. However, we expanded the scope of the research to estimate construction schedule 

during developing the system. In this second case, the system has provided an estimation for 

schedule duration with 11.8% of error. This result could be considered acceptable. This shows 

that the system can help improve the current conceptual cost estimation at the UACA. This will 

lead to the improvement on the overall decision-making process of project budgeting for roofing 

projects at UACA. 

The system cannot estimate the material cost of area 2 because this response received a 

negative value. This was caused due to lack of historical data for such a small area in our system. 

For any negative value in the result, the system automatically indicates to the user that the 

variable cannot be predicted even though this negative value is still included in the calculation of 

the total estimated cost since it is part of the estimated result. However, the system does not 

display the values to avoid confusing the user. We expect that this problem can be solved when 

we collect more roof data which have small areas. 

In this research, we also tried to conduct two more test cases with more recent projects 

including HM Comer Design and Construction of Major Building Renovation project and 

Freshman Residential Housing project. However, we had difficulties in contacting general 

contractors and obtaining actual roofing costs since those projects’ cost data are being finalized. 

Therefore, we hope to conduct more test cases in future research.
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CHAPTER 6: CONCLUSION AND FUTURE WORK 

This chapter summarizes the research project and highlights the value that it contributes 

to the cost estimation and decision support system domains. The nature of the problem domain is 

recapped to emphasize the solution this research presents. Although the prototype system is well 

developed, limitations still exist. This chapter analyzes and discussed these limitations. Based on 

the discussion, we suggest ideas for expanding the scope of this project in future research. 

 

6.1. Conclusions 

Using historical data to make actionable decisions has become an accepted approach 

across multiple industry sectors. Recently, the development of data storage technology has 

allowed construction organizations and contractor firms to collect more historical data than ever. 

When data are stored in a single system such as MS SharePoint, it enables the system’s user to 

extract and analyze for essential information. Accurate information such as future projects costs 

can significantly assist managers in important decisions such as long-term capital planning. This 

has attracted the attention of business owners who desire a practical method to capture and 

analyze their historical data. In construction, the critical question is how we can capture the 

necessary data for our analytic models, since much of the data are unstructured and incomplete. 

In addition, building data often have problems with multicollinearity based on their associated 

materials. This can significantly reduce the accuracy of the predictive analytic model which is 

used in analyzing data. These questions have inspired us to provide a solution in this dissertation, 

which presents a conceptual cost estimation decision support system to help university 
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construction in long-term capital planning. 

This research aims at providing Construction Administration of the University of 

Alabama (UACA) an advanced decision support system to improve accuracy in conceptual cost 

estimation and support long-term capital planning. 

In the first stage of this research, we focused on developing an efficient data collection 

method necessary for the decision support system. We conducted a feasibility study and 

investigated the structure and context of the historical data at UACA. Several data sources have 

been considered. However, we finally focused on construction and building information which is 

stored in Estus, an online data storage system at UACA. Meetings with the executive manager of 

UACA were held to establish the research objectives, and the scope of work. Based on the result 

of the feasibility study, we developed a web-based data entry form using Qualtrics, which allows 

us to collect historical data into a relational structure. Several project types were selected for 

building system modules such as roofing, lighting, electrical, and plumbing since these projects 

have high uniformity and consistency in design. A later meeting with our client redirected the 

project to focus on roofing alone as the basis for subsequent decision support systems. The 

developed web-based system has 92 question types which allow UACA to collect roofing data 

from contractors and architects that work on in UACA projects. With the help of project 

managers at UACA, we have collected historical data for 30 roofing projects on the campus of 

the University of Alabama, Tuscaloosa. Historical data are divided into two main parts 

including: (1) general data and (2) roof data. General data are related to the general 

specifications, cost data and schedule data of the constructed building, while roof data regards 

the specifications and construction cost of only the roof. 

In the second stage of this research, we focused on developing the decision support 
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system which allows the client conduct conceptual cost estimation. The system architecture was 

designed based on the research scope and the client’s needs. In this dissertation, diagrams and 

interface dashboards are used to help illustrate the system architecture and functionalities. A 

prototype system was programmed in MS Excel, which allows easy access for most system 

users. System dashboards are built in MS Excel using Visual Basic Application with the aim of a 

user-friendly interface. Buttons, text boxes, combo boxes, tabs, and charts are included in 

dashboards which allow users easily to interact with the system rather than computing languages. 

The primary system has three subsystems including: (1) Historical Data subsystem, (2) 

Estimation subsystem, and (3) Control subsystem: 

The Historical Data subsystem allows the user to collect, store, and manage historical 

data of construction projects. It also controls the use of trained data in the Estimation subsystem. 

The user can add, delete, modify, search, and update historical data from the dashboards of the 

Historical Data subsystem. Data are processed and stored temporarily in the Historical Data 

subsystem which allows the Estimation subsystem to process data faster. 

The Estimation subsystem allows the users to conduct estimation for new roofing 

projects. This subsystem is capable of what-if analysis which helps the user understand multiple 

estimation scenarios. The Estimation subsystem includes inflation adjustment functions which 

improve the predictive accuracy and project the result to future values. 

The Control subsystem provides multiple security levels of access into the system. The 

current subsystem has four levels of access, including: (1) Administration, (2) Project Manager, 

(3) Architect, and (4) General Contractor. This Control subsystem allows the client to set up the 

accessibility for each system user for a specific record and different system functionalities. In 

addition, the subsystem enables the client to easily update categorical libraries for the Historical 
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Data subsystem and inflation indices for the Estimation subsystem. The subsystem also supports 

guidelines for the user on applying and interpreting the output of the system. A web-based user’s 

manual with full system guides is also provided to assist the user. 

In this research, we used the ridge regression technique for conceptual cost estimation. 

Ridge regression functions are programmed and incorporated into the Estimation subsystem. 

This technique allows us to analyze multiple regression data that suffer from multicollinearity. 

K-fold cross-validation and evolutionary algorithm are used to find the bias constant lambda in 

each ridge regression model. All data are automatically standardized by column before the 

training the models. We have used: 

• n ridge models to estimate material costs of each roofing projects where n is the 

quantity of roof areas. This system is capable of up to ten roof areas. 

• Four ridge models for calculating other construction cost components. 

• Three ridge models for calculating construction durations. 

• Two ridge models for calculating other construction criteria (e.g., quantity of 

subcontractors). 

In addition, we created a method which converts non-relational data into relational data. 

This allows us to obtain the relational roofing data for ridge regression models. In this research, 

we confronted a significant missing data problem in the collected data. We created several 

methods to impute the missing values based on the nature of construction data, specifically in 

UACA. 

In this research, we used the Engineering News-Record (ENR) inflation index to adjust 

for inflation in our trained data, and to project the estimated costs into future values. Each 

historical data record is converted into present values based on the construction start date of that 
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record. This adjustment is based on the Building Cost Index of the ENR. A simple linear 

regression model is used to project ENR indices into future values. These future indices are used 

to adjust the output of the system to future cost values. The user can easily select the projected 

time via a combo box and see multiple future values in different months. 

Finally, we validated the system with two test cases. The test result has shown that the 

system can help UACA improve in accuracy for conceptual cost estimating. This will help the 

University improve the decision-making process in long-term capital planning. 

This research has an essential contribution to the domain of both cost estimation and 

decision support systems. First, the dissertation presents a new method on applying ridge 

regression to construction data which often suffers from multicollinearity. Even though the 

research addressed the multicollinearity problem in a specific building component (i.e., roofing), 

it is expected to encourage later research to resolve the multicollinearity problem in other 

construction areas. Second, prediction costs at the early project planning has attracted many 

researchers over the last 20 years, as shown in Chapter 2. Previous conceptual cost estimation 

research focused on creating predictive analytical models for construction cost data. Many have 

suggested the implementation of developed models into a decision support system in their future 

research. This has encouraged us to conduct applied research for building a decision support 

system for conceptual cost estimation. We hope to promote later research on integrating 

predictive analytics with construction information systems. Third, we have created some 

imputation methods for missing data in construction data. Still, the efficiency of the developed 

methods has not been analyzed and discussed in this research. We hope to encourage later 

research to continue creating better imputation methods for construction, which often have 

incomplete data. Fourth, we have created some simple methods for collection and conversion of 
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non-relational database in construction such as concatenating roofing data, and creating multiple 

roof tabs for each roof area. This concept has not been found to be discussed in previous 

construction data research. We hope to continue to investigate and improve our methods in 

future research. The Historical Data subsystem in this research provided a solution for managing 

historical data in construction. The subsystem allows one to collect and store data in relational 

structure which enables future research requiring the use of historical data of construction 

projects at the University of Alabama. Finally, inflation adjustment for historical data is very 

important and has been discussed by some previous research. In this system, we have created an 

automated system process which adjust different data record with inflation based on their 

construction start date. This process is even more useful for future research which works with 

large historical database across a large interval of time. 

 

6.2. Further Research 

There are three ideas which could lead to future research based on the developed system. 

First, we can expand the system to other universities that want to improve the conceptual cost 

estimation and long-term capital planning. This will also help the system acquire more historical 

data which can improve the predictive accuracy. It is possible to develop another security level 

allowing multiple universities to use and share the system. System administrators can authorize 

different access permissions for contractors and architects working on their campus. Figure 6.1 

illustrates a Control dashboard which allows multiple universities to share the system. 

Second, we want to expand the scope of this research to other building components. As 

discussed previously in Chapter 3, roofing was selected as the basis for this decision support 

systems. Due to the potentially large scope of this research, we could focus only on roofing 
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projects. In the future, we want to expand this research to other components, such as lighting. 

General data and fields used in this dissertation can be modified. Figure 6.2 illustrates the web-

based data entry form for these other components. 

 

Figure 6.1 Expand the system to other universities 

 

Third, we want to deploy this MS Excel system into a web application. This helps the 

users access the system at the same time from multiple locations. The web application will be 

developed based on the system architecture that we developed in this dissertation. However, 

system security and data privacy will be a significant problem to be concerned when publishing 

this system. Figure 6.3 illustrates a simple system architecture for deploying this prototype in a 

web application.  
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Figure 6.2 Develop the system for other building components 
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Figure 6.3 Deploy the prototype into a web application. 
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As shown in Figure 6.3, we envision using Python to program the predictive models in 

the Estimation subsystem. Python is an interpreted, object-oriented, high-level programming 

language with dynamic semantics which allows us to improve the system’s reliability and 

performance (Python 2018). Python has some statistical libraries such as Pandas (Pandas 2018) 

and NumPy (NumPy 2018) which would allow us to build the ridge regression model. We 

envision using PHP (PHP: Hypertext Preprocessor) and SQL (Structured Query Language) to 

manage our data such as historical data, categorical library data, inflation index data. PHP is an 

opened source scripting language which can be used for back-end development (PHP 2018). 

SQL is a standardized language which helps us manipulate relational data on our web server 

(IBM 2018). The user interface can be developed by some simple HTML (Hypertext Markup 

Language), CSS (Cascading Style Sheets) and JavaScript program codes. HTML, CSS and 

JavaScript are the computing languages which can be used for front-end development (Duckett 

2011). We also want to use AngularJS framework to develop each subsystem in a single-page 

application which allows the user to dynamically interact with the system (AngularJS 2018). The 

user could then access the web application via a domain name from any computer connected to 

Internet. 

There are two other ideas for future research based on the developed model. First, we 

want to improve our predictive models when we acquire more data. As discussed in Chapter 5, 

eliminating some unimportant variables can improve the accuracy of the model. However, most 

of the system users are construction managers, who desire a simple, user-friendly interface with 

high prediction accuracy. Therefore, we want to develop an algorithm which can automatically 

select the best ridge regression models, and eliminate unimportant predictors. This can help 

improve the estimation without asking the users to select predictors for inputs. 
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In addition, we also want to improve the imputation process, when we have more data 

records. In this research, we suggested some imputation methods based on the nature of data at 

the University of Alabama. In the future, we want to improve these methods which can impute 

data from different sources and integrate them with the system update functions. This will help 

the system automatically impute incomplete data and improve the prediction accuracy. 

 

6.3. Key Benefits 

In this research, the key benefits include: 

• We developed a web-based data entry form system which allows collecting historical 

data in construction. 

• We developed a prototype decision support system which supports conceptual cost 

estimation. 

• We developed a method to convert non-relational data into relational data for multiple 

roof areas. 

• We developed ridge regression models for estimation which can reduce the 

multicollinearity of data and improve accuracy of estimation. K-fold cross-validation and 

evolutionary algorithm were used to select the best model. Interaction terms on roofing 

material were used to improve the predictive models. 

• We developed a process of adjusting historical data with inflation. 

• We developed a model to predict future cost values for long-term capital planning based 

on the ENR inflation index. 

• We developed methods to impute missing values for construction data. 
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APPENDIX A: IMPUTATION FOR INCOMPLETE HISTORICAL DATA 

This appendix discusses how we handled the incomplete data during data collection. As 

discussed in Chapter 3, one of the difficulties in this research is to collect data for the analysis. 

Some information cannot be found that causes some data records to be incomplete (i.e., missing 

data). Generally, the system cannot conduct calculations with these incomplete records. There 

are two scenarios for missing data in this research: 

- If a missing value is not part of the current estimations (e.g., textABCCode), we can 

just ignore them since it does not impact the calculations. Project managers can 

indicate that a value is missed (i.e., input “Missed” for that value in the Historical 

Data subsystem) and wait until that missing value is available and update it into the 

Historical Data subsystem. 

- If a missing value is part of the current estimations (e.g., textMaterialCost), we have 

to handle it. 

There are several simple methods that we often do in MS Excel to deal with missing data, 

such as, substituting missing values with mean, median or mode of the filed, or treat missing 

values as a new categorical value in categorical predictors. However, Raghunathan (2016) argues 

those are naive methods which will result in increasing bias in the regression analysis.  

Raghunathan (2016) suggested that we should not use any imputation methods without 

understanding the missing data mechanism. After reviewing the collected database, we decided 

to contact project managers when it is possible and have them help impute the missing value. 

Even though some project managers did not have the information we needed, they provided 
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advice to impute the incomplete database based on their understanding of the nature of their 

projects. There are several advanced imputation methods which have been considered to apply in 

this research, such as the sequential imputations method (Kong et al. 1994), multiple imputation 

method (Allision 2000; Molenberghs et al. 2015). However, our current data is a small sample 

with a large variety of building types, so we cannot confirm the missing mechanism of the 

population and apply those methods. We created several different imputation methods to replace 

missing values on the database at the University of Alabama based on the suggestion of project 

managers, as well as reviewing project packages on the Estus system (e.g., project drawings, 

project specifications, invoices, bib tabs, project approval forms, owners and contractor 

agreements). 

 

A.1. Roof Design Cost and Design Schedule in New Construction 

The Estus system database provided us design cost and design schedule information of 

roofing renovation projects. However, in most of the new construction projects in the Estus 

database, we cannot find the design schedule and design costs for roofing projects. Contractors 

often upload their detailed construction schedule on the Estus system. However, architects do 

not. Therefore, we know only the total design duration and total design cost of a new project that 

are also include other building components besides roof (e.g., electrical, fire protection, interiors, 

plumbing). We cannot know how long the architect company takes to design the roof within the 

whole building design duration. According to UACA policy, the architect fee should not to 

exceed 5.3% of construction (Construction Administration 2015). We created one solution which 

uses the roofing drawings (i.e., CAD files) and roofing specifications pages to interpolate the 

roof design duration and roof design cost based on the total values. This method is expressed in 
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formulas (A.1), (A.2), and (A.3). 
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Where: 
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T : Roof  design duration
T : Total design duration
C : Roof  design cost
C : Roof  construction cost
C : Total design cost
D : Quantity of roof drawings
S : Quantity of roof specification pages
D : Quantity of to

R

tal drawings
S : Quantity of total specification pages

   

 In case, we do not have enough project drawings and specifications in the project folder, 

we suggest using roof construction cost to interpolate the roof design cost and roof design 

schedule. This calculation is described in the formulas (A.4), (A.5), and (A.6). We could not find 

any research at this moment to support the time and cost relationship between design and 

construction in roofing projects, so we assume that cost and time of roof design and roof 

construction has a linear relationship. Further research with enough design information from the 

architect can confirm the relationship and revise these formulas. 

 CR
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 with CR
DR1 DT

CT

C  C = C
C

×  (A.6) 

Where: 

 DR

DT

CR

CT

DR

DT

CR

CT

T : Roof  design duration
T : Total design duration
T : Roof  design duration
T : Total design duration
C : Roof  design cost
C : Total design cost
C : Roof  construction cost
C : Total construction cost

   

For example, Table A.1 showed the payment log for the main architect “Cole and Cole 

Architects” in the project “Kappa Kappa Gamma New Chapter House”. To ensure the alignment 

in collecting design duration among roofing projects, we used the entry date in the payment log 

for the design started date and design completed date. Based on the standard of Alabama 

Building Commission, the design duration used in this research is counted from the time that 

architect start their service A (i.e., Schematic Design) to completion of their service C (i.e., Final 

Design Phase) in the Agreement between Owner and Contractor (Alabama Building Commission 

2001). Service D (i.e., Construction Contract Procurement) and Service E (Construction Contract 

Administration) are extended until the completion of the construction, so they are not counted in 

the design duration of this research. 

As shown in Table A.1, we have the total design duration is DTT 1,375 days=  (i.e., from 

October 28, 2013 to August 03, 2017). The total construction cost of the roof in this project is 

CRC $462,994= . The total construction cost of the whole project is CTC $12,485,533= . 

Therefore, the design duration of roof is calculated as: 
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DR
462,994 T  = 1,375 51 days

12,485,333
× =  

Table A.1 Payment log for design of Kappa Kappa Gamma building 

PR # Entry 
date 

Payment 
amount 

Total to 
date 

Service 
B & C 
(75%) 

Service 
D 

(5%) 

Service 
E 

(20%) 
1 10/28/13 6,185.43 6,185.43    
2 10/28/13 126,900.00 133,085.43 126,900.00   
3 02/21/14 4,561.76 137,647.19    
4 02/25/14 126,900.00 264,547.19 126,900.00   
5 11/11/14 2,946.33 267,493.52    
6 11/11/14 126,900.00 394,393.52 126,900.00   
7 04/14/15 44,100.00 438,493.52 42,300.00   
8 04/14/15 1,478.26 439,971.78    
9 06/03/15 4,539.45 444,511.23    
10 06/03/15 77,701.20 522,212.43 45,057.38 31,203.83 1,439.99 
11 01/15/16 62,587.65 584,800.08   62,587.65 
12 01/21/16 9,610.50 594,410.58    
13 08/11/16 50,069.15 644,479.73   50,069.15 
14 08/11/16 1,521.88 646,001.61    
15 08/03/17 36,181.48 682,183.09 20,180.49 1,345.36 14,655.63 
16 09/19/17 (163.06) 682,020.03    
17 10/19/17 1,444.35 683,464.38   1,444.35 
    $488,237.87 $32,549.19 $130,196.77 

 

In this project, Cole and Cole Architects does not provide their detailed design schedule 

which indicates when roof design is started. Nunnally (2010) suggested that roof design is often 

started immediately at the beginning of the building design. The design of the roof selected to 

start on October 28, 2013, and end on December 18, 2013. 

 

A.2. Roof Project Management Cost in New Construction 

Similar to roof design cost and duration, we do not have project management cost for 

roof only in new construction projects. We have only the total project management cost of the 
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whole project. Based on the UACA policy, UA Project Management fee is based on 2% of 

construction, landscaping, and contingency (Construction Administration 2015). We suggest 

using the roof construction cost to interpolate the roof project management cost. The project 

management cost of roof is calculated as: 

 [ ]PMR PMR1 CRC Min C ,5.3% C= ×  (A.7) 

 with CR
PMR1 PMT

CT

C  C = C
C

×  (A.8) 

Where: 

 PMR

PMT

CR

CT

C : Roof  PM cost
C : Total PM cost
C : Roof  construction cost
C : Total construction cost

   

 

A.3. Schedule Having High Float Time 

In some large construction projects, roofing activities may get interruptions by other 

activities (e.g., exterior caulk bowl, rails and handrails). The interruption can increase the total 

roofing duration. In this case, we can consider eliminating the float time when that float time 

does not reflect the real roofing schedule. This makes sure that other activities do not impact the 

roof duration value comparing to the other projects. 

For example, Table A.2 shows the roof schedule of the project “New Sewell-Thomas 

Stadium”. As shown in Table A.2, we have high float times in roof activities. The total duration 

of the roof is 171 days from June 15, 2015, to December 03, 2015. The total float of roof is 30 

days (i.e., float 1 with 13 days after PVC Roof activity and float 2 with 17 days after Building 

Roofs Details and Metal activities). Float 2 is caused by some non-roofing activities (i.e., HP 

Epoxy Concourse Wall Paint). After reviewing the project schedule, we decided to eliminate 
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float 2 (i.e., 17 days) to improve the validity of data (i.e., we focus only on roofing in this 

research) and comply with other smaller projects (i.e., “Phi Kappa Psi New Chapter House” 

project, “Phi Mu Sorority New Chapter House” project). 

Table A.2 Roof schedule in the project “New Sewell-Thomas Stadium” 

Activities Start Complete 
Joist and Deck for All Interior Roofs 06/15/15 09/18/15 
Roof Buildings (TPO) 06/29/15 09/25/15 
Roof Building Penetrations 07/02/15 09/21/15 
Deck Roof 09/18/15 09/18/15 
PVC Roof 09/24/15 09/25/15 

Float 1: 13 days 
Building Roofs Details and Metal 10/08/15 10/30/15 

Float 2: 17 days 
High Roofs RGC Punch and Work Off 11/16/15 11/20/15 
High Roofs Architectural Inspection  11/23/15 11/24/15 
High Roofs Architectural Inspection Work Off 11/25/15 12/03/15 

 

A.4. Equipment Cost in New Construction Project. 

Sometimes, contractors do not indicate the equipment cost of roofing activities in their 

partial payment report. For example, Figure A.1, Figure A.2, and Figure A.3 show part of the 

contractor’s request for partial payment report of the “Kappa Kappa Gamma New Chapter 

House” project (i.e., where we can find detailed cost information of a construction project). 

As shown in Figure A.1, the equipment cost of the whole project is reported as 

$24,900.00. As shown in Figure A.2, labor cost for roofing is $280,000.00, and material cost for 

roofing is $154,094.00. As shown in Figure A.3, Kappa Kappa Gamma project has the total 

construction cost is $12,381,215.01. Contractor (i.e., Harrison Construction Co, Inc.) does not 

specify detailed equipment cost for roofing activities. As suggested by the Engineered Wood 
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Association (1999), most construction equipment in residential construction projects involves 

with roofing activities. Besides, equipment cost contributed to a small portion in the whole 

project cost, so we used the equipment cost of the whole project as the equipment cost for the 

roof activities. Future data collection need to require contractors to report the equipment cost for 

roof only to improve the validity of the historical data. 

 

Figure A.1 Kappa Kappa Gamma partial payment report (1) 
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Figure A.2 Kappa Kappa Gamma partial payment report (2) 

 

 

Figure A.3 Kappa Kappa Gamma partial payment report (3) 

 

A.5. Change Orders and Subcontractors. 

The research count number of change orders based on the quantity of change items in 

roofing instead of the change order reports of the whole project. For example, “Phi Kappa Psi 

New Chapter House” project package includes seven detailed change order reports. In the change 

order 7 report, there are two change items regard roof design (i.e., change of roof eyebrows and 

misc. roof items). We count two change orders even though they are in one change order report. 

In this research, we count subcontractors that work in roofing instead of the whole 

construction project. For example, the “School of Medicine Rooftop AHU Replacement” project 

has four subcontractors as shown in Table A.3. The last subcontractor has work that is not related 

to roof, so we eliminated it and its amount of cost from the total cost of the roofing project. This 

roofing project has only 3 subcontractors. 



 

228 
 

Table A.3 Subcontractors in “School of Medicine Rooftop AHU Replacement” project 

Subcontractor Amount Comments 

Carrier Corp $38,467.00 Equipment to replace rooftop AHU at Univ Medical 
Ctr. 

Freeman Sheet Metal $11,950.00 Replace 15-ton unit at School of Medicine. 

Freeman Sheet Metal $2,100.00 
Furnish & install a .060 Firestone Single Ply 
membrane roof over 1/2" CDX plywood and 2x4 cross 
members inside of the existing new unit curb. 

Crimson Insulation $6,865.00 RTU Piping Replacement at UA Medical. 
 

A.6. Grouping Roof Area 

Typically, we often have less than five roof areas within a building in the UA campus. 

Sometimes, a roof may have too many areas which cause difficulties in identifying the cost for 

each roof areas. In this case, we may consider group some small areas into the larger area if they 

have similar design and reported with a sum cost in the partial payment report. This allows us to 

save time in collecting data. 

For example, as shown in Figure A.4, the roof plan in the “Zeta Tau Alpha New Chapter 

House” project has too many areas. Some of them have similar designs with some minor 

differences in the roof slopes. We grouped the area with a slope of 7” / 12” with the area has a 

slope of 7 1/2” / 12”. We also grouped the area with a slope of 6”/12” with the area with a slope 

of 6 1/2" / 12”. The high roof area with a slope of 1/4" / 12” has a very size. Therefore, we 

grouped it with the low roof which has the same slope of 1/4” / 12” since they are both flat roof 

with the same material (i.e., KEE roofing). 
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Figure A.4 Roof plan of the Zeta Tau Alpha building 

 

A.7. Floor-to-Floor Height 

Floor-to-floor in this research is the vertical distance between floor finish level of two 

stories (Nunnally 2010). For building with multiple stories, we use the average values of floor-

to-floor in the whole building. Basement is also considered as a story and is included in this 

calculation. Formula (A.9) illustrates the calculation. Due to the limitation in VBA 

programming, users must convert all height value to feet instead of feet and inches when typing 

in input data. This ensures that the system can read the height values correctly. 

 n

i 1
floor-to-floor height of story i

Overall floor-to-floor height =  (ft)
n

=
∑

 
(A.9) 

Where: n is a number of stories within the building. 

For example, Figure A.5 shows the exterior elevation of Russell Hall building. As shown 

in Figure A.5, we can calculate the overall floor-to-floor height as: 
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 ( ) ( )280 10 12 217 2 12
Overall floor-to-floor height = 12.73 (ft)

5
+ − +

=  

 

Figure A.5 Russell Hall building exterior elevations 

 

A.8. Prioritize the Minimum Values 

Sometimes, we can access only the project proposal specifications, which has suggested 

values and materials instead of the constructed materials and actual values (i.e., deck thickness, 

insulation thickness, insulation resistant). In case that we could not identify the material that 

contractor used. We assume that contractor uses the first material in the suggested list with 

minimum values to save the construction costs. For example, in the specification of the “New 

Sewell-Thomas Stadium” project, the insulation thickness of the standing-seam metal roof panel 

is suggested as: 

“Install insulation under area of roofing to achieve required thickness. Where overall 

insulation thickness is 2.7 inches or greater, install two or more layers with joints of each 

succeeding layer staggered from joints of previous layer a minimum of 6 inches in each 
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direction.” 

Since we could not identify the actual insulation thickness in the building, so we used 2.7 

inches is the value of this insulation layer. 

 

A.9. Eliminate Records 

Table showed some records that have been removed from this research. Some of these 

records have too many missing values which cannot be imputed. The other records are 

incomplete construction projects. 

Table A.4 Eliminated projects 

PIR Reason Project Name 
018-14-242 

Not enough 
information 
 

School of Medicine Rooftop AHU Replacement 
093-16-798 Blount Living Learning Center Additional Roof Coating 
819-17-848 Boone Cabin Roof Replacement 
751-18-1429 ACDP FY18 M.A.P. Jones Museum Roof Replacement 
427-17-1129 NE Medical Building Wing C Roof Coating 
1099-16-847 THSMF Warehouse Roof Replacement and Upgrades 
025-18-1318 

Incomplete 
projects 

Law School Rooftop Terrace  
155-18-1428 ACDP FY18 Gallalee Hall Roof Replacement  
427-18-1430 ACDP FY18 Peter Bryce Campus Medical Building Roof  
560-17-1405 Capstone Village Roof Repairs  
751-18-1515 MAP Jones Museum Roof Replacement  

 

A.10. Other Missing Values 

As mentioned previously, some data inputs are not being able to collect at this time (i.e., 

textABCCode). We also cannot impute these data with any imputation methods. Even though 

they can support users with information to make decisions and provide references to other data 

sources, we are not using them in our current model. In this case, we can report them as missing 

in the Historical Data subsystem. Users can upload them later more data sources available.
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APPENDIX B: SOURCE CODE 

This appendix provides the detailed source code of the developed system. 

B.1. SFMatrixUniqueSort 

'================================================================================== 
‘ EXTRACT UNIQUE VALUE AND SORT MATRIX 
'================================================================================== 
Function SFMatrixUniqueSort(X As Variant) As Variant 
    Dim XM As Variant: XM = X ' convert object to variable 
    Dim r As Long: r = UBound(XM, 1) ' qty of X rows 
    Dim c As Long: c = UBound(XM, 2) ' qty of X columns 
    Dim i, j, k, m, n, p As Long: k = 0 
    Dim indexM As Variant: ReDim indexM(1 To r, 1 To 1) 
    
 ' calculate the indexM 
       For i = 1 To r 
        p = 1 
        For m = 1 To k 
            For j = 1 To c 
                If XM(i, j) > XM(indexM(m, 1), j) Then 
                    p = 1 
                    Exit For 
                End If 
                If XM(i, j) < XM(indexM(m, 1), j) Then 
                    p = -1 
                    Exit For 
                End If 
                p = 0 
            Next 
            If p = 0 Then 
                Exit For 
            End If 
            If p < 0 Then 
                For n = k To m Step -1 
                    indexM(n + 1, 1) = indexM(n, 1) 
                Next 
                k = k + 1 
                indexM(m, 1) = i 
                Exit For 
            End If 
        Next
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        If p > 0 Then 
            k = k + 1            indexM(k, 1) = i 
        End If 
    Next 
    ' export to output with full size 
    Dim OPM As Variant: ReDim OPM(1 To r, 1 To c) 
    For m = 1 To k 
        For j = 1 To c 
            OPM(m, j) = XM(indexM(m, 1), j) 
        Next 
    Next 
    ' resize output to only unique value 
    Dim OPM1 As Variant: ReDim OPM1(1 To k, 1 To c) 
    For i = 1 To k 
        For j = 1 To c 
            OPM1(i, j) = OPM(i, j) 
        Next 
    Next 
    ' return to ouput 
    SFMatrixUniqueSort = OPM1 
End Function 
 

B.2. CreateSheetHistoricalDataUnique 

'================================================================================== 
'CREATE SHEET HISTORICAL DATA UNIQUE 
'================================================================================== 
Sub CreateSheetHistoricalDataUnique() 
     
    'define variable types 
    Dim i, j, lastR, lastC, RowRoof As Long 
    Dim wsH, wsHU As Worksheet 
    Dim m As Variant 
     
    'use abbreviation 
    Set wsH = sheetHistoricalData 
    Set wsHU = sheetHistoricalDataUnique 
     
    'clear all sheet 
    wsHU.Cells.Clear 
     
    'calculate default values 
    lastR = SFLastRow(sheetHistoricalData, 1) 
    lastC = SFLastCol(sheetHistoricalData, 1) 
     
    'copy 3 rows of header from wsH to wsHU 
    wsH.Range(wsH.Cells(1, 1), wsH.Cells(3, lastC)).Copy Destination:=wsHU.Range("A1") 
     
    'Part 1: create unique for historical data 
    With sheetHistoricalData 
    For i = 1 To lastC 
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        If Left(wsHU.Cells(2, i).Text, 5) = "combo" Then 
            m = SFMatrixUniqueSort(.Range(.Cells(4, i), .Cells(lastR + 1, i))) ' lastR+1 to get 1 blank 
            wsHU.Range(wsHU.Cells(7, i).Address).Resize(UBound(m) - LBound(m) + 1, 1).Value = m 
        End If 
    Next i 
    End With 
     
    'Part 2: create unique combo roof 
    With sheetHistoricalDataUnique 
        'concatinate the 10 roof to combo 
        For i = 0 To 9 
            j = i * 24 
            RowRoof = 7 + (lastR + 1 - 3) * i 
            .Range(.Cells(7, 58 + j), .Cells(lastR + 2, 81 + j)).Copy _ 
            Destination:=.Range(.Cells(RowRoof, lastC + 1).Address) 
        Next i 
        'take unique of the combo 
        For i = 1 To 24 
            'header of combo Roof 
            .Cells(1, lastC + i).Value = lastC + i 
            .Cells(2, lastC + i).Value = "Combo" 
            .Cells(3, lastC + i).Value = Left(.Cells(3, 57 + i).Text, Len(.Cells(3, 57 + i).Text) - 1) 
            'take unique of the combo 
            m = SFMatrixUniqueSort(.Range(.Cells(7, i + lastC), .Cells(7 + (lastR + 1 - 3) * 10, i + lastC))) 
            .Range(.Cells(7, 297 + i), .Cells(7 + (lastR + 1 - 3) * 10, 297 + i)).Clear 
            .Range(.Cells(7, i + lastC).Address).Resize(UBound(m) - LBound(m) + 1, 1).Value = m 
        Next i 
    End With 
     
    'fill "No Information" on first row 
    For i = 1 To SFLastCol(sheetHistoricalDataUnique, 1) 
        sheetHistoricalDataUnique.Cells(7, i).Value = "No Information" 
    Next i 
     
    'format headers, just for easy to see 
    Call FormatRowWorksheet(wsHU, RGB(256, 256, 256), RGB(56, 63, 59), 12, 1) ' row 1 
    Call FormatRowWorksheet(wsHU, RGB(256, 256, 256), RGB(56, 63, 59), 12, 2) ' row 1 
    Call FormatRowWorksheet(wsHU, RGB(256, 256, 256), RGB(43, 112, 62), 14, 3) ' row 3 
     
    'format record below header 
    lastR = wsHU.UsedRange.Rows(wsHU.UsedRange.Rows.Count).Row 
    lastC = wsHU.UsedRange.Columns(wsHU.UsedRange.Columns.Count).column 
     
    'format scoring 
    With wsHU.Range(wsHU.Cells(4, 1), wsHU.Cells(6, lastC)) 
        .Font.Name = "Times New Roman" 
        .Borders.LineStyle = xlContinuous 
        .Borders.Color = RGB(256, 256, 256) 
        .Font.Size = 12 
        .Interior.Color = RGB(62, 94, 145) ' dark blue 
        .Font.Color = RGB(256, 256, 256) 
        .HorizontalAlignment = xlCenter 
    End With 
     
    'format scoring 
    With wsHU.Range(wsHU.Cells(6, 1), wsHU.Cells(7, lastC)) 
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        .Font.Name = "Times New Roman" 
        .Borders.LineStyle = xlContinuous 
        .Borders.Color = RGB(256, 256, 256) 
        .Font.Size = 12 
        .Interior.Color = RGB(43, 112, 62) ' dark green 
        .Font.Color = RGB(256, 256, 256) 
        .HorizontalAlignment = xlCenter 
    End With 
     
    'format data range 
    With wsHU.Range(wsHU.Cells(7, 1), wsHU.Cells(lastR, lastC)) 
        .Font.Name = "Times New Roman" 
        .Borders.LineStyle = xlContinuous 
        .Borders.Color = RGB(0, 0, 0) 
        .Font.Size = 12 
        .Interior.Color = RGB(207, 252, 210) ' light blue 
        .Font.Color = RGB(0, 0, 0) 
        .HorizontalAlignment = xlCenter 
    End With 
     
    'format width height 
    Call FormatWidthHeightCell(wsHU) 
End Sub 

 

B.3. CreateSheetConcatenateRoof 

'================================================================================== 
'CREATE SHEET CONCATENATE ROOF 
'================================================================================== 
Sub CreateSheetConcatenateRoof() 
    Dim i, k, m As Long 
    Dim rowID, colID, colIDwsH, CRLastR As Long 
     
    Dim wsH, wsCR, wsP As Worksheet 
    Set wsH = sheetHistoricalData 
    Set wsCR = sheetConcatenateRoof 
    Set wsP = sheetPredictor 
 
    'clear wsCR 
    wsCR.Cells.Clear 
     
    'set default values 
    rowID = 18 'end row of headers of the wsCR 
    colID = 0 'column ID of the wsCR 
     
    'create headers for the wsCR 
    For i = 2 To 82 
        If wsP.Cells(i, 13).Value <> "" Then 
            colID = colID + 1 
            wsCR.Cells(1, colID).Value = colID 'colID 
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            wsCR.Cells(2, colID).Value = wsP.Cells(i, 1).Value 'colID of the wsH 
            If colID > 2 Then 
                wsCR.Cells(3, colID).Value = Left(wsP.Cells(i, 2).Text, Len(wsP.Cells(i, 2).Text) - 1) 'name of the 
predictor 
                wsCR.Cells(4, colID).Value = Left(wsP.Cells(i, 3).Text, Len(wsP.Cells(i, 3).Text) - 2) 'description of 
predictor 
            Else 
                wsCR.Cells(3, colID).Value = wsP.Cells(i, 2).Text 
                wsCR.Cells(4, colID).Value = wsP.Cells(i, 3).Text 
            End If 
            wsCR.Cells(5, colID).Value = wsP.Cells(i, 13).Value 'type of predictors 
            If wsP.Cells(i, 14).Value <> "" Then 
                wsCR.Cells(6, colID).Value = wsP.Cells(i, 14).Value 'predictor that interacts with 
            End If 
        End If 
    Next i 
     
    'loop all record rows 
    For i = 4 To SFLastRow(sheetHistoricalData, 1) 
        'loop via comboManyArea 
        For k = 1 To wsH.Cells(i, 54) 'comboManyArea 
            rowID = rowID + 1 'count rowID 
            wsCR.Cells(rowID, 1).Value = i - 3 'copy record number 
            wsCR.Cells(rowID, 2).Value = k 'copy roof area number 
            For m = 3 To colID 'copy predictor values 
                colIDwsH = wsCR.Cells(2, m).Value 
                wsCR.Cells(rowID, m).Value = wsH.Cells(i, colIDwsH + (k - 1) * 24) 
            Next m 
        Next k 
    Next i 
     
    'format row color and font 
    Call FormatRowWorksheet(sheetConcatenateRoof, RGB(256, 256, 256), RGB(56, 63, 59), 12, 1) 
    Call FormatRowWorksheet(sheetConcatenateRoof, RGB(256, 256, 256), RGB(56, 63, 59), 12, 2) 
    Call FormatRowWorksheet(sheetConcatenateRoof, RGB(256, 256, 256), RGB(56, 63, 59), 12, 3) 
    Call FormatRowWorksheet(sheetConcatenateRoof, RGB(256, 256, 256), RGB(62, 94, 145), 12, 4) 
    Call FormatRowWorksheet(sheetConcatenateRoof, RGB(256, 256, 256), RGB(56, 63, 59), 12, 5) 
         
     
    'find last row 
    CRLastR = SFLastRow(sheetConcatenateRoof, 1) 
     
    'format row 6 
    With wsCR.Range(wsCR.Cells(6, 1), wsCR.Cells(6, colID)) 
        .Font.Name = "Times New Roman" 
        .Borders.LineStyle = xlContinuous 
        .Borders.Color = RGB(256, 256, 256) 
        .Font.Size = 12 
        .Interior.Color = RGB(56, 63, 59) 
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        .Font.Color = RGB(256, 256, 256) 
        .HorizontalAlignment = xlCenter 
    End With 
     
    'format scoring area 
    With wsCR.Range(wsCR.Cells(7, 1), wsCR.Cells(8, colID)) 
        .Font.Name = "Times New Roman" 
        .Borders.LineStyle = xlContinuous 
        .Borders.Color = RGB(256, 256, 256) 
        .Font.Size = 12 
        .Interior.Color = RGB(43, 112, 62) 
        .Font.Color = RGB(256, 256, 256) 
        .HorizontalAlignment = xlCenter 
    End With 
     
    'format scoring area 
    With wsCR.Range(wsCR.Cells(9, 1), wsCR.Cells(18, colID)) 
        .Font.Name = "Times New Roman" 
        .Borders.LineStyle = xlContinuous 
        .Borders.Color = RGB(256, 256, 256) 
        .Font.Size = 12 
        .Interior.Color = RGB(62, 94, 145) 
        .Font.Color = RGB(256, 256, 256) 
        .HorizontalAlignment = xlCenter 
    End With 
 
    'format data from row 7 
    With wsCR.Range(wsCR.Cells(19, 1), wsCR.Cells(CRLastR, colID)) 
        .Font.Name = "Times New Roman" 
        .Borders.LineStyle = xlContinuous 
        .Borders.Color = RGB(0, 0, 0) 
        .Font.Size = 12 
        .Interior.Color = RGB(150, 226, 232) 
        .Font.Color = RGB(0, 0, 0) 
        .HorizontalAlignment = xlCenter 
    End With 
     
    'format width and height of the sheet 
    Call FormatWidthHeightCell(sheetConcatenateRoof) 
     
End Sub 
 

 

 

 



 

238 
 

B.4. CreateSheetHistoricalDataCoded 

'================================================================================== 
'CREATE SHEET HISTORICAL DATA CODED 
'================================================================================== 
Sub CreateSheetHistoricalDataCoded() 
    'define variables 
    Dim i, j, CountUnique, Col, lastCol As Long 
    Dim RwsP, RwsH, RwsHDC, CwsHDC As Long 
     
    Dim tagM, CodeM As Variant 
     
    'set the default worksheet 
    Dim wsH, wsHDC, wsP, wsHU As Worksheet 
    Set wsH = sheetHistoricalData 
    Set wsHDC = sheetHistoricalDataCoded 
    Set wsP = sheetPredictor 
    Set wsHU = sheetHistoricalDataUnique 
     
    'set default values 
    RwsH = SFLastRow(sheetHistoricalData, 1) 
    RwsP = 58 
    Col = 1 
     
    'clear all old values 
    wsHDC.Cells.Clear 
     
    'calculate 
    For i = 2 To RwsP 
    If wsP.Cells(i, 11).Value = "Use" Then 
        If wsP.Cells(i, 9).Value = "Categorical" And _ 
           WorksheetFunction.CountA(wsH.Range(wsH.Cells(4, i - 1), wsH.Cells(RwsH, i - 1))) <> 0 Then 
            'created catergorical predictor matrix 
            With sheetHistoricalData 
                tagM = SFMatrixUniqueTran(.Range(.Cells(4, i - 1), .Cells(RwsH, i - 1)).Value) 
                CodeM = SFCatDum(.Range(.Cells(4, i - 1), .Cells(RwsH, i - 1)).Value) 
                CountUnique = SFCountUnique(.Range(.Cells(4, i - 1), .Cells(RwsH, i - 1)).Value) 
            End With 
            'copy coded values of categorical predictors 
            With sheetHistoricalDataCoded 
                'elements of the categorical 
                .Range(.Cells(6, Col).Address).Resize(UBound(tagM, 1) - LBound(tagM, 1) + 1, UBound(tagM, 2) - 
LBound(tagM, 2) + 1).Value = tagM 
                'values of the categorical 
                .Range(.Cells(11, Col).Address).Resize(UBound(CodeM, 1) - LBound(CodeM, 1) + 1, UBound(CodeM, 
2) - LBound(CodeM, 2) + 1).Value = CodeM 
            End With 
            'note start end in wsHU 
            wsHU.Cells(4, i - 1).Value = Col 
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            wsHU.Cells(5, i - 1).Value = Col + CountUnique - 1 
            'note start end in wsP 
            wsP.Cells(i, 16).Value = Col 
            wsP.Cells(i, 17).Value = Col + CountUnique - 1 
            'create 3 headers 
            For j = 1 To CountUnique 
                wsHDC.Cells(3, Col + j - 1).Value = wsP.Cells(i, 1).Text 'predictor number 1-297 
                wsHDC.Cells(4, Col + j - 1).Value = wsP.Cells(i, 2).Text 'predictor name textRecordNumber 
                wsHDC.Cells(5, Col + j - 1).Value = wsP.Cells(i, 3).Text 'predictor description 
                wsHDC.Cells(7, Col + j - 1).Value = Col 'column start number E.g., 1-20 
                wsHDC.Cells(8, Col + j - 1).Value = Col + CountUnique - 1 'column end number E.g., 1-20 
                'format categorical variable 
                With wsHDC.Cells(6, Col + j - 1) 
                    .Font.Name = "Times New Roman" 
                    .Borders.LineStyle = xlContinuous 
                    .Borders.Color = RGB(256, 256, 256) 
                    .Font.Size = 12 
                    .Interior.Color = RGB(62, 94, 145) 'dark blue 
                    .Font.Color = RGB(256, 256, 256) 
                    .HorizontalAlignment = xlCenter 
                End With 
                If wsP.Cells(i, 15).Value = "Inflation" Then 
                    wsHDC.Cells(10, Col + j - 1).Value = "Inflation" 
                Else 
                    wsHDC.Cells(10, Col + j - 1).Value = "None-Inflation" 
                End If 
            Next j 
            'update column number 
            Col = Col + CountUnique 
        Else 
            'created non-catergorical predictor matrix 
            With sheetHistoricalData 
                CodeM = .Range(.Cells(4, i - 1), .Cells(RwsH, i - 1)).Value 
            End With 
            'copy coded values of categorical predictors 
            With sheetHistoricalDataCoded 
                .Range(.Cells(11, Col).Address).Resize(UBound(CodeM) - LBound(CodeM) + 1, 1).Value = CodeM 
            End With 
            'note start end in wsHU 
            wsHU.Cells(4, i - 1).Value = Col 
            wsHU.Cells(5, i - 1).Value = Col 
            'note start end in wsP 
            wsP.Cells(i, 16).Value = Col 
            wsP.Cells(i, 17).Value = Col 
            'create 3 headers 
            wsHDC.Cells(3, Col).Value = wsP.Cells(i, 1).Text 'predictor number 
            wsHDC.Cells(4, Col).Value = wsP.Cells(i, 2).Text 'predictor name 
            wsHDC.Cells(5, Col).Value = wsP.Cells(i, 3).Text 'predictor description 
            wsHDC.Cells(7, Col).Value = Col 'column start number 
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            wsHDC.Cells(8, Col).Value = Col 'column end number 
            With wsHDC.Cells(6, Col) 'predictor description about categorical non-categorical 
                If wsP.Cells(i, 9).Value = "Response" Then 
                    .Value = "ResponseY" 
                    .Interior.Color = RGB(145, 30, 36) 'red 
                Else 
                    .Value = "Non-Categorical" 
                    .Interior.Color = RGB(43, 112, 62) 'dark green 
                End If 
                .Font.Name = "Times New Roman" 
                .Borders.LineStyle = xlContinuous 
                .Borders.Color = RGB(256, 256, 256) 
                .Font.Size = 12 
                .Font.Color = RGB(256, 256, 256) 
                .HorizontalAlignment = xlCenter 
                End With 
            If wsP.Cells(i, 15).Value = "Inflation" Then 
                wsHDC.Cells(10, Col).Value = "Inflation" 
            Else 
                wsHDC.Cells(10, Col).Value = "None-Inflation" 
            End If 
            'update column number 
            Col = Col + 1 
        End If 
    End If 
    Next i 
     
    'find last column and row 
    RwsHDC = wsHDC.UsedRange.Rows(wsHDC.UsedRange.Rows.Count).Row 
    CwsHDC = wsHDC.UsedRange.Columns(wsHDC.UsedRange.Columns.Count).column 
     
    'format row 9-10 scoring 
    With wsHDC.Range(wsHDC.Cells(9, 1), wsHDC.Cells(9, CwsHDC)) 
        .Font.Name = "Times New Roman" 
        .Borders.LineStyle = xlContinuous 
        .Borders.Color = RGB(256, 256, 256) 
        .Font.Size = 12 
        .Interior.Color = RGB(62, 94, 145) 'dark blue 
        .Font.Color = RGB(256, 256, 256) 
        .HorizontalAlignment = xlCenter 
        .NumberFormat = "General" 
    End With 
     
    'format row 11-15 scoring 
    With wsHDC1.Range(wsHDC1.Cells(11, 1), wsHDC1.Cells(15, CwsHDC)) 
        .Font.Name = "Times New Roman" 
        .Borders.LineStyle = xlContinuous 
        .Borders.Color = RGB(256, 256, 256) 
        .Font.Size = 12 
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        .Interior.Color = RGB(62, 94, 145) 'dark blue 
        .Font.Color = RGB(256, 256, 256) 
        .HorizontalAlignment = xlCenter 
        .NumberFormat = "General" 
    End With 
     
    'format from row 11 
    With wsHDC.Range(wsHDC.Cells(11, 1), wsHDC.Cells(RwsHDC, CwsHDC)) 
        .Font.Name = "Times New Roman" 
        .Borders.LineStyle = xlContinuous 
        .Borders.Color = RGB(0, 0, 0) 
        .Font.Size = 12 
        .Interior.Color = RGB(150, 226, 232) 'light blue 
        .Font.Color = RGB(0, 0, 0) 
        .HorizontalAlignment = xlCenter 
        .NumberFormat = "General" 
    End With 
     
    'count unique 
    For j = 1 To CwsHDC 
        'create column number 
        wsHDC.Cells(1, j).Value = j 
        With sheetHistoricalDataCoded 
            .Cells(2, j).Value = SFCountUnique(.Range(.Cells(11, j), .Cells(RwsHDC, j))) 
        End With 
    Next j 
     
    'format row color and font 
    Call FormatRowWorksheet(sheetHistoricalDataCoded, RGB(256, 256, 256), RGB(56, 63, 59), 12, 1) 
    Call FormatRowWorksheet(sheetHistoricalDataCoded, RGB(256, 256, 256), RGB(43, 112, 62), 12, 2) 
    Call FormatRowWorksheet(sheetHistoricalDataCoded, RGB(256, 256, 256), RGB(56, 63, 59), 12, 3) 
    Call FormatRowWorksheet(sheetHistoricalDataCoded, RGB(256, 256, 256), RGB(56, 63, 59), 12, 4) 
    Call FormatRowWorksheet(sheetHistoricalDataCoded, RGB(256, 256, 256), RGB(56, 63, 59), 12, 5) 
    Call FormatRowWorksheet(sheetHistoricalDataCoded, RGB(256, 256, 256), RGB(56, 63, 59), 12, 7) 
    Call FormatRowWorksheet(sheetHistoricalDataCoded, RGB(256, 256, 256), RGB(56, 63, 59), 12, 8) 
    Call FormatRowWorksheet(sheetHistoricalDataCoded, RGB(256, 256, 256), RGB(56, 63, 59), 12, 10) 
     
    'format width and height of the sheet 
    Call FormatWidthHeightCell(sheetHistoricalDataCoded) 
     
    'Fill all blanks with 0 
    For i = 11 To SFLastRow(sheetHistoricalDataCoded, 1) 
        For j = 1 To SFLastCol(sheetHistoricalDataCoded, 1) 
            If sheetHistoricalDataCoded.Cells(i, j).Value = "" Then 
                sheetHistoricalDataCoded.Cells(i, j).Value = 0 
            End If 
        Next j 
    Next i 
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End Sub 
 

B.5. CreateConcatenateRoofCoded 

'================================================================================== 
'CREATE SHEET CONCATENATE ROOF CODED 
'================================================================================== 
Sub CreateConcatenateRoofCoded() 
    Dim i, j, k, CRLastR, CRCLastR, CRCLastC, rowStart As Long 
    Dim CountUnique, Col, ColInter As Long 
     
    Dim tagM, CodeM As Variant 
    Dim wsCR, wsCRC As Worksheet 
    Set wsCR = sheetConcatenateRoof 
    Set wsCRC = sheetConcatenateRoofCoded 
    wsCRC.Cells.Clear 
     
    'set default values 
    Col = 1 
    rowStart = 19 
    CRLastR = SFLastRow(sheetConcatenateRoof, 1) 
     
    For i = 1 To SFLastCol(sheetConcatenateRoof, 1) 
     
        'for categorical 
        If wsCR.Cells(5, i).Value = "Categorical" And _ 
            WorksheetFunction.CountA(wsCR.Range(wsCR.Cells(rowStart, i), wsCR.Cells(CRLastR, i))) <> 0 Then 
            'created catergorical predictor matrix 
            With sheetConcatenateRoof 
                tagM = SFMatrixUniqueTran(.Range(.Cells(rowStart, i), .Cells(CRLastR, i)).Value) 
                CodeM = SFCatDum(.Range(.Cells(rowStart, i), .Cells(CRLastR, i)).Value) 
                CountUnique = SFCountUnique(.Range(.Cells(rowStart, i), .Cells(CRLastR, i)).Value) 
            End With 
            'copy coded values of categorical predictors 
            With sheetConcatenateRoofCoded 
                .Range(.Cells(6, Col).Address).Resize(UBound(tagM, 1) - LBound(tagM, 1) + 1, UBound(tagM, 2) - 
LBound(tagM, 2) + 1).Value = tagM 
                .Range(.Cells(19, Col).Address).Resize(UBound(CodeM, 1) - LBound(CodeM, 1) + 1, UBound(CodeM, 
2) - LBound(CodeM, 2) + 1).Value = CodeM 
            End With 
            'note back on wsCR (for categorical) 
            wsCR.Cells(7, i).Value = Col 
            wsCR.Cells(8, i).Value = Col + CountUnique - 1 
            'note back wsCR (interaction) 
            If wsCR.Cells(6, i).Value <> "" Then 
                ColInter = wsCR.Cells(6, i).Value 
                wsCR.Cells(7, ColInter).Value = Col 
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                wsCR.Cells(8, ColInter).Value = Col + CountUnique - 1 
            End If 
            'create 3 headers 
            For j = 1 To CountUnique 
                wsCRC.Cells(3, Col + j - 1).Value = wsCR.Cells(2, i).Text 'colID in wsH 
                wsCRC.Cells(4, Col + j - 1).Value = wsCR.Cells(3, i).Text 'predictor name 
                wsCRC.Cells(5, Col + j - 1).Value = wsCR.Cells(4, i).Text 'predictor name 
                wsCRC.Cells(7, Col + j - 1).Value = Col 'column start number 
                wsCRC.Cells(8, Col + j - 1).Value = Col + CountUnique - 1 'column end number 
                With wsCRC.Cells(6, Col + j - 1) 'tag value 
                    .Font.Name = "Times New Roman" 
                    .Borders.LineStyle = xlContinuous 
                    .Borders.Color = RGB(256, 256, 256) 
                    .Font.Size = 12 
                    .Interior.Color = RGB(62, 94, 145) 'dark blue 
                    .Font.Color = RGB(256, 256, 256) 
                    .HorizontalAlignment = xlCenter 
                End With 
                'integrate interaction into categorical 
                If wsCR.Cells(6, i).Value <> "" Then 
                    wsCRC.Cells(1, Col + j - 1).Value = wsCR.Cells(6, i).Value 
                End If 
            Next j 
            'update column number 
            Col = Col + CountUnique 
             
        'for interaction 
        ElseIf wsCR.Cells(5, i).Value = "Interaction" Then 
         
        'for inteval 
        Else 
            'created non-catergorical predictor matrix 
            With sheetConcatenateRoof 
                CodeM = .Range(.Cells(rowStart, i), .Cells(CRLastR, i)).Value 
            End With 
            'copy inteval predictors 
            With sheetConcatenateRoofCoded 
                .Range(.Cells(19, Col).Address).Resize(UBound(CodeM) - LBound(CodeM) + 1, 1).Value = CodeM 
            End With 
            'note back on wsCR 
            wsCR.Cells(7, i).Value = Col 
            wsCR.Cells(8, i).Value = Col 
            'create 3 headers 
            wsCRC.Cells(3, Col).Value = wsCR.Cells(2, i).Text 'colID in wsH 
            wsCRC.Cells(4, Col).Value = wsCR.Cells(3, i).Text 'predictor name 
            wsCRC.Cells(5, Col).Value = wsCR.Cells(4, i).Text 'predictor description 
            wsCRC.Cells(7, Col).Value = Col 'column start number 
            wsCRC.Cells(8, Col).Value = Col 'column end number 
            With wsCRC.Cells(6, Col) 'tag value 
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                'highlight the response 
                If wsCR.Cells(5, i).Value = "Response" Then 
                    .Value = "ResponseY" 
                    .Interior.Color = RGB(145, 30, 36) 'red 
                ElseIf wsCR.Cells(5, i).Value = "ID" Then 
                    .Value = "ID" 
                    .Interior.Color = RGB(145, 30, 36) 'red 
                Else 
                    .Value = "Non-Categorical" 
                    .Interior.Color = RGB(43, 112, 62) 'dark green 
                End If 
                .Font.Name = "Times New Roman" 
                .Borders.LineStyle = xlContinuous 
                .Borders.Color = RGB(256, 256, 256) 
                .Font.Size = 12 
                .Font.Color = RGB(256, 256, 256) 
                .HorizontalAlignment = xlCenter 
            End With 
            'update column number 
            Col = Col + 1 
        End If 
    Next i 
     
    'find last column and row 
    CRCLastR = wsCRC.UsedRange.Rows(wsCRC.UsedRange.Rows.Count).Row 
    CRCLastC = wsCRC.UsedRange.Columns(wsCRC.UsedRange.Columns.Count).column 
     
    'calculate interaction [borrow row 1] 
    For j = 1 To CRCLastC 
        If wsCRC.Cells(1, j).Value <> "" Then 
            For i = 19 To CRCLastR 
                wsCRC.Cells(i, j).Value = wsCRC.Cells(i, j).Value * wsCR.Cells(i, wsCRC.Cells(1, j).Value).Value 
            Next i 
        End If 
    Next j 
     
    'format rows below headers 
    With wsCRC.Range(wsCRC.Cells(9, 1), wsCRC.Cells(18, CRCLastC)) 
        .Font.Name = "Times New Roman" 
        .Borders.LineStyle = xlContinuous 
        .Borders.Color = RGB(256, 256, 256) 
        .Font.Size = 12 
        .Interior.Color = RGB(62, 94, 145) ' light blue 
        .Font.Color = RGB(256, 256, 256) 
        .HorizontalAlignment = xlCenter 
        .NumberFormat = "General" 
    End With 
     
    'format rows below headers 
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    With wsCRC.Range(wsCRC.Cells(19, 1), wsCRC.Cells(CRCLastR, CRCLastC)) 
        .Font.Name = "Times New Roman" 
        .Borders.LineStyle = xlContinuous 
        .Borders.Color = RGB(0, 0, 0) 
        .Font.Size = 12 
        .Interior.Color = RGB(150, 226, 232) ' light blue 
        .Font.Color = RGB(0, 0, 0) 
        .HorizontalAlignment = xlCenter 
        .NumberFormat = "General" 
    End With 
     
    'count unique in the whole column 
    For i = 1 To CRCLastC 
        With sheetConcatenateRoofCoded 
            .Cells(2, i).Value = SFCountUnique(.Range(.Cells(11, i), .Cells(CRCLastR, i))) 
        End With 
    Next i 
     
    'colID of wsCRC 
    For i = 1 To CRCLastC 
        wsCRC.Cells(1, i).Value = i 
    Next i 
     
    'format row color and font 
    Call FormatRowWorksheet(sheetConcatenateRoofCoded, RGB(256, 256, 256), RGB(56, 63, 59), 12, 1) 
    Call FormatRowWorksheet(sheetConcatenateRoofCoded, RGB(256, 256, 256), RGB(43, 112, 62), 12, 2) 
    Call FormatRowWorksheet(sheetConcatenateRoofCoded, RGB(256, 256, 256), RGB(56, 63, 59), 12, 3) 
    Call FormatRowWorksheet(sheetConcatenateRoofCoded, RGB(256, 256, 256), RGB(56, 63, 59), 12, 4) 
    Call FormatRowWorksheet(sheetConcatenateRoofCoded, RGB(256, 256, 256), RGB(56, 63, 59), 12, 5) 
    Call FormatRowWorksheet(sheetConcatenateRoofCoded, RGB(256, 256, 256), RGB(56, 63, 59), 12, 7) 
    Call FormatRowWorksheet(sheetConcatenateRoofCoded, RGB(256, 256, 256), RGB(56, 63, 59), 12, 8) 
     
    'format width height 
    Call FormatWidthHeightCell(wsCRC) 
     
    'Fill all blanks with 0 
    For i = 19 To SFLastRow(sheetConcatenateRoofCoded, 1) 
        For j = 1 To SFLastCol(sheetConcatenateRoofCoded, 1) 
            If sheetConcatenateRoofCoded.Cells(i, j).Value = "" Then 
                sheetConcatenateRoofCoded.Cells(i, j).Value = 0 
            End If 
        Next j 
    Next i 
     
End Sub 
 

 



 

246 
 

B.6. CalculateDateRange 

'================================================================================== 
'CALCULATE DATE RANGE 
'================================================================================== 
Sub CalculateDateRange() 
 
    '[DEFINE][VARIABLES] 
    Dim i, lastR, lastC As Long 
    Dim DesignStartCol, ConstructionStartCol As Long 
    Dim textDesignStartCol, textDesignEndCol As Long 
    Dim textActualStartDateCol, textActualFinishDateCol As Long 
     
    '[DEFINE][WORKSHEET] 
    Dim wsH, wsHDC As Worksheet 
    Set wsH = sheetHistoricalData 
    Set wsHDC = sheetHistoricalDataCoded 
     
    '[CALCULATE][LAST ROW COLUMN] 
    lastR = SFLastRow(sheetHistoricalDataCoded, 1) 
    lastC = SFLastCol(sheetHistoricalDataCoded, 1) 
     
    '[SET DEFAULT VALUES] 
    textDesignStartCol = 20 
    textDesignEndCol = 22 
    textActualStartDateCol = 45 
    textActualFinishDateCol = 47 
     
    '[FIND COLUMN OF DATE] 
    For i = 1 To lastC 
        If wsHDC.Cells(4, i).Text = "textDesignStart" Then 
            DesignStartCol = i 
        ElseIf wsHDC.Cells(4, i).Text = "textActualStartDate" Then 
            ConstructionStartCol = i 
        End If 
    Next i 
     
    '[CALCULATE][DATE RANGE] 
    For i = 11 To lastR 
        wsHDC.Cells(i, DesignStartCol).Value = _ 
            wsH.Cells(i - 7, textDesignEndCol).Value - wsH.Cells(i - 7, textDesignStartCol).Value 
        wsHDC.Cells(i, ConstructionStartCol).Value = _ 
            wsH.Cells(i - 7, textActualFinishDateCol).Value - wsH.Cells(i - 7, textActualStartDateCol).Value 
    Next i 
     
End Sub 
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B.7. LinearCoeff 

'================================================================================== 
‘ LINEAR REGRESSION STANDARDIZE COEFFICIENTS. 
'================================================================================== 
' X is predictor matrix 
' Y is response matrix 
Function LinearCoeff(X As Variant, Y As Variant) As Variant 
    Dim XM As Variant: XM = X ' use standardize X 
    Dim YM As Variant: YM = Y ' use standardize Y 
    Dim r As Long: r = UBound(XM, 1) ' qty of X rows 
    Dim c As Long: c = UBound(XM, 2) ' qty of X columns 
    Dim i, j As Long ' counter variables 
    Dim M1 As Variant: ReDim M1(1 To c + 1, 1 To c + 1) ' temporary matrix 1 
    Dim OPM As Variant: ReDim OPM(1 To c + 1, 1 To 1) ' output matrix 
    ' recreate XM with 1 as intercept 
    ReDim XM(1 To r, 1 To c + 1) ' redim XM 
    For i = 1 To r 
        XM(i, 1) = 1 
        For j = 2 To c + 1 
            XM(i, j) = X(i, j - 1) 
        Next j 
    Next i 
    ' calculate the coefficient beta 
    With Application.WorksheetFunction 
        M1 = .MInverse(.MMult(.Transpose(XM), XM)) ' (X'X)^(-1) 
        OPM = .MMult(.MMult(M1, .Transpose(XM)), YM) ' (X'X)^(-1)*(X'Y) 
    End With 
    ' return results to main function 
    LinearCoeff = OPM 
End Function 
 

B.8. CalculateInflationSheetHistoricalDataCoded 

'================================================================================== 
'ADJUST INFLATION FOR HISTORICAL DATA 
'================================================================================== 
Sub CalculateInflationSheetHistoricalDataCoded() 
 
    '[DEFINE][VARIABLES] 
    Dim i, j As Long 
    Dim CwsHDC, RwsHDC, CwsCRC, RwsCRC, RwsH, RwsENR As Long 
    Dim Rrow As Long 
     
    '[DEFINE][WORKSHEET] 
    Dim wsHDC, wsCRC, wsH, wsENR, wsInHC As Worksheet 
    Set wsHDC = sheetHistoricalDataCoded 
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    Set wsCRC = sheetConcatenateRoofCoded 
    Set wsH = sheetHistoricalData 
    Set wsENR = sheetENRCoded 
    Set wsInHC = sheetInflationHC 
     
    '[CLEAR] 
    wsInHC.Cells.Clear 
 
    '[CALCULATE][LAST ROW COLUMN] 
    CwsHDC = SFLastCol(sheetHistoricalDataCoded, 1) 
    RwsHDC = SFLastRow(sheetHistoricalDataCoded, 1) 
    CwsCRC = SFLastCol(sheetConcatenateRoofCoded, 1) 
    RwsCRC = SFLastRow(sheetConcatenateRoofCoded, 1) 
    RwsH = SFLastRow(sheetHistoricalData, 1) 
    RwsENR = SFLastRow(sheetENRCoded, 2) 
     
    '[FOR1][SEARCH][INFLATION INDEX] 
    For i = 4 To RwsH 
         
        '[FOR2][CALCULATE ABSOLUTE DIFFERENTS] 
        For j = 1 To RwsENR 
            wsInHC.Cells(i, j + 4).Value = Abs(wsH.Cells(i, 45).Value - wsENR.Cells(j, 1).Value) 
        Next j 
         
        '[CALCULATE][MIN OF RANGE] 
        With Application.WorksheetFunction 
            wsInHC.Cells(i, 4).Value = .Min(wsInHC.Range(wsInHC.Cells(i, 5), wsInHC.Cells(i, RwsENR + 4))) 
        End With 
         
        '[FOR2][FIND THE DATE] 
        For j = 1 To RwsENR 
            If Abs(wsH.Cells(i, 45).Value - wsENR.Cells(j, 1).Value) = wsInHC.Cells(i, 4).Value Then 
                wsInHC.Cells(i, 3).Value = wsENR.Cells(j, 1).Value 
            End If 
        Next j 
         
        '[CALCULATE][RATIOS] 
        For j = 1 To RwsENR 
            If wsInHC.Cells(i, 3).Value = wsENR.Cells(j, 1).Value Then 
            wsInHC.Cells(i, 1).Value = wsENR.Cells(RwsENR, 2).Value / wsENR.Cells(j, 2).Value 
            wsInHC.Cells(i, 2).Value = wsENR.Cells(RwsENR, 3).Value / wsENR.Cells(j, 3).Value 
            End If 
        Next j 
         
    Next i 
     
    '[GENERAL] 
    '[FOR1][MULTIPLY TO HISTORICAL DATA] 
    For i = 1 To CwsHDC 
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        If wsHDC.Cells(10, i).Value = "Inflation" Then 
            For j = 11 To RwsHDC 
                wsHDC.Cells(j, i).Value = wsHDC.Cells(j, i).Value * wsInHC.Cells(j - 7, 2).Value 
            Next j 
        End If 
    Next i 
     
    '[ROOF] 
    '[FOR1][MULTIPLY TO ROOF DATA] 
    For i = 19 To RwsCRC 
        Rrow = wsCRC.Cells(i, 1).Value + 3 
        wsCRC.Cells(i, 3).Value = wsCRC.Cells(i, 3).Value * wsInHC.Cells(Rrow, 2).Value 
    Next i 
 
End Sub 
 

B.9. comboPredictDate_Change 

'================================================================================== 
'CALCULATE FUTURE INFLATION 
'================================================================================== 
Private Sub comboPredictDate_Change() 
    Dim i As Long 
    Dim PredictRow As Long 
    Dim RwsENRcoded As Long 
     
    '[FORMAT COMBO BOX - CANNOT FORMAT "mmm-yy" BECAUSE UNKNOWN ERRORS) 
    frmInflation.comboPredictDate.Value = format(frmInflation.comboPredictDate.Value, "mm/dd/yyyy") 
     
    '[CLEAR OLD DATA] 
    sheetENRCoded.Columns(6).Clear 
    sheetENRCoded.Columns(7).Clear 
    sheetENRCoded.Cells(1, 8).Value = frmInflation.comboPredictDate.Value 'selected date on row1 col8 
    sheetENRCoded.Cells(1, 8).NumberFormat = "mmm-yy" 
    RwsENRcoded = SFLastRow(sheetENRCoded, 2) 
     
    '[COPY POINT DATA - SERIES 2] 
    For i = SFLastRow(sheetENRCoded, 2) + 1 To SFLastRow(sheetENRCoded, 4) 
        If sheetENRCoded.Cells(i, 1).Value = sheetENRCoded.Cells(1, 8).Value Then 
            sheetENRCoded.Cells(i, 6).Value = sheetENRCoded.Cells(i, 4).Value 
            sheetENRCoded.Cells(i, 7).Value = sheetENRCoded.Cells(i, 5).Value 
            sheetENRCoded.Cells(1, 9).Value = sheetENRCoded.Cells(i, 4).Value / 
sheetENRCoded.Cells(RwsENRcoded, 2).Value 'BCI 
            sheetENRCoded.Cells(1, 10).Value = sheetENRCoded.Cells(i, 5).Value / 
sheetENRCoded.Cells(RwsENRcoded, 3).Value 'CCI 
            sheetENRCoded.Cells(i, 6).NumberFormat = "0" 
            sheetENRCoded.Cells(i, 7).NumberFormat = "0" 
            PredictRow = i 
            sheetENRCoded.Cells(2, 8).Value = PredictRow 
            Exit For 
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        End If 
    Next i 
    sheetENRCoded.Columns(8).Clear 
     
    '[IF CHART IS VISIBLE] 
    If frmInflation.buttonAdvance.Value = True Then 
        '[IF NO DATA THEN EXIT] 
        If frmInflation.comboInflationSource.Value = "" Then 
            Exit Sub 
        End If 
         
        '[LOAD CHART] 
        If frmInflation.comboInflationSource.Value = "Building Cost Index (BCI)" Then 
            Call ChartInflationIndex(2, PredictRow) 
        Else 
            Call ChartInflationIndex(3, PredictRow) 
        End If 
         
        '[LOAD CHART] 
        frmInflation.imageInflationChart.Picture = LoadPicture(ThisWorkbook.Path & "\" & "InflationChart.jpg") 
    End If 
     
End Sub 

 

B.10. CopyScoring 

'================================================================================== 
'STORE SCORING DATA 
'================================================================================== 
Sub CopyScoring() 
    'define variables 
    Dim i, j, k As Long 'interation values 
    Dim RwsP As Long 'default values 
    Dim HULastC, HCLastC, CRLastC, CRCLastC As Long 'last column values 
    Dim skipC, skipI As Long 'skip a categorical predictor 
    Dim CS, CE As Long 'categorical start and categorical end 
    Dim ControlName As String 'control name values 
    Dim ManyArea As Long 'qty of roof area 
     
    'define worksheet 
    Dim wsHU, wsHDC, wsCR, wsCRC, wsP As Worksheet 
    Set wsHU = sheetHistoricalDataUnique 
    Set wsHDC = sheetHistoricalDataCoded 
    Set wsCR = sheetConcatenateRoof 
    Set wsCRC = sheetConcatenateRoofCoded 
    Set wsP = sheetPredictor 
     
    'last column of each sheet 
    HULastC = SFLastCol(sheetHistoricalDataUnique, 1) 
    HCLastC = SFLastCol(sheetHistoricalDataCoded, 1) 
    CRLastC = SFLastCol(sheetConcatenateRoof, 1) 
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    CRCLastC = SFLastCol(sheetConcatenateRoofCoded, 1) 
     
    'set default values 
    RwsP = 51 'row in the sheetPredictor that start roof "comboReasons" 
    skipI = 0 
     
    '[CLEAR SCORING DATA] 
    wsHU.Range(wsHU.Cells(6, 1), wsHU.Cells(6, HULastC)).ClearContents 
    wsHDC.Range(wsHDC.Cells(9, 1), wsHDC.Cells(9, HCLastC)).ClearContents 
    wsCR.Range(wsCR.Cells(9, 1), wsCR.Cells(18, CRLastC)).ClearContents 
    wsCRC.Range(wsCRC.Cells(9, 1), wsCRC.Cells(18, CRCLastC)).ClearContents 
     
    '[CLEAR RESULT] 
    sheetResult.Range("G3:H27").ClearContents 
    sheetResult.Range("F3:F12").ClearContents 
     
'[SCORING][COPY][GENERAL] 
     
    '[FOR1][sheetPredictor][ROW] 
    For i = 2 To RwsP 
         
        '[SET VALUES] 
        CS = wsHU.Cells(4, i - 1).Value 'categorical column start 
        CE = wsHU.Cells(5, i - 1).Value 'categorical column end 
        skipC = 0 'skip a categorical predictor 
         
        '[IF1][GENERAL][ELEMENATE NOT USE PREDICTORS] 
        If wsP.Cells(i, 10).Value <> "" And wsP.Cells(i, 10).Value <> "textMaterialCost" Then 
            ControlName = wsP.Cells(i, 2).Text 
            wsHU.Cells(6, i - 1).Value = frmAnalysis.Controls(ControlName).Value 
             
            '[IF2][GENERAL][ELEMENATE BLANK CELL] 
            If wsHU.Cells(6, i - 1).Value <> "" Then 
                 
                '[IF3][GENERAL][SELECT CATEGORICAL] 
                If wsP.Cells(i, 9).Value = "Categorical" Then 
                     
                    '[FOR2][CATEGORICAL COLUMNS] 
                    For j = CS To CE 
                        If wsHU.Cells(6, i - 1).Value = wsHDC.Cells(6, j).Value Then 
                            wsHDC.Cells(9, j).Value = 1 
                            skipC = 1 
                        Else 
                            wsHDC.Cells(9, j).Value = 0 
                        End If 
                    Next j '[FOR2] 
                     
                    '[IF4][ROOF][CATEGORICAL][SELECT None OR No Information] 
                    If skipC = 0 Then 
                        wsHDC.Range(wsHDC.Cells(9, CS), wsHDC.Cells(9, CE)).ClearContents 'clear written range 
                    End If '[IF4] 
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                '[IF3][GENERAL][SELECT NON-CATEGORICAL] 
                Else 
                    wsHDC.Cells(9, wsHU.Cells(4, i - 1).Value).Value = wsHU.Cells(6, i - 1).Value 
                 
                End If '[IF3] 
                 
            End If '[IF2] 
             
        End If '[IF1] 
         
    Next i '[FOR1] 
     
    'if do not have roof data 
    If frmAnalysis.comboManyArea.Value = "" Then 
        Exit Sub 
    End If 
     
'[SCORING][COPY][ROOF] 
     
    '[SET DEFAULT ManyArea] 
    If frmAnalysis.comboManyArea.Value = "" Then 
        Exit Sub 
    Else 
        ManyArea = frmAnalysis.comboManyArea.Value 
    End If 
     
    '[FOR1][sheetConcatenateRoof][COLUMN] 
    For i = 1 To CRLastC 
         
        '[SET VALUES] 
        CS = wsCR.Cells(7, i).Value 'categorical column start 
        CE = wsCR.Cells(8, i).Value 'categorical column end 
         
        '[IF1][ROOF][ELEMENATE NOT USE PREDICTORS] 
        If wsCR.Cells(5, i).Value <> "ID" And wsCR.Cells(5, i).Value <> "Response" Then 
             
            '[FOR2][ROOF][MANY AREA] 
            For k = 1 To ManyArea 
                ControlName = wsCR.Cells(3, i).Text & k 
                wsCR.Cells(k + 8, i).Value = frmAnalysis.Controls(ControlName).Value 
                 
                '[IF2][ROOF][ELEMENATE BLANK CELL] 
                If wsCR.Cells(k + 8, i).Value <> "" Then 
                     
                    '[IF3][ROOF][SELECT CATEGORICAL] 
                    If wsCR.Cells(5, i).Value = "Categorical" Then 
                    skipC = 0 'skip a categorical predictor 
                         
                        '[FOR3][WITHIN CATEGORICAL COLUMNS] 
                        For j = CS To CE 
                            If wsCR.Cells(k + 8, i).Value = wsCRC.Cells(6, j).Value Then 
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                                wsCRC.Cells(k + 8, j).Value = 1 
                                skipC = 1 'we have categorical data 
                            Else 
                                wsCRC.Cells(k + 8, j).Value = 0 
                            End If 
                        Next j '[FOR3] 
                         
                        '[IF4][ROOF][CATEGORICAL][SELECT None OR No Information] 
                        If skipC = 0 Then 
                            wsCRC.Range(wsCRC.Cells(k + 8, CS), wsCRC.Cells(k + 8, CE)).ClearContents 'clear written 
range 
                            skipI = wsCR.Cells(6, i).Value 
                        End If '[IF4] 
                     
                    '[IF3][ROOF][SELECT INTERVAL] 
                    ElseIf wsCR.Cells(5, i).Value = "Interval" Then 
                        wsCRC.Cells(k + 8, wsCR.Cells(7, i)).Value = wsCR.Cells(k + 8, i).Value 
                     
                    '[IF3][ROOF][SELECT INTERACTION] 
                    ElseIf wsCR.Cells(5, i).Value = "Interaction" And i <> skipI Then 
                         
                        '[FOR3][CATEGORICAL COLUMNS] 
                        For j = CS To CE 
                            wsCRC.Cells(k + 8, j).Value = wsCRC.Cells(k + 8, j).Value * wsCR.Cells(k + 8, i).Value 
                        Next j '[FOR3] 
                     
                    End If '[IF3] 
                 
                End If '[IF2] 
             
            Next k '[FOR2] 
         
        End If '[IF1] 
     
    Next i '[FOR1] 
End Sub 

 

B.11. GeneralResponse 

'================================================================================== 
'CALCUALTE RESPONSES OF GENERAL DATA 
'================================================================================== 
Sub GeneralResponse() 
    '[DEFINE][VARIABLES] 
    Dim RwsHDC, CwsHDC As Long 
    Dim i, j As Long 
    Dim X, Y, S, b, stdB As Variant 'matrix 
    Dim Xi As Long 
    Dim Xj, Yj As Long 'column number of matrix 
    Dim ReCol As Long 'response column 
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    Dim Lambda As Double 'lambda 
    Dim Xref As String: Dim Yref As String: Dim Lref As String: Dim Bref As String 'string 
    Dim Lgoal As Double 'lambda goal 
    Dim cnt As Long 
    Dim k As Long 'row in result 
 
    '[DEFINE][WORKSHEET] 
    Dim wsHDC As Worksheet 
    Set wsHDC = sheetHistoricalDataCoded 
     
    '[CALCULATE][LAST COLUMN AND ROW] 
    CwsHDC = SFLastCol(sheetHistoricalDataCoded, 1) 
    RwsHDC = SFLastRow(sheetHistoricalDataCoded, 1) 
 
    '[SET][DEFAULTS] 
    ReDim X(1 To RwsHDC - 10, 1 To 1) 
    ReDim S(1 To 1, 0 To 1) 
    ReDim Y(1 To RwsHDC - 10, 1 To 1) 
 
    '[SET DEFAULT VALUES] 
    Xi = RwsHDC - 10 
    Xj = 0 
    Yj = 0 
    k = 13 
 
    '[CLEAR SHEET] 
    sheetResult.Range("P13:V27").ClearContents 
 
    '[COPY][10 ROWS OF wsHDC] 
    wsHDC1.Cells.Clear 
    wsHDC.Range(wsHDC.Cells(1, 1), wsHDC.Cells(10, CwsHDC)).Copy Destination:=wsHDC1.Range("A1") 
    Call FormatWidthHeightCell(wsHDC1) 
    sheetResult.Cells(4, 15).Value = "" 
 
    '[FOR1][SET VALUES TO X MATRIX AND S MATRIX] 
    For j = 3 To CwsHDC 
        If wsHDC.Cells(9, j).Value <> "" And wsHDC.Cells(2, j) > 1 Then 
            Xj = Xj + 1 
            ReDim Preserve X(1 To RwsHDC - 10, 1 To Xj) 
            ReDim Preserve S(1 To 1, 0 To Xj) 
            S(1, 0) = 1 'set the intercept 
            S(1, Xj) = wsHDC.Cells(9, j).Value 'create S matrix 
            For i = 11 To RwsHDC 
                X(i - 10, Xj) = wsHDC.Cells(i, j).Value 'create X matrix 
            Next i 
        End If 
    Next j 
 
    '[IF1][CHECK][NO SCORING DATA] 
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    If Xj = 0 Then 
        MsgBox "Please provide input data on tab General to do estimation!" 
        sheetResult.Cells(4, 15).Value = "NO GENERAL DATA" 
        Exit Sub 
    End If 
 
    '[FOR1][CHECK][NO SCORING DATA] 
    For j = 1 To CwsHDC 
        '[IF0] 
        If wsHDC.Cells(6, j).Value = "ResponseY" Then 
            Yj = Yj + 1 
 
            '[FOR2][SET VALUES TO Y MATRIX] 
            For i = 11 To RwsHDC 
                Y(i - 10, 1) = wsHDC.Cells(i, j).Value 
            Next i 
 
            '[IF1][USE LINEAR REGRESSION] 
            If Xj = 1 Then 
                b = LinearCoeff(X, Y) 
 
            '[IF1][USE RIDGE REGRESSION] 
            Else 
 
                '[CLEAR GENERAL MATRIX] 
                sheetGeneralMatrix.Cells.Clear 
 
                '[Just a temporary adjust in sheet result. I do this to match the values lambda to the same row] 
                If k = 15 Or k = 18 Or k = 22 Then 
                    k = k + 2 
                Else 
                    k = k + 1 
                End If 
 
                '[ASSIGN LAMBDA] 
                sheetResult.Cells(k, 16).Value = (RwsHDC - 10 - 1) / 100 
                Lref = "Result!" & sheetResult.Cells(k, 16).Address(True, True) 
 
                'CROSS VALIDATION 
 
                '[ASSIGN MATRIX BIN] 
                Bref = "MatrixBin(" & Xi & "," & "5)" 
 
                '[WRITE Y IN SHEET ROOF MATRIX] 
                sheetGeneralMatrix.Range(sheetGeneralMatrix.Cells(1, 1).Address).Resize(UBound(Y, 1) - LBound(Y, 
1) + 1, UBound(Y, 2) - LBound(Y, 2) + 1).Value = Y 
                Yref = "MatrixStandardize(GeneralMatrix!" & sheetGeneralMatrix.Range(sheetGeneralMatrix.Cells(1, 1), 
sheetGeneralMatrix.Cells(Xi, 1)).Address(True, True) & ")" 
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                '[WRITE X IN SHEET ROOF MATRIX] 
                sheetGeneralMatrix.Range(sheetGeneralMatrix.Cells(1, 2).Address).Resize(UBound(X, 1) - LBound(X, 
1) + 1, UBound(X, 2) - LBound(X, 2) + 1).Value = X 
                Xref = "MatrixStandardize(GeneralMatrix!" & sheetGeneralMatrix.Range(sheetGeneralMatrix.Cells(1, 2), 
sheetGeneralMatrix.Cells(Xi, Xj + 1)).Address(True, True) & ")" 
 
                '[CALCULATE OVERALL ERROR] 
                sheetResult.Cells(k, 17).Formula = "=RidgeCVErr(" & Xref & "," & Yref & "," & Lref & "," & Bref & ")" 
 
                '[GOAL SEEK] 
                SolverReset 
                SolverAdd CellRef:=sheetResult.Range(sheetResult.Cells(k, 16), sheetResult.Cells(k, 16)), _ 
                    Relation:=3, _ 
                    formulaText:="0" 
                SolverOk SetCell:=sheetResult.Range(sheetResult.Cells(k, 17), sheetResult.Cells(k, 17)), _ 
                    MaxMinVal:=2, _ 
                    ByChange:=sheetResult.Range(sheetResult.Cells(k, 16), sheetResult.Cells(k, 16)), _ 
                    Engine:=3, _ 
                    EngineDesc:="Evolutionary" 
                SolverSolve UserFinish:=True 
 
                '[REASSIGN VALUES] 
                Lambda = sheetResult.Cells(k, 16).Value 
 
                '[CALCAULTE COEFFICIENTS] 
                stdB = RidgeStdCoeff(X, Y, (RwsHDC - 10 - 1) / 100) 
                b = DeStdCoeff(X, Y, stdB) 
            End If '[IF1] 
 
            '[CALCULATE Y] 
            wsHDC1.Cells(9, j).Value = Application.WorksheetFunction.MMult(S, b) 
 
            '[CALCULATE ERROR] 
            If wsHDC.Cells(4, j).Value = "textDemolitionTime" Or _ 
               wsHDC.Cells(4, j).Value = "textSubcontractors" Or _ 
               wsHDC.Cells(4, j).Value = "textChangeOrders" Then 
                wsHDC1.Cells(11, j).Value = SymMeanAbsPercentError(X, Y, b) 
            Else 
                wsHDC1.Cells(11, j).Value = MeanAbsPercentError(X, Y, b) 
            End If 
        End If '[IF0] 
    Next j 
End Sub 
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B.12. RoofResponse 

'================================================================================== 
'CALCULATE RESPONSES OF ROOF DATA 
'================================================================================== 
Sub RoofResponse() 
    '[DEFINE][VARIABLES] 
    Dim RwsCRC, CwsCRC As Long 
    Dim i, j, k As Long 
    Dim X, Y, S, b, stdB As Variant 'matrix 
    Dim Xi As Long 'row number of matrix 
    Dim Xj, Yj As Long 'column number of matrix 
    Dim Lambda As Double 'lambda ridge regression 
    Dim MaCol As Long 'column of textMaterialCost 
    Dim MaScore As Long 'material sum 
    Dim ManyArea As Long 'qty of roof area 
    Dim Xref As String: Dim Yref As String: Dim Lref As String: Dim Bref As String 'string 
    Dim Lgoal As Double 'lambda goal 
    Dim cnt As Long 
 
    '[SET DEFAULT ManyArea] 
    If frmAnalysis.comboManyArea.Value = "" Then 
        Exit Sub 
    Else 
        ManyArea = frmAnalysis.comboManyArea.Value 
    End If 
 
    '[DEFINE][WORKSHEET] 
    Dim wsCRC, wsP, wsHDC As Worksheet 
    Set wsCRC = sheetConcatenateRoofCoded 
    Set wsP = sheetPredictor 
    Set wsHDC = sheetHistoricalDataCoded 
 
    '[CALCULATE][LAST COLUMN AND ROW] 
    CwsCRC = SFLastCol(sheetConcatenateRoofCoded, 1) 
    RwsCRC = SFLastRow(sheetConcatenateRoofCoded, 1) 
    Xi = RwsCRC - 18 
 
    '[SET][DEFAULTS] 
    ReDim X(1 To RwsCRC - 18, 1 To 1) 
    ReDim S(1 To 1, 0 To 1) 
    ReDim Y(1 To RwsCRC - 18, 1 To 1) 
 
    '[SET DEFAULT VALUES] 
    Yj = 0 
 
    '[CLEAR SHEET] 
    sheetResult.Range("P3:V12").ClearContents 
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    '[FOR1][SET VALUES TO Y MATRIX] 
    For i = 19 To RwsCRC 
        Y(i - 18, 1) = wsCRC.Cells(i, 3).Value 
    Next i 
 
    '[FOR1][SET VALUES TO X MATRIX AND S MATRIX] 
    For k = 1 To ManyArea 
        Xj = 0 'reset the Xj value 
        For j = 4 To CwsCRC 
            If wsCRC.Cells(k + 8, j) <> "" And wsCRC.Cells(2, j) > 1 Then 
                Xj = Xj + 1 
                ReDim Preserve X(1 To RwsCRC - 18, 1 To Xj) 
                ReDim Preserve S(1 To 1, 0 To Xj) 
                S(1, 0) = 1 'set the intercept 
                S(1, Xj) = wsCRC.Cells(k + 8, j).Value 'create S matrix 
                For i = 19 To RwsCRC 
                    X(i - 18, Xj) = wsCRC.Cells(i, j).Value 'create X Matrix 
                Next i 
            End If 
        Next j 
 
        '[IF1][CHECK][NO SCORING DATA] 
        If Xj = 0 Then 
            MsgBox "Area " & k & " does not have data." 
            '[MARK HAVING DATA] 
            sheetResult.Cells(k + 2, 6).Value = 0 
        Else 
            '[IF2][CHECK IF USE LINEAR REGRESSION OR RIDGE REGRESSION] 
            If Xj = 1 Then 
                b = LinearCoeff(X, Y) 
 
            '[IF2][ELSE WE USE RIDGE REGRESSION] 
            Else 
                '[CLEAR SHEETS] 
                sheetRoofMatrix.Cells.Clear 
 
                '[ASSIGN LAMBDA] 
                sheetResult.Cells(k + 2, 16).Value = (RwsCRC - 18 - 1) / 100 
                Lref = "Result!" & sheetResult.Cells(k + 2, 16).Address(True, True) 
 
                'CROSS VALIDATION 
 
                '[ASSIGN MATRIX BIN] 
                Bref = "MatrixBin(" & Xi & "," & "5)" 
 
                '[WRITE Y IN SHEET ROOF MATRIX] 
                sheetRoofMatrix.Range(sheetRoofMatrix.Cells(1, 1).Address).Resize(UBound(Y, 1) - LBound(Y, 1) + 1, 
UBound(Y, 2) - LBound(Y, 2) + 1).Value = Y 
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                Yref = "MatrixStandardize(RoofMatrix!" & sheetRoofMatrix.Range(sheetRoofMatrix.Cells(1, 1), 
sheetRoofMatrix.Cells(Xi, 1)).Address(True, True) & ")" 
 
                '[WRITE X IN SHEET ROOF MATRIX] 
                sheetRoofMatrix.Range(sheetRoofMatrix.Cells(1, 2).Address).Resize(UBound(X, 1) - LBound(X, 1) + 1, 
UBound(X, 2) - LBound(X, 2) + 1).Value = X 
                Xref = "MatrixStandardize(RoofMatrix!" & sheetRoofMatrix.Range(sheetRoofMatrix.Cells(1, 2), 
sheetRoofMatrix.Cells(Xi, Xj + 1)).Address(True, True) & ")" 
 
                '[CALCULATE OVERALL ERROR] 
                sheetResult.Cells(k + 2, 17).Formula = "=RidgeCVErr(" & Xref & "," & Yref & "," & Lref & "," & Bref 
& ")" 
 
                '[GOAL SEEK] 
                SolverReset 
                SolverAdd CellRef:=sheetResult.Range(sheetResult.Cells(k + 2, 16), sheetResult.Cells(k + 2, 16)), _ 
                    Relation:=3, _ 
                    formulaText:="0" 
                SolverOk SetCell:=sheetResult.Range(sheetResult.Cells(k + 2, 17), sheetResult.Cells(k + 2, 17)), _ 
                    MaxMinVal:=2, _ 
                    ByChange:=sheetResult.Range(sheetResult.Cells(k + 2, 16), sheetResult.Cells(k + 2, 16)), _ 
                    Engine:=3, _ 
                    EngineDesc:="Evolutionary" 
                SolverSolve UserFinish:=True 
 
                '[REASSIGN VALUES] 
                Lambda = sheetResult.Cells(k + 2, 16).Value 
 
                '[CALCULATE RIDGE REGRESSION] 
                stdB = RidgeStdCoeff(X, Y, Lambda) 
                b = DeStdCoeff(X, Y, stdB) 
            End If '[IF2] 
 
            '[CALCULATE Y] 
            wsCRC.Cells(k + 8, 3).Value = Application.WorksheetFunction.MMult(S, b) 
            wsCRC.Cells(k + 8, 2).Value = MeanAbsPercentError(X, Y, b) 
 
            '[COPY ROOF RESULT BACK TO SHEET RESULT] 
            sheetResult.Cells(k + 2, 7).Value = Application.WorksheetFunction.MMult(S, b) 
            sheetResult.Cells(k + 2, 8).Value = MeanAbsPercentError(X, Y, b) 
 
            '[CALCULATE SUM AND COPY BACK TO wsHDC] 
            MaCol = wsP.Cells(41, 16).Value 
            MaScore = MaScore + wsCRC.Cells(8 + k, 3).Value 
            wsHDC.Cells(9, MaCol).Value = MaScore 
 
            '[MARK HAVING DATA] 
            sheetResult.Cells(k + 2, 6).Value = 1 
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        End If '[IF1] 
    Next k 
End Sub 

 

B.13. RidgeStdCoeff 

'============================================================================ 
'RIDGE REGRESSION Standardize-COEFFICIENT. 
'============================================================================ 
' X is predictor matrix 
' Y is response matrix 
' lambda is shrinkage parameter value 
Function RidgeStdCoeff(X As Variant, Y As Variant, Lambda As Double) As Variant 
    Dim XM As Variant: XM = MatrixStandardize(X) ' use standardize X 
    Dim YM As Variant: YM = MatrixStandardize(Y) ' use standardize Y 
    Dim r As Long: r = UBound(XM, 1) ' qty of X rows 
    Dim c As Long: c = UBound(XM, 2) ' qty of X columns 
    Dim i, j As Long ' counter variables 
    Dim LM As Variant: LM = MatrixIdentity(c, Lambda) ' create lambda matrix 
    Dim M1 As Variant: ReDim M1(1 To c, 1 To c) ' temporary matrix 1 
    Dim OPM As Variant: ReDim OPM(1 To c, 1 To 1) ' output matrix 
    ' calculate the coefficient beta 
    With Application.WorksheetFunction 
        M1 = .MInverse(MatrixAdd(.MMult(.Transpose(XM), XM), LM)) ' (X'X + lambda*I)^(-1) 
        OPM = .MMult(.MMult(M1, .Transpose(XM)), YM) ' (X'X + lambda*I)^(-1)*(X'Y) 
    End With 
    ' return results to main function 
    RidgeStdCoeff = OPM 
End Function 

 

B.14. MatrixStandardize 

'================================================================================== 
'MATRIX STANDARDIZE COLUMN. 
'================================================================================== 
' X is any matrix need to standardize 
Function MatrixStandardize(X As Variant) As Variant 
    Dim XM As Variant: XM = X ' convert object to variable 
    Dim r As Long: r = UBound(XM, 1) ' qty of X rows 
    Dim c As Long: c = UBound(XM, 2) ' qty of X columns 
    Dim Xmean As Double ' mean of X column 
    Dim Xstd As Double ' standard deviation of X column 
    Dim Xcol As Variant: ReDim Xcol(1 To r, 1 To c) ' matrix X column 
    Dim OPM As Variant: ReDim OPM(1 To r, 1 To c) ' output matrix 
    Dim i, j As Long ' counter variables 
    ' calculate each standardized values 
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    With Application.WorksheetFunction ' use worksheet function 
        For j = 1 To c ' iterate though columns 
            Xcol = .Index(XM, 0, j) ' choose column i of matrix 
            Xmean = .Average(Xcol) ' calculate mean of column j 
            Xstd = .StDev_S(Xcol) ' calculate sample standard deviation of column i 
            For i = 1 To r ' iterate through rows 
                OPM(i, j) = (XM(i, j) - Xmean) / Xstd ' calculate for each entries 
            Next 
        Next 
    End With 
    ' return results to main function 
    MatrixStandardize = OPM 
End Function 
 

B.15. MatrixAdd 

'================================================================================== 
'MATRIX ADD. 
'================================================================================== 
' X and Y are two matrices need to do addition 
Function MatrixAdd(X As Variant, Y As Variant) As Variant 
    Dim XM As Variant: XM = X ' convert object to variable 
    Dim r As Long: r = UBound(XM, 1) ' qty of rows 
    Dim c As Long: c = UBound(XM, 2) ' qty of columns 
    Dim OPM As Variant: ReDim OPM(1 To r, 1 To c) ' output matrix 
    Dim i, j As Long ' counter variables 
    ' calculate each matrix entries 
    For i = 1 To r ' iterate though rows 
        For j = 1 To c ' iterate though columns 
            OPM(i, j) = X(i, j) + Y(i, j) ' calculate for each entries 
        Next 
    Next 
    ' return results to main function 
    MatrixAdd = OPM 
End Function 

 

B.16. MatrixSubtract 

'================================================================================== 
'MATRIX SUBTRACT. 
'================================================================================== 
' X and Y are two matrices need to do subtraction 
Function MatrixSubtract(X As Variant, Y As Variant) As Variant 
    Dim XM As Variant: XM = X ' convert object to variable 
    Dim r As Long: r = UBound(XM, 1) ' qty of rows 
    Dim c As Long: c = UBound(XM, 2) ' qty of columns 
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    Dim OPM As Variant: ReDim OPM(1 To r, 1 To c) ' output matrix 
    Dim i, j As Long ' counter variables 
    ' calculate each matrix entries 
    For i = 1 To r ' iterate though rows 
        For j = 1 To c ' iterate though columns 
            OPM(i, j) = X(i, j) - Y(i, j) ' calculate for each entries 
        Next 
    Next 
    ' return results to main function 
    MatrixSubtract = OPM 
End Function 

 

B.17. MatrixScalar 

'================================================================================== 
'MATRIX SCALAR MULTIPLY. 
'================================================================================== 
' X is any matrix need to do multiply 
' s is a scalar 
Function MatrixScalar(X As Variant, S As Double) As Variant 
    Dim XM As Variant: XM = X ' convert object to variable 
    Dim r As Long: r = UBound(XM, 1) ' qty of rows 
    Dim c As Long: c = UBound(XM, 2) ' qty of columns 
    Dim OPM As Variant: ReDim OPM(1 To r, 1 To c) ' output matrix 
    Dim i, j As Long ' counter variables 
    ' calculate each matrix entries 
    For i = 1 To r ' iterate though rows 
        For j = 1 To c ' iterate though columns 
            OPM(i, j) = S * X(i, j) ' calculate for each entries 
        Next 
    Next 
    ' return results to main function 
    MatrixScalar = OPM 
End Function 

 

B.18. MatrixIdentity 

'================================================================================== 
'MATRIX IDENTITY. 
'================================================================================== 
' rank is the matrix rank 
' s is the scalar multiply to identity matrix 
Function MatrixIdentity(rank As Long, S As Double) As Variant 
    Dim OPM As Variant: ReDim OPM(1 To rank, 1 To rank) ' output matrix 
    Dim i, j As Long ' counter variables 
    ' calculate each matrix entries 
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    For i = 1 To rank ' iterate through rows 
        For j = 1 To rank ' iterate though columns 
            If j = i Then 
                OPM(i, j) = S ' assign scalar on the diagonal 
            Else 
                OPM(i, j) = 0 ' assign 0 for other entries 
            End If 
        Next 
    Next 
    ' return results to main function 
    MatrixIdentity = OPM 
End Function 

 

B.19. MatrixCorrelation 

'================================================================================== 
'MATRIX CORRELATION. 
'================================================================================== 
' X is any matrix to calculate correlation. 
Function MatrixCorrelation(X As Variant) As Variant 
    Dim XM As Variant: XM = MatrixCorrTran(X) ' correlation transformation 
    Dim r As Long: r = UBound(XM, 1) ' qty of X rows 
    Dim c As Long: c = UBound(XM, 2) ' qty of X columns 
    Dim OPM As Variant: ReDim OPM(1 To r, 1 To r) ' output matrix 
    Dim i, j As Long ' counter variables 
    ' calculation rxx 
    With Application.WorksheetFunction ' use worksheet function 
        OPM = .MMult(.Transpose(XM), XM) 
    End With 
    ' return results to main function 
    MatrixCorrelation = OPM 
End Function 

 

B.20. MatrixBin 

'================================================================================== 
'MATRIX BIN 
'================================================================================== 
' r is number of row 
' binQty is quantity of bin 
Function MatrixBin(r As Long, binQty As Long) As Variant 
    Dim i, Bin As Long: Bin = 0 ' counter variable 
    Dim OPM As Variant: ReDim OPM(1 To r, 1 To 1) ' output matrix 
    ' create output matrix 
    For i = 1 To r 
        If Bin < binQty Then 
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            Bin = Bin + 1 
        Else 
            Bin = 1 
        End If 
        OPM(i, 1) = Bin 
    Next 
    ' return results to main function 
    MatrixBin = OPM 
End Function 

 

B.21. UARidgeCVErr 

'================================================================================== 
'RIDGE REGRESSION CROSS VALIDATION ERROR MATRIX 
'================================================================================== 
' X is predictor matrix 
' Y is response matrix 
' lambda is shrinkage parameter value 
' Bin is the matrix of map 
Function UARidgeCVErr(X As Variant, Y As Variant, Lambda As Double, Bin As Variant) As Variant 
    Dim XM As Variant: XM = X ' convert to object 
    Dim YM As Variant: YM = Y ' convert to object 
    Dim trainXM As Variant ' train matrix of x 
    Dim trainYM As Variant ' train matrix of y 
    Dim testXM As Variant ' test matrix of x 
    Dim textYM As Variant ' test matrix of y 
    Dim r As Long: r = UBound(XM, 1) ' qty of x rows 
    Dim c As Long: c = UBound(XM, 2) ' qty of x columns 
    Dim EM As Variant ' error matrix 
    Dim BM As Variant: ReDim BM(1 To c, 1 To 1) ' coefficient matrix 
    Dim binQty As Long: binQty = Application.WorksheetFunction.Max(Bin) ' qty of bin 
    Dim i, j, h As Long ' counter variable 
    Dim trainBin, testBin As Long ' counter variable 
    Dim largeQty As Long: largeQty = r Mod binQty ' qty of large bins 
    Dim smallSize As Long: smallSize = r / binQty ' size of small bins 
    Dim OPM As Variant: ReDim OPM(1 To binQty, 1 To 1) ' output matrix 
    Dim OP As Double: OP = 0 
    ' use large bins for test 
    ReDim trainXM(1 To r - smallSize - 1, 1 To c) 
    ReDim trainYM(1 To r - smallSize - 1, 1 To 1) 
    ReDim testXM(1 To smallSize + 1, 1 To c) 
    ReDim testYM(1 To smallSize + 1, 1 To 1) 
    ReDim EM(1 To smallSize + 1, 1 To 1) 
    For h = 1 To largeQty  ' iterate though only large bins 
        trainBin = 0: testBin = 0 ' use to counter qty of train and test bins 
        For i = 1 To r ' iterate through all rows 
            If Bin(i, 1) <> h Then ' select train bins 
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                trainBin = trainBin + 1 ' count train bins 
                For j = 1 To c ' iterate though all columns 
                    trainXM(trainBin, j) = XM(i, j) ' copy values to train matrix x 
                Next 
                trainYM(trainBin, 1) = YM(i, 1) ' copy values to train matrix y 
            Else 
                testBin = testBin + 1 ' count test bins 
                For j = 1 To c ' iterate though all columns 
                    testXM(testBin, j) = XM(i, j) ' copy values to test matrix x 
                Next 
                testYM(testBin, 1) = YM(i, 1) ' copy values to test matrix y 
            End If 
        Next 
        ' calculate Sum Squared Error (SSE) 
        BM = RidgeCoeff(trainXM, trainYM, Lambda) 
        With Application.WorksheetFunction 
            EM = MatrixSubtract(testYM, .MMult(testXM, BM)) 
            OPM(h, 1) = .SumSq(EM) 
        End With 
    Next 
    ' use small bins for test 
    ReDim trainXM(1 To r - smallSize, 1 To c) 
    ReDim trainYM(1 To r - smallSize, 1 To 1) 
    ReDim testXM(1 To smallSize, 1 To c) 
    ReDim testYM(1 To smallSize, 1 To 1) 
    ReDim EM(1 To smallSize, 1 To 1) 
    For h = largeQty + 1 To binQty ' iterate though only small bins 
        trainBin = 0: testBin = 0 ' use to counter qty of train and test bins 
        For i = 1 To r ' iterate through all rows 
            If Bin(i, 1) <> h Then ' select train bins 
                trainBin = trainBin + 1 ' count train bins 
                For j = 1 To c ' iterate though all columns 
                    trainXM(trainBin, j) = XM(i, j) ' copy values to train matrix x 
                Next 
                trainYM(trainBin, 1) = YM(i, 1) ' copy values to train matrix y 
            Else 
                testBin = testBin + 1 ' count test bins 
                For j = 1 To c ' iterate though all columns 
                    testXM(testBin, j) = XM(i, j) ' copy values to test matrix x 
                Next 
                testYM(testBin, 1) = YM(i, 1) ' copy values to test matrix y 
            End If 
        Next 
        ' calculate Sum Squared Error (SSE) 
        BM = RidgeCoeff(trainXM, trainYM, Lambda) 
        With Application.WorksheetFunction 
            EM = MatrixSubtract(testYM, .MMult(testXM, BM)) 
            OPM(h, 1) = .SumSq(EM) 
        End With 
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    Next 
     
    '[SUM OF CVErr] 
    For i = 1 To 5 
        OP = OP + OPM(i, 1) 
    Next i 
     
    ' return results to main function 
    UARidgeCVErr = OP / 5 
End Function 

 

B.22. MeanAbsPercentError 

'================================================================================== 
'MEAN ABSOLUTE PERCENTAGE ERROR 
'================================================================================== 
Function MeanAbsPercentError(X As Variant, Y As Variant, b As Variant) As Variant 
    '[DEFINE VARIABLES] 
    Dim i, j As Long 
    Dim XM As Variant: XM = X ' convert object to variable 
    Dim r As Long: r = UBound(XM, 1) ' qty of rows 
    Dim c As Long: c = UBound(XM, 2) ' qty of columns 
    ReDim XM(1 To r, 1 To c + 1) 'XM matrix with intercept 1 
    Dim YHM As Variant: ReDim YHM(1 To r, 1 To 1) 
    Dim OP As Double 
     
    '[CALCULATE NEW XM WITH INTERCEPT] 
    For i = 1 To r 
        XM(i, 1) = 1 
        For j = 1 To c 
            XM(i, j + 1) = X(i, j) 
        Next j 
    Next i 
     
    '[CALCULATE Y HAT] 
    YHM = Application.WorksheetFunction.MMult(XM, b) 
     
    '[CALCULATE MEAN OF ERROR] 
    For i = 1 To r 
        OP = OP + Abs(Y(i, 1) - YHM(i, 1)) * 100 / Y(i, 1) 
    Next i 
     
    '[RETURN RESULTS TO MAIN FUNCTION] 
    MeanAbsPercentError = OP / r 
End Function 
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B.23. SymMeanAbsPercentError 

'================================================================================== 
'SYMMETRIC MEAN ABSOLUTE PERCENTAGE ERROR 
'================================================================================== 
Function SymMeanAbsPercentError(X As Variant, Y As Variant, b As Variant) As Variant 
    '[DEFINE VARIABLES] 
    Dim i, j As Long 
    Dim XM As Variant: XM = X ' convert object to variable 
    Dim r As Long: r = UBound(XM, 1) ' qty of rows 
    Dim c As Long: c = UBound(XM, 2) ' qty of columns 
    ReDim XM(1 To r, 1 To c + 1) 'XM matrix with intercept 1 
    Dim YHM As Variant: ReDim YHM(1 To r, 1 To 1) 
    Dim OP As Double 
     
    '[CALCULATE NEW XM WITH INTERCEPT] 
    For i = 1 To r 
        XM(i, 1) = 1 
        For j = 1 To c 
            XM(i, j + 1) = X(i, j) 
        Next j 
    Next i 
     
    '[CALCULATE Y HAT] 
    YHM = Application.WorksheetFunction.MMult(XM, b) 
     
    '[CALCULATE MEAN OF ERROR] 
    For i = 1 To r 
        OP = OP + Abs(Y(i, 1) - YHM(i, 1)) * 100 / (Abs(Y(i, 1)) + Abs(YHM(i, 1))) * 2 
    Next i 
     
    '[RETURN RESULTS TO MAIN FUNCTION] 
    SymMeanAbsPercentError = OP / r 
End Function 

 

B.24. SFCountUnique 

'================================================================================== 
'PFUN 5: COUNT UNIQUE 
'================================================================================== 
Function SFCountUnique(X As Variant) As Long 
    Dim XM As Variant: XM = X ' convert object to variable 
    Dim r As Long: r = UBound(XM, 1) * UBound(XM, 2) 
    ' check if range contain 1 cell 
    If VarType(XM) < vbArray Then 
        If XM = "" Then 
            SFCountUnique = 0 
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        Else 
            SFCountUnique = 1 
        End If 
        Exit Function 
    End If 
    ' calculate 
    Dim XM1 As Variant: ReDim XM1(1 To r, 1 To 1) 
    Dim OPM As Variant: ReDim OPM(1 To r) ' output matrix 
    Dim i, j, k, m As Long: Dim OK As Boolean 
    XM1 = SFMatrixOneColumn(XM): k = 0 
    ' loop through whole column 
    For i = 1 To r 
        If XM1(i, 1) <> "" And XM1(i, 1) <> "None" Then 
            OK = True 
            For j = 1 To k 
                If XM1(i, 1) < OPM(j) Then 
                    For m = k To j Step -1 
                        OPM(m + 1) = OPM(m) 
                    Next 
                    k = k + 1 
                    OPM(j) = XM1(i, 1) 
                    OK = False 
                    Exit For 
                ElseIf XM1(i, 1) = OPM(j) Then 
                    OK = False 
                    Exit For 
                End If 
            Next 
            If OK Then 
                k = k + 1 
                OPM(k) = XM1(i, 1) 
            End If 
        End If 
    Next 
    ' return to output 
    SFCountUnique = k 
End Function 

 

B.25. SFCatDum 

'============================================================================ 
'CATERGORICAL DUMMY 
'============================================================================ 
Function SFCatDum(X As Variant) As Variant 
    Dim XM As Variant: XM = X 
    Dim r As Long: r = UBound(XM, 1) 
    Dim i, j, k, m As Long: j = SFCountUnique(X) 
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    Dim XM1 As Variant: ReDim XM1(1 To j, 1 To 1): XM1 = SFMatrixUnique(X) 
    Dim OPM As Variant: ReDim OPM(1 To r, 1 To j) 
    ' calculate 
    For i = 1 To r 
        For k = 1 To j 
            OPM(i, k) = "" 
        Next 
    Next 
    ' calculation 
    For i = 1 To r 
        For k = 1 To j 
            If XM(i, 1) = XM1(k, 1) Then 
                For m = 1 To k 
                    OPM(i, m) = 0 
                Next 
                OPM(i, k) = 1 
                For m = k + 1 To j 
                    OPM(i, m) = 0 
                Next 
                Exit For 
            End If 
        Next 
        If XM(i, 1) = XM1(j, 1) Then 
            For m = 1 To j 
                OPM(i, m) = 0 
            Next 
            OPM(i, j) = 1 
        End If 
    Next 
    ' return to ouput 
    SFCatDum = OPM 
End Function 
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APPENDIX C: USER MANUAL 

This appendix provides users a complete instruction of using the system. 

C.1. Setup Solver for the System 

Solver is an Add-on of MS Excel which helps the system run the analysis. By default, 

Solver is turned off, so we must turn on the Solver Add-on before we use the system. 

Step 1: Select File > (Figure C.1) 

 

Figure C.1 Select File 

 

 Step 2: Select Option > (Figure C.2) 

 

Figure C.2 Select Option 
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 Step 3: Select Add-ins > (Figure C.3) 

 

Figure C.3 Select Add-ins 

 

Step 4: Select Solver Add-ins > Click Go (Figure C.4) 

 

Figure C.4 Select Add-ins 
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Step 5: Check Solver Add-in > Click Ok (Figure C.5) 

 

Figure C.5 Select Add-ins 

 

C.2. Open the System 

This system is stored inside only one Excel file. Open the system from its icon (Figure 

C.6).  

 

Figure C.6 System file 

 

Enable the Macros function of MS Excel (Figure C.7). By default, Macros is disabled by 

MS Excel to protect users from malware. 
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Figure C.7 Enable Macros 

 

C.3. Use of the Control subsystem 

C.3.1. Sign into the System. 

By default, the system is locked, and some of the buttons on the left of the dashboard on 

Figure C.8 are locked. Users can use assigned User IDs and Passwords to sign into the system. 
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Figure C.8 Sign into the system 

 

C.3.2. “Settings” Button 

The user can click on the “Settings” button to open the “Settings” dashboard (Figure 

C.9). By default, the size of the system dashboard is designed to fit within a 14-inch laptop 

screen. However, the user can click on the “Full Screen” button to expand the dashboard to full 

screen on the other monitor size. We recommend users use the default size of the dashboard 

which is the optimal design.  

Select Role 
Enter User ID 
and Password 
and click “Sign 
in” button 

Locked 
buttons 
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Figure C.9 Open Settings Dashboard. 

 

C.3.3. “Help” and “About” Buttons 

The user can click on “Help” and “About” button to view the “Help” and “About” tabs 

(Figure C.10 and Figure C.11). The “Help” tab includes some basic guides to use the system. 

“About” tab includes basic information about the system. 

 

Figure C.10 “About” tab 

Click here to open “Settings” dashboard. 

Click on “About” and 
“Help” buttons to view 
the “About” and “Help” 
tabs. 
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Figure C.11 “Help” tab 

 

The “Help” tab has an online line of this user manual, you can click on that link to 

download this PDF copy online. A warning message may appear, please click “Ok” button to 

proceed. 

 

Figure C.12 Warning message 

You can click on this link to 
download this manual online. 
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C.3.4. “Historical Data” and “Estimation” Buttons 

As shown in Figure C.13, After successfully login into the system, use can click on 

“Historical Data” button to go to “Historical Data” subsystem (details provided in Section C.4), 

and click on “Estimation” button to go to “Estimation” subsystem (details provided in Section 

C.5). 

 

Figure C.13 Go to subsystems 

 

C.3.5. “Workbook” Button 

User can click on “Workbook” button to open the MS Excel workbook and view the 

historical data on spreadsheets (Figure C.14). User can modify data on the sheet 

“HistoricalData”. Please do not change data on the other sheets (Figure C.15) 

 

Figure C.14 Click on “Workbook” button. 

Click on “Workbook” button to view data 
on MS Excel spreadsheets 

Click on “Historical Data” button to go to 
Historical Data subsystem. 
Click on “Estimation” button to go to 
Estimation subsystem. 
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Figure C.15 Workbook is opened after selecting “Workbook” button. 

 

C.3.6. “Account Control” Button 

Only the administrator can select the “Account Control” button (Figure C.16) to open the 

“Account Control” tab (Figure C.17) where the administrator creates a new account and assigns 

permission for each account. 

 

Figure C.16 Click on “Account Control” button. 

Do not modify data on these spreadsheets 

Click on “Account Control” button to view 
“Account Control” tab. 
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Figure C.17 “Account Control” tab. 

As shown in Figure C.17, the administrator can select a new project role, type in a new 

user ID and password, and click the “Add” button to add a new account to the system. The 

administrator can select any current account on List Box 1 on the left side of the display and 

click the “Delete” button to delete that account. 

The administrator selects an account on List Box 1 and selects the project record on List 

Box 2 on the right side to add that view permission of that project record into the selected 

account. The administrator selects the record number of list box 3 and clicks delete to delete the 

view permission of that record from the selected account. 

Table C.1 shows the accessibility levels of the four account types in this system. The user 

can refer to Table C.1 when creating a new account. 

Select project role, type 
new user ID and 
password, and click 
“Add” to add new user. 

Select user account, select the project name and click 
“Add Grant” to add that record to the account. 

1 2 

3 
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Table C.1 Accessibility levels of four account types in the system 

Level of 
Accessibility Administrator Project 

Manager Architect General 
Contractor 

View source code ✓ ✗ ✗ ✗ 

Use Historical Data subsystem All 
records 

All 
records 

Granted 
records 

Granted 
Records 

• View design information ✓ ✓ ✓ ✗ 

• View construction information ✓ ✓ ✗ ✓ 

• View PM information ✓ ✓ ✗ ✗ 

“Estimation” button ✓ ✓ ✗ ✗ 

“Workbook” button ✓ ✓ ✗ ✗ 

“Account Control” button ✓ ✗ ✗ ✗ 

“Library” button ✓ ✗ ✗ ✗ 

“Cost Index” button ✓ ✗ ✗ ✗ 

 “Help” and “About” button ✓  ✓ ✓ ✓ 
 

C.3.7. “Library” Button 

Only the administrator can click on the “Library” button (Figure C.16)  and access the 

“Library” tab (Figure C.19). The administrator selects the category on the top, types in a new 

value and clicks the “Add” button to add that value to the current list. 

 

Figure C.18 Click on “Library” button. 

Click on “Library” button to view “Library” 
tab. 



 

281 
 

 

Figure C.19 Library tab 

 

C.3.8. “Cost Index” Button 

Only the administrator can access the “Cost Index” button (Figure C.20) to open the 

“Cost Index” (Figure C.21) , where users can update the ENR indices. 

  

Figure C.20 “Cost Index” button 

Select category here 

Current value of category 

Type new value here 

Click add to add that value to the current list 

Click on “Cost Index” button to view “Cost 
Index” tab. 
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ENR releases new BCI and CCI indices every month, so users can update the system 

ENR indices from the downloaded report from the ENR official website. 

 

Figure C.21 “Cost Index” tab 

 

C.3.9. “Save” and “Close” Buttons 

Due to the security issue related to VBA, the “x” sign at the top right of the dashboard is 

disabled. Users have to use the “Close” button on the bottom right of the display to exit the 

system (Figure C.22). This makes sure that all information is locked and secured before users 

close the system. This practice also ensures that only users with a User ID and password can sign 

into the system to view data. 

 

Add new 
cost index 
records 

Add BCI and 
CCI indexes 
here 

Add new month 
and year value 
here. 

Click to add or delete values. 
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Figure C.22 “Save” and “Close” button. 

Tip: If the system shows an MS Excel crash message as below (Figure C.23). This 

is probably caused by the conflicts among VBA procedures. Please click the “Save” button and 

reopen the system as usual. The problem is then solved. 

 

Figure C.23 Crash message 

 

C.4. Use of the Historical Data Subsystem 

When the user clicks on the “Historical Data” button in the Control dashboard (Figure 

C.13), the Historical Data subsystem appears. The main dashboard of the Historical Data 

subsystem is displayed in Figure C.24. This Historical Data subsystem helps the user input new 

historical data, delete and modify the current historical data in the system. It also helps the user 

to set up some basic settings for the estimation. 

 

 

“Close” and “Save” button. 
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C.4.1. “Settings” Button 

The user clicks on the “Settings” button (Figure C.25) to open the “Settings” dashboard 

(Figure C.26) which allows the user to assign some default settings for the system. 

 

Figure C.24 Main dashboard of the Historical Data subsystem. 

 

 

Figure C.25 “Settings” button 

 

On the settings dashboard, the user can select which variables the user wants to include in 

Each tab includes a group of information 

Text box: User type in data 

Combo box: Users select values 

Function buttons 

“Settings” button 
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the analysis, and click on “Save Change” to save your settings. The user can click on the “Reset 

Default” button to reset the entire system to default. The reason we designed this “Settings” 

dashboard because we do not have enough data at the time the system is built. Therefore, many 

variables are eliminated out of the analysis. However, at a future time that the user are using this 

system, more data may be collected. Therefore, the user can consider using more variables to 

improve the prediction accuracy. The “Full Screen” button allows the user to expand this 

dashboard to full monitor size. 

 

Figure C.26 “Settings” dashboard 

 

C.4.2. “Search” Button 

The “Search” button (Figure C.27) allows users to open the “Search” dashboard (Figure 

Click here to save. 

Click here to reset 
the to the default 
selections. 

Click to expand to full screen. 

Click here to select a 
variable. 
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C.28) where users can go to a specific project record. The user can search by: 

- Record Number 

- Alabama Building Commission Code 

- Construction Administration Code 

- Project Name 

 

Figure C.27 “Search” button 

 

 

Figure C.28 “Search” dashboard 

 

Depending on the account the user can search on the whole list of records (Figure C.29) 

or a specific record (Figure C.30) that account is assigned. 

 

C.4.3. “Edit Mode” Button 

The user clicks on the “Edit Mode” button (Figure C.31) to change from the view mode 

“Search” button 



 

287 
 

(Figure C.24) to the edit mode (Figure C.32) where users can directly add, delete and modify 

historical data directly on the dashboard. White background color in the text boxes and combo 

boxes indicates that the user is in the edit mode. This means that any change in the dashboard 

will be saved after the user close the system. 

 

 

Figure C.29 “Search” dashboard – Administrator account view. 

 

 

Figure C.30 “Search” dashboard – An architect account view. 

 

 

Figure C.31 “Edit Mode” button 

“Search” button 
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C.4.4. “Delete Record” and “Modify/Save” Buttons 

The “Delete Record” button (Figure C.32) is used to delete the current record displayed 

on the dashboard out of the historical database. The “Modify/Save” button (Figure C.32) is used 

to save anything that you change on the current record displayed on the dashboard. 

 

Figure C.32 Edit mode 

 

C.4.5. “Clear Form” and “Add Record” Buttons 

The “Clear Form” and “Add Record” buttons (Figure C.32) are used to add new records 

into the system. The user clicks on the “Clear Form” button to have a blank form (Figure C.33) 

where users can type in a new record. When the user are satisfied with all fields, the user can 

click on “Add Record” to add the filled record into the current historical database. 

These buttons are unlocked 

Background is changed to white 
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 Important: In case that you do not know a specific value of a field (e.g., Alabama 

Building Commission Code), please assign “Missed” to that field. You can also go back there at 

any time to update that missed value. If you do not assign “Missed”, the system would 

understand that is “zero” value in that filed. That will impact the result of the estimation. 

C.4.6. “Next” and “Back” buttons 

The users can click on the “Next” and “Back” buttons (Figure C.32) to view the next and 

previous respectively records on the dashboard based on the increment of the record number. 

 

Figure C.33 Blank form 

 

C.4.7. “Update” Button 

The “Update” button is one of the most important functions of the Historical Data 
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subsystem. This function allows users to create a temporary database for the Estimation 

subsystem. This helps the system improve the performance by saving time on creating a 

temporary database each time users run the Estimation. When the user clicks on the “Update” 

button, it will run through 11 steps to create all temporary databases we need. Please just click 

“OK” to proceed. Several message boxes are displayed to notify users the current progress of the 

system (Figure C.34 and Figure C.35 ). If there is any error, suggestions are displayed to resolve 

the problem (Figure C.36). 

 Tip: When do you need to update? Normally, it is suggested to update data 

whenever you add a new record. This helps the system use the newest database for the analysis. 

However, if you still have missing values in important fields (important fields are checked fields 

in Figure C.26), you have to wait until you resolve those missing values to run the update. 

Running update while having missed values will result in an error (Figure C.36). 

 

Figure C.34 Progress of updating - Step 1 

 

 

Figure C.35 Progress of updating – Update Complete 
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Figure C.36 Error because cannot update missed values. 

 

C.4.8. “Dashboard” Button 

The “Dashboard” button (Figure C.32)  is used to direct the user back to the main 

dashboard of the Control subsystem. 

 

C.4.9. “Roof” Tab and “Roof Area” Tab 

Since a roof may have more than one area with different designs, we developed this 

system so that users can designate the number of roof areas. The maximum number of roof areas 

that a user can select is 10. Figure C.37 and Figure C.38 illustrate this design. Each “Roof Area” 

tab includes a form to collect design and cost information of that specific roof area. Figure C.39 

illustrate a typical “Roof Area” tab. 

 

C.4.10. Hints in the Labels. 

To provide users with examples and additional information, some labels are designed 

with clickable events where users can double click on the labels to see further information. For 

example, when you click on the label “How many new roof areas?” on Figure C.37, another 

view is displayed on Figure C.40 on help users better understand the information that question 

requires? 
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Figure C.37 Select 2 “Roof Area” 

 

 

Figure C.38 Select 7 “Roof Area” 

The number that you select here will result 
in how many new “Roof Area” tabs will be 
created. 
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Figure C.39 Inside a typical “Roof Area” tab 

 

 

Figure C.40 An example of roof areas 
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C.4.11. Automatically Calculate Some Values. 

Some of the textbox in this dashboard are designed with automatic calculations. For 

example, on the “Contractor” tab, the system automatically calculates the “Total Actual Cost 

($)” as the equal to the sum of the “Total Labor Cost ($)”, the “Total Material Cost ($)” and the 

“Total Equipment Cost ($)”. For example, the “Total actual cost” text box on Figure C.41 is 

automatedly calculated and locked for modification. 

 

Figure C.41 A message displayed when “Total Actual Cost ($)” is not equal to the sum of costs. 

 

C.5. Estimation Subsystem 

When you click on the “Estimation” button in the Control dashboard (Figure C.13), the 

Estimation subsystem appears. The main dashboard of the Estimation subsystem is displayed in 

Figure C.42. This Estimation subsystem is the most important part of this decision support 

system. It helps users conduct conceptual cost estimation and adjust values with inflation 

consideration. As shown in Figure C.42, users can type any new inputs (i.e., scoring data) that 

This value is calculated automatedly. 
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they want to conduct prediction on the dashboard and click on “Estimation” button to do 

estimation on a new project. 

 

Figure C.42 Analysis subsystem main dashboard. 

 

Currently, the system is designed to focus only on roofing projects. Therefore, if the user 

clicks on other facilities (e.g., Electrical, Plumbing), a warning message is displayed to the user 

(Figure C.43). Future research will investigate other facilities and integrate them into this system. 

 

Figure C.43 Warning message displays when the users select other facilities besides roofing. 

These boxes with white background are 
where you can type and select input values 
for the Estimation 

You cannot type here. These gray 
background boxes are locked because 
not enough historical database. 
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C.5.1. “Settings” Button 

The user can click on the “Settings” button to open the “Settings” dashboard where users 

can change types (e.g., pie, bar) of charts to display the results. They can also set some default 

values for color indicators (Figure C.44). If you just want to go with the default settings, you can 

just skip the opening the “Settings” dashboard and start the estimation process. 

 

Figure C.44 Click on “Settings” button to open “Setting” dashboard. 

 

On the “Settings” dashboard, you can set the type of output chart of the result (Figure 

C.44). You can set the threshold for the color indicator on the “Indicator Color” tab. By default, 

predicted values will have a green color when it has a predicted error lower than 25%. From 25% 

“Settings” button “Settings” dashboard 

You can select type of chart you want the result 
display. By default, bar chart is selected. 
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to 45% they will have a yellow background. Any predicted errors larger than 45% will be red, 

which means that users should not accept the prediction. These are recommended values due to 

low records of data at the time this system was built. When you have more data, the accuracy 

will quickly increase, so you can consider decreasing these threshold values. Click the “Save 

Change” button to save your revised settings. 

 

Figure C.45 Change the indicator colors on the “Setting” dashboard. 

 

C.5.2. Provide Input Data into the System. 

You can select any design values of the new project you need to conduct estimation and 

plug in these values into the dashboard. Figure C.46 shows an example of providing roof design 

data into the system. 

Tip: This Estimation main dashboard is quite similar to the Historical Data main 

dashboard with some minor modifications. The general idea of the system is to analyze the 

pattern of the past (i.e., historical data) and apply that pattern to similar values in the future. You 

may also notice that in combo boxes of the Estimation subsystem, there are only values we have 

in the historical data since we cannot predict somethings we do not know in the past. 
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Figure C.46 Example of providing roof design data into the dashboard. 

 

C.5.3. “Estimation” Button 

The “Estimation” button allows you to execute the estimation with the inputs that you 

provided. The general idea of this process is using multiple ridge regression models to train the 

historical data and calculate coefficients for each model based on the nature of the historical data. 

These coefficients are multiplied with inputted values you provided on the Estimation dashboard, 

to obtain the predicted values. If you want to know more about the details of the analysis, please 

refer to Chapter 3 and Chapter 4 of my dissertation. 

If the user clicks on “Estimation” without providing any values, an error message is 

displayed to the user (Figure C.47). General data refers to general information about the building 
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of that project (e.g., Gross Floor Area). Roof data refers to roof information of that specific 

project (e.g., roof covering materials, roof insulation). 

 

Figure C.47 Error message when no input in General tabs. 

 

If data are provided in the “Estimation” dashboard and there are no other errors, the 

system will proceed with the analysis and display the result to the user (Figure C.48). 

 

Figure C.48 Results of the Estimation. 

 

Click here to go back to 
the blank dashboard if 
you are not satisfied with 
this result. 

If you are 
satisfied with 
this result, you 
can proceed 
with inflation 
adjustment 

Predicted values Predicted errors 



 

300 
 

If you are not satisfied with these results, you can click on the button “Re-Estimation” to 

go back to the blank dashboard (as shown in Figure C.42). Basically, the process of re-estimating 

is considered to be “What-if Analysis”. 

 

C.5.4. Interpreting the Results. 

As shown in Figure C.48, the result of the Estimation system has two main parts: 

- Predicted values: These values are predicted based on the historical data and your 

provided inputs using ridge regression analysis. 

- Predicted errors: Basically, these errors are calculated based on the performance of 

the ridge regression model on the historical data. These predicted errors are the 

averages of each record error which are calculated based on the difference between 

predicted values and actual values. The lower these predicted errors are, the higher 

probability that we get an accurate prediction from the system. 

Some simple charts are included to help the user to compare the results among 

components.  

Tip: Sometimes, the system returns “Can’t Predict” in a text box of the “Result” tab 

(Figure C.49). In this case, the system cannot predict the value of that specific field based on the 

contemporary historical data and the ridge regression model. The detail of this limitation is 

discussed in Chapter 5 of my dissertation. Currently, we are still looking for a better 

mathematical function to resolve this problem and we hope to improve this system in future 

research. 
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Figure C.49 Sometimes, the system cannot predict some fields. 

 

C.5.5. “Inflation” Button 

If you are completely satisfied with the results, you can click on the “Inflation” button 

(Figure C.48) to proceed with inflation adjustment. The system then displays the Inflation 

dashboard (Figure C.50). Users can select projected time on the “Projected to” combo box and 

click the “OK” button to adjust the resulting values with inflation (Figure C.50). 

 

Figure C.50 Inflation dashboard. 

“Inflation” dashboard is 
displayed when click 
“Inflation” button 

Select projected time here. 
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Figure C.51 shows the results after being recalculated. If you are interested in how well 

the ENR indices are predicted, you can click on the “Advance” button to view the fitted chart 

(Figure C.52). You can also change the source of the ENR indices. The Building Cost Index 

(BCI) uses local union wages, plus fringes, for carpenters, bricklayers and iron workers, while 

Construction Cost Index (CCI) uses the same union wages for laborers (Figure C.53). 

Tip: The concept of calculating the future values is adjusting these values with future 

inflation indices; however, ENR provides us only past inflation indices. Therefore, we use a 

linear regression model to predict these future inflation values based on the past indices. We then 

use these predicted values to adjust the result. 

 

Figure C.51 The results are recalculated 
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Figure C.52 Advance view of the Inflation dashboard 

 

 

Figure C.53 Using CCI for inflation source. 
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