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ABSTRACT

INFORMATION FLOW BETWEEN ESTIMATING AND JOB COST
ACCOUNTING

By

Kenneth Alan Bertolini

Construction estimating determines the cost of the construction project. This
stage lays the groundwork for how the success of the project will be measured
throughout the construction process. The estimate will become the reference standard
for the cost control when the project is executed. Despite its importance, the estimate
is not effectively or efficiently utilized by most construction companies after the
estimate has been developed. The purpose of this research project is to define the
relationship between job cost accounting and construction estimating. Job cost
accounting is viewed as the utilization of the construction estimate during the
construction process. The overall objectives of the research include: (1) Define the
information requirements of job cost accounting by modeling the information flow
between estimating and job cost accounting. (2) Determine the instances of
information duplication between estimating and job cost accounting. (3) Explore the
use of computer integration for the effective and efficient use of information between

these two functions.
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Chapter One

Introduction to Problem area

1.1. OVERVIEW:

Construction companies historically have had substantial differentiation between the
estimating and accounting departments and information shared between the two
departments has been minimal. Information transfer and utilization is an important aspect
for any company relying on inter-departments fulfilling similar tasks. The estimate
establishes the cost of the project prior to construction in companies that use separate
estimating and accounting departments. The estimating department determines the actual
cost after the completion of the project or its phases. When estimating the project costs,
the estimator goes further than simply determining the dollar figure associated with the
particular job. The project is first divided into its individual components. Depending on
which estimating method is chosen (i.e., individual item take-off , work package take-off,
etc.) the estimator will break down the project into the smallest components needed to
accurately place fixed costs on each activity. Furthermore, the reduced components are
determined in order to associate the proper resources that are needed to accomplish the

work task. The actual costs are only determined after the resources have been established.

Traditional financial accounting methods determine the costs of the actual project and
disassociate other relevant information needed by the estimator such as resources. These

resources include: (1) labor, (2) equipment, (3) materials, and (4) subcontracted work.



Financial accounting can be viewed as the measurement of the specific and actual costs

associated with the construction of the project.

It is the author’s belief that the estimating and accounting departments of a construction
company is one of the areas where the information flow can be improved dramatically.
Historical data consolidated by the accounting department can be a useful form of
information for the estimator if the information is more specific than just the actual cost.
The speed at which the information is determined will play a critical factor on the

relevance of the information flow between accounting and estimating.

Computer technology has changed the way many businesses operate. The computer’s
ability to manipulate data has helped companies become more efficient by giving timely
and accurate information. The construction industry is one industry that can benefit the
most from the speed of the computer. Time is always of the essence for any construction
project. The author believes that other industries have the benefit of operating under
much longer time frames, and also in more controlled settings. Industry’s that operate
within the confines of an enclosed building, such as manufacturing, have most or all of the
workers on site for a particular amount of time per day, as well as the resources required
for the manufacturing process. Manufacturing the same product over again also allows
for a more thorough estimate for time and money. Even when a construction company
constructs the same building more than once, weather, subcontractor availability, and
small changes required by different owners can drastically alter the time and cost of the

project. The construction industry generally operates under much shorter time frames and




less controlled settings. The final estimate of the project often is not determined until the
construction process is complete. Information is dissected after the actual costs and

resources are determined upon completion, then compared to the original budget.

Control can be defined within the construction industry as calculating variances between
actual measured cost and progress on one hand and target budgets and schedules on the
other, then determining if operations are being performed as intended (Kangari &
Miyatake, 1993). Job cost accounting helps to determine if operations are being performed
as intended by measuring costs, as well as the resources used in the completion of a
project. Where traditional accounting is more concerned with just the cost aspect when
measuring the success of a project, job costing takes into consideration all of the resources
and costs. This is accomplished prior to the completion of the project. When an estimate
is developed, the resources are a key factor in determining costs. Resources need to be
measured and checked against the budget to help ensure success on a current project as

well as future projects.

1.2. PROBLEM AREA

An important contributor to the success of a construction project is the collection of actual
costs related to the project by both the estimating and accounting departments. A
construction company understands that no two projects will be the same, but historical
information is the beginning of any construction planning stage, including estimating.
Historical information is adjusted for the uniqueness of the future project and should be

utilized for the estimate of the current project (Mott, 1981).




Typically there is a distinct separation between the estimating and accounting departments.
This separation is in part due to the individualization of information that the two
disciplines have established as important. It is the author’s belief that accounting is a
practice that has a predetermined set of information that needs to be tracked, measured,
and reported. Income statements, accounts, and reporting to the government are some of
the procedures that need to be followed without deviation, and with a high degree of
consistency. Without this consistency, boards of directors, owners, banks, and government

would not have a way of measuring financial activities that they are directly involved.

Estimating cannot claim such a lengthy development process. Today, the practice of
estimating still relies on very important information that can only be found in the “back of
the head” of only one or a few members of a construction company. Informal records may

be kept but most companies lack a formal structure or system.

The problem is how to track the amount of resources and the costs that are being used in
the actual construction of the project. It makes sense that since the resources and costs
have already been estimated, the measurement of the actual costs needs to be performed
by the accounting department. In order to measure the actual costs of the resources, the
whole accounting system needs to be changed so it can measure construction resources as
well as the cost associated with them. Job Costing is the accounting process that monitors
the actual costs, as well as labor, equipment, materials, and subcontractors. This

information is then compared to the original budgeted amount determined by the project




estimate (Clough and Sears, 1991). The construction industry has become increasingly
sophisticated in regard to job cost accounting systems. These systems are aimed at
generating financial information and providing management with information from
processing financial transaction data. Increasing construction costs have increased the
importance of information useful for management decisions (Adrian, 1979). Prior to job
costing, accountants were only concerned with the actual cost of the project and
disregarded the differences of estimated resources compared to actual resources.
Resources are an important aspect of the estimate that not only helps determine the
success of the current job, but also allows the estimator to be more accurate for future
estimates. Without this historical information the estimator is not able to utilize a very
important tool of comparing the actual cost with the budgeted amount during the
construction process. Important information that is processed in the Job Cost system are
the budget estimates, actual cost, forecasts, variances, and reasons for variances (Clough

and Sears, 1991).

The integration of information between the estimating and accounting department needs to
be processed into a system that accommodates the need for historic information allowing
the estimator to develop a more accurate project estimate. The initial flow of information
at the inception of the system is one that has already been established by the project
estimate. The estimate is then used by the accounting department as a basis for costs that
are associated with the construction of the project. The area of concern which is the point
of this research project is the information that is accumulated through accounting and then

transferred back to estimating.



Currently, it is common practice to divide a project using the sixteen Construction
Standards Institute (CSI) divisions. Projects may be subdivided further using the
subdivisions of the CSI format. The accounting department establishes what the actual
cost of construction was for the individual subdivision and determines if the division is
either over or under the original estimated amount. It is the author’s opinion that this
system of accounting does not offer enough information for the estimator to properly
evaluate the differences and determine the true reason for the variance(s). It is then less
pragmatic to deem this information useful as historical information to be used for the
estimate of the next construction project. Additional items that need to be measured and
reported by the accounting department are the resources that make up the final cost of
construction. This additional degree of measurement can be accomplished by substituting

a job cost accounting system in place of the traditional accounting system.

Many construction companies utilize a computer based estimating program, and also use a
computer based accounting system. Very few companies use an integrated estimating and
accounting system. Often times the estimating computer system is nothing more than a
simple spread sheet developed by the estimator. Software is available that integrates
estimating and job cost accounting. Although the software is readily available,
implementation can be very time consuming and difficult. For the purpose of this research
effort, I have chosen to use Timberline Precision Extended estimating software
(Timberline™, © 1990-1994), and the Timberline Gold Job Cost Accounting software

(Timberline™, © 1990-1994) have been used. Timberline is a respected and reputable




name for construction software. A company determined to implement an integrated job
cost accounting and estimating system should survey their needs and establish a

methodology of implementation.

If a model is established that can easily correlate the information that is shared between
accounting and estimating, the implementation process can occur more readily. If a
company can visualize the structure that will allow a successful implementation, the model
will be able to determine areas of the organizational structure that will require re-
engineering. Re-engineering can be defined as the area(s) of the company that will require
a degree of change in order to implement the new system. Re-engineering is one way to
replace an old system that is unable to meet the current and future needs of a company. In
order to implement a new system, the structure of different departments of the company

need to be evaluated and modified to best suit the needs of the new system.

The analysis, design and implementation of information systems is critical when
establishing a system for any company. Research done in this area has determined that it is
critical to emphasize the design and use of logical models where the introduction of
physical implementation detail is deferred as long as possible (McCarthy and Rockwell,
1994). When designing an information system, a company needs to go through certain
steps to insure a correct design. The steps include: (1) the survey process, (2) the
structured analysis process, (3) computer hardware requirements, (4) software
requirements, and (5) implementation (McCarthy and Rockwell, 1994). The survey

process includes both what already exists (the current system), and what the system should



accomplish. It is critical to determine the design and use of logical models and actually
implement the hardware and software as late in the process as possible. The reason for the
late implementation of the actual system is due to the fact that there is always a degree of
implementation compromise when implementing software. It is important to mention that
implementation compromise is critical when software is being custom designed, and even
more critical for commercially available software. Custom software is designed
particularly for a company’s specific needs. Compromise is necessary when it is too
lengthy, time consuming, or economically impractical to design certain requirements into
the software. Typically, commercially available software is more generic and therefore
intrinsically less suited for a specific company’s needs, but is also less expensive and more
readily available than customized software. It is more important to decide what is
required of the system for a specific company prior to the installation of the new system. It
is not sufficient to decide what is needed of the system now, but also what will be required
as the company grows into the future. If a system can be established that can
accommodate future company growth and changes, less modification of the system will be

needed at a later date.

Computer integration in the construction industry is not a new concept, but it is not being
utilized to its full potential. Computer integration software for estimating and scheduling is
available commercially. The construction industry can benefit more than most due to the
relatively short construction cycle of a project and the speed and accuracy of computer
technology. Software can currently be purchased that offers the availability of integration

between job cost accounting and estimating. What needs to be considered is the amount of




work that needs to be done prior to ixistallation of the software and decisions that need to
be made while setting up the new system. Companies must evaluate their needs and
determine a methodology of implementation in order to fully maximize the potential of the

computer and software.

The separate estimate and cost accounting systems currently used by construction
companies to control a project do not provide adequate information relevant to the
decision making process while the construction process is underway. A job cost
accounting system integrated with the estimate can effectively render information pertinent
to cost decisions that need to be made to ensure a profitable job. A model that determines
the information flow from the beginning of the estimating process to the conclusion of the
accounting process will help a company evaluate all of the variables needed to put an

integrated system into place.

1.3. RESEARCH OBJECTIVES:

The purpose of this research is to define the relationship between job cost accounting and
the construction estimating process. The research gathered will: (1) explain the
information flow between financial accounting and estimating, (2) review the possible use
of a job cost accounting system within a construction company, (3) model the flow of
information between construction estimating and financial accounting via job cost
accounting, and (4) explore the use of computer integration for the effective and efficient

information processing between these entities.



The primary objective of this research effort is the identification and modeling of
information flow between estimating, job cost accounting, and financial accounting. The
outcome of this research will identify the procedures a typical construction company
would use in order to effectively plan and implement an integrated job cost accounting and
estimating system. It is not as simple as loading the software and running it. The company
needs to develop a re-engineering mentality and review its accounting and estimating

departments in order to have them function in unison.

The second objective is to identify the problems that can arise in implementing such an
integrated system. The identification will be developed via an implementation model that
will list some of the difficulties that the author encountered while establishing an
integrated job costing and construction estimating using the Timberline Gold Accounting
system. Appropriate solutions will allow the company to overcome most, if not all of the

potential problems.

Case studies will be used to establish a simulated situation where integration, re-
engineering, and implementation of the system is determined. The developed model will be
applied to case studies and its effectiveness evaluated. Effectiveness will be evaluated by
the ease of use by comparing the information that is required for the model and its
effective usefulness upon completion. Effectiveness will also be measured by the detail of
procedures and the complexity of updating the company’s information while actually

implementing the model within the case studies.

10



Extensive work has already been done on the information flow of resources needed for the
estimating process. This research effort will evaluate the job cost accounting cycle as
viewed by a typical commercial construction company and develop a model that combines
the like items associated with the accounting, job costing, and estimating cycles. Also, the
model] will help determine current and future requirements of the system that will help
establish a useful system that is more closely correlated to the specific needs of the

company.

1.4. RESEARCH METHODOLOGY:

This research study is expected to be relevant and useful to the construction industry
today. The need for integrated information systems is an important area needing
improvement. This is established through current research work and the evaluation of

current computer software.

1.4.1. TIMBERLINE EXTENDED ESTIMATING

The first phase of research involves the familiarization of Timberline Extended estimating
program. The author has had extensive experience with this program through a graduate
teaching assistantship at Michigan State University, Building Construction Management
program for B.C.M. 324-Construction Estimating. Work packages will be used when
importing estimates from Timberline Extended into the Timberline Job Cost module. Use

of work packages are used for the quickness of the estimate development, and because a

11



company using this estimating package will develop their own work packages rather than

developing individual item estimating take-offs.

1.4.2. TIMBERLINE JOB COST MODULE

The next phase of research is the familiarization with Timberline Job Cost. Although this
was developed by the same company as the estimating package, it is a very difficult and an
involved process to use the program. Extensive set up time is required in order to have the
packages operating efficiently and integrated with each other. The author has found that it
is easier to integrate estimating and scheduling software from two different software
companies than integrating estimating and job cost accounting from the same software
company. This is due to the vast difference between the process of accounting and
estimating. Accounting keeps track of many different cost ledgers. As one inputs

information regarding a transaction, the appropriate ledger is updated accordingly.

This phase required literature review of job cost manuals, as well as computer time in
order to become fluent in the operation of the module. Assistance from a Timberline
licensed sales and training representative was utilized in order to shorten the learning
curve. This phase also required learning additional and separate Timberline accounting

modules.

It was important at this phase to also become familiar with Timberline General Ledger,
Accounts Payable, and Recievables Management. These are the accounting ledgers that

the job cost module will automatically update when using the job cost module. The

12



general ledger modules, job cost module, and estimating package were all purchased
separately from Timberline and required an acute understanding prior to their

implementation.

It is imperative that the language used within each module is consistent for the integration
to be a success. The estimating department of a construction company commonly uses the
CSI format to identify all the items that constitute an estimate. It is essential that all of
these items to be transferred into the accounting system and have the same identification
numbers for job, phase and sub-phase. As an individual item is transferred from estimating
to job cost accounting, it will have the same identification number in job cost that it had in

the estimate.

1.4.3. MODEL DEVELOPMENT AND CASE STUDY SIMULATION:

A model will be developed to demonstrate the flow of information from the estimating
department to the accounting department and help to establish the importance of
integrating estimating with job cost accounting. The model will show the importance of
accurate measurement of resources during the construction of a project and of using the
original estimate as the measuring stick for accuracy. The model will provide the
framework for designing and implementing an integrated system that keeps track of the

variances between estimated costs and actual costs determined in the field.

Because of the amount of information that needs to be processed in a relatively short

period of time using a job cost accounting system, it would be impractical to implement a

13




manual job cost accounting system. Computers allow the system to be more flexible,

accurate, and timely.

The estimate is at the inception of the information gathering process, and relies on updated
historical information. By taking advantage of the resource organization processed during
the estimating stage and using it in a job cost system, a construction company can expect
to have better control over its project. The control will pass onto the next project by
utilizing the updated historical costs generated by the previous projects. Future estimates
will become more accurate using information provided by past projects and variances can

between projects can be tracked and accounted for.

The model will give a detailed breakdown of organizational structure and resource
requirements needed to restructure the organization. It will also give a breakdown on how
to correlate the information from the project estimate to cost accounting. Two companies
were chosen as case studies to analyze the current systems in place and to evaluate the
model for the purpose of an integrated estimating and job cost accounting system. This
simulation was used to test the model and validate the need for a structuring tool for re-
organization. Time was spent evaluating the companies’ current systems and the need for
an integrated system. The estimating and accounting departments were evaluated to
establish if they would operate efficiently if they became integrated. One point of critical
importance was to determine if a job cost accounting system was in place, and at what

time the final determination of cost over-runs or savings is completed.
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1.4.4. EXISTING RESEARCH REVIEW:
Also included in the research will be the review of existing research. This will include
theses pertaining to both job cost accounting systems and estimating, as well as research

papers written about the integration of accounting and estimating.

1.5. EXPECTED OUTPUT:

This research study is intended to determine the practicality of integrating a job cost
accounting and estimating system within an existing construction company. By creating a
model to aid in the implementation process, the procedure of determining the
methodology for the implementation as well as help to expedite the system within an
organization where time is of the essence is expected to be simplified. The research will
provide guidelines for the application of a similar system with minimal difficulty, and
provide guidelines for users of such a system. It will also provide areas where additional
research and restructuring needs to be applied prior to the system being developed. This
study will also provide valuable information to the companies used as case studies
regarding their current system, as well as begin the process of system review, evaluation,

and implementation steps required for a more efficient and timely system.

1.6. ORGANIZATION OF THE THESIS:

The remaining chapters of the thesis are organized as follows:
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1.6.1. CHAPTER 2: EXISTING RESEARCH AND LITERATURE REVIEW

Chapter 2 describes the existing research and literature review. The current work that has
already been researched, and any implications that it may have on the research and findings
of this work is presented as well as whether the existing research correlates with what is
established with this research project and where it may differ. Existing theses and research

will be reviewed and summarized.

1.6.2. CHAPTER 3: THE PLANNING INFORMATION REQUIRED FOR
ESTIMATING AND JOB COST INTEGRATION
Chapter 3 will lay the ground work for the planning information required for estimating
and job cost integration. Since the information that is gathered initially is that of the
estimate, definitions of terminology used for the estimate will be covered including: (1)
organization breakdown structure, and (2) the work breakdown structure. Using the
organizational breakdown structure and the work breakdown structure will be the
recommended way that an estimator determines the phase and categories for individual

resource items of the estimate.

The traditional financial accounting system will be explained through the use of journals
and the general ledger. The job cost accounting method will be reviewed as a viable
alternative to traditional accounting for the purpose of an integrated estimating and
accounting system. Cost account codes that make up the job cost system will be

evaluated, as well as job cost reports that aid the management decision making process.

16



The estimating process will be evaluated to determine its suitability to be integrated with
the job cost accounting process. An estimating model will be shown that details all
aspects of the estimating process, as well as recommending a systematic approach to
estimating. By creating a uniformed systematic estimating approach, an independent
process, such as job cost accounting, will be easier to incorporate into the established

system.

Construction project planning will be shown and described within the context of its

usefulness for providing an integrated job cost-estimating system.

The cash cycle of a construction company will be evaluated to determine if the operations
of the company are efficient, or if the cash systems need to be modified prior to
establishing an integrated estimating-job cost system.

Lastly, the integrated job cost-estimating model will be explained.

1.6.3. CHAPTER 4: SETUP AND FUNCTIONING OF A COMPUTER-BASED JOB
COST ACCOUNTING SYSTEM
Chapter four will lay the groundwork for setting up an integrated job cost and estimating
system using the Timberline Gold system. Recommendations for company structure,
dependent on company size, are explained throughout the process. This chapter
establishes how involved the actual process is even for a commercial purchased software

product. Many decisions need to be made prior to loading the system to ensure that the
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correct settings are made as well as extensive knowledge regarding company estimating
and accounting practices to insure a proper procedural setup. Chapter four will conclude
with the setup requirements for an integrated job cost accounting and estimating system
through the Timberline Gold Extended Accounting software, and Timberline Extended

Estimating software.

1.6.4. CHAPTER 5: CASE STUDIES: MODEL IMPLEMENTATION

Chapter five will describe the models established for the purpose of this project. The
models are explained in detail so the reader has an understanding how they function when
they are put into use in the case studies. How the models are applied in the case studies
will also be described so the reader can understand the reasoning behind the creation and

have an understanding of its effectiveness.

The companies that are used as the case studies will be evaluated with a summary of the
current systems that are in use. The models will then be applied to determine what the
company is either lacking and/or needs. The models will show the integration of the
accounting and estimating departments and what is needed in order to facilitate necessary
change(s). The field data that is collected will be presented to the companies, and any

comments by the parties involved will also be included in this chapter.

1.6.5. CHAPTER 6: SUMMARY AND CONCLUSION
Chapter 6 completes this research effort with the conclusions reached by the author and

recommendations for the future research within this research area.
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Chapter Two
Existing Research and Literature Review
2.0. Chapter two describes the existing research and literature that has influenced this
research work. The existing research is reviewed within this chapter, and the focus of the

research is evaluated as it affects the output for this research project.

2.1. “An Integrated Model of Computer-Aided Cost Estimating/Scheduling in

Construction Management”. Appau, Kwaku Addae

2.1.1 Overview

“An Integrated Model of Computer-Aided Cost Estimating/Scheduling in Construction
Management” shows the correlations between computer aided cost estimating and
scheduling. Similarities between the two are described through the use of the work
breakdown structure (WBS). A construction project that is to be estimated will follow the
WBS to determine the individual elements that make up the project. The WBS allows the
project to be broken down to a simple level and costs to be allocated with each level. This
will also allow the integration between estimating and scheduling. Once the individual
element has been established within the estimate, it can be incorporated within the same

structure to help facilitate the scheduling of that activity (work element).
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2.1.2 Output

Each work element within the estimate correlates to a task within the confines of the
project schedule. Each task involves an effort and the passage of time to complete. Each
task has a defined start, finish, and can be broken into sub-tasks. Each work element

represents a scheduling item, and is a common denominator for collecting and organizing

cost estimate data.

T he individual cost accounts that are developed for estimating an individual work element
will become an integral part of an activity on the schedule. It is important for the
estimator to develop a schedule of elements, or tasks, as well as the resources associated
with them. The scheduler is then able to use these predetermined elements and resources

as an individual item, or as a combined item on the schedule.

The cash flow of the project is mentioned within this thesis and is recognized as an integral
and important aspect of the project. There is more emphasis being placed on the control
of costs as a function of time due to increasing project complexity. It is up to the
estimator to mark the expected time when expenditures are incurred.
Three types of project control are listed:

1. Cost Control: Actual cost compared to estimated cost.

2. Schedule Control: Actual start and completion dates compared.

3. Production Control: The value of production units in place as compared to the

value of production units planned to be in place.
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Reports are to be processed to make it possible for an early detection of excessive
expenses with regard to the cost status of the project. Timely information is a necessity to

allow management ample opportunity to determine a new course of action.

2.1.3 Critique

“An Integrated Model of Computer-Aided Cost Estimating/Scheduling in Construction
Management” concentrates on the integration process between estimating and scheduling.
It becomes relevant to this research project by its discussion regarding: the work

breakdown structure and, cash flow.

The work breakdown structure is an effective way to determine the individual elements
that make up a construction project. This thesis describes the work breakdown structure
in terms of integrating estimating and scheduling. The same description for individual
items of a construction project can be useful when integrating estimating and accounting.
The idea for using the work breakdown structure is to have similar items for two

disciplines.

The cash flow of a project is described as an important aspect of a construction project.
Cash flow is defined as 1) cost control, 2) schedule control, and 3) production control.
The mentioned three items are described in terms of estimating and scheduling without
regard to the accounting process. Theses concepts are accepted as being important, but

will be described later within this research project within the context of estimating and
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accounting. It is the belief of the author that by expanding the cash flow concepts
mentioned above within the context of integration between estimating and accounting, the
integration efficiency will be maximized. The time and capital spent developing an
integrated system will have a more desired return regarding cash flow measuring and

reporting.

2.2. Automated Interactive Cost Estimating Systems for Reinforced Concrete Building

Structures.

2.2.1 Overview

“Automated Interactive Cost Estimating Systems for Reinforced Concrete Building
Structures” (Lee, 1992) determines that the traditional (manual) method of estimating is
antiquated and has many limitations. The limitations include the waste of specialized skill
and the lack of uniformity from one estimate to another. There are many estimating
software programs available, but none that is able to help the designer determine detailed

cost estimates during the design process.

2.2.2 Output
There are three major problems that are addressed regarding the current estimating
systems:

1. Lack of linkage between the cost estimating process and the design process.

2. Lack of incorporation of a construction decision process into a cost estimating

system.
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3. Lack of application of the construction process in the duration estimating.

Cost is mentioned in this research effort as being one of the major stumbling blocks within
the integrated system. The research effort contemplates linking the cost estimating
process with the design process to help facilitate a detailed cost at the design stage. It is
mentioned that it is impossible to get an accurate estimate within the design process
because the estimate relies on a completed design. The cost estimate is described as being
an effort that should be performed through both a construction decision process and an
algorithmic (procedural) process, but many current systems do not consider the decision
process. The procedural process relies on the quantification of construction resources, but

by disregarding the decisional process, large inaccuracies of the estimate may be found.

Construction decision making during cost estimating is very important, because it affects
the unit cost of each cost element. Each method of a construction application has its own
cost and capability, and the cost must be balanced with the capability. Under some

circumstances, capability constraints may require a higher cost.

An integrated and computerized system is stated as being most important when the project
is of greater size. The estimators spend a large part of their time in performing some tasks
that do not require any of their specialized knowledge. The estimator becomes

overburdened with manual work that can be performed by less skilled employees.
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2.2.3 Critique

“Automated Interactive Cost Estimating Systems for Reinforced Concrete Building
Structures” attacks the problems of integrating between cost estimating and design. The
main point of interest and its correlation with the research effort of this paper is the
performance of the cost estimate from the decision process through the procedural
process. It is stated that the procedural process relies on the quantification of construction
resources. Also, there may be large inaccuracies between the budgeted resources and

actual resources.

The proposed estimating system within this research provides detailed estimates of the
quantity, cost, and duration automatically based on the available information at different
stages of design. A detailed estimate should include all resources associated with any
particular item that is being estimated. A project is broken into a set of tasks or activities,
each having an identifiable quantity of work that must be performed for that task to be

considered completed.

Estimating is described as performing two main processes: quantity takeoff and costing.
Quantity takeoff involves measuring from architectural and engineering drawings, and
converting the measurements into cost data. In order to determine the cost to perform
work, it is necessary to estimate the rate of production. If an estimate is available that
uses the database of the design engineer, the estimator will provide a more accurate

estimate.
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2.3. Cost, Schedule, and Time Variances and Integration

2.3.1. Overview:

“Cost, Schedule, and Time Variances and Integration™ (Carr, 1993) demonstrates detailed
schedule and cost control relationships at the activity/cost account level using generic
microcomputer software to budget, track, and control projects. Time variances are
included to describe the difference between scheduled and actual times for an activity.
Variances can be calculated and reported at different levels of detail. Variance structures,
as well as an incorporated budget from estimating into scheduling, can allow for

integration of cost and schedule control for projects that share a common WBS.

Control is defined within this paper as determining the variances between actual and
targeted costs for the project(s). The target is the estimated cost, and the actual cost is
what is performed in the field. For projects that share a common WBS between
estimating and scheduling, it is possible to provide integrated cost and schedule control.
This thesis focuses on the work package to provide information regarding the combination

of individual construction elements and control of the project.

2.3.2. Output
Cost control is described as basic managerial accounting. This thesis describes links
among element schedule, cost, and time variables and variances to implement a more

detailed integration process. Variances become useful if they are available early enough in
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the construction process. Integration of data requires a single unit of measure that

combines like items. Cost and schedule variances are therefore reported in dollars.

Activities and cost accounts require a common measuring base as mentioned above. The
basis used is the budgeted cost information. Schedule control depends on the resources
that are used, whereas cost and schedule control depends on the measurement of the

shared budgeted costs, resources, and quantities.

2.3.3. Crtique

Cost control and schedule control are important tools for managing projects. Cost and
schedule performance share common variables on which an integrated view of cost,
schedule, and time variances can be built if they share a common WBS.

A cost schedule that performs for the accounting department should be considered when
designing a cost schedule that is useful for both estimating and scheduling. The common
measuring base that is needed for estimating and scheduling is just as useful for

accounting.

2.4. Heavy Construction Estimates, with and without Computers

2.4.1. Overview:

This article is written for the effort of helping and enhancing the preparation of heavy-
construction bid estimation and also discusses the difference between manual and
computer estimation. The points of interest within the discussion are the development of

proper systems within manual estimating. If a construction company takes the time to
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develop an organized manual estimating system, the systems are in place to fully take
advantage of the computerized estimating system. It is often stated that computers are
only as good as the information that is placed into them; garbage in and garbage out. If
the information entered into the computerized estimating system has been thoroughly

examined and organized, then the computerized system has a better chance for success.

2.4.2. Output

Failure of most estimating programs is due to a lack of recognition of the size and
complexity of the undertaking, and the steps essential for the successful resolution of the
problem. This failure is in conformity with other statements in the literature reporting the
general lack of agreed guidelines and methodology for estimate preparation (Moselhi et al.
(1991a, 1991b); Carr 1989). In addition to the lack of agreed guidelines is that failure may
be due to the highly experience based nature of the estimation process and the inadequacy
of traditional computerized techniques to replicate and/or aid the process in a holistic
manner. This has resulted in estimation programs that are powerful in certain aspects, yet

insufficient to address all the elements of the estimation process.

Most estimating programs start an estimate with a list of possible work tasks stored in a
database, and then assign costs to work tasks relevant to the project. These costs are later
compiled and assigned to relevant contract items, primarily manually, or at best indirectly

through specialized cost codes.
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In manual estimation, on the other hand, the estimator focuses mainly on the contract
items and performs the necessary estimation work in direct link to them, enabling the
establishment of their respective direct cost. The process is more direct and enables faster

and simpler review of the estimate.

2.43. Ciritique:

The author does question the fact that a suitable program may not be available at the time
that the article was written for computerized estimating.. Much of the negatives that were
discussed in the article have to do with the established database that comes with most
programs. It is up to the estimators to establish customized databases for their estimating
program. If the database that comes directly from the manufacturer is used, it will be

limited for a specific company’s needs.

It is mentioned in the article that the failure of most estimate programs is due to the lack
of recognition of the size and complexity of the job and the steps essential for the
successful resolution of the problem. Estimating is described in the article as a “highly
experience-based nature.” This is interpreted to mean that the knowledge base is highly
centralized between one, or a few people within the company. Only by experience has this

knowledge been acquired, and if that person were to leave, the knowledge would leave.

Manual estimating focuses on the individual contract items and consequently estimating is
performed in direct link to the items. This process is viewed as more direct, but it is also

much more time consuming.
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Accounting is not mentioned in the article. The article explains that the estimating system
is more complex as well as being rather haphazard in most companies today. In order to
fully maximize the information transfer between estimating and accounting, it is extremely

important to first establish an organized and systematic approach to estimating.

2.5. Introducing New Process Technologies into Construction Companies

2.5.1. Overview:

“Introducing New Process Technologies into Construction Companies” states that
technology and innovation are not considered important by the construction industry. The
argument of the paper is that they are both very applicable as well as important to the
industry. New technology is defined as something that has not been used before in a
company’s normal operations. Innovation is defined as looking for, finding, and
implementing a new technology to improve a company’s everyday performance. The
paper then sets the guidelines for a construction company to successfully introduce new
technologies.

The construction industry is described as lagging behind other industries in relationship to
taking advantage of new technology. Research and development account for only .4% of
the annual construction expenditures in the United States. Without innovation and
implementation of new technology, the industry is sacrificing improvements in safety,

productivity, and cost effectiveness.
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2.5.2. Output:

A set of questions were developed to examine the conditions of case studies regarding the

effective implementation of new technology. A process for implementation is proposed

and applied for both small and large contractors.

The question of how a company is to break away from its traditional ways and implement

new technology is answered by providing the contractor with a set of guidelines for the

successful introduction of new process technology, and defining terminology.

1. Construction Technology: The combination of construction methods, construction

resources, work tasks, and project influences for performing a construction operation.

2. Construction Innovation: The first use of technology within a construction firm.

Innovation is increasingly being recognized as essential to the success of the industry.

3. New Technology: A product or process that a company has not previously used in its

construction operation.

A six step innovation process for an organization is given as the following:

1.

2.

Agenda setting: the need for technology is defined.

Matching: the need is considered along with the technology.

Decision Making: senior management decides to adopt or reject the
technology.

Redefining/Restructuring: the technology and the company structure are

modified to fit each other.
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5. Clarifying: the relation between the technology and the organization are
clearly defined, and the technology is put into regular use.
6. Routinizing: the technology is made an element of the organization and its

everyday activities.

Five factors that influence the decision to adopt new technology are:
1. Knowledge
2. Persuasion
3. Decision
4. Implementation

5. Confirmation

Training of the employees is one of the most critical steps, and is one that should not be

overlooked by the company.

2.5.3. Critique:

New technology is an essential element for the future success of most construction
companies. “Introducing New Process Technologies into Construction Companies”
shows that the construction industry lags far behind or moves at a slower rate than most
other business in the area of adapting new technology. Improvements in new process
technologies have become more affordable. Most construction companies operate on a
small business platform. Price usually dictates if a new business practice is feasible or not.

Computer technology has become affordable for even the smallest business platform.
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Ths article takes the idea of expanding new technology within the construction industry
by listing 1) definitions, 2) steps for the innovation process, and 3) factors that influence
the decision process to adopt new technology. The three listings combined show the
actual steps involved when considering new technology. These steps help to insure a

successful implementation of new technology.

2.6. Conclusion
Chapter two examined existing research pertaining to the topic of this research effort.
Concepts, ideas, and quotes were used from these sources, as well as other sources. The

research was reviewed and evaluated on its benefit and usefulness to this research project.
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Chapter 3

Planning Information Required for Estimation and Job Cost Integration

The planning that is required in order to impl an integrated job cost-estimating

information system is complex. The complete structure of the organization needs to be

evaluated, paying specific attention to the estimating and accounting departments.

The methods that are adopted when determining the cost of a project need to be
systematic and repetitive for all projects. These methods also need to be carried over into
the accounting department. When information is transferred between the estimating and
accounting departments, the importance is placed on the information being incorporated
into the accounting system. This is because the accounting department is more systematic
than the estimating department. Rules and regulations are followed stringently within the
accounting field. The estimating process for most construction companies is very
independent of form or function, and is usually left up to the company, or individual

estimator.

The following sections define terms and recommendations that have been established to
help standardize the flow of information within a construction company. These concepts
have been useful when transferring data between the estimating and scheduling processes,

as seen in Chapter two.
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3.1. Organizational Breakdown Structure

The Organizational Breakdown Structure (OBS) is how the company is organized. This
can include both the main office, and the field personnel, as well as outside organizations
that affect the company’s operations such as outside accounting firms, subcontractors,
owners, architects and engineers (Figure 3.1). Many outside organizations will have
people who operate on the site as a representative. A good example of this would be the
owner’s representative, subcontractor foremen, and architect and engineering
representatives. Within the organization, the construction company will provide a project
manager, various job superintendents, and engineers who are responsible for either the
whole job, or various aspects of work to be completed. The OBS is a hierarchical
structure which dictates the level of responsibility for all parties involved in the project
construction and completion. The lowest level of the OBS will be the labor force and/or
subcontractors who are responsible for the individual levels of work. An example of an
Organizational Breakdown Structure for the field aspect of a project and its various levels

is shown in Figure 3.1
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Figure 3.1 Organizational Breakdown Structure
(Modified from Takeda, 1991)

The organizational breakdown structure is an element of the business that needs to be

considered when implementing an integrated estimating and job cost accounting system.

A typical organizational structure for a construction company showing the hierarchical

structure from the main office to the field personnel is shown in Figure 3.2
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Project 1 Project 1 Project 2 Project2 Project 3 Project 3
Site Laborers Site Laborers Site Laborers
Subcontractors Subeontractors Subconiractors
Figure 3.2
Organizational Breakdown Structure
Main Office-Field Personnel

(Modified from Takeda, 1991)

The simplified depiction of the office-field OBS (Figure 3.2) shows the separation that is
often found between the estimating and accounting departments. Sometimes a degree of
shared information exists, but it is acquired through the production of traditional
accounting reporting typically done at the end of the accounting period. The field
personnel shown in figure 3.2 illustrate the flow of information from the office to the field,
as well as the flow of information back from the field to the office. When considering the
implementation of an integrated job cost/estimating system, the generation of information

from the field personnel needs to be evaluated. Much of the new system will rely upon the
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timeliness and accuracy of information that is gathered from various field people, and how

the information is sent back to the needed departments in the main office.

Some companies have accounting people stationed on the job site which eliminates much
of the information gathering problems that can be associated with a job cost accounting
system. Although this practice is used by some companies, it is not the norm. Many of
the construction companies in operation today either do not have the resources or the
people available within the accounting department to have them set up on any particular
job site. With this in mind, who will gather the information and how they will do it are

critical components for the structuring of an integrated estimating/accounting system.

The job cost accounting management system is not an elaborate system, but must rely on
the personnel of the construction company for its success. The actual design of such a
system is quite company dependent. No two companies will establish systems that are the
same. The degree that resources are measured will be dependent on the degree of
information that the company, and managers, believe is needed. Also, the OBS of the
company will need to be evaluated and/or modified in order to take advantage of the flow
of information from the field to the accounting and estimating departments and between
the estimator and the accountant. Those individuals who will be relied upon for the
success of the system, including estimators, accounting personnel, field personnel, job site
manager, and superintendent, need to be part of the system design team. Ifit is a system
that they do not believe in, it will not be a complete success. These individuals are the

information gatherers, and are the most critical aspect of the system.
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3.2. Work Breakdown Structure

The Work Breakdown Structure (WBS) is a system that allows a company to place a job
or project into various cost accounts based on a sub-series of work packages. The whole
project is divided into a series of tasks that need to be completed for the success of the
project. It is common for a company to follow a uniform coding system for all jobs, but
there may be a difference in the degree, or the extent that the individual tasks are
recognized. Much of the difference may be due to the amount of detail that is necessitated
due to the type of project and the amount of subcontracting that may be done for a

specific job.

Tasks are the items which constitute the construction of the project. Each project may be
taken to the lowest level of detail that represents certain items of construction. For
instance: the labor that is required to construct a section of a block wall, the mortar
required for the section, and the blocks required. If the construction company is
responsible for the labor (in house), then the degree, or level, of task may be taken down
to the individual labor, equipment, and materials items. It is of great importance to have
the level of information to its smallest degree to account for resources used. If the job
task is subcontracted out, the level of importance, or the degree of which the item is
represented to the construction management company would be the wall section. The
work package is considered to be the wall section, and this is the lowest level of concern
that the company has for this particular item. Taking time to consider the amount of

resources required to complete the work package is time and energy that does not need to
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be expended. The subcontractor responsible for the work may keep track of this
information for its own company’s records and future use. The management company
may be responsible for the materials, but not for labor. If this were the case, material

would be the lowest level of detail needed within the work package.

Tasks can be considered part of a hierarchical structure that constitute the construction of
the project. The work breakdown structure includes the tasks taken to the level of useful
importance for the construction firm. The project is the first level of detail in the WBS.
The level of breakdown beneath the project level is completely determined by the current.
needs of the construction company and/or the project. A standard within the industry for
estimating is to use the Construction Standards Institute (CSI) sixteen division breakdown
as the work breakdown structure. If level one is the actual project, level two becomes the
sixteen CSI divisions. Levels two and higher becomes a matter of choice and usefulness

regarding the numbering requirements for the company.

The work breakdown structure of a company is another item that needs to be developed,
defined, and followed without deviation in order to establish consistency of tracking and
defining tasks required for the proper completion of a project. The initial stage of use for
the WBS is with the estimating department. The importance of the breakdown level is
directly a result of obtaining a dollar value to construct the project. If a company is
utilizing in-house labor to construct the facility, the level of detail will be increased. When

many subcontractors will be used to construct the facility, a slightly less detailed level of
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tasks will be required. The use of the WBS should not begin and end in the estimating

department.

A construction project is viewed as a hierarchy of work packages (Carr, 1991), and the
elements that establish the work package need to be well thought out and kept track of
throughout the whole construction process. It makes sense that a company should
establish as many systems to run similar information using the same work packages for
consistent measurement of progress and insuring a high degree of accuracy for comparing
budgeted and actual information. The importance of establishing an integrated estimating
and scheduling system has gathered much attention through recent research and publishing
(Carr, 1991, Syal, 1991). The main focus of much of the research has been in establishing
a defined flow of information through the whole process. Projects that are using shared
cost and schedule controls share a common work breakdown structure and therefore
provide integrated cost, and schedule control (Carr, 1991). The elements of a work
package can be measured when a common WBS is used providing element control, as well

as project control. The same can be said for integrating estimating and accounting.

By creating similar task measurement between the two departments, project control can be
enhanced through accurate tracking of budgeted and actual costs of construction. The
task measurement on the estimating side has already been established by the estimator in
the form of the project estimate. The task measurement provided by the estimator
becomes the budget that all costs will be compared to generating variances between the

actual and the budget. The elements for costs will be organized using the work

40



breakdown structure. The information flow between the accounting and estimating
departments will originally be established via the cost estimate, or original budget for the
project. The estimating department may also have to adjust its practices to accommodate
the accounting department. This system can be generated by developing cost accounts
that correspond to the lowest level of the work breakdown structure of the estimate. The
cost accounts need to follow similar guidelines of the WBS to accurately measure the
variances. The boundaries between the elements need to be well defined. It is not
required to have an established level of detail for all projects, but the level of details must
remain consistent for a particular job between estimating and accounting. A well defined

scope of work is necessary for each element to be measured efficiently and accurately.

3.3. Accounting

Accounting in the construction industry helps management control its costs and utilize its
working capital (Coombs, 1995). A construction company needs to be aware of the
resources that make up a construction project. In addition, the company needs to mobilize
the resources in order to complete the work, and demobilize the resources away from the
construction site upon completion. Traditional accounting methods need to be used in
order to conform to laws governing the use of such methods. Traditional accounting
methods serve well in providing information to outside parties, but whether the company
utilizes the information to its full potential is worth questioning or looking at closely. The
flow of accounting information is limited to the accounting department. Data collection

and processing is being used solely for traditional accounting reporting, and not effectively
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or efficiently utilized as a management information and decision making tool. Job cost

accounting procedures provide the additional tools for these purposes.

3.4. Financial Accounting

Financial accounting measures the income of a company and determines its net worth via
the income statement and measures the worth via the balance sheet. Strict laws have been
established through time that place complicated and mandatory application practices upon
the accounting field. The structure that is followed needs to be adhered to in order to
maintain uniformity, as well as to have consistent measurement over time. Journals and
ledgers are used to measure and keep track of a wide range of financial transaction

information (Fig. 3.3).

3.4.1. Journals

The journals in the financial accounting system consist of the accounts receivable,
accounts payable, and payroll journals. The accounts payable journal keeps track of
vendor information, subcontractor insurance, invoices, and checks. The payroll journal
lists the employee earnings, employee deductions, and employee taxes. The accounts

receivable journal keeps tabs on what is owed to the company by outside sources.

3.4.2. General Ledger
The purpose of an accounting system is to group operational transactions so that an
accurate judgment of the financial condition of a company can be evaluated. The general

ledger serves as a summarization of all transactions of a company (Lucas, 1984). Every
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accounting transaction entering into the system must pass through a journal and the
general ledger. This allows the system to control both duplication and omissions of
specific transactions. The purpose of the accounting cycle is to give a summarization of
financial information as financial statements at the end of the accounting cycle.
Transactions are entered initially in journals, then are summarized, or posted, into ledgers.
The ledger summarizes all financial entries that have been entered in specific accounts.
Debits and credits of an account are summarized and posted to the ledger. Ledgers are
established within a company for each account. All of the ledgers combined are what

define the company’s general ledger (Adran, 1979).

Figure 3.3 shows the flow of information thrcugh financial accounting practices.
Transactions enter the system and are posted to journals. Journals are then posted to the
general ledger where all transactions are summarized. Summarization of the general
ledger at the end of the accounting period results in cash flow information including the

balance sheet and the income statements for the business.
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Figure 3.3 Financial Accounting Model
Bertolini, 1998

3.5. Job Cost Accounting System

Accounting

e o 0 0 0 o o

Financial Reporting
Paying Employees
Vendor Issues
Government Reporting
Collecting for Services
Cash Management
Bonding Reporting

One of the largest and most complicated accounting problems faced by construction

companies is the recording of costs. The recording of costs is done simply by the

accounting department. The recording of costs is done with great accuracy and precision

for the simplest purpose of recording information for taxes and government requirements.

Much is being invested into the normal operation of a company by tracking this financial

information based on a timeline that has nothing to do with the timeline of the project that

the information is representing. The accounting cycle determined by the company

representatives prior to the actualization of the first project procured by the company is

the dictating factor for the gathering and processing of financial information. The problem
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is that these costs may be determined after the projects have been completed. Financial
and resource reports are not instituted when they can have the greatest effect on
management decisions regarding the construction of the project(s). This is the premise on
which a job cost system operates and the problem that it attempts to alleviate. Instead of
developing financial reports solely for investors, government, and banks at the end of a
predetermined accounting cycle, reports will be developed that help project management
make decisions regarding the project. The overall objective of the job cost system is to
show the project expenses as they occur and disburse them to the appropriate work
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