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Chapter

08 Introduction

(One of the common questions a PM often gets is “how much do you think this
project will cost and how long will it take?”.

dThere are many factors that come into play regarding time and cost estimation.

This chapter will explore some of the typical procedural approaches for creating
a project time and cost estimate, but be aware that estimating is an art form as
much as a mechanical process or scientific formula.

JThe process of estimating the accurate project outcome is complex for many
reasons. The most obvious of these involves translating a vaguely defined goal
requirement into an equivalent work time. Tightly embedded into that view is
the variability of human productivity for the defined tasks.



Chapter

08 W hat to estimate?

JAlthough this question seems trite, think about what the term estimate suggests. we will
focus on this term only from the perspective of a project time or cost estimate.

dEven within this limited view, the specific perspective of the term varies based on one’s
perspective.

dTo further explain this we need to look at the various forecasting and terms associated with
this vocabulary term.
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08 Dealing with the estimating vernacular

(dLet us use the following scenario to help explain this point.

1 Imagine a senior manager saying “how long do you estimate this project?” It is assumed in
this case that he is talking about a calendar view of the effort.

W Alternatively, if a technician was asked to estimate the time to accomplish some defined task
that he might respond with 7 days or 50 hours. What does this response mean?

dIf a team leader was asked the same question, it may have a similar answer but embedded in
each of these responses is a different view of the question.



Dealing with the estimating vernacular

dLet us see if these differences can be explained by reviewing what each organizational leve
views as a time estimate.

dThe following perspectives are typical:
» Senior manager—calendar date
» Performing worker—how many work days for him personally to complete the work

» Team leader—how many work days for his group to complete under some assumption o
resource availability

dPlacing this scenario into a more vocabulary-oriented structure, we are talking about
combinations of the following three variables:

» Elapsed time—calendar cycle time
» Work—amount of total work required
» Duration—number of work days based on resources allocated

1 Note for each response above, the view is different, yet each could be perfectly accurate. Confusion over these
terms is quite common and something worth to be aware of in conversations.



Chapter

08 Cost estimating

dCreation of a project cost estimate contains multiple components and layers. The
basic direct work unit estimating cost drivers are primarily linked to the
associated labor work component, associated materials, and other miscellaneous
costs allocated to that work unit.

dCost estimates within the work unit are essentially the defined labor rate times
the quantity of that resource for the duration of the work.

So, if the estimate were to be 5 days and we allocate two resources to the task,
the total labor resource work effort is 80 hours assuming that the assigned
resources work 8 hours each day.




Chapter

08 Cost estimating

QIf the assumption is an average labor rate of $20 per hour, then the
calculated direct cost for that work unit would be 80 x $20 or $1600.

(A Note the number of times the term “assume” is used in this description.

JAny error in these assumptions would obviously affect the accuracy of the
estimate.

(A Nevertheless, this set of variables represents the basic mechanics for work
unit direct cost estimating. The more accurate the assumptions, the more
accurate the result will be.




Chapter

08 Material cost

JEven though the project estimating process is often thought of as a human labor idea,
there are other cost componentsto deal with.

JFor instance, for some project types material cost is more significant than labor. In that
situation, recognition of material requirements in the work unit must be accounted for in

an estimate.

(JRecognize that many organizations have a specialized functional group which handles
material procurement and storage in support of project needs. This means that raw
material for a project may be combined with other project’s material and in fact may be
purchased for multiple projects over time.



Chapter

08 Miscellaneous costs

A cost component deals with other miscellaneous costs. In most cases,
this will be the minority component, but its impact on the budget and
other aspects needs to be understood.

Examples of this category are office supplies, business lunches, project SVI'IOI'IYITISfOf
shared items (copy machine leases), and the likes. Miscellaneous eXpenses

dThis resource class estimate may simply be added to the total project FEIFT
cost, but the more ideal scenario is to recognize all expenses at the root
source.

JAllocating such expenses at the top level essentially hides the impact
from analysis. The goal for all cost estimates should be to link the work
unit in which the resource is utilized.
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08 Total project estimate

JAs each of the individual resource and other cost items are estimated in their respective work
units, a total direct project estimate is derived.

U The goal for this activity is to generate accurate estimates for each work unit’s labor, material,
and expense dollar costs.

(JHowever, we also need to recognize that other less direct organizational level variables will be
added to these direct cost values.

JFor example, various types of overhead charges would be added to the project, and buffer,
values related to estimated time overruns are often added to the base time and cost values.

dFinally, if the project is being produced for an external buyer, an additional profit value would
be added. So, envision the total project estimate as MLOP—material, labor, overhead, and
profit.
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08 Definitional process

dWe first started off by defining the level of work. From this came a calculation of
duration based on allocated resources.

dThe estimating process should be accomplished at the work unit level and from this
collection an overall schedule is derived.

(JHowever, in many cases, the project's desired completion date is defined first and
the project is supposed to find a way to fit the work into that time frame.



Chapter

08 Definitional process

dThis upside-down approach to estimating is all too often the scenario dealt
with by the Project Manager. The model planning process defines that cost
and schedule be derived from scope-related work units and defined
resource allocations.

JFrom these steps, an overall time and cost schedule can be defined. Take
special note of the sequence that eventually produces the final plan.
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08 Estimate creation

JAs defined earlier, the correct starting point for the estimating process is a reasonable
understanding of the project goal and related work requirements.

U The model approach to this process is through a WBS with a hierarchy of defined Work
and Planning Packages of reasonable size.

This decomposition process defined the existence of work units with a definition of that
work. From this specification, we need to produce a direct time and cost estimate to
accomplish that requirement. There are many techniques and factors involved in
producing such estimates.

Creating work and duration estimates is not only a science but also an art. It is a science
because the estimator often utilizes historical data, mathematical formulas, and statistics
to determine the effort required for a work unit.
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08 Estimate creation

JHowever, it involves art because each situation is somewhat different and the ability to
customize the value requires skill that is obtained through study, observation, and
experience with projects (Baca 2007, 135).

JWe will describe different project estimating techniques that can be used to develop
various project time- and cost-related forecast values.

JEssentially in every project estimating situation, the process is designed to determine the
level of human resource required and then evolve from that to compute the resulting
work, schedule, and cost for the activity or overall project.

In this process, the lower-level work unit estimates then become basic building blocks to
create the project schedule and budget.



Chapter

08 Estimate creation

dThe specific estimating techniques reviewed here include:
1) Expert judgment
2) Analogous J5lee
3) Heuristic $ala))
4) Delphi
5) Parametric
6) Phased
7) Effort distribution (top-down)
8) Bottom-up

(dNone of these techniques is optimal to use for every case, and in most situations, multiple
approaches will be used to confirm a specific derived value.

(JEach method has a role and capability depending on specific needs and project phases. The
proper choice deals with the knowledge available, the stage of the project, and the accuracy
reauired



Chapter

08 Estimating techniques
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Chapter

08 Expert judgment estimating

JExpert judgment is a very popular technique for making both high- and low-level work unit
estimations.

dIn most cases, this method will generate a high-level estimate and the accuracy is always
guestionable.

JFor improved accuracy, multiple estimating techniques should be utilized for validation

comparison.
If significant estimate differences are encountered, a better-defined scope is needed until

the required accuracy level is obtained.

dThere are three main advantages to using expert judgment as an estimating technigue:
1) It requires little data collection and simply uses experience from past projects (Snell
1997a).
2) It has sufficient flexibility to be adapted to the conditions of the current project.
3) It provides the user’s desire for a quick answer because the expert will have a ready
knowledoe set from which to derive the estimate.




Chapter

08 Expert judgment estimating

(JHowever, there are also significant drawbacks to consider when using this technique:

1) The estimate provided by the expert will not be any better than the objectivity and
expertise of that expert (Snell 1997a). An accurate estimate requires an expert that
has extensive experience dealing with the type of task or project being estimated.

2) The estimates made by experts can be biased which produces a value with no easy
way to verify the logic of creation or potential accuracy.

3) The expert may be basing their estimate on personal memory of past projects that
do not fit the current situation.

A This method is rated as high in usage but is often based on an inaccurate base of
information.
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08 Analogous estimating

JAnalogous estimating has similar traits to expert estimating in that the technique is based on
prior experiences with and data from similar types of projects.

(JHowever, in this case, the comparison is based more on data and less on raw scope

definition. This process would typically produce a reasonable estimate so long as the new
project is very similar to the older comparison ones.

 Definitional parameters for this type of estimating technique often use measures of scale
such as size, weight, and complexity from a past task to make the estimate (Callahan 2008).
When using analogous estimating, the estimator also needs to factor in any differences
between the new work being estimated and the previous item used for comparison.
Examples of added complexity factors include any new technology that is now being utilized
or perceived changes in the complexity of the task or project (Callahan 2008).
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08 Analogous estimating

JAnalogous estimating is best used in the early phases of a project before significant
details are available. This method provides quick and easy estimates for projects or
tasks that are basically stable from past models; however, Baca (2007, 136) suggests
that the results are often not very accurate.

JTo generate appropriate accuracy, care must be taken to properly compare the
previous effort used with the current one. Also, to derive the correct forecasting
measures, the estimation environment should match the expertise of the estimator
(PMI2001).
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Chapter

08 Heuristic estimating

A heuristic estimate is called a “rule-of-thumb” estimate.

dThese “rules of thumb” are based on empirical parameters derived from past experiences.
So, in that sense heuristic estimating is also based on analogous data and expert judgment,
except in this case, the estimate is translated into a mathematical-type expression. Expert
judgment estimating has to be performed by the expert, whereas heuristics can be
transferred to others who are capable of manipulating the defined relationships (Mind Tools
2008).

dThe major benefit of using simple heuristics is that estimating the process can be performed
by many others and does not require a high expertise level. In many situations, the heuristic
estimate is not expected to be highly accurate and thus should only be used in situations
where the inherent risks are considered minimal (Mind Tools 2008).
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08 Delphi technique estimating

dThe Delphi technique is another variety of expert judgment estimating.

It is most effective when making high-level estimates in the early stages of projects where
there are many unknowns and a single expert would bring too much bias to the solution.

dThe Delphi technique involves the following sample steps to reach a convergent
estimate:
1) Each expert provides input without collaboration with others.
2) Results are tabulated and returned to the group for evaluation. In some cases, there is
a discussion regarding logic for estimates.
3) The process repeats with both time estimates and logic for the estimate.
4) This process recurs until the group results converge toward a single-valued answer.
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08 Delphi technique estimating

dThere are two main advantages to using Delphi technique as an estimating technique:
» Since this technique seeks estimates from multiple participants, it tends to remove bias
and politics that can occur when an estimate is based on only one expert’s judgment.
» Group meetings also allow experts to discuss issues or assumptions that may impact theit
estimates.

(JHowever, there are also significant drawbacks to consider when using this technique.
» One of the main drawbacks of this type of technique is the amount of time it can take for
the panel of experts to reach a consensus. Larger numbers of experts will increase the
number of iterations required and therefore the time it takes to reach a final estimate.

» Another potential issue is the experience level of the panel. If the panel is made up of
individuals that are not very experienced, the estimate will often not be as accurate. It i
also important to make sure that strong facilitators are available to guide the group anc
keep them focused on the topic.
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08 Delphi technique estimating

dThe central idea of Delphi is to anonymously share the estimates made by
others along with their basic rationale. The next iteration would allow the group
to think about other views and possibly adjust their estimates.

This is essentially a consensus-building process.
Example: Single-Band Delphi
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08 Parametric estimating

JAccording to the PMBOK® Guide, parametric estimating is a technique that uses statistical
relationships between historical data and resulting work levels (PMI1 2008, 150).

dParameters based on size, functions, footage, or other scope-related values can be
statistically modeled to produce time and cost estimates for the related work.

dGiven the mathematical sophistication of a parametric estimating model, these are often
computer-based statistical relationships.

A The process of creating a formal parametric model involves collecting data from many past
similar efforts and from this producing a statistical regression-type model that quantifies the
impact of each relevant variable.
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08 Parametric estimating

dParametric techniques are most useful in the early stages of a project when only
aggregate data are available.

A These estimates are normally considered the order of magnitude in accuracy because
they may lack detailed requirement precision (Kwak and Watson 2005).

JThe parametric technique can also be applied to any situation in which sufficient
historical data are available and the project model is stable.

JFrom historical data, cost-estimating relationships (CERs) can be derived statistically
to correlate with resulting work estimates.



Chapter

08 Phased estimating

(dPhased estimating involves an incremental approach to the process.

dIn this case, a promising project will be given the approval to move into a particular
phase with a defined rough order of magnitude schedule and budget.

JEmerging from that phase, the project is reassessed and the estimating process is
repeated for the next defined phase.

(JAs each phase progresses, the project has to earn its way to the next one and the
estimating variability range decreases as more project definition occurs.
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08 Phased estimating

O According to Verzuh, the performance baseline should be considered reset at each phase gate and the project
will essentially be redefined for all future gates.

(d There are a series of definitional steps to follow in terms of using phased estimating to produce an estimate
for cost and schedule:

1) Break the product development life cycle into phases. Each phase will be considered a sub-project.

2) For the first phase of the life cycle, detailed estimates are made for the cost and duration. Associated with
this is an order-of-magnitude planning estimate for the total project life cycle. With these two plans, the
project is approved to initiate the next phase.

3) When a phase is completed, a management decision is made regarding whether to continue with the next
phase and under what conditions.

4) If the project is approved to continue, a detailed estimate is created for that phase and an order of
magnitude, the estimate is produced for all subsequent phases based on current information.

5) This iterative process continues until the project is either completed or terminated.



Chapter

08 Phased estimating

dThis plan and move forward approach is also called the rolling wave technique.

dThere are three main definitional components that each active phase gate should contain.

» First, the next active phase must specify its required deliverables and each subsequent
phase will have its deliverable.

» Second, each review gate should have a defined measurable set of success criteria. These
criteria are used to evaluate whether the project should proceed to the next phase or be
terminated.

» The final item involves the specific overall project goal definition, which may change as
the project definition unfolds. The number of phase gates utilized depends on the size

and complexity of the effort.

JdWhen the project scope is well-defined, fewer phase gates are required. Project teams
should try to consistently use the same gates at consistent points for similar projects as this
will helnh one to imborove the iteration and review nbroce<<ec
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08 Phased estimating

[ The main benefit of using the phased rolling wave estimating approach is that it allows the effort to move
forward quicker with less pre-definition and it recognizes that early extensive requirements definition in an
uncertain world may be a waste of time.

[ On the other side, this approach requires much more monitoring from the management and the future
goal predictability is low in regards to the classic early requirements waterfall approach. This management
approach will appeal more to those who do not believe in the effectiveness of an early requirements
definition process; however, we must recognize that many management groups will not feel comfortable
with these more vague-management look- forward-iterative-goal techniques.

O From a project team management approach, it is important to recognize that there is more potential to
meet these short-term phase goals, whereas the longer-term full estimate approach can lead to situations
where the team has no chance to be successful because of missed estimates at the beginning (Verzuh
2005, 174).

1 The Project Manager must recognize these strategy tradeoffs when selecting project estimating and
management approaches.
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08 Effort distribution estimating (top-down)

dThis method estimates the project as a whole and then apportions the total estimate into
high-level groupings based on a historical resource or cost distribution pattern.

JAn approach such as this assumes that the overall project will tend to segment into
consistent predefined groupings, so identifying the aggregate estimate is the best method to
define the life cycle components.

dNormally this type of allocation would only go to one or two levels below the top of the
WBS. Historical data from similar past projects are typically used to determine the effort

breakdown percentages for each phase and the summary activities within a phase (Horine
2005).
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08 Effort distribution estimating (top-down)

W This technique works reasonably well in organizations using a common methodology for
similar types of projects, along with good historical data.

(One hazard in using a top-down estimating approach as a driver for the effort allocation
values is that an aggregate estimating error is proliferated through all defined segments.

JAnother drawback is that the technique uses historical data to define the apportioning
formula (Verzuh 2005, 176). If the projects are not technically similar, these values can
provide erroneous results that are once again proliferated through the life cycle.



Chapter

08 Effort distribution estimating (top-down)

To illustrate the apportionment mechanics, imagine that a project’s goal is to design and
deploy a new car model. Assume that there are five standard phases planned for this effort
and an estimated overall budget of $2,500,000.

dDefined phases include Initiation, Planning, Design, Construction, and Deployment.

dThe Construction phase is further decomposed into three subgroup activities—frame,
exterior, and interior.

(dPast projects indicate the following resource breakdown across the phases:
o Initiation = 10%
o Planning =15%
o Design =15%
o Construction = 40%
o Deployment =20%



Chapter

08 Effort distribution estimating (top-down)

 Activities within the Construction phase typically consume resources in the ratio:
o Frame =14%
o Exterior =13%
o Interior =13%

[ Using these values, the Construction phase would receive 40% of the
[ estimated budget which would compute to $1,000,000 (i.e., 0.40 * $2,500,000).

 Within the Construction phase, the framework activity would be estimated to cost $350,000 (0.14 *
$2,500,000).

[ Assuming that the effort distribution technique was being applied along with the phased estimating technique,
these estimates could be updated at each phase review point.

[ The original allocation estimate for the Initiation phase was $250,000 (0.10 * $2,500,000), but the actual cost
was $300,000, which is 20% higher than the plan.
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08 Effort distribution estimating (top-down)

L From this result, the overall cost estimate would then be revised by 20% to $300,000, so the
new estimate for the Construction phase will increase from $1,000,000 to $1,200,000, and
the estimate for building the frame will increase from $350,000 to $420,000.

A The key issue in these comparison methods is how to handle dynamic estimate changes of
this type.

A The standard control model uses a fixed baseline value for comparison, whereas this
technique has approved budget changes within the life cycle.
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08 Effort distribution estimating (top-down)

It is a good management strategy to review project status and continually evaluate the
cost versus defined benefits.

If a project has wandered outside of its value envelope it should be canceled. All project
management approaches can use this approach regardless of how the budget is
approved.
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08 Bottom-up estimating

A This technique is considered by experts to be the most accurate of all the techniques
described here.

A The estimating mechanics for this process are directly linked to the WBS work packages.

(A Based on this view, the total project consists of a collection of relatively small work units that
can be estimated reasonably well by the performing organizations.

dIn most cases, the estimating method used would be expert judgment given that the
individuals who will actually be doing these moderate-sized work units would provide the
values.
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08 Bottom-up estimating

(dOnce the full collection of individual work package estimates is complete, they are rolled up
in the WBS structure to generate higher-level aggregations.

JFrom a statistical point of view, each of these estimates would be subject to a range of
estimating errors; however, over the full set of work units, the errors should somewhat
compensate.

A There may be cultural issues surrounding this process that can mitigate the accuracy, but
technically this method has the best chance of producing an accurate representation of the
required work.
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08 Bottom-up estimating

O The bottom-up approach also has the advantage of greater involvement from the organizational units which
will be performing the work, so there is an improved potential for buy-in and commitment to the estimate by

the work teames.

[ The main disadvantage of this method is the time required to produce the individual estimates and involve the
breadth of individuals needed for the process. Another subtle problem that often comes with this process is
excessive padding of the estimate to be sure the time is not exceeded.
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08 Bottom-up estimating
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08 Estimating components

[ The estimating requirement for a project has multiple perspectives.

1 The root mechanic of estimating involves the work required to complete a unit of work and the support
resources associated with that work. From this perspective, the estimating mechanics would produce a time
and cost result. So long as the requirement for the work is reasonably well defined, the basic set of mechanics
outlined here seems logical on the surface.

U The new estimating components described in next slides constitute the various aspects of the estimating
process beyond the work package.
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08 Human resource component

JTo assume that the defined work will be executed by a predefined quantity
and quality of labor, at the exact time, and with the exact planned skill is a
very unlikely event.

A The successful Project Manager needs to do everything within reason to
ensure that the human resources defined in the plan are allocated to the

project as defined.

dWork estimating errors may exist, but often will not be as great as that which
will exist without careful resource management oversight.
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08 Human resource component

A Think of it this way. If a perfect forecast is predicted but only half of the planned
resources arrive on schedule, is it now reasonable to believe that the schedule
would be doubled? Similar but more complex to forecast results would occur
with resource skill differences.

dThat estimating element comes from competing demands for the allocated
resource.

(JdSome measure of the net productivity of the individual is required to properly
estimate how much of a whole resource actually gets allocated to the project.

If the original estimating assumption was higher, this also leads to a significant
estimating error.
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08 Work unit direct cost component

JEstimating mechanics for cost budgeting require that the work estimate be translated to cost
via the items allocated to that work unit. For example, an assumed labor rate value
translates human labor time into direct labor cost. Second, defined materials for the work
unit are added to the cost.

dFinally, any other miscellaneous cost items are then added to complete the direct cost
estimate for the work unit. Labor and material estimates will be accurate if the values used
represent the actual values at execution time. Obviously, significant errors can occur if this is
not the case.

dIn some organizations, the funding source for a project can be very complex. Funds can be
allocated from multiple sources and apportioned, or even allocated for different phases.
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08 Miscellaneous direct expenses

dThe third direct cost category involves miscellaneous charges to various work units. In the
typical project these involve business travel, office expenses, support equipment,
miscellaneous charges, and other support costs that are often not directly related to
producing the defined output.

(JReserve accounts:
» Project cost and time plans should include reserves for risk, management
(unknown/unknowns), and scope change.
» |deally, the plans should clearly show allocations for each of these and they each
represent an estimate in their own right.
» Risk assessment is an estimating process designed to create an appropriate reserve for
this class of work, but the other two categories are left to define as an experience-based

estimate.
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08 Miscellaneous direct expenses

U Overhead:

» Overhead occurs as a result of the project being supported by the mother organization. The project staff is
paid and supported by this organization.

» In addition to the direct salaries shown as labor rate, additional employee costs are incurred by the
organization for medical benefits, retirement, and other support factors.

» The key point is employees cost more than their visible direct salary and that needs to be recognized in the
project estimate.

» A second form of less clear overhead comes from the overall organization. This is sometimes called “G&A”
and represents the General and Administrative aspects of organizational overhead.

» Physical facilities, general management, support personnel, and a host of other costs external to the
project are examples of this category. This cost line item will appear external to the direct project cost
categories, but must also be recognized as additive to the total estimate.

O Profit:

» Normally profit would not be shown in a cost estimate unless the project was being performed under

contract as a vendor to an external buyer. In that case, this amount is added much like overhead.
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08 Estimating checklist

dWhen computing the total project cost, it is important to recognize that all of the
components outlined here should be recognized.

dFailure to properly include any one of these components will result in a numerical overrun of
the plan and reflect negatively on the project team performance.

A The checklist below represents a set of questions that should be reviewed as part of the
work estimating process. This example illustrates how a formal checklist can help ensure a
more standardized approach to the estimating process. An organization wishing to ensure
compliance to such an approach will require a formal signoff by the estimator.
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08 Estimating checklist

1 When computing the total project cost, it is important to recognize that all of the components outlined here
should be recognized.

[ A sample set of estimating background questions to review follows:

1) Have you established a formal, documented data collection process for the project?

2) Do you have sufficient requirements definition for the project, including management areas? A fully
decomposed WBS is the desired case.

3) Do you have historical information, including costs, from previous similar projects?

4) Have you identified all sources of costs to your project (i.e., different types of labor, materials, supplies,
equipment, etc.)?

5) Do you have justifiable reasons for selecting your estimating methods, models, guides, and software?

6) Have you considered risk issues in your plan?

7) Do your estimates cover all tasks in the WBS?

8) Do you understand your project’s funding profile, that is, how much funding will be provided and at what
intervals? How sure is the funding assumption?

9) Do you know what level of accuracy is needed for the estimate?

10)Do you have a process for keeping records of your project activity for future efforts?
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07 Summary

O In this chapter, we have looked at the general topic of estimating project time and cost.

O Individuals who can successfully deliver accurate estimates are extremely valuable to the organization because an
accurate project estimate facilitates a more orderly project task execution and has a similar impact on internal
resource management.

O To the contrary, an organization that is not able to do this well is left with a very chaotic environment, which leads to
negative results for project completion and the related goal achievement.

L This process has been described as one consisting of both art and science which means that it is not one that can be
completely described by a checklist or a math model.

L Rather, it is a combination of all such approaches. Certainly one of the goals prior to estimating is to create a detailed
WBS with well-defined work units.

O From this base, it is feasible to achieve forecast cost accuracy in the range 5-10%. This same level of definition
accuracy can occur at the individual work unit level for time, cost, and human labor requirements.

O We conclude this topic keeping in mind the terms work, duration, and elapsed time.

L Procedures for estimating time and cost are closely tied to these terms and their different meanings. Also the point in
time when an estimate is required and to what level of accuracy are important issues in estimating method selection.

O Always preface an estimate with some measure of accuracy range confidence.

O This activity is a major part of the Project Manager’s life and equally important to career success.
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