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Estimating Process and Methods

What:   This guideline provides an overview of estimating methods for generating detailed project schedules.  It includes a brief description of the purpose, goals, and process of estimating, as well as specific estimating techniques for the project manager and project team.

Methods of estimating covered in this guideline are:

· Historical Data

· Decomposition Process

· Brainstorming meetings

· Heuristics (Personal or “Expert” Experience)

· Delphi Method

· Network Diagrams - PERT, CPM (ADM), GERT, etc.

· Rule of Thumb registries and charts

· “Rolling wave” or “iterative” estimating

Why:  Schedules are composed of inter-related tasks, milestones and deliverables. Tasks are assigned to various project team members to accomplish.  Because the project schedule has  interdependencies between tasks, and ultimately a critical path (the longest time-path of interdependent tasks through a project), estimates of various tasks affect the end-date and we’d like to have as good an estimate of those tasks as possible. 
Many times, the person doing the task may not be able to provide a good estimate.  Having various methods or alternatives to generating an estimate can help the project team come up with the best possible estimate 

Desired or required levels of confidence in the estimates provided by the PM and project sometimes changes during the progress of a project.  Early in the project planning, the desired goal may be 70% confidence for routine tasks and 80% for critical tasks.  This may change to 85% and 90% as the project completes the planning phase and nears the end of the design phase.  Note:  these numbers are just examples.  Your company will have its own confidence levels.  Also, remember that a "level of confidence" is, in many cases, only an opinion, possibly tainted by the opinion bearer's optimism or knowledge base.  

As the project progresses from the concept phase into more intense and detailed planning, super-tasks will be broken down into detailed, sub-tasks and these different levels of detail may need different estimation methods.

How:  Review the estimating process overview. 

Review the tools suggested and choose one or more of them for your project estimation process.  Some of the tools are complex, like the PERT Network Diagramming method.  These network diagram methods and their use is outside the scope of this document.  They are identified here for the project manager to decide if further separate investigation of those techniques is necessary.

Some of the tools are simple.  Some of them are reminders of things you may already know or may have forgotten.   None of these is a silver bullet that will magically produce excellent estimates.  Using various methods, and comparing the estimates achieved using different methods, will improve your project plan estimates.

Remember that cost, work effort and time are three elements of your simple task estimates.  Risk estimation is not specifically called out in this document, but estimates for the effects of risk avoidance or risk actualization can be, in some cases, estimated using some of these methods.

Things to keep in mind while doing project planning and estimating:

Pareto’s Principle applied to estimating:  20% of the tasks are critical to 80% of the outcome.  This comment is here to remind you that fine-tuning estimates should be done after identifying the 20% (this is a generality) that are the most critical tasks.  There is a diminishing return in the process of getting better and better data.  See the Marginal Value of Information note in the next paragraph.

Marginal Value of Information:  This is the cost of analysis as weighed against the value of that analysis.  It takes time, money and personnel to do research, investigation and analysis.  At some point, the cost of analysis becomes higher than the value of the analysis.  It is sometimes an art to know where this boundary is and do the best estimates with the optimal trade off of time, money and market opportunity window.  This same principal should be kept in mind when purchasing elaborate project estimation tools or training the staff to do a new process, like PERT network diagramming.  The resulting value may not be worth the effort, time and money spent.
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Pete contributed this estimating guideline from his hard-won experience as a PM trying to estimate software projects of various shapes and sizes.  

Section 1:  Estimating Purpose, Goals and Process

Estimating is a part of project planning.  It is an activity performed rather extensively early in a project.  Estimating is important, because the results of the estimates in cost, effort, time and resources will influence whether the project is given the green light to proceed, how much resource it’s allocated, and what scope tradeoff decisions are made based on conflicts between desired feature list and the time.

The irony of early estimating is that you have the least amount of information about the project, but your estimates have the largest value to the company for making good decisions on going ahead with the project.  

There are several elements that influence estimates for cost, effort, time and resources.

· Project size

· Project complexity

· The degree to which scope and requirements have been defined.  This includes definition of customer expectations, product function, reliability and quality, manufacture-ability, ease of use, ease of installation, constraints or boundary limitations, regulatory restrictions, performance criteria or measurement, leveraging of previous product or supply capabilities, etc.

· Uncertainty (commonly referred to as Risk)

Some general approaches to estimating projects can be used, singly or in combination.  .

· Use historical data from previous projects as a baseline. 

· Use Work Breakdown Structure to decompose the project's cost and effort.  

· Use scheduling packages for cost and effort estimations.

· Wait until the project is complete or near complete, then provide extremely high levels of confidence in the delivery dates.

A Recommended Solution:

If your company is new to formal project management and estimating, the short-term solution to pick appropriate methods in this guideline and use them.  Then save your project’s estimates at various stages along with the “actuals” for time, cost, and resources for later review.  This historical data can then benefit estimating on the next project; individuals can be mentored on improvements to their estimates; and forgotten tasks can be included in the plan.  

General Steps of the Scheduling and Estimating Process:

· Decompose the large tasks into smaller tasks in a Work Breakdown structure.  Continue this process in an iterative manner, particularly with high risk, high complexity or high "unknown" tasks.

· Estimate each task using:

· Historical data (project experience, previous projects, rules of thumb in this domain, personal experience, etc.)

· Best guess (Delphi or Brainstorming results)

· Input the task estimates into the WBS

· Cost the project, including man-hours from the task estimates, as well as equipment and other expenses.  

· Review the estimates - get team leaders, cross function team members, task owners and selected stake holders (for example, Marketing) to review the estimates.  Discuss and modify estimates where necessary.

· Maintain the WBS with relatively current information on task duration and cost estimates as the project evolves and progresses.  

· Keep intermediate copies of the WBS for historical analysis.  For instance, at the end of a project phase, keep a copy of the actual time, cost and resource information used in that phase compared to what was estimated; and keep a snapshot of the revised estimates for the upcoming project phase.

· Evaluate estimation skill results - how did the project manager and team perform in the estimations?

Figure 1:  Take interim snapshots of your WBS and Actuals during the project
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The medium and long-term solution is to continuously improve your estimating process.  .  Inevitably, historical data will give you better and better estimation capabilities.

By saving copies of the WBS from each phase of the project, changes to specific tasks with estimates provided by specific task owners can be compared from early estimates to final actual task duration.  These can be reviewed with the task owners and the project team as lessons learned.  If you’re using project management software and tracking actual efforts, you can get the post mortem analysis electronically.  For smaller projects, a spreadsheet can be used to compare any given task and its estimate for each phase and the variances can be evaluated and shared with the task owners.  Even if your actual vs. estimate data is not at the “bottom level” of the WBS (the smallest, lowest level tasks), you can identify key areas where estimates were way out of line.

The estimating skills of some of your team members will improve over time naturally, as they learn from their estimating mistakes on each project.  To ensure that everyone’s estimating skills improve, make it standard practice to examine estimating issues in  the team’s end-of-project “lessons learned” process and come up with suggested improvements to the estimating process and techniques for the next project. 

The rest of this document discusses various estimating techniques.

Section 2:   Estimation Methods

Historical Data:

Historical data refers to using data from actual past projects as input to your estimating process.

In some cases, previous projects can be analyzed and reviewed by the project managers.  Various tasks or phases of the new project will have likely have similar goals, work effort or activities as the previous projects and these can be leveraged into new estimates.  It is possible to use historical data as a baseline and then add deltas (differences) of the new project to the old one to generate estimates.  In some industries, a common practice is to use previous projects as a baseline and then apply a modifier to all tasks in the project.  As an example, if you were going to construct a simple building that is 10% larger with all things remaining the same (same labor pool, same architectural plan, etc.), the project plan for the original building can have all the tasks, costs and efforts multiplied by 110% for a reasonably good initial estimate.  The plan should still be revisited for any deviations from this assumption.

Some computer packages that aid in creating estimates are using historical data.  They may have unique algorithms, allow input from the previous project teams in your company, use data available on industry benchmarked projects, or a combination of those.  The data is still based on actual results, making it “historical data.”

Decomposition Process:

The decomposition process is simply taking large tasks and breaking them into smaller tasks.  This process is repeated with the new, smaller tasks until the desired level of comfort or confidence in the “bottom-up” estimate is achieved.  The comfort level should be achieved for the cost, work effort and time required for each task.

Using an electronic Work Breakdown Structure is a good way to proceed with this process.  For instance, start with the development life cycle phases as the top level, and break each phase down into major project deliverables.  Each deliverable is broken down into its component subsections.  Each subsection of the deliverable is broken down into its tasks and each task is broken down into sub tasks.

A foundation of decomposition for a project is the ability to identify a unit of granularity that can be measured.  In some cases, this may not be obvious to the project team or may be imprecise.  For construction, the number of board feet or cubic yards or concrete can be measured unambiguously.  For projects involving creative professionals, such as software or graphics designers, identifying a unit of granularity can be a problem.  Sometimes a good place to start is with a less than intuitive measurement system, but something that can still be measured.  The later example of chapters of a book may serve (see below).  The author may argue that every book is unique and each chapter will be of different length, requiring different work efforts.  True.  But using something like a chapter boundary gets a measurable task on the project plan that  can be used as a foundation for the author and the project manager to refine more and more until the chapters have unique names, unique tasks identified for them, unique work efforts and unique task time lines.

Decomposition is closely related to sizing.  Once a requirement is specified, a translation into "size" of the task that is required to fulfill that requirement must be made.  This sizing is tightly bound to decomposition, perhaps even synonymous with it.  This might best be shown through an example.

For example, if the task is to write a book, the decomposition might be based on the sizing of how many chapters are required to fulfill the requirement to generate the desired book.  If the size guess-timate (I didn't want to use "size estimate") is 10 chapters, but 12 chapters are really needed, then the estimate for each chapter may be good, but the super task will have been sized incorrectly.  This problem is really a function of clear and unambiguous specifications provided during the planning phase.  A review after initial project planning should guarantee that the requirements and specifications of the product or project are actually scoped correctly.

A common method used in decomposition is Process-based Estimation Method.  Most project managers using a product development life cycle are familiar with this.  The process, in this case, the Product Development Life-cycle, is used to produce a top-down estimate.   A baseline estimate is generated, and modified as planning progresses, based on percentage estimates for each phase.  These estimates are, of course, historical data.  For example, the concept phase may be defined to have a time duration of 10% of the total project time duration and the planning phase may be estimated at 15%.  The process may define some resource estimates, such as projects that are expected to last 2 months or less use 50% of a project manager's time.  

If nothing else, a top level estimate for each phase can be very useful as an initial starting estimate.  They can also be good guidelines for a mental check if a current project. whatever project your are executing.    E.g. a rule of thumb for good planning is to spend 10-20% of the timeline doing investigation, planning, and tradeoffs. If your project spent only 3% in planning, is that a “red flag” that the plan may not have gotten enough attention? 

Brainstorming meetings:

These generate estimates, but it may be difficult to qualify the confidence since the meeting participants may bring a broad range of skills and techniques invisibly to the estimate.  See the ProjectConnections template on Brainstorming Techniques for more info on these meetings.

Have the team get together for specific areas where estimates need to be generated.  Brainstorming meeting have a very broad application and can be used for high level estimates, WBS composition, resource allocations, etc.

The decomposition process should probably be accomplished to some level before the project team is asked to brainstorm estimates.   Use initial de-composition as a starting point, then brainstorm more detailed estimates underneath one or more tasks in the decomposition.

Heuristics (Personal or “Expert” Experience):

This is basically a person’s opinion.  If the estimator has a wealth of domain knowledge and is a good objective judge of project realities, and the project is within the confines of the estimator’s knowledge domain, heuristic estimates can be very good.  Some people are very good at learning from their experiences and improving their work behaviors.

The heuristic method is specifically called out because it is used extensively in many environments, sometimes unconsciously!  

Estimation data generated by this method can be good or bad.  It is identified as a method for estimating so the project manager is conscious that this was the method used for estimating a specific task or group of tasks.

It is a particularly useful method for deriving the cost, time and effort required for individual knowledge areas after the decomposition process has been completed.

Delphi Method:

(I call this the “Real Good Guessing" method).  The Delphi Method was developed for estimating innovative work efforts for areas where there is little or no experience.

It is useful for projects that you may not have any domain experts in, may have no reasonable way to do analysis, may have no time for an early or preliminary analysis, etc.

The Delphi process calls for domain experts (as expert as possible) who are members of the team or outside experts to provide estimates of each task.  The rule of thumb for a Delphi estimate seems to be 3 or 4 estimators. These estimates are then averaged and that is the estimate generated

Network Diagrams - PERT, CPM (ADM), GERT, etc.

Network Diagramming methods are used for very large projects, usually, and the different methods have rules and formats that are rigidly adhered to.

Network Diagramming, when following the rules dictated for a specific method, has the advantages of:

· They force the project team to perform detailed planning, since creation of the network diagram is a complex task in its own right.  During this process, many hidden interdependencies will become obvious.  Many unnoticed risks will become obvious, in the project plan, the tasks themselves and the task interdependencies.

· In some of the methods, such as PERT, there is increased probability of meeting milestones because the method requires both statistical evaluation of each task's likelihood of success, but also requires that alternatives and contingencies are planned.

· Since these network diagram methods also allow evaluation of variations and simulation of "what-if" scenarios, there is a built in function in most, if not all, of these methods to evaluate or even actualize the implementation of a contingency scenario since the planning and creation of the network diagram included those scenarios early in the "what-if" analysis.

These techniques are outside the scope of this document.

Rule of Thumb registries and charts:

Some industries have "rule of thumb" estimation data that is readily available.  These are based on extensive historical work effort data and are kept up to date with cost and effort changes as they occur.  These industry-standard references may be unique to individual countries and even local regions within countries.  This is particularly true in the construction industry.  These references can be useful for project managers for looking up shipping rates, customs data, cost of materials, etc.

“Rolling Wave” or “Iterative” Estimating:

These are really more estimating processes that techniques for obtaining estimates for an individual task.  The idea with both is that you can only know so much early in a project, so you shouldn’t try to get detailed task-based estimates for an entire project timeline.

Instead, the team tries to get as accurate as possible estimates for very near-term work, or very low uncertainty/ low risk work.  But if the work is farther out in time and/or involves uncertainty, the team gets to an initial high-level estimate and leaves it at that for the time being.  

For example, a historically-based “rule of thumb” might be used to estimate the testing cycle that will happen late in the project.  “A system of this complexity needs at least 2 months for system test”.  But further detailed estimates of the work within that test phase might be left til later, when the requirements are more fleshed out, all subsystems identified, etc. such that a more detailed decomposition of testing tasks could be done.

The team might do the estimates for the next project phase to a high level of detail and confidence; the phase after that to a medium level of detail; and beyond that use rule of thumb estimates.  Then as a phase is completed, the team revisits the estimates for the upcoming phases, takes the next phase from medium to high, the following phase from “rule of thumb” to medium detail.

Use of this approach to estimating helps the team avoid futile detailed estimating efforts when not enough is known yet anyway to generate more than a cursory estimate of a particular effort!

