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Abstract: There are many specific techniques involved in each of the four major sets of activities called POMA (Planning, Organizing, 
Monitoring, and Adjusting) phases. Some require extremely deep technical knowledge and others demand great social skills, in this section, 
we will focus on four commonly needed project management skills: project effort estimation, work breakdown structure, project status 
tracking with earned value and development measuring & metrics The first two of them are techniques needed in the planning and 
organizing phases, and the third is needed in the monitoring phase. The fourth is needed for part of planning and for monitoring. 

In the report they have explained some techniques for estimating software project management 
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Introduction 
There are many specific techniques involved in each of the four 
major sets of activities called POMA (Planning, Organizing, 
Monitoring, and Adjusting) phases. Some require extremely deep 
technical knowledge and others demand great social skills, in this 
section, we will focus on four commonly needed project 
management skills: project effort estimation, work breakdown 
structure, project status tracking with earned value and development 
measuring & metrics The first two of them are techniques needed in 
the planning and organizing phases, and the third is needed in the 
monitoring phase. The fourth is needed for part of planning and for 
monitoring. 

I. Project Effort Estimation 
Estimating the software project effort has been a difficult task. In 
estimating software project effort there must be some inputs that 
describe the project requirements. The accuracy and the 
completeness of these inputs is a significant problem. Because the 
inputs themselves are mostly estimates, it becomes necessary to 
convert them into a single numerical number expressed in some 
un i t  of measurement such as person-months. After the effort has 
been expressed in some units, the problem of uniformity must be 
faced, In other words, one person month may vary dramatically 
depending on the skill level of assigned person. In spite of these 
problems, it is still necessary to estimate the project effort and put a 
plan together. With so much uncertainty, it is not difficult to see 
why monitoring and adjustment phases are crucial to project 
management.  
In general, the estimation may be viewed as a set of project factors 
that may he combined in some form to provide the effort estimate. 
The formula can be used: 

Unit of effort = a + b (size) c + ACCUM(factors) 
The units of effort are often person-months or person-days. The 
constant a may be viewed as the base cost of doing business. That 
is, every project has a minimum cost regardless of the size and the 
other factors. This cost may include administrative and support 
costs (such as telephone, office space, and secretarial staff). The 
variable size is an estimate of the final product size in some units, 
such as lines of code. The constant b is a figure that linearly scales 
the size variable. The constant c allows the estimated product size to 
influence the effort estimation in some nonlinear form. The 
constants b and c are derived through experimentation with past 
projects. The term ACCUM(factors)  is an accumulation of 
multiple factors that further influence the protect estimation (the 
function ACCOM may be an arithmetical sum or an arithmetical 
product of a list of factors, such as technical, personnel, tools, and 
process factors, and other constraints that influence the project). 

They will discuss two specific approaches to effort estimation that 
may be viewed as some derivative of this general formula.  
COCOMO Estimation Models The first estimation model they 
will look at here is the constructive cost model (COCOMO) 
approach, which originated in [1]. They will utilize the intermediate 
level here as an illustration and show the overall COCOMO esti-
mation process. The following is a summary of the steps in 
COCOMO estimation: 
• Pick an estimate of what is considered as three possible project 
modes: organic (simple), semidetached (intermediate), and 
embedded (difficult). The choice of mode will determine the 
particular effort estimation ; 
• Estimate the size of the project in thousand lines of code 
(KLOC); 
• Review number of factors, known as cost-drivers, and estimate 
the amount of impact each factor will have on the project: the team's 
understanding of the project objectives, the team's experience with 
similar or related projects, the project's need to conform with 
established requirements, the project's need to conform with 
established external interfaces, the need to develop the project 
concurrently with new systems and new operational procedures, the 
project’s need for new innovative technology, architecture or other 
constrains, the project’s need to meet or beat the schedule, project 
size; 
• Determine the effort for the software project by inserting the 
estimated values into the effort formula for the chosen mode. 
The three modes of organic, semidetached, and embedded may be 
roughly equated to simple, intermediate, and difficult projects, 
respectively, Most of the projects will have a mix of project 
characteristics. For example, the parameter “project size” may be 
small but the parameter “need to meet or beat the schedule” may be 
very stringent for the specific software project. Even just 
considering these two characteristics, it would be difficult deciding 
whether a project is simple or intermediate. Imagine the difficulty 
of making a decision on the project mode when a software project 
has a mixture of eight characteristics. There are estimation formulas 
for three modes (with effort unit in person-months):  
Organic:   Effort = [3.2 x (size)1.05] x PROD (f ‘s) 
Semidetached:  Effort = [3.0 x (size)1.12] x PROD (f ‘s) 
Embedded:   Effort = [2.0 x (size)1.2] x PROD (f ‘s) 
Thus, based on the eight parameters, if we decide that the project is 
simple (organic), the effort for the organic mode will he estimated 
with the equation Effort = 3.2 x (size)1.05. This estimation equation 
provides the basic estimation of project effort in person-months, and 
it is the first level of estimation. 
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The next level of estimation in COCOMO is considering the 
additional project factors (called cost-drivers). PROD (f‘s) is 
arithmetic product function that multiplies cost-drivers. Each of 
these cost-drivers has a range of numerical values (from very low to 
extra high). They may be categorized into four main groups: 
• Product attributes : Required software reliability, Database 

size, Product complexity  
• Computer attributes : Execution time constraint, Main memory 

constraint, Virtual machine complexity, Computer turnaround 
time 

• Personnel attributes: Analyst capability, Application experie-
nce, Programmer capability, Virtual machine experience, 
Programming language experience 

• Project attributes : Modern practice use, Software tools use, 
Development schedule requirement 

The difficulties with COCOMO Include the choosing of the 
particular project mode based on the 8 parameters, the estimation of 
product size, and the considerations of the 15 cost -drivers. These 
all require some past experience. Therefore, almost all experienced 
managers would attach some amount of buffers to the estimate. 
Function Point Estimation The lines of code unit of measure have 
dominated the software estimating arena for many software 
engineering years. But it has had its share of problems and many 
different metrics have been proposed along the way. Function point 
was first introduced by [2]. It has gained popularity and is an 
alternative to the lines of-code metric for size of a software project. 
While many improvements and extensions have been made to this 
technique, we will describe the original version here. 
Five components of software are considered in the function point 
estimation process: 

1 .  External inputs 
2. External outputs 
3. External inquiries 
4. Internal logical files 
5. External interface files 

Each component is assigned a weight based on three possible 
descriptions of the project: 

1 .  Simple 
2. Average 
3. Complex 

The important thing is that all of these efforts of estimates are 
indeed just estimates. Project managers must apply some 
intelligence and appropriate amount of buffer to these calculations 
before conveying any efforts estimates to the customers or the users 
or event to their own management. 

II. Work Breakdown Structure 
Estimating a complete project work effort is an important but 
difficult task, It can be made a little easier if the overall project is 
divided into smaller portions that provide a basis for the rest of 
planning activities such as scheduling and staff assignments. The 
work breakdown structure (WBS) is a depiction of the project in 
terms of discrete subactivities that must be conducted to complete 
the project. WBS first looks at the required deliverables of the 
software project. Then, for each of the artifact that needs to be 
delivered, a set of high level tasks that must be performed to 
develop the deliverable is identified. These tasks are also presented 
in an ordered fashion so that task scheduling can be accomplished 
from the WBS. The following is a framework for performing WBS: 
• Examine and determine the required external deliverables of the 

software project; 
• Identify the steps and tasks required to produce each of the 

external deliverables, including the tasks that would be required 

to develop any intermediate internal deliverable needed for final 
external deliverable; 

• Sequence the tasks, including the specification of tasks that may 
be performed in parallel; 

• Provide an estimate of the effort required to perform each of the 
tasks; 

• Provide an estimate of the productivity of the personnel that is 
most likely to be assigned to each task; 

• Calculate the time required to accomplish each of the tasks by 
dividing the effort estimate by the productivity estimate for each 
task; 

• For each external deliverable, lay out the timeline of all the 
tasks needed to produce that deliverable and label the resources 
that will be assigned to the tasks. 

For example, let's consider an external deliverable of test scenarios 
for a small software project that is estimated to be around 1000 lines 
of code or involve approximately 100 function points. As part of the 
WBS, we need to first list the tasks that are required to produce this 
deliverable. Such a list may look as follows: 
■ Task1: Read and understand the requirements document; 

■ Task2: Develop a list of major test scenarios; 
■ Task 3: Write the script for each of the major scenarios;  

■ Task 4: Review the test scenarios; 
■ Task5: Modify & change the scenarios. 
These five tasks appear to be sequential, and they are at a macro 
level However, we can probably gain some speed if some of the 
major tasks can be subdivided into smaller pieces and be performed 
in parallel If would also seem that as some of the test scenarios are 
developed they c a n  be reviewed and fixed. So, we may consider 
some overlapping of subtasks when we are ready to convert the 
WBS to a schedule. For illustration purposes, we divide Task 3 into 
Task 3a, Task 3b, and Task 3e to represent three equally divided 
sub-tasks of the script-writing activities. Task 4 can be decomposed 
to Task 4a, Task 4 b, Task 4c to match the three Task 3 
subactivities. Similarly, Task 5 can be subdivided into Task 5a, 
Task 5b, and Task 5c to match the three subactivities of Task 4. 
Figure 1shows what the WBS network of tasks for this deliverable 
would look like. Clearly illustrating the WBS and the sequence 
along with which tasks may be carried out in parallel, thus figure 
can become a very convenient tool when the number of tasks and 
sequences is large. 

Task1 Task2 Task3
b

Task4
b

Task5
b End

Task3a

Task3c Task4c Task5c

Task4a Task5a

 
Fig.1 

The next step is to estimate the effort required to complete each of 
the tasks. For Task 1, we need to estimate the effort required to read 
and understand the requirements of a project that is about 1000 lines 
of code or about 100 function points, For Task 2, we need to 
estimate the number of test scenarios that would need to be 
developed and how long it would take to come up with such a list. 
For Tasks 3a, 3b, and 3c, we need to estimate the effort needed to 
develop the test scripts for one-third of the scenarios. Similarly, we 
need to estimate the effort required to review one third of the 
scenario scripts for Tasks 4a, 4b, and 4c Estimating effort needed 
for Tasks 5a, 5b, and 5c would be very difficult because they 
depend on how many modifications are required as a result of Tasks 
4a, 4b, & 4c. Nevertheless, all these initial estimates must be done. 
Fortunately, we do get to adjust our project because adjustment is 
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an intricate part of the four phases of project management. After 
these initial estimations have been made, we need to make an 
assumption and estimate the level of competency or the productivity 
of the people who will be assigned to all of these tasks. Then the 
estimated time for each of the tasks in Figure 3 can be computed by 
dividing the estimated effort by the estimated productivity. Figure 2 
shows the same WBS tasks with the estimated time units required to 
perform these tasks and the order of the tasks. From this 
information we can establish the preliminary schedule as shown in 
Figure 3. Note that there are three main parts to the schedule; (1) the 
tasks, (2) the human resource assignment, and (3) the time units. 

 
Fig.2 

The transformation from WBS task network to an initial schedule 
directly moved two items: the tasks and the time units. The middle 
column in Figure 3 lists the presumed staff resource assignment, an 
important consideration that is the source for the productivity 
assumptions used to compute and estimate the time units required to 
complete the task, Earlier, it was also mentioned that the tasks may 
overlap. Once the initial schedule is formulated, the project 
management may look for the possibilities of overlapping the tasks, 
besides the already shown parallel tasks. In this example, the end of 
Task 1 and the beginning of Task 2 may overlap. The overlapping 
of subtasks, Task 3a 3b, and 3c with Task 4a, 4b, and 4c would be a 
lot trickier because a different person-a person who is committed to 
writing test scripts but may not have completed the writing task-
must perform the review. Without including the column on resource 
assignment in the initial schedule, these kinds of subtleties may 
escape the project planners. In our example here, we have chosen to 
keep everything simple and showed no overlap of tasks in the initial 
schedule. 

 
Fig.3 

Considering all the different types of estimations that went into the 
task network of Figure 2, we should anticipate that the first schedule 
shown in Figure 3 will need to be modified as the project proceeds, 
This initial schedule should be reviewed by as many of the project 
constituents as possible before the schedule may be regard as a 
planned schedule. 
Work breakdown structure is an important and necessary input to 
the creation of the initial schedule.Unfortunately, many software 
project schedules are constructed without developing a thorough 

WBS, and the result is an unattainable and unrealistic project 
schedule 

III. Project Status Tracking with Earned Value 
Keeping track of or monitoring project status is the activity that 
compares what was planned against what actually took place. There 
are multiple project’ attributes that need to be tracked. Most of them 
are identified in the set of goals stated in the project plan. They are 
comparing the actual status of the attributes expressed as project 
goals against what was planned. They will discuss the tracking of 
project efforts using the concept of earned value (EV). 
When using the earned value management technique, the 
fundamental concept is to compare the status of how much effort 
has been expended against how much effort was planned to have 
been expended as some point of time. First they will need some 
basic terminology, and then an example will be provided to clarify 
these definitions 
• Budgeted cost of work (BCW) – the estimated effort for each of 

work tasks; 
• Budgeted cost of work schedule (BCWS) – the sum of estimated 

effort of all tasks that were scheduled to be completed at a 
specific status-checking date; this according to the plan, to be 
completed at a specific status-checking date); 

• Budget at completion (BAC) - the estimate the total project 
effort; 

• Budgeted cost of work performed (BCWP)– the sum of the 
estimated efforts of all the tasks that have been completed at a 
specific status-checking date; 

• Actual cost of work performed (ACWP) – the sum of the actual 
efforts of all the tasks that have been completed at a specific 
status-checking date. 

A factor that should be remembered is that BCWS, BCWP, and 
ACWP are all stated in terms of a specific status - monitoring date. 
Thus those values will change relative to the status date. 
Example: Earned Value: date 4.5.2014 

Tabl.1 

 
BAC for budget at completion:  

BAC = 10 + 15 + 30 + 25 + 15 + 20 = 115 Pers/days 
Status tracking date - 4.5.2014 BCWS includes Task1 &2: 

BCWS = 10 + 15 = 25 Pers/days 
Estimated Work completed at 4.5.2014: Task 1& 2& 4 

BCWP= 10 + 15 +25 = 50 Pers/days 
Actual effort expended at 4.5.2014: Task 1& 2& 4 

ACWP= 10 + 15 +25 = 50 Pers/days 
Earned value (EV) is an indicator that will tell us how much of the 
estimated work is completed on a specific date. It compares the sum 
of all the estimated efforts of the completed tasks as of the status 
date against the sum of the estimated efforts of all the tasks: 

EV = BCWP / BAC 
In terms of example, EV =50/115 = 0.43  
They may interpret this to mean that the project is 43% complete as 
of 4/5/2014 
There are two more status indicators that can be derived from the 
definitions. These are variance indicators that, once again, compare 
the planned or estimated value against the actual value., The first 
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one is a schedule variance (SV) indicator, which is defined as the 
difference between estimated efforts of the tasks that have been 
completed by the status date and the estimated efforts of the tasks 
that were scheduled or planned to have been completed by the 
status date: 

SV = BCWP - BCWS 
In example, on 4/5/2014, BCWP is 50 Pers/days, and BCWS is 25 
Pers/days. Thus SV = 50 -25, or 25 Pers/days. They may interpret 
the project status as 25 Pers/days ahead of schedule from an effort 
perspective. 
The second variance indicator is the cost variance (CV), which is 
defined as the difference between the estimated efforts of the tasks 
that have been completed at the status date and the actual efforts 
expended for the tasks that have been completed at that status date: 

CV = BCWP - ACWP 
In example, on 4/5/2014, BCWP is 50 Pers/days, and ACWP is 55 
Pers/days. Thus CV = 50 - 55, or -5 Pers/days. In this case, on 
4/5/2014, they have 5 Pers/clays of effort cost overrun. 
The earned value management system provides us with a concrete 
way to monitor project status from a cost/effort perspective. 
However, the schedule variance is not an indicator of calendar time 
schedule but an effort schedule. More indicators may be constructed 
from this basic set of definitions, but we will not include thorn here, 
They have found that the set EV, SV, and CV provide a good 
indicator of project status, but we must still remember to look 
beyond the numbers, ask questions, and delve into other parameters 
when monitoring a software project. As a final reminder, if the 
monitored information indicates potential project problems, then 
adjustments must be made. Do not wait for some project-saving 
event to occur on its own.  

IV. Measuring Project Properties and GQM 

We have discussed the need to set goals for a software project 
during the planning stage so that these goals can be tracked and 
checked to see if they have been met, The goals are stated in terms 
of such properties as schedule, cost, productivity, maintainability, 
defect quality, and so on. The specific characteristics of interest 
must be well defined before any measurement of can take place. 
Besides setting and tracking goals, reasons for management include 
the following 

• Characterization Allows to gather information about and 
intelligently describe a property; 

• Tracking: Allows us to gather information about a property 
through such parameters as time or process steps; 

• Evaluation: Allows us to analyze the property via gathered 
information; 

• Prediction: Allows us to correlate properties and to 
extrapolate or conjecture about the property based on the 
gathered information, 

• Improvement: Allows us to identify areas of improvement 
based on an analysis of gathered information 

It is critical for software engineers to join the rest of the engineering 
communities to adopt measurement arid quantitative analysis. 
Measurement is a vital part of quantitative management. Software 
(product or project) measurement is a mapping of an attribute of a 
software product or project to some set of numeric or symbolic 
entities. It can be deceivingly tricky to come up with good 
measurements. 
1. Conceptualize the entity of interest such as the software product 
or project, the members of the project team, etc, 
2. Clearly define the specific attributes of interest such as product 
design quality, programmer productivity, and project cost, etc. 
3. Define the metrics to be used for each attribute of interest such as 
defects per class in a UML class design diagram, lines of code 
developed per programmer month, dollars expended per project 
month, etc. 

4. Devise the mechanism to capture the metrics; this could include 
manually counting the number of defects in each designed class in 
the UML diagram. 
The Goal-Question Metric (GQM) [3] introduced approach to 
software metrics. GQM has been used quite successfully by many 
organizations. This approach defines a measurement model based 
on three levels: Conceptual level: Establish a goal (For instance: 
Improve the time to locate a software code problem), Operational 
level: Develop a list of questions related to the goal (For instance: 
How does the program complexity influence software debugging 
time), Quantitative level: Develop metrics. 
The nominal level allows us to distinctively categorize a property. 
For example, consider the case of measuring the number of 
software defects by source categories such as design, code, test, 
integration, and packaging. 
The ordinal level provides an ordering of the property, For example 
when one is measuring customer satisfaction with categories of very 
satisfied, satisfied, neutral not satisfied, and very dissatisfied, This 
metric is more than just nominal because it also provides an 
ordering of very satisfied to very dissatisfied. 
The third level of metrics is the interval level. The interval level 
allows us to describe equal intervals. Note that they could not have 
performed this type of operation with ordinal-level metrics. 
Consider the difference between very satisfied arid satisfied and the 
difference between satisfied and neutral in the ordinal metric 
example. These two differences are not necessarily of equal 
intervals. 
The final metric ratio, allows comparing the ratio of two 
measurements because it has a defined 0 in the metric. For example, 
it makes sense to say program A, which has 100 lines of source 
code, is 4 times the size of program 8, which has 25 lines of source 
code. This is a result of the established 0 line of code as minimum 
size. The ratio scale is the highest metric level 

Summary 
A general formula for effort estimation that involves several 
parameters is shown. The principles behind the original COCOMO 
estimating methodology are explained and then its extensions and 
modifications into COCOMO II are introduced. The function point 
estimation technique for project size is shown as an alternative to  
the line-of-code estimation technique. The OO effort estimation 
technique is involved with estimating the number of key classes and 
the assumed productivity level of the software engineers. Another 
important planning technique, work breakdown structure, is 
demonstrated with a network of tasks and their respective estimated 
efforts. The significance of WBS to developing an initial project 
schedule, in a bar chart form, is explained with an example. Project 
monitoring involves the ongoing comparison between what is 
planned and what is actual. Earned value management is introduced 
as a viable technique for monitoring the project effort and project 
schedule. This process essentially compares the planned or 
estimated project task efforts against those project task efforts that 
were actually expended. They have explained the need for setting 
goals and tracking the goals as part of project management.  
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