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Abstract 

 
This paper presents an overview of the collection, 

analysis, and reporting of software metrics. 

Software metrics are numerical data related to 

software development. Metrics are planned at 

project conception, used to track project status and 

recorded at the end of the project.  

 

Keywords: Metric set, Progress indicators. 

 

1. Introduction 

 
Effective management of the software development 

process requires effective measurement of that 

process.  

Only the progress, effort and trouble report metrics 

are required for the project. 

Software metrics [1] are numerical data related to 

software development. Metrics strongly support 

software project management activities. They relate 

to the four functions of management as follows:  

1. Planning - Metrics serve as a basis of cost 

estimating, training planning, resource planning, 

scheduling, and budgeting.  

2. Organizing - Size and schedule metrics influence 

a project's organization.  

3. Controlling - Metrics are used to status and track 

software development activities for compliance to 

plans.  

4. Improving - Metrics are used as a tool for 

process improvement and to identify where 

improvement efforts should be concentrated and 

measure the effects of process improvement efforts.  

A metric quantifies a characteristic of a process or 

product. Metrics can be directly observable 

quantities or can be derived from one or more 

directly observable quantities. Examples of raw 

metrics include the number of source lines of code, 

number of documentation pages, number of staff-

hours, number of tests, number of requirements, 

etc. Examples of derived metrics include source 

lines of code per staff-hour, defects per thousand 

lines of code, or a cost performance index.  

 

The term indicator is used to denote a 

representation of metric data that provides insight 

into an ongoing software development project or 

process improvement activity. Indicators are 

metrics in a form suitable for assessing project 

behavior or process improvement. For example, an 

indicator may be the behavior of a metric over time 

or the ratio of two metrics. 

 Indicators may include the comparison of actual 

values versus the plan, project stability metrics, or 

quality metrics. Examples of indicators used on a 

project include actual versus planned task 

completions, actual versus planned staffing, number 

of trouble reports written and resolved over time, 

and number of requirements changes over time.  

Indicators are used in conjunction with one another 

to provide a more complete picture of project or 

organization behavior. For example, a progress 

indicator is related to requirements and size 

indicators. All three indicators should be used and 

interpreted together.  

 

2. Metrics Set 



 
The metrics [2] to be collected provide indicators 

that track ongoing project progress, software 

products, and software development processes.  

The defined indicators are consistent with the 

Software Engineering Institute's Capability 

Maturity Model (CMM). Table 1 shows the 

indicator categories, the management insight 

provided, and the specific indicators for 

recommended metrics. Depending upon the nature 

of the project, specific contractual requirements, or 

management preference, a project may choose to 

collect additional metrics or to tailor the 

recommended set.  

 

Table 1 Recommended Metrics [3][4] Set for 
a Project 

Indicator 

Category  

Management 

Insight  
Indicators  

Progress  

Provides 

information on 

how well the 

project is 

performing with 

respect to its 

schedule.  

Actual vs. planned 

task completions  

Actual vs. planned 

durations 

Effort  

Provides 

visibility into the 

contributions of 

staffing on 

project costs, 

schedule  

adherence, and 

product quality.  

Actual vs. planned 

staffing profiles 

Cost  

Provides tracking 

of actual costs 

against estimated 

costs and 

predicts future 

costs.  

Actual vs. planned 

costs  

Cost and schedule 

variances 

Review 

Results  

Provides status 

of action items 

from life-cycle 

review.  

Status of action 

items 

Trouble 

Reports 

Provides insight 

into product and 

process quality 

and the 

effectiveness of 

the testing.  

Status of trouble 

reports  

Number of trouble 

reports opened, 

closed, etc. during 

reporting period 

 

Requiremen

ts Stability  

Provides 

visibility into the 

 Number of 

requirements 

magnitude and 

impact of 

requirements 

changes.  

changes/clarificatio

ns  

Distribution of 

requirements over 

releases 

Size 

Stability  

Provides insight 

into the 

completeness and 

stability 

of the 

requirements and 

into the ability of 

the staff to 

complete the 

project within the 

current budget 

and schedule. 

Size growth  

Distribution of size 

over releases 

Computer 

Resource 

Utilization  

Provides 

information on 

how  

well the project 

is meeting its 

computer 

resource 

utilization 

goals/requiremen

ts. 

Actual vs. planned 

profiles of 

computer resource 

utilization 

 
2.1 Progress 
 

Progress indicators provide information on how 

well the project is performing with respect to 

planned task completions and keeping schedule 

commitments. Tasks are scheduled and then 

progress is tracked to the schedules. Metrics are 

collected for the activities and milestones identified 

in the project schedules. Metrics on actual 

completions are compared to those of planned 

completions to determine whether there are 

deviations to the plan. The difference between the 

actual and planned completions indicates the 

deviations from the plan.  

Each project identifies tasks for which progress 

metrics will be collected.  

The completion criteria for each task must be well 

defined and measurable. The project should 

establish range limits (thresholds) on the planned 

task progress for the project. The thresholds are 

used for management of software development risk.  

 

 

 

2.2 Effort 
 



Effort indicators allow the software manager to 

track personnel resources. They provide visibility 

into the contribution of staffing to project costs, 

schedule adherence, product quality and the amount 

of effort required for each activity. Effort indicators 

include trends in actual staffing levels, staffing 

profile by activity or labor category, or a profile of 

unplanned staff loses.  

Effort indicators may be used by all levels of 

project software management to measure the actual 

profile against the plan. Each level of management 

forms a profile for its area of control and monitors 

the actual profile against the plan.  

Determining the number of staff needed at any one 

time is an important function performed by 

software management. By summing the number of 

staff during each reporting period, the composite 

staffing profile for the project can be determined.  

These indicators are applied during all life-cycles 

phases, from project inception to project end. Effort 

metrics are to be collected and reported at least on a 

monthly basis.  

The effort and cost metrics are related. By 

convention, effort metrics are non-cumulative 

expenditures of human resources, and cost metrics 

are cumulative levels of effort as tracked by earned 

value. Thus, cost metrics are a cumulative depiction 

of effort.  

 

2.3 Cost 
 

Cost management is an important activity for the 

success of a project, and labor is the primary 

component of software development cost. 

Managers must define the work in their area, 

determine the skill level required to perform the 

work, and use productivity estimates and schedule 

constraints to determine budgeted costs over time.  

Use staff-hours to measure cost, rather than dollars. 

The dollars per staff-hour varies over time and by 

labor category, and the conversion is made only by 

Finance. Cost is related to the effort indicator, with 

cost defined as an accumulation of effort 

expenditures. (The total project cost also includes 

non-labor costs, but they are not tracked here.) 

Only those projects using earned value can report 

the earned value quantities.  

A Work Breakdown Structure (WBS) is established 

to define the structures that will be used to collect 

the costs. The WBS identifies separate elements for 

requirements, design, documentation, code and unit 

test, integration, verification, and system testing. 

Costs can also be segregated by component, 

function, or configuration item. Work packages are 

derived from the WBS. Costs are allocated to work 

packages using an earned value method. This 

system allows managers to track the actual costs 

and measure them against the budget for their 

respective areas of responsibility.  

 
2.4 Review Results 

 
Review Results indicators provide insight into the 

status of action items from life-cycle reviews. The 

term Action Item (AI) refers to inspection defects 

and customer comments. Reviews include the 

following:  

Formal inspections of software documents or code  

Formal customer milestones, e.g., SSR, PDR, CDR, 

or TRR  

Informal peer evaluations of products, e.g., 

walkthroughs, technical reviews, or internal PDRs  

Management reviews, Process reviews, e.g., SQA 

audits, SEI CMM assessments, or the causal 

analysis from formal inspections. There are 

standards for some reviews, as well as procedures 

for conducting them. For example, formal 

inspections result in assertion logs that document 

the minor and major defects uncovered by the 

inspection process. Therefore, standard review 

result indicators for formal inspections are:  

1. Counts of minor/major defects  

2. Rates of defect detection (e.g., assertions per 

inspection meeting minute, defects per inspected 

document page, or defects per KSLOC of code 

inspected)  

3. Defect status (e.g., age of open defects, number 

of open/closed defects, and breakdown by defect 

categories).  

A customer-conducted review such as a 

Preliminary Design Review (PDR) generates AIs 

that must be closed before approval of the Software 

Design Document. Therefore, standard review 

result indicators for a PDR are the number of 

comments written and their status (open, closed, 

and age).  

Review metrics record the AIs identified in the 

review findings and track them until they are 

resolved. These metrics provide status on both 

products and processes. Review results are not to be 

used to evaluate the performance of individuals.  

Review Results are collected and reported at least 

monthly at every stage of the software life cycle, 

but preferably weekly for key AIs.  

 
2.5 Trouble Reports 
 

TR indicators provide managers with insight into 

the quality of the product, software reliability, and 

the effectiveness of testing. They also provide 

information on the software development process. 



The terms defect and problem will be used 

interchangeably herein. Monthly tracking of TR 

indicators shows the project's trends in the 

following areas:  

1. The rate at which TRs are being written and 

resolved.  

2. The type and severity of the TRs.  

3. Relationship between the number of TRs and the 

number of test cases passed or the number of test 

steps passed.  

4. The TR density (the number of TRs per unit 

size).  

5. The number of defects in each software 

application/unit.  

TR indicators are applicable only in the following 

life cycle stages (and each release of the software 

within these stages, and during the informal and 

formal test segments of these stages) (1) application 

test and integration, (2) system test, (3) acceptance 

test. Thus the TR indicators are applicable only to 

defects during the operation or execution of a 

computer program. Due to the shortness of testing 

periods, and the dynamics involved between the 

test team and the implementation team that 

analyzes the TRs and fixes the defects, the TR 

indicators are generally evaluated on a weekly 

basis.  

 

2.6 Requirements Stability 
 

Requirements Stability provides an indication of 

the completeness, stability, and understanding of 

the requirements. It indicates the number of 

changes to the requirements and the amount of 

information needed to complete the requirements 

definition. A lack of requirements stability can lead 

to poor product quality, increased cost, and 

schedule slippage.  

Requirements stability indicators are in the form of 

trend charts that show the total number of 

requirements, cumulative changes to the 

requirements, and the number of TBDs over time. 

A TBD refers to an undefined requirement. Based 

on requirements stability trends, corrective action 

may be necessary.  

Requirements stability is applicable during all life-

cycles phases, from project inception to the end. 

The requirements stability indicators are most 

important during requirements and design phases. 

Requirements stability metrics are collected and 

reported on a monthly basis.  

 
2.7 Size Stability 
Software size is a critical input to project planning. 

The size estimate and other factors are used to 

derive effort and schedule before and during a 

project.  

The software manager tracks the actual versus 

planned software product size. Various indicators 

show trends in the estimated code size, trends by 

code type, the variation of actual software size from 

estimates or the size variation by release.  

Size stability is derived from changes in the size 

estimate as time goes on. It provides an indication 

of the completeness and stability of the 

requirements, the understanding of the 

requirements, design thoroughness and stability, 

and the capability of the software development staff 

to meet the current budget and schedule. Size 

instability may indicate the need for corrective 

action.  

Size metrics are applicable during all life-cycle 

phases. Size metrics are collected and reported on a 

monthly basis, or more often as necessary.  

 
2.8 Computer Resource Utilization 
 

Computer Resource Utilization indicators show 

whether the software is using the planned amount 

of system resources. The computer resources are 

normally CPU time, I/O, and memory. For some 

software, the constraints of computer resources 

significantly affect the design, implementation, and 

testing of the product. They can also be used to re-

plan, re-estimate, and guide resource acquisition.  

Computer resource utilization is planned during the 

requirements activity and reviewed during the 

design activity. Resources are monitored from the 

start of implementation activity to the end of the 

life cycle.  

For memory utilization, the unit of data is the byte, 

word, or half-word. For CPU time, the unit of data 

is either MIPS (millions of instructions per second), 

or the percentage of CPU time used during a peak 

period. For I/O time, the unit of data is the 

percentage of I/O time used during a peak period.  

Resource Utilization data is collected and reported 

at least monthly, with the period between collection 

and reporting becoming shorter as the software 

system nears completion and a better picture of 

software performance can be seen. Note that the 

resource utilization is normally an estimate until 

integration occurs, at which time the actual data is 

available.  
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