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Abstract: Software Process Improvement is an act of changing the ongoing software development and maintenance process to 

achieve basic business goals. It is a sequence of catalogued activities required to develop and maintain the software within 

technical and management schema. Software metrics provide a quantitative basis for planning and predicting software 

development processes and their required improvement strategies. This research paper focuses on the impact of software metrics 

on software process improvement. Moreover, many metrics and tools have been developed; promoted and utilized resulting in 

remarkable successes. It also examines the realm of software engineering to see why software metrics are needed and also 

reviews their contribution towards software process improvement and its quality. 
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INTRO DUCTION 

               I. Software Process Improvement 

 

A software process can be defined as the sequence of steps 

required to develop or maintain a software aiming at provid ing 

a technical and management framework for applying methods, 

tools, and people to the software task. It is the art and science 

of changing an organizations software process  to build better 

software, attaining some basic business goals [1]. It provides 

mechanis ms to software organizations for evaluating their 

extant processes, identifying possibilit ies for improving as 

well as implementing the improvements and evaluating the 

impact of those improvements.  

 

As a matter of course, the ultimate goal of SPI in  

organizations is to provide a Return on Investment (ROI) for 

the organization through the improvement activ ities that yields 

more resources than is spent on them. Reportedly, ROI has 

been credited for various SPI achievements, including 

improved efficiency of the development process and reduction 

of total software costs, increased quality of the end product, 

higher predictability of cost and schedule, and increased level 

of reuse. 

 

The objective of software process improvement is to set 

methods in order to improve the development process within 

the organizations framework. It’s important that the 

organization analyzes the process structure and identify the 

main reasons behind their failure and apply the improvement  

 

strategies wherever necessary. Firstly, the objectives of SPI 

initiat ive needs to be determined and then, selecting the 

assessment techniques aligned with tracking the progress 

towards achieving the set objective is the second task to be 

done. 

 
 

 Fig1. Software Process Improvement Framework 

 

SPI Framework assesses the maturity of a software process. It 

is a set of characteristics that must be present if an effective 

software process is to be achieved. It is a method for assessing 

whether those characteristics are present & checks for a 

mechanis m that summarizes  the results. It pertains to a 

strategy for assisting a software organization fo r implementing 

SPI. 

To improve the quality of software and organizations software 

development productivity and capability, various approaches 
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have been developed and deployed in the software fields. With 

the use of process assessment tools, the process capability can 

be identified and based on the results from the assessment; 

enhancements of the processes can be done. 

Software Process Improvement Tools have been developed 

and deployed in various existing fields. The following table 

provides an insight into the existing tools. In this paper, we 

have searched and listed down some existing SPI Tools that 

are into extant in various software organizat ions. 

 

Table1. Existing SPI TOOLS 

 
 

NAME 

 

CATEG

ORY 

 

OBJECTIVES 

 

METHO DOLOGY 

 

Agile 

Assessme

nt 

Method 

 

Untraditi

onal 

Approach 

determines how the AAS 

Models help teams and 

organizations to improve 

their processes. 

 

methods have been 

proposed: Assessing 

Agility; Agile 

Assessment Approach; 

Nokia Test; 

Comparative Study; 

Other Approaches 

 

 

SPAILS 

 

  

 

web-

based 

tool 

 

Provides gap analysis 

information and proposes 

individual SPI measures 

to achieve the process 

improvement objectives.  

 

Representation from 

organization 

Representative from 

role of each project 

Affirmation for 

conflict responding  
Generate project report 

 Generate 

organization report 

 

 
RIA 

Based 

Tool 

  

 

 
Web-

based   

tool 

 

 
Provides a new process 

structure & elements to 

document the process. 

 

 

 Self 

Evaluation 

 MoProSoft 

Model 
 

ISO 

Based  

Tool 

Manual 

Tool 

conducts the process 

assessment as ensuring a 

project 's compliance with 

specific standards in 

software development 
organization.  

Retrieval and 

communication with the 

skilled in order to offer 

the way of appropriate 

process mentor. 
SPI strategies are based 

on 2 types of evaluation 

results: 

With results of self-

evaluation by 

practitioners & With 

results of internal 

assessments. 
 

Six 

Sigma 

Tool in 

PSP/TSP 

 

Team-

Based 

Tool 

 

Deploying PSP/TSP in 

conjunction with Six 

Sigma, leads to improved 

project performance & 

continuous process 
improvement. 

 

The identified team-

based tools are affinity 

diagram, SQFD 

(Software Quality 

Function Deployment), 
Kano analysis and 

SWFMEA (Software 

Failure Mode and Effect 

Analysis).  

 

DuoTrac

ker 

 

Process 

Driven 

Tool 

 

track and analyze s/w 

defects for s/w process 

decision making 

classify defects in a 

manner that makes 

analysis at both 

organizational and 

individual software 

processes meaningful 

II. Software Metrices  

Software metric is the measure of any property of a piece 

of software or its specifications. Since quantitative 

measurements are essential, there is a continuous effort by 

computer practitioners to bring akin approaches to software 

development. The intent is to obtain objective, reproducible 

and quantifiable measurements, which may prove to be 

beneficial fo r software assessment. It is a standard for 

measuring and evaluating a quantifiable entity.  

 

In this paper we present an overview of various software 

metrics that are currently into use for analyzing the software 

process and estimating the objectives for process improvement 

technique to be applied onto the existing process. 

1)Product Metrics: Product metrics assists developers to better 

understand the software attributes and to assess its quality 

based on some clearly defined ru les. It benefits the software 

engineers to gain an insight into the design and development 

of the software. It focuses on specific attributes of software 

work products resulting from various stages of SDLC. They 

are also used to identify the system components which are of 

sub-standard quality. 

 

2)Process Metrics: Process metrics can be used for   

improving software development and maintenance. It provides 

indictors leading to long term process improvement. Private 

process metrics are only known by the individual or 

developing team. Public process metrics enable organizations 

to make strategic changes to improve the software process . 

[21] 

 

3)Object Oriented Metrics : Object-oriented measurements are 

being used to evaluate and predict the quality of software. 

Often, these metrics are used as an early indicator of the 

externally visible attributes, because they cannot be measured 

until later stages in the software development process[22]. 

 

4)Project Metrics : Project metrics describes the project 

execution and characteristics . It enables the project manager in  

assessing the status of the ongoing project, tracking potential 

risks and to uncover problems before they go critical.  

 

5) Customer Satisfaction Metrics: Customer satisfactionis 

often measured by customer survey data obtained via the five-

point scale: Very satisfied, Satisfied, Neutral, Dissatisfied, 

Very dissatisfied. Satisfaction is obtained with the overall 

quality of the product and its specific dimensions through 

various methods of customer surveys.  

 

6) Cohesion & Coupling Metrics: Coupling and Cohesion 

metrics determine whether combin ing the metrics is 

supportive in the task of predicting bugs in large open-source 

software. Object oriented design and analysis is an ongoing 

technique of software engineering technologies, due to which 

many different object-oriented coupling and cohesion metrics 

have been developed. 

 

7) Design Metrics: Design Metrics are utilized in measuring 
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the complexity and goodness  of a design. They allow the 

software engineer to distinguish between designs and pinpoint 

design weaknesses, particularly with a view to min imize the 

development effort. A design measure is obtained based upon 

the informat ion flows between modules that are empirically  

validated by analyzing a software system. 

 

III. CMMI Based Quality Metrics 

 

The Capability Maturity Model Integration (CMMI) is an 

eminent and accepted process improvement approach, which 

also proves to be a process quality measurement. It is widely 

applicable. The current process quality is estimated by the 

means of the CMMI Appraisal Method SCAMPI which needs 

the appraisers' experience to investigate the processes in 

expanse for assessment results , that are highly accurate. The 

assessment result represents complacency for all those process 

areas that fulfill the respective defined goals and practices . 

 

Based on CMMI, a software metrics process model is 

discussed in this paper. SPI methodology, followed in CMMI 

can be defined as definition of sequence of steps, tools and 

techniques to be implemented to plan and implement the 

improvement activities. They emphasize the importance of 

planning SPI activities, naming the key activities and concepts 

and describing their relat ionships [17].   

 

 
 

Fig.2 SPI Lifecycle in CMMI 

 

 

 

Table2. Existing CMMI Metrics  

 
METRICS GOAL METHODOLOGY 

Goal Driven 

Metrics 

Objectively measure 

the program condition 
as on Project 

Management Process  

Improvement & 

Organizational vision.  

Measure the success in 

achieving the goals and sub-
goals & identify metrics that 

have been overlooked.  

Goal Quality 

Metrics 

GQM Analysis, Metric 

Definition, Data 

Collection, Data 

Analysis & Reporting. 

FAST 

FQIMM Integrates s/w metrics  

set, linguistic 

variables, & interval of 
confidence. 

Lead Appraiser Method: 

evaluates description of 

questionnaire, interview & 
document by appraisal 

requirement. 

Effort Slippage Improve estimation Estimating efforts based on 

requirements & planning 
based estimation 

Defect Density Minimize defects Detecting defects at an 

earlier stage & minimize 
acceptance test defects. 

Rework Effort Reduce cost Identify non-value added 

activities & detecting early 
defects to reduce rework. 

Traceability 

Metrics 

Requirement 

management 

Maps the verification of 

implemented requirement & 

test case verification.  

 

       

IV. OOSPICE Project with Metrics 

 

The OOSPICE Pro ject1 (Software Process Improvement and 

Capability dEtermination for Object Oriented/Component 

Based Software Development), which focuses on the 

industrial practice of CBD and delivers new processes, 

methods and tools that can be implemented practically. It is a 

combination of principles of empirical software engineering 

major concepts: CBD, object-oriented development, software 

process assessment and software process improvement. The 

main objectives include a consolidated CBD process model 

and metamodel foundation, a CBD assessment methodology 

consisting of an assessment model, an assessment method and 

an assessment tool. 

 

An accepted principle in software engineering is that  the 

product quality is determined by process quality. This forms 

the basis for process assessment and improvement approaches 

like CMM and SPICE. The updating and improving 

technology for CBD, also focuses on OOSPICE that requires a 

detailed analysis and allocation of a  wide variety of currently  

offered approaches for yielding an improved process . Based 

on the identified best-practice approaches, the aim is to 

formulate suitable process models and an assessment approach 

that suits the project improvement plans . 

 

SPICE framework is  required to perform the analysis and 

assessment of the software process, on the basis of these 

assessments information about the strengths, weaknesses and 

capability of the process to achieve its goals  is induced. The 
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term “process assessment” can be defined as “A disciplined 

assessment of an organization's software processes with 

respect to the process model or variant model as described in 

the International Standard.” [20].  

 

It enacts like  a bridge between process  and process 

engineering, on one hand, and process and process capability 

assessment on the other hand, that brings these two sub-

disciplines of software engineering together. Technological 

innovation in the OOSPICE Pro ject is in the following areas: 

the production of an unified process model and an 

underpinning metamodel for CBD, addressing the variations 

observed; the development of a CBD methodology 

conforming to the unified process model for CBD; the 

definit ion and validation of an assessment technique for CBD; 

the assimilat ion of user trials of both assessment and 

development methodologies, etc. 

 

In relation to CBD of systems, the metrics seeks to answer the 

following questions: 

 

 • Does the development of new or modified process reference 

models require specific and unique aspects for development?  

 

• Does the process assessment involve specific issues that can 

validate process improvement and capability determination in  

CBD? 

 

In the Object Oriented context, a modern tailorable framework 

OPEN provides the basis for a successful process development 

and utilizes the implemented metrics with in the methodology 

for process improvement. OPEN (Object-Oriented Process, 

Environment and Notation) includes tasks and techniques  that 

are useful in the early stages of SDLC. It is a process -focused 

methodological approach for component and software 

development. Perhaps, it is a framework defined by a process 

metamodel that is  not rigidly specified. Thus, it is well suited 

for CBD.  

 

A framework fo r a CBD programme is the 

“GOAL/QUALITY/METRIC” paradigm. GQM evaluates the 

goals and questions, thus leading for choosing a legit metrics. 

The problem with the implementation of this approach to OO 

metric is that the set of available metrics may be empty. Thus , 

a eulogistic activity is the identification of a large number of 

“potentially profitable” metrics. The GQM is useful when an 

empirical relat ional system is identified over a characteristic, 

to select the most befitting metrics. 

 

Currently, there are some internal OO metrics which are used 

to measure products. Another set of metrics consists of those 

which involve some external considerations. Internal metrics 

are those which can devise easier ways of estimat ions; and 

external metrics in contrast have major challenges. Thus, 

internal metrics have been preferred over external metrics as 

direct surrogates without any intervening model and theory.  

 

                     

 

 

V. Future Scope & Work 

 

Realizing the rising demand for the improvement in          

software quality, it can be concluded that in the impending 

years, software process improvement will be a prerequisite 

in software organizations. A number of metrics are 

proposed and exercised for measuring the quality of the 

improved processes before its implementation. Future 

research directions might include improvement in existing 

process and metrics based on the nature and magnitude of 

the problem statement. There is a scope for development 

of various tools to support software process improvement 

that may help in reducing time, effort and cost of the 

process improvement in a consistent manner.    

Two basic research areas have been identified through this     

study:  

 The role of metrics in managing and improving 

software development processes  

 

 Methodology applied for improvement in  

collecting, interpreting, d istributing and utilizing 

data  

 

 VII. Conclusion 

 

The summary position will provide an intellig ible view of 

the research conducted, including the overall results of the 

improvement efforts in process improvement. It will also 

address the research questions and might contain the 

practical guidelines for other processes  to follow.   
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