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Software Performance Assessment Using
Goal-Question-Metric Approach
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ABSTRACT

The software once developed enters in to the 2" bhase of its useful operational fife, where it performs
its functions for which it has been developed. This is an important phase of software life, wherein the
developers and users have to assess the performance of the software to prolong its operational life with
efficiency, effectiveness and economy. Performance of the software is based on the measurement of the
quality characteristics to ascertain that it is meeting or exceeding the needs of customers in terms of
its functionality, usability, efficiency, reliability, availability, maintainability, portability etc. These soft-
ware guality attributes defined under ISO 9126 provide an overall good framework for assessing the
performance of the software. This paper describes a Software Performance Assessment (SPA) model
using the Goal-Question-Metric (GQM) paradigm which has been applied to the operational software

in real context with successful results.
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1. INTRODUCTION

The Software Performance Assessment (SPA)
is one of the major areas of research in the
Software Performance Engineering field. The per-
formance of the software products, processes and
resources is measured in all phases of software
system life cycle through several methodologies
and approaches using appropriate metrics.

The software development organizations or
those organizations which develop in-~house soft-
ware for their internal or external customers espe-
cially need to deploy comprehensive software
measurement system after once the software sys-
tem becomes operational to ensure it fulfills its
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goals and objectives.

There exists extensive research base with sev-
eral procedures, methodologies and approaches for
software performance measurement and improve-
ment of the processes and products during the
software development life cycle phases [1-9]. The
quality is ensured through use of different models
and techniques under different combinations and
with different software metrics. A cyclic process
starting from the identification of requirements,
setting performance objectives, developing, de-
signing, coding, testing, maintenance etc. under the
different categories of software modeling is used
to develop the software and every stage and its
related process is measured and evaluated of its
performance and output. Though these approaches
are also applied for performance assessment of
software for the post release period, the com-
parative research on the Software Performance
Assessment (SPA) specifically during operational
life cycle of the software system is less and is
mostly linked with software development life cycle
processes and activities.
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The commercial and non commercial software
development organizations and medium and small
size organizations which develop software for spe-
cific purposes spend sizeable amount of resources
to develop their software. They always need to use
some assessment strategies after once the soft-
ware system is deployed in the field to improve its
performance and maintenance [9,16,18]. The large
companies like Hewlett-Packard [19], Motorola [4],
British Telecom [11], Schlumberger {17], Siemens
[15], and so on [7,8,12,13] have devised their soft-
ware performance measurement programs based
on customer experiences and feed back but liter—
ature and related researches suggest that small and
medium size organizations which develop their
own software systems or groupware desperately
need to devise and implement the software per—
formance assessment program to assess the qual-
ity of their processes and resulting products
[3,5,6,9,18]. Hence models and approaches based on
metrics are needed and coming up to address SPA
with its own specific requirements [1,2,10,14,18].

Over the past three decades, several software
measurement methodologies and frameworks to
assess and improve the overall organizational soft-
ware development capabilities, software develop-
ment processes, products and resources have been
developed and practiced. Prominent among them
are Quality Improvement Paradigm, Capability
Maturity Model, Balanced
Goal-Question~Metric, Experience

Score  Card,
Factory,
Quality Function Deployment and Total Quality
Management [10]. Most of them are focused on
process assessment and the pre-release period of
the software system. There is thus a need to devel-
op a framework for performance assessment of the
software system that addresses assessing the per-
formance of the software during it operational life.

The Goal-Question-Metric (GOQM) methodology
for software performance measurement is among
the widely used practices to monitor and evaluate
the performance of the software products, proc-

esses and resources [2,12,16]. It links the goals of
the organization with the software measurement
goals in three levels namely, defining the goals,
posing questions to address the goals and identify-
ing the metrics that answers those questions. Due
to its generic nature, this methodology has been
applied to all software life cycle products, proc-
esses and resources. It thus had the potential to
undertake software performance assessment dur—
ing the operational software system life using the
selected quality characteristics and defining the
appropriate metrics.

This paper presents a model for Software
Performance Assessment of an operational soft-
ware system based on the Goal-Question-Metric
approach. This model is especially useful for un-
dertaking performance assessment of small and
developed
in-house whose performance need to be assessed

medium-sized software systems
for quality characteristics namely; functionality,
usability, efficiency and effectiveness, reliability,
availability and maintainability.

The paper has been divided in to 5 sections. In
section 2, the Goal-Question-Metric approach to
evaluate the performance of the software products,
processes and resources has been described. In
section 3 the Software Performance Assessment
model has been introduced with its parts and main
features. Section 4 describes the application of the
SPA model to assess the performance of an opera-
tional software system using the ISO 9126 soft-
ware quality characteristics. Section 5 presents the
conclusion.

2. THE GOAL-QUESTION-METRIC
APPROACH

The Goal-Question-Metric (GQM) approach
was developed in early 1980s by Dr. Victor R.
Basili and his colleagues during their work at
NASA Goddard Space Flight Centre for evaluating
defects for a set of projects [2].
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The goal question metric model views the
measurement process holistically by identifying
the measures on the basis of measurement goals
and interpreting them upward to assess the level
of achievement of the identified goals. This ap—
proach has helped many software organizations
and projects to develop their software measure—
ment plans, the eminent of which include Hewlett—
Packard (HP) mentioned by [19], Motorola in-
troduction of metrics by [4], and in Schlumberger
by [17].

GQM has been defined in terms of three main
levels namely conceptual, operational and quanti-
tative in top~down fashion. The Fig.1 defines the
GQM approach.

The three levels of GQM paradigms are ex-
plained below.

1) The conceptual level is the first level wherein
the GQM proposes to define the goals of software
measurement so that further action is taken in the
development of questions and related metrics.

2) The operational level is the most important
of all levels as it serves as a link in between the
conceptual level and the quantitative level. It re-
quires developing the questions that clarify and
elaborate the goals and provide base for identi-
fication of metrics.

3) The quantitative level is the metric base
which helps in the identification of those measures
that can be analyzed and provide sufficient data

onceptual Level:
Measurement goals involving
products, processes and/ or
resources

whose interpretation help the organization and
Operational Level:
Questions to categorize the

object of measurement in thc & /é
context of a quality issue

Quantitative Level:

Associated with every

question is a set of data that

Defining
Interpreting

helps provide a quantitative 1 M2M3 M4 M5 M6
answer o

Fig. 1. The Goal-Question-Metric Paradigm

Table 1. Steps of GQM Iimplementation

Developing goals keeping in view

Step 1'. the quality parameters and its
Developing linkage with the organization’s
the Goals & g

goal.
Step 2 Raising questions to assess and

improve the software performance
with focus on the related quality
characteristics.

Questions that
define the goals

Step 3: Identifying metrics that answers
Identifying the |the related question in a quantifi-
metrics able way.

Step 4: Devising Data Collection Forms,

Collection, and | Obtaining metrics data, storing
analysis of data|and analysis

Step 5: . Interpretation of data, document-
Interpretation & ing and reporting the results
Documentation g porung ’

project authorities to observe that to what extent
the software measurement goals stated in the con-
ceptual level have been achieved.

GQM has been implemented by the software in-
dustry in different ways depending upon the soft-
ware product, process or resources to be evaluated.
Comprehensive guidelines of implementing soft-
ware evaluation program under GOM have been
given in [16] with four main phases of planning,
defining, collecting and interpreting. However, in
general, the activities of GQM comprises of five
steps of Table 1.

Due to its generic nature, this methodology has
been applied to all software life cycle products,
processes and resources. It thus had the potential
to undertake software performance assessment
during the operational software system life using
the selected quality characteristics and defining the
appropriate metrics.

3. SOFTWARE PERFORMANCE
ASSESSMENT MODEL USING GQM

The SPA Model with GQM approach has thus
been proposed which provides a framework to the
organizations to devise the software performance
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assessment using the GQM methodology.

It includes three separate models each for devel-
oping software measurement goals, developing the
questions and identifying the related metrics.

3.1 Developing Goals for SPA

In order to develop software measurement goals,
the GQM approach provides a template which is
composed of five facets of information to define
what the measurement should accomplish in pre-
cise terms. Each GQM goal statement explicitly
contains these facets:

1) Object: The product or process under study;
eg., a software system or end product;

2) Purpose: Motivation behind the goal (why);
e.g., better understanding, assessment, control,
prediction, improvement;

3) Focus: The quality attribute of the object un-
der study (what); e.g., functionality, usability, effi-
ciency & effectiveness etc.;

4) Viewpoint: Perspective of the goal (who's
viewpoint); e.g., management, developers, or cus-
tomers etc.;

5) Environment: Context or scope of the meas—
urement program; e.g., relationship to whole pro-
gram/ project of software evaluation.

The three major considerations in developing the
measurement goals for software performance as—
sessment are:

1) Development of Software Performance
Assessment goal in relationship to the software
quality characteristics.

2) Development of Software Performance
Assessment goals linked upward to the goals of
the software and the goals of the organization.

3) Development of Software Performance
Assessment goals linked to the stakeholders’ view.

In view of the above explanation, the following
model depicted in Fig.2 is suggested for developing
the software performance assessment goal.
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Fig. 2. Developing Goals for SPA

The organization’s business is driven by their
vision and mission which provides basis for for-
mulation of goals and strategies to discharge their
functions and define processes and improve their
performance. Their services, products and pro-
grams reflect the organizational vision and mission
and hence are linked with the organizational strate—
gic goals. The organizational goals are thus the ba-
sis for formulation of software goals that contribute
to achieve the business goals. The software goals
then form the basis for the measurement goals,
which are also associated with the areas of per-
formance assessment and the stake holder’s view.

3.2 ldentifying Questions for SPA

Formulating questions characterize the object of
measurement in the context of the quality issue
from a particular view point. The model in Figure
above shows the relationship of the software per—
formance assessment goals with different areas of
the performance measurement and hence the ques-
tions developed must focus on those areas and their
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Fig. 3. Developing Questions for SPA

assessment in the organizational and user context.
The following model is suggested for identifying
the goals for SPA.

The above model in Fig. 3 depicts the relation—
ship of the questions with the measurement goals
and the quality aspects that need to be measured
in software performance assessment. The quality
aspects have been divided in to organizational and
user context. The end result of this model is a set
of relevant questions for their further relationship
in determining the appropriate metrics. The list of
quality aspects, improvement areas may vary with
the type of product being measured and goals of
measurement. The questions are important in soft-
ware performance assessment to focus on the ac-
tual issues for deriving the appropriate measures.

3.3 Defining Software Metrics for SPA

Software metrics form the basis of measure—
ment, as it provides data for analysis, interpretation
and reporting. Care is taken for identification of
proper metrics, correct procedure of collection of
data and its validation, using proper tools for entry
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Fig. 4. Developing Software Metrics for SPA

and storage and then analyzing, interpreting and
reporting back to observe how much they measure
the performance assessment goals.

We suggest the above model in Fig. 4 for identi~
fication of appropriate metrics base for SPA. The
above software metric development model sug-
gests that software metric base has its relationship
with the stakeholder, important software perform—
ance areas under considerations and at the same
its linkages with goals for final interpretation. The
software metric base can be grouped in several
ways like terms of objective & subjective software
metrics or meta metrics, derived metrics and ana~
lytical metrics or product, process and manage-
ment metrics for collection, analysis, automation
and measurement.

3.4 The Integrated SPA Model

On the basis of these three constituent models
developed, the complete software performance as-
sessment model has been developed. The model
connects all the three main parts of goals, questions
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and metrics. The Fig. 5 shows the Software
Performance Assessment Model.

The SPA model has the following salient fea-
tures:

1) It modulates the software performance as-—
sessment process in five modules with involve—
ment of all essential components and can be ac-
complished in parts with the participation of con-
cerned people;

2) Each module has its special requirement with
involvement of management and stakeholders;

3) It is simple and flexible for making changes
according to the type of software and performance
assessment program. The dotted boxes in the
model for quality characteristics,, stakeholders’ in-
volvement, question building in user context and
organizational context show that these are subject
to modification by the management, software per—
formance assessment team and addition and dele-

tion can be made accordingly;

4) It follows the spirit of GQM in top-down ap-
proach of defining the goals, questions and metrics
and bottom~-up approach of interpretation of the
results;

5) The model can be standardized and custom-
ized to suit the particular software systems per-
formance assessment requirements and organiza-
tional size;

6) The model is useful in developing the overall
software performance assessment program for
small, medium and large sized software systems;

7) Though all the parts are interlinked, organiza-
tional/ software goals, Quality Characteristics and
Stake holder’'s views supplements each other and
jointly contribute to the development of measure-
ment goals involving the main parties.

4. IMPLEMENTING THE SPA MODEL

In order to implement the software performance
assessment model stated above, we designed the
input-process—output (IPO) models for planning
for implementation of SPA, for defining goals,
questions and metrics, for collection and analysis
of data on the identified software metrics and for
interpretation of the results.

4.1 Planning for the Implementation of SPA

The main steps for planning the software per—
formance assessment are:

1) Appointment of a project team involving the
management personals, software developers, in—
ternal users and employees and the external
customers.

2) Preparation of a project document incorporat-
ing the detail like organizational goals, software
goals, software assessment goals, resources re-
quired, time period and tentative cost.

3) Submission and approval of the SPA project
by the competent authority.

The Input-Output-Process model of the
Planning process is given below in Fig. 6.
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4.2 Defining Goals, Questions and Metrics for
the Impiementation of SPA Model

This Phase involves defining the goals of soft-
ware measurement, developing the guestions
which clarify the goals with respect to their meas—
urement targets and also help in the identification
of the appropriate metrics and finally developing
the appropriate metrics and interpreting them to-
wards the goals of measurement. The main steps
for SPA in this phase are given below.

1) Identification and grouping the software im-
provement areas (quality characteristics) in the
context of user and organization.

2) Defining software measurement goals and its
relationship {o software goals and organizational
goals.

3) Defining questions for software performance
assessment on the basis of identified software im-
provement areas in user context and in organiza-
tional context.

4) Reviewing questions.

5) Defining metrics.

6) Checking and refining metrics.

7) Produce SPA measurement plan

The IPO model of this Phase is given below in
Fig. 7.
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Fig. 7. Defining for SPA

4.3 Data Collection

There are several ways for data collection such
as manual forms for data collection, electronic
formns and automated data collection tools. The
tools for storage and analysis also range from use
of simple spread sheet to customized compu-
terized web based measurement systems. The
main steps for data collection phase in SPA are
given below.

1) Designing the data collection form as per re-
quirements of the metrics and measurement data
collected on various aspects of the software im~
provement areas and measurement goals.

2) Collection of data manually from the users
and customers who have been using the software.

3) Storing the data in prescribed software tool
like spread sheet, SPSS or any other database
package.

4) Analysis of the data from its raw form to
graphic and tabulated forms.

The IPO model for this Phase is given below
in Fig. 8.
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4.4 Interpretation of Data

The main steps for interpretation of data col-
lected through the metrics defined in the previous
phase of Software Performance Assessment are
given below.

1) Interpretation of data using software applica—
tion tool like spreadsheet.

2) Organizing and holding feedback sessions
with all related material.

3) Finalization of software performance assess—
ment report with all necessary attachments, re-
sults, lessons learned and recommendation for the
improvement or upgrading of the software and a
plan of action.

4) Formal submission of the report to the higher
authorities (which approved the project) for neces-
sary action on the implementation of the
recommendations.

5) Future plan of action and allocation of neces—
Sary resources.

The TPO model for the interpretation phase is
given below in Fig. 9.

INPUT [:> PROCESS

3

lﬂ OUTPUT

- Analysis and l P X
Project Interpretation —r resentation
Team I of Data | Slides

i

i ,___}_\ |
— l Pre]fparing S

rojec » or ‘ andout:
Team ] Feedback I Documents
Session

! |

l Organize & l

. Hold
Project Feedback /
Team +L 5 | Feeaback =P Revortin

. P g
1 Session I session
l Report ) I
Proiect .
T:s::f —> Measurement | F;xahzretd
I Results l €po

Fig. 9. Interpretation of Data in SPA

The above software performance assessment
models have been implemented to assess the per-
formance of a Web-based Teaching and Learning
System (WB-TLS) software. The Web~-based
Teaching and Learning System has been designed
by an in-house team comprising of developers and
the instructors by the Colombo Plan Staff College
(CPSC) for technician education to use the web
technology to enhance teaching and learning with
cost efficiency and provide the participants a life
long learning environments. The CPSC is an in-
ter-governmental regional organization having 29
member countries in the Asia Pacific region. It
conducts around 25 programs on various topics fo-
cused to country specific needs and the regional
trends on Technical and Vocational Education. The
training program material prepared is uploaded
along with text, images and instructor’s videos on
the WB-TLS website. The WB-TLS performs
several tasks including the interaction with the cy-
ber instructors using e-board, submission of as—
signments, taking e-test, evaluation of the pro-
gram, learning the program, registering online etc.

The instructors have the options to manage the
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participants’ record and test score and authorize for
registration in the program and perform other ad-
ministrative functions.

The WB-TLS has so far been used for around
40 training programs on different topics related to
technical and vocational education. Though its
evaluation is conducted after every program, but
has been found insufficient to assess the perform-
ance of the software and know it weaknesses and
strengths in many areas.

The software performance assessment model
proposed above has been applied for the perform-
ance assessment of the WB-TLS with promising
results.

Using the SPA model, the software performance
assessment goals, guestions and metrics were
developed. The figures below show the four
WB-TLS performance assessment goals, the re-
lated questions and metrics for each goal that were
developed using the SPA Model.

The goal#l was related to assessment of
WB-~TLS in terms of functionality with a view
point of developers.

899

Goal #2 of WB-TLS Measurement
Assess the Performance of WB-TLS for the pur-
pose of improvement with respect to Usability with
a view point of Users & Instructors

Questions
How much easy to understand WB-TLS?
How much easy to Learn WB-TLS?
How much was easy to operate WB TLS?

Usability Metrics
Understandability, Learn-ability , Operability

The goal, questions and metrics related to goal#3
for assessing the efficiency & effectiveness of the
software with view point of Instructors and devel-
opers are given below.

Goal #3 of WB-TLS Measurement
Assess the Performance of WB- TLS for the pur-
pose of improvement with respect to Efficiency &
Effectiveness with a view point of Instructors &
Developers

Questions
Was speed of VoDs download Satisfactory?
Were resources available in successfully operating
WB-TLS?
How much was effective WB-TLS in Teaching
and Learning?

Efficiency & Effectiveness Metrics
Time-Behavior, Resource Behavior, Effectiveness

Goal #1 of WB-TLS Measurement
Assess the Performance of WB- TLS for the pur-
pose of improvement with respect to Functionality
with a view point of Developers

Questions
Will the software have the right set of functions
for the tasks it must perform?
Will the software produces the right agreed results
or effects?
Will the software adhere to domain-related stand-
ards or regulations in Law?
Will the software be able to prevent un-authorized
access, whether deliberate or accidental, to pro-
grams and users?

Functionality Metrics
Suitability, Accurateness, Compliance , Security

The goal, questions and metrics of goal#2 related
to assessing the usability of the software in terms
of users and instructors are given below.

The goal, questions and metrics related to goat#4
for assessing the reliability, availability and main-
tainability of the software with view point of de-
velopers are given below,

Goal #4 of WB-TLS Measurement
Assess the Performance of WB~ TLS for the pur—
pose of improvement with respect to Reliability,
Availability & Maintainability with a view point of
Developers

Questions
How much fault free WB-TLS operation is during
the program?
Is WB_TLS available anywhere and time with net-
work connection?
How much WB-TLS is maintainable?

RAM Metrics
Reliability (Maturity, Fault Tolerance, Recoverability,
Availability (During & After the Program) Maintain-

ability (Analyzability, Changeability, Stability)
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The metrics data collected through the data col-
lection forms designed for each of the guality char—
acteristics namely functionality, usability, Efficiency
and Effectiveness, Reliability, Availability and
Maintainability (RAM) has been obtained and ana-
lyzed for the past three years (2004-07) programs
conducted using WB-TLS. It has been found that
metrics data using SPA model provided very useful
information about many aspects of the WB-TLS
which couldn’t be realized earlier through the for-
mal evaluation of the program being conducted us-—
ing the normal summative evaluation forms.
Following information on various aspects of the
WB-TLS was found.

1) Every training program using WB-TLS has
its unique feature due to the different title of train-
ing programs, country environments and culture
and hence assessment of functionality, usability,
efficiency and effectiveness provided multi dimen-—
sional information to further improve WB-TLS for
subsequent programs in the same environments.

2) The quality characteristics and sub-charac-
teristics wise information such as functionality,
usability, reliability,
sub-components helps in understanding the
strengths and weaknesses of the WB-TLS and
taking actions for its further improvement in the

effectiveness and their

weaker areas of performance.

3) The country-wise information over the past
three years showed the behavior of the WB-TLS
in the particular country in terms of the specific
culture of the country, educational standards, in-
frastructure maintained, facilities available and
language barriers. This information is very useful
for further improvement of WB-TLS in the given
local environments.

4) The specific information related to WB-TLS
with a view point of developers such as perform-
ance of its teaching and learning, instructor—
participant interaction, administration functions,
and reliability, maintainability and availability

functions and tasks provide insight to the devel-

opers to improve and upgrade the system in those
particular areas.

5) The specific information related to the in-
structors such as participant’s response to their
textual material and videos through the e-board
provide very useful information to improve their
teaching, instruction and assessment methods.

6) The overall assessments through the pro-
posed SPA model provide the management to asses
the level of achievement of organizational strategic
goals, the software goals and act accordingly for
the improvement and upgrading of the WB-TLS
for future programs and maintain the high level of

quality and competitiveness.

5. CONCLUSION

The integrated SPA model presented depicts
several innovative features like modularity in na-
ture, flexibility to adjust to undertake performance
assessment of any kind of software, and the stages
and steps wherein the stake holder and manage-
ment involvement is necessary.

The applicability of the proposed model to the
Web-based Teaching and Learning Software sys—
tem shows the great potential of this model. It pro-
vided us to look in to the performance of the soft-
ware 1n different aspects of managers, developers
and users. The proposed SPA model is specifically
useful for undertaking performance assessment of
small and medium sized software systems devel-
oped in-house whose performance need to be as-
sessed for functionality, usability, efficiency and
effectiveness, reliability, availability and
maintainability. The performance assessment is a
dynamic and continuous process and hence SPA
model could be used continuously for the assess—
ment of the operational software systems.
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