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Abstract

Successful implementation of software projects development is entirely depending upon successful monitoring and control
mechanism. Software metrics can deliver the necessary information for monitoring and control the software projects
development for its enhancement. However, the current software metrics does not widely address the performance criteria
and related metrics for software project management. Largely, mefrics are identified in the perspectives of software
development only. Hence, the aim of this study is to formulate a Metric based Software Project Performance Monitoring
Model which consists of performance criteria and metrics that involves in a software projects development. This model
formulation is consists of five processes: metrics integration, metrics validation, metrics description, metrics categorization and
metrics threshold. The proposed model is a novel approach and adds significant of knowledge to the software engineering
domain especially on software project monitoring and software measurement domain. Generally, this model will be a
guideline for software project managers to monitor and control software projects particularly in public sector software
projects. In order to demonstrate the applicability of this model, case study was conducted at various departments at
Malaysian Public Sector. The results show that the proposed model is very useful for the project managers in monitoring and
conftrol software projects.

Keywords: Software projects development, monitoring and control, performance criteria, metrics, metrics validation,
threshold,
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1.0 INTRODUCTION Project Resolution From 2012 CHAOS

Research

Software projects have a high rate of failure. In fact,
organizations have tried to reduce the rate through
many ways [1]. There is still software projects are delay

in delivery, overrun cost, insufficient quality, do not %
meet user requirements and less customer satisfaction
[2]- Wateridge [5], in his research on successful and
failure projects had summarized that criteria such as
meet user requirements, completed on time, carried
out within budget and meet the quality requirements
are the major criteria need that need to be consider
for measuring the software projects. Additionally,
software projects need to be monitor frequently in Figure 1 Project Resolution from 2012 CHAOS Research
order to success.

= Successul m Challenged u Failed

The 2012 CHAOQOS [3] indicates project success rates,
with 39% of all projects are successful (delivered on
fime, on budget, with required features and functions)
where as 43% of projects were challenged (late, over
budget, and/or with less than the required features
and functions) and 18% of software projects are failed
(cancelled prior to completion or delivered and never
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used) as shown in the Figure 1. Although many
aftempts [2][4][6] have been made to solve the
problem in the last few decades, but the amount of
challenged and failed projects are still higher than the
amount of succeeded projects. There are only 39% of
succeed projects in the year of 2012. Many actions
are being taken by the practitioners and scholars in
order to reduce the amount of challenged and failed
software projects development. However the result is
not inspiring.

The same scenario goes to public sector software
projects development. For example, Malaysian
Administrative  Modernization and Management
Planning Unit (MAMPU) was conducted a survey in
2010 on software projects development at Malaysian
public sector. This study indicated that many
outsource projects listed as challenged and failure
projects [10]. In fact, the developments of some
software projects are failed in the beginning stage
itself. For example, the Health Ministry of Malaysia has
ended its contract with one of the software company.
This software company failed to develop two
proposed software projects namely Pharmacy
Enforcement Management System (SPPF) and
Pharmacy Management System (SPF). Almost RM2.59
million in expenses was not considered value for
money to the government [11].

Software projects development need to be
monitor frequently in order to have successful software
project. In the context of Malaysian Public Sector, a
survey was conducted in the year 2013 among
government ICT officers on software projects
monitoring. Almost 65.3% respondents agreed that
there is a lack of having effective monitoring and
control of software projects at Malaysian Public Sector
[12]. This result shows that there is a need to have
effective monitoring mechanism in order to reduce
the software projects failures at Malaysian Public
Sector.

Well established monitoring methods such as
Earned Value (EV) is added value on monitoring
software projects by looking at project duration and
cost [24]. In addition to this, there are many models for
monitoring processes of software projects were
infroduced such as system dynamics model [7],
scenario model [8], PERT method, Use Case Point [9],
Model-Driven, Bayesian Based and Shared Mental
[25]. Eventually many studies are being conducted in
the field of software projects monitoring yet there is
always a room to explore to enhance the existing
studies on determining a software projects success.

In line with this, metrics are vital to determining the
software projects success. Generally, software metrics
can deliver the necessary information for managerial
understanding in managing and control the software
projects development for its enhancement [18].
However, the current software metrics does not widely
address the performance criteria and related metrics
for software project management. Largely, most of
the meftrics are identified in the perspectives of
software development only. The existing software
project monitoring literatures are merely focused on

monitoring the cost and schedule elements. We
believe that software projects success can be
achieved by using the performance criteria and
mefrics  which  influence  software  projects
development. Accordingly, we can make the
software projects development moves towards
success. Thus, a development of Metric based
Software Project Performance Monitoring Model
could guide the software project managers to monitor
and control the performance of software projects
fowards success. By using this proposed model,
project managers could monitor and manage the
performance for each element that involved in the
software projects development. Besides this, software
project manager also could view the performance of
the each and every element in a software projects
development. Consequently, this proposed model
encompasses 14 identified performance criteria and
143 related metrics that can be monitored during the
development of any software projects specifically
outsource projects. This paper delivers insights the
formulation  of Metric based Software Project
Performance Monitoring Model by systematically.

This paper begins with the discussion by providing
step by step insfructions on Formulation of Metric
based Software Project Performance Monitoring in the
Section 2.0. Section 3.0 explains the results and
discussion. This paper ends with overall conclusion of
these activities by summarizing the entire formulation
process and describing the model evaluation and the
results in the Section 4.0.

2.0 METHODOLOGY

The model formulation is divided into several
important activities which are meftrics integration,
metrics description, metrics validation, metrics
categorization and metrics performance threshold
value. These activities produce a finalized metrics
which will be significance for monitoring and control
software projects.

Metrics Integration

\4

Metrics Description
A\V74

Metrics Validation
v
Metrics Categorization
\V4
Metrics Threshold

Figure 2 Activities involved in formulation of Software Project

Performance Model

Figure 2 shows the activities in the formulation process.
This research begins with Systematic Literature Review
(SLR) [13]. A list of performance criteria and mefrics
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that influence the software project monitoring were
identified from this SLR. This SLR study identfified a
number of 14 performance criteria and 110 related
meftrics based on 43 selected studies. This followed by
the second activity which is identifying the
performance criteria and metrics that influence the
software project monitoring from the industrial
perspectives. Here, we had conducted structured
inferviews with software project managers from
various departments at Malaysian Public Sector.

The data collection phase was conducted in two
different phases. In order fo friangulate the first phase
data, we conducted the second phase of structured
interview sessions at various departments in Malaysian
Public Sector at the different time and different
places. A total of 37 software project managers were
involved in these phases. We used purposive sampling
for data collection. Additionally, we have identified
software project managers from all the ministries at
Malaysian Public Sector. Thus, at least an experienced
software project manager from one ministry was
involved in these data collection phases. This is to
ensure that collected data are from various types and
environment of software projects development at
Malaysian Public Sector. Data were collected,
franscribed and analysed using NVIVO 10. In this
phase, we had collected 13 performance criteria and
87 related metrics. Consequently, we tested the
reliability of our franscribed data by performing peers
review data franscription [30]. Subsequently, the
reliability (inter-coder reliability or inter-rater reliability)
was determined using Kappa Cohen in this study. Two
researchers (Coder 1 and Coder 2) were chosen to
identify number of codes by reading the franscribed
data randomly. These two researchers identified a
number of codes from the tfranscription documents
based on the given coding scheme. The Kappa
Cohen statistics shows high reliability of data
transcriptions as described in Figure 3. The Kappa
Cohen 0.923 for Coder 1 and Coder 2 is aimost perfect
agreement. This value ensured the accuracy of
franscribed process in this study.

Crosstabs Analysis for Kappa Cohen

Symmetric Measures
Value Asymp. ApPprox. ApPprox.

Std. To Sig.
Error@
I';/\Ge;;zre of .923 4% 3.162 .002
\
Agreement T
N of Valid | 10
Cases

The Kappa Cohen .923 for Coder 1 and
Coder 2is almost perfect agreement (K >.80)
281

Fiaure 3 Crosstalbs analvsis for kapoa cohen

Consequently, the friangulation results show that
identified data having very higher similarities and

enhance confidence in the ensuing the findings. We
further our discussion with model formulation activities.

2.1 Metrics Integration

Basically, in this phase metrics from SLR and sfructured
interviews were gathered. These gathered metrics
were mapped and integrated in deriving the final
mefrics using Constant Comparative fechnique which
is core to the Grounded Theory method.

Constant Comparative is a process of constantly
comparing occurrence of data that labelled in a
category with other same category to see they are fit
and workable or not [14]. The amount of data that
collected is compared and examine by explicitly and
implicitly using this constant comparison technique.
Thus, each and every metrics that identified in this
study went through comparison and analysis based
on the Constant Comparative process.

In line with this, each meftric are analyzed implicitly
and explicitly by looking at the terms, meanings, logics
and sfructures in detail [15]. Furthermore, the
similarities and differences of each meftric are also
analyzed. These Comparisons highly considered for
increasing the internal validity of the findings. Based
on our study, we derived a five-step analysis
procedure. Our study comprises five steps which are:

a. Compare the metric by its phrases, meaning,
logics and sentences structures by individually.
(Internal validity)

b. Compare the similarity between two metrics that
identified based on the SLR and structured
interviews. (External validity)

c. Insome cases, metrics are not available in either
SLR or structured interviews. Thus, we analysed
the practicality of that metric for the monitoring
the software project. (External validity)

d. Create a category of metric.

e. List down final metrics.

A number of 14 performance criteria and 141 mefrics
are derived from this integration process. These
performance criteria and metrics are basically used
for monitoring software project in the industry. Next,
these identified metrics were validated by using
experts.

2.2 Metrics Validation

These identified metrics were validated by experts.
Experts from project management field are invited to
involve in this validation process. Expert judgement
enables to acquire opinions from the real people in
the industrial [16]. Mefrics validation process involved
three important  issues which are  metrics
categorization, meftrics significant and metrics valid
measurement. These three important issues were
derived based on the software meftrics validation
methodologies in software engineering that proposed
by K.P Srinivasan [17].

Experts were given 2-3 weeks' time to review and
validate these identified metrics. Experts validated the
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identified metrics by reviewing three important criteria
such as:-

o  Does the metrics titled correctly according to
SLR and interviews mefrics?

o  Does the metrics are useful for monitoring and
confrolling software projects?

o  Does the metrics having a valid measurement

types?e

We established the experts’ criteria in order to
execute this metric validation. These criteria were

Table 1 Detail of expert data analysis

Perform | Metric Excluded | Reason for | New
ance Name /Included | excluding / | Metrics
Criteria including
Team This metric is
Team member Excluded | notincluded
memb residency in this
ers (Total proposed
Distance) model
because at
public sector
scenario
team
member
fravelling
costis notin
counted as
they are paid
by monthly
salary.
Software Monitoring Existenc
project the ICT e of
conftribut Strategic project
Organi | es fo | Included Plan is very in ICT
zation organizati importantin Strategi
on ICT public sector | c Plan
Strategic projects. Number
Plan (Yes Thus, under of
/ No) this projects
circumstanc implem
e, this meftric ented
is modified from
infonew two | the ICT
metrics. Strategi
c Plan

established in order to have reliable metrics for
monitoring the performance of software projects.
Ultimately, these experts involved in software projects
management. Below are the expert criteria:

o  Software Project Managers or Software Project
consultants at the Malaysian Public Sector.

o  Appointed as Project Management Experts at
the Malaysian Public Sector by Public Service
Department, Malaysia.

o Experiences more than 10 years in the
managing software projects at the Malaysian
Public Sector.

o  Certified project management consultants at
the Malaysian Public Sector.

Software Project management experts from Public
Sector of Malaysia were contacted via email and
phone calls to get their commitments for validation
purpose in this study. Initially, five experts were chosen
based on the above deftermined experts criteria.
Unfortunately, one of the identified experts could not
able to take part in this validation process due to high
commitments and workloads. The Meftric Validation
Form was distributed to the experts in the introduction
session. We further our work by collecting Mefric
Validation Form from the experts. The experts took
appropriately a month to complete this form. We
collected the form by softcopy (email) and hardcopy
(manual form). We confinue our work by analyzing the
experts’ comments on these metrics. All the 141
metrics was reviewed by the experts. Experts
commented on some of the metrics by of its name,
measurement way and the structure. Out of these 141
metrics, one of metric is excluded from the proposed
model based on the experts’ reviews as described in
the Table 1.

Three out four experts were not agreed for this
metric which is team member residency (Total
Distance). Besides this, Software project contributes to
organization ICT Strategic Plan metric was divided into
two more new metrics such as Existence of project in
ICT Strategic Plan and Number of projects
implemented from the ICT Strategic Plan.

Altogether a total of 143 metrics were identified in
this study. Table 2 shows the final identified metrics for
Project Manager Performance Criteria. Next, the final
identified metrics are described as explained in the
next Section 2.3.

2.3 Metrics Description

Software metrics purpose is to provide a quantitative
assessment of the elements or attributes. Software
metrics will be meaningful if it includes a description of
how data are to be presented, interpreted and used
regards software projects [18]. Thus, in this study
metrics were defined based on the ISO/IEC TR
9126:2003 standards. ISO/IEC TR 9126:2003 [19] is a
standard provides a complete and comprehensive
report on metrics that involved in software product
and process [20]. Moreover, most of well -established
software organizations are using this standard as a
reference guide in their software development
processes [20]. Below are the attributes that included
as a metrics descripfion.

Metrics name

Purpose of the metrics

Method of application

Measurement formula and data element
computational

Interpretation of measured value

Metric scale type

Measure type

Input to measurement

Target audience

O O O O

O O 0O 0O O
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The above attributes are used to formulate the metrics
descriptfions. Each identified metrics are scrutinized
and detail it in a comprehensive way. As shown in
Table 2, each identified metrics for project manager
performance criteria were reported by explaining the
meftric  purpose, mefrics method application,
measurement formula, interpretation of measurement
value, scale, measure type, source for the
measurement and target audience.

By detailing these metrics, we get a clear guide on
how to use of these metrics in monitoring every
software projects basically. Metrics description is very
important for the project managers to understand
better about metrics and what, when and how they
should use these metrics.

All the described metrics were reviewed by the
software projects experts. This metrics description was
reviewed by the same software project experts who
involved in the metrics validation. This is to make sure
the continuity of the metrics identification and
descriptfion. This ensures the reliability of identified
meftrics that identified in this study. Unfortunately, only
two experts (Expert B and Expert C) managed to take
part in this metrics description. The other two experts
(Expert A and Expert D) were having a tight schedule
with their workloads. Thus, these two experts are
unable to take part in the review process. The review
was conducted for two rounds.

The first round of this review was conducted for
three hours in a discussion mode. The experts reviewed
all the described metrics and recommended some
changes on these below stated subjects such as:

Target audiences

Input measurement documents
Measurement formula

Metrics scales

o O O O

The output of the first round review was considered
important because of the expert's experiences and
credibility in managing, monitoring and producing
software projects for 20 years at Malaysian Public
Sector. Then, the metrics descriptions were amended
according to the first review and send for the second
review with same experts for the validity purpose. The
experts are agreed on these metrics description
without any changes for the second review as shown
in the Appendix A. Finally, the meftrics were ready with
complete descriptions. Figure 4 shows the review
process in a graphical form.

Metrics Description

Changes

\|/ No Changes

Final Metrics Description

Figure 4 A review process of metrics description

We confinue with the next activity which is mefric
categorization which explained o the next section.

2.4 Metrics Categorization

The formulation activities were continued with metrics
categorization.  The validated metrics were
categorized according to Project Management Iron
Triangle model. This model has three important
elements which are Cost, schedule and Quality. Figure
5 shows how these performance criteria and the
related metrics were categorized.

Organization
Cost Communication
Documentation
Resources
Training
Iron Defect
riangle — Project
User
Top Management
Vendor
Project Manager
Team Membher

Quality

Schedule

Figure 5 Meftric categorization based on Iron friangle Model

The purpose of metrics categorization is fo answer the
research gap which claimed there are no commonly
agreed practices of performance criteria and metrics
for managing software projects in the perspectives of
public sector. We believe that software project also
can be monitored by not only looking af the cost and
schedule but other elements under quality domain
such as top management, vendor, project manager,
feam member, documentation, communication,
fraining, defect, organization, user, resources, and
defect. Thus, we described how these performance
criteria give significance to the software projects
fowards success using case study evaluation in the

Table 2 Final metric lists for project manager performance
criteria

Number | Metric Name
PROJECT MANAGER

PM1 Type of skill or expertise
PM2 Number of skills or expertise
PM3 Number of meetings with users
PM4 Number of stakeholders meetings
PM5 Number of meetings with vendor
PMé Total number of projects
PM7 Total number of successful software projects
PM8 Total number of high impact successful projects
PM9 Total number of unsuccessful software projects
PM10 Time taken to identify and solve the problem
PM11 Total time taken to complete each task
PM12 Total time spend for the projectsin a day
PM13 Project manager appraisal (% of performance)
PM14 Total number of tasks
PM15 Number of completed tasks on time
PM16 Number of project plans per project
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Section 3.0. We further our work with the threshold
activity as in the next section.

2.5 Setting Metrics Threshold Measurement Scale
(MTMS)

Setting Metrics Threshold Measurement Scales (MTMS)
is the final process in this model formulation. In this
phase, we established Metrics Performance Threshold
Scale for our validated metrics. This measurement
scale was established for the evaluation purpose.
Threshold measurement guides the software project
manager to count the performance of software
projects by quantitatively.

This MTMS was developed based on the literature
[21]. There are number of papers that discussed about
the threshold setting for object oriented metrics [22]
and security metrics [23]. Additionally, our study
adopted this threshold rating scales from the existing
security metrics study that proposed by Shareeful and
his co-authors [21]. The proposed scales are more
suitable and meaningful for the software project
meftrics threshold in the context of the public sector
environment.

Finally, the Meftric-based Performance Model for
Software Project Monitoring and Control is consists of
performance criteria, metrics with descriptions and
metrics threshold measurement scale was formulated.
This model is a novel approach for software project
monitoring and control. Software project managers
are the targeted users for this model. This model can
be used by software project managers for monitoring
and conftrol the software projects. The Metric-based
Performance Model for Software Project Monitoring
and Confrol delivers sights on all the elements that
included in this model development. Besides these
elements, the conceptual model also shows the input
and oufput of the model. This model can be used
during the project management life cycle phases.
Figure 6 llustrates the proposed Metric-based
Software Project Performance Model.

Monitoring and Control

Performance Criteria

v

Metrics [« » Description
Metrics Threshold

Measurement Scale

Figure 6 A conceptfual model of meftric-based
software project performance model

3.0 RESULT & DISCUSSION

Case study methodology is used to evaluate the
proposed model by empirically. Case study
methodology is well suited for many kinds of software
engineering research, as the objects of study are
contemporary phenomena, which are tough to study
in remoteness. Besides this, case study methodology
was originally used primarily for exploratory and
descriptive purposes. According Klein and Myers [29]
define three types of case study depending on the
research perspective which are positivist, critical and
interpretive. This study is more fo posifivist case study
which searches confirmation for our model
evaluation, measures metrics, test hypothesis and
draws inferences from selected software projects.

The objectives of this case study are:-

o To show the relationship between the number of
metrics and the software project success.

o To show the relationship between the
performance level of each criterion and the
software project success.

o To show that the proposed model is useful for the
software project managers in monitoring and
control the software projects.

This case study is based on the seven stages to tail
in as suggested by Kitchenham [30]. Six software
projects were selected as unit of analysis in this case
study evaluation. The evaluation was conducted in
two different environments which are large scale and
small scale. These software projects were gathered
based on the criteriac which are successful,
problematic and failure software projects in large as
well as small project environments. Emailed were sent
to the head of department of two organizations at
Malaysian Public Sector to gather software projects
details. These two organizations which known as A and
B were agreed to participate in this model evaluation.
Organization A is for large scale environment and
Organization B is for small scale environment. Both
organizations provided us the detail of six software
projects according to the given criteria. These
idenftified software projects are illustrates as below in
the Table 3.

Table 3 Unit of Analysis in our mulfiple case studies

Successful | Problematic Failure
Software (on time (delay in (abounded
Project and on time and or
Environment cost) cost) neglected)
Large Scale | Software Software Software
Project A Project B Project C
Small Scale | Software Software Software
Project D Project E Project F
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Hypotheses testing were conducted in order to
conclude if there is a significant effect on identified
metrics for monitoring the performance of software
project. The derived null hypotheses were
disapproved in this study. The generated null
hypotheses in this case study were described as
below:-

HO1: The less the metrics used for monitoring then
higher the software project success.

HO2: The lower the performance level (%) of the
each criterion then the higher is the software
project success.

This case study evaluation started with determining
threshold value for validated metrics and followed by
model evaluation. The model evaluation was
conducted by the software project managers of the
selected software projects. Then, the hypotheses were
tested.

3.1 Determining Threshold Value for Validated
Metrics

In this section, threshold value for each and every
identified metrics in this study was derived. A session
was conducted in order fo determine the threshold
value for the metrics. The details of this session and the
threshold are explained below.

3.1.1 Session Details

The researcher played as a moderator to reach the
consensus for each and every metrics threshold in the
session. Three software project managers were
gathered for this session. Well experienced project
managers participated in this session. These three
software project managers are having more than 15
years experiences in managing software projects at
Malaysian Pubic Sector. Furthermore, these software
project managers are having experiences in both
large and scale software projects development at as
well. This is to ensure that proposed model can suits
for large and small scales software projects
environments. Software project managers from two IT
Departments as identified as a Department A and
Department B were chosen as session participants.
The two departments details are described as below:-

a. Large Scale Software Projects Environment

Department A was identified for the large scale
projects environment. Department A is basically
handling many large scale projects for Malaysian
Public Sector. Each software project managers in this
department is monitoring and confroling many high
impact software projects that involves at Malaysian
Public Sector. These identified software project
managers are also became software projects
consultants for many other IT agencies at Malaysian
Public Sector. Thus, two well experienced software

project managers from this department were
gathered to take part in a threshold activity.

b. Small Scale Software Project Environment

Department B was identified for small scale software
projects environment. This department are basically
handling a few software projects for their internal use
of IT departments at the Malaysian Public Sector. Their
software projects are not a high impact projects.
These software projects are small scale projects. Only
limited number of users is using these small scale
software projects at the agency. Thus, a well
experienced software project manager was invited
from this department to take part in this session.

3.1.2 Sessions Output

As explained earlier, a group of three software project
managers were involved in this session. The software
project managers and the moderator were sitting
tfogether in this session and discussed about threshold
for each metrics according to the software project
environments. The results are promising; each
participant has been able to set the threshold value
for each metfrics in the model. The proposed model
seems to be a helpful model as it can be used for
different software project environments in order fo
monitor and control the software projects. In addition,
the experiences of the session participants in
monitoring and controling on software projects
confirm that these agreed metrics threshold will be
very useful for other software project managers to
monitor and confrol the software projects basically.

The execution of the session was divided info
infroduction part and the discussion part. The purpose
of the infroduction is to give the participants the basic
knowledge on performance criteria and the related
metrics as well as how these metrics can be used for
monitoring and controlling the software projects in
real environment. Upon an execution of the
infroduction section, a discussion on the mefrics
threshold was furthered with software project
managers in the session. The threshold was set based
on their experiences and knowledge in handling
many software projects at Malaysian Public Sector for
more than 15 years.

This session was held for the duration of three hours
in order to set the threshold for each identified metrics.
Each and every metrics was reviewed and assigned
the threshold value based on the projects
environment. The input of this session was analyzed by
the software project managers and moderator until
we get the consensus for the threshold value for each
metrics. Any arguments in determining the threshold
were got back fo the consensus finally by the
moderator and the software project managers at the
end the session. In order fo increase our threshold
consistency we strictly follow:-
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o Describe each and every metrics in detail on how
it is giving significant for monitoring software
projects.

o We compare the threshold value for each types
of software projects environment before the get
consensus value for metrics.

Appendix B and Appendix C describe the
threshold value for large scale and small scale
software projects. The input from the session were
collected and documented for the next phase of
evaluation. Next, we move on model evaluation using
multiple case studies at selected software projects in
Malaysia Public Sector.

3.2 Model Evaluation

The proposed model was evaluated using with six
types of real projects in a two different software
projects environment as described above. This is to
ensure that the model can be used for all types of
project environments. Project manager of each
identified software project was chosen in order to
parficipate in this evaluation. The metrics list with
threshold value was distributed to each project
manager of the selected software project. They
evaluated their software projects using these metrics
based on their experiences on handling the selected
software project. The objectives of this case study
evaluation are explained in detail as below.

3.2.1 To Show The Relationship Between The
Number Of Metrics And The Software Project
Success.

As discussed earlier, one of the objectives of this case
study is to show the relationship between the number
of metrics and the software project success. Figure 6
illustrates the number of used metrics in the identified
six software projects in both large and small scale
environment in this case study. The finding shows that
the more the metrics used for monitoring the higher
the software project success. This is evidenced in
Software Project A and Software Project D. These two
software projects are successful projects. The project
manager from these software projects used more
metrics that listed in this model in their software project
A (120 metrics) and D (123 metrics) as well. The failure
software projects which were Software Project C (68
metrics) and Software Project F (64 meftrics) used very
less metrics that listed in this model.

Number of used metrics for large scale software project
environment
140
. 120
.U
E 100
5
< 80
=]
- 60
2
E 40
Z 20
0
Software Software Software
Project A: Project B: Project C:
Successful Problematic Failure
ENumber of Metrics 120 9% 68
Number of used metrics for small scale software project
environment
140
120
s 100
&
] 80
s
= 60
5 40
2
5 20
2 0
Software Software Software
Project D ; Project E : Project F ;
Successful Problematic Failure
B Number of Metrics 123 85 64

Figure 6 Number of metrics used for large and small scale
software projects

Whereas the problematic software projects which
were Software Project B (96 metrics) and Software
Project E (85 metrics) used average merfrics.
Consequently, successful software projects were used
more metrics compare to problematic software
projects as well as the failure software projects.

In summary, there is a significant positive
relationship between the number of metrics and the
software project success. The more the number of
metrics used from this proposed model then the higher
the software project success. Thus, the null hypothesis
(HO1) “The less the metrics used for monitoring the
higher the software project success” was successfully
rejected in this study.
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3.22To Show The Relationship Between The
Performance Level Of Each Criterion And The Software
Project Success.

Table 5 Performance level of each criterion for three small
scale selected projects

ID Performance Software | Software | Software
As discussed earlier, one of the objectives of this case Criteria EI'OjeCf :rOjeCf :rOjeci
sfudy is to show fthe relo_Tlopshlp between the PM | Project Manager 85.9 o5 04
performance level of each criterion and the software
! . S Schedule 97.7 15.9 0
project success. Table 4 illustrates the performance c T Cost 100 50 30
level of each performance criterion for large scale
software project that involved in this case studly. T™ | Team Members 65.3 13.8 6.9
U User 85.7 21.4 7.1

Table 4 Performonge level of each criterion for three large E I;eesfgérfces 188 28 500

scale selected project

s TP | Top Management 44 .4 19.4 2.8

ID Performance Software | Software | Software P Project 100 62.5 50

Criteria Project Project Project D Documentation 88.6 68.2 0
A B C Py

PM | Project Manager | 79.7 46.9 23.4 6 \C/Zg;r;rzfmcohon ;?; g;z ]fl7I56

S Schedule 100 25 0 : . :

C | Cost 100 55 40 T | Training 82.1 50 14.3

T™ | Team Members 73.6 38.8 16.7 O | Organization 100 66.7 66.7

U User 75 57.1 32.1

R Resources 100 50 50

D Defect 100 100 0 Performance criteria such as Training,

TP | Top Management | 58.3 50 8.3 Documentation, Top Management, User and Team

P Project 100 78.1 53.1 Members are having average performance level. This

D Documentation 79.5 61.4 0 is similar to another successful software project which

C | Communication 90.9 68.2 18.1 is Software Project D. There are 10 criteria above 80%

V__ | Vendor 91.2 41.2 23.5 performance level which are Project Manager,

T Training 78.6 39.3 28.6 Schedule, Cost, Resources, User, Defect, Project,

O | Organization 100 83.3 66.7 Documentation,  Training and  Organization.

The performance level of each criterion was
grouped info three rating scales. These three ratings
scales are:-

o Good Performance Level (80% and above)

o Average Performance Level ( Between 50% to
79% )

o Poor Performance Level (Below 50%)
Consequently, Software Project A has eight (8)

criteria above 80% performance level which are

Project Manager, Schedule, Cost, Resources, Defect,

Project, Communication, Vendor and Organization.

Table 5 illustrates the performance level of each

performance criterion for small scale software project

that involved in this case study.

Performance criteriac such as, Communication,
Vendor and Team Members are having average
performance level. ATop Management performance
criterion is having poor performance level which is
44.4% only. Perhaps, Software Project D is a small scale
software project thus the top management did not
involve much and leave everything fo the software
project manager to manage. This is shows that
successful project like Software Project A and
Software  Project D have obtained higher
performance level for many criteria as illustrates in the
Figure 7.

Number of Performance Criteria
according to the performance level

Number of 1
1

5 -
Performan 10 :m I:b-lz
ce Criteria 8 i ..,

A|B|IC|D|E
= Good 812|0]10,0/|0
mAverage | 6 | 7 | 3 713
Poor oS |11 |71

Software Projects

Figure 7 Number of performance level for each criterion
software projects
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Additionally, Software Project B has only two criteria
achieved good performance levels which are Defect
and Organization. Most of performance criteria such
as Schedule, Project Manager, Team Members,
Training and Vendor are having poor performance
level. Some of these poor performance level criteria
are related to human involvement to the particular
software project. Besides this, this project was a
problematic project. It is overrun the actual planned
schedule. This can be seen when the performance
level of schedule is only 25% for this software project.
Sofftware Project E has average and poor
performance level criteria only. This project is a
problematic project. It is overrun the actual planned
schedule. The performance level of Schedule criteria
is just 15.9% only. Besides this, most of these criteria are
related to human involvement to the particular
software project. The cooperation among the project
manager, users and vendors is less in this project. This
can be seen when most of the metrics thresholds in
the Project Manager, Team Members, Users, and
Vendor performance criteria are below the average
scale only.

Subsequently, there are no criteria in Software
Project C and Software Project F obtained good
performance level. In fact, the number of criteria that
obtained average level are only three (3) for both
software project respectively.

Most of criteria are having poor performance level.
These software projects are not implemented at all.
The development of this software project was
unfinished. It was failure project in the beginning of
development itself. Most of the metrics thresholds for
the performance criteria are not compliance. The user
involvement, frequent changing requirements from
the top management, inabilities of project manager,
less committed team members and less cooperation
from users caused the failure of this software project.

Overall, most of the performance criteria of
Software Project A and Software Project D having
higher performance level compare to other our
software projects (Software B, Software Project C,
Software Project E and Software Project F). Thus, the
higher the performance level of each criterion in a
software project then higher is the software project
success.

In summary, there is a significant positive
relationship between the performance level of each
criterion and the software project success. The higher
the performance level (%) of the each criterion in a
software project then the higher is the software
project success. Hence, the null hypothesis (H02) “The
lower the performance level (%) of the each criterion
then the higher is the software project success” was
successfully rejected in this study.

3.2.3 To Show That The Proposed Model Is Useful For
The Software Project Managers In Monitoring And
Control The Software Projects.

Consequently, to answer the third objective of this
case study, a set of questionnaire were given to each

software project managers who are involved in this
case study as shown in the Table 6.

All six software project managers were strongly
agreed that this proposed model is useful for them in
monitoring and confrol the software projects. Besides
this, they were strongly recommended that this
proposed model can be used in future for monitoring
and control the software projects.

Furthermore, all six software project managers
were agreed that this proposed model enhanced the
effectiveness of the software project managers in
monitoring and control the software projects. Four of
the software project managers were strongly agreed

Table é Proposed model evaluation results

Software Project Managers
1 2 3 4 5 [

Id Items

Do you think this
Metric-based
Performance
1 | Model helpful in SA | SA | SA | SA | SA | SA
monitoring and
control of your
software projectse

Do you think this
Metric-based
Performance
Model can

2 | enhance A A A A A A
effectivenessin
monitoring and
control of your
software projectse

Do you think this
Metric-based
Performance
Model can ease
the process of
monitoring and
control of your
software projectse

Do you think this
Metric-based
Performance
4 | Model fits well for SA | A A | SA ]| A A
monitoring and
control of your
software projectse

Do you
recommend the
usage of Metric-
based

5 | Performance SA | SA | SA | SA | SA | SA
Model for
monitoring and
control of software
projects in future?

SA- strongly Agree A- Agree

that proposed model fits well for monitoring and
control the software projects. Subsequently, three
more software project managers were agreed that
this proposed model can ease the process of
monitoring and control the software projects.
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In relation to these software project managers’
feedbacks, it is summarized that this proposed model
is useful for the software project managers mainly to
monitor and confrol the software projects and
recommend using this proposed model for monitoring
and control of software projects in future.

3.3 Validity

This section explains the integrity of this case study
research in term of validity and reliability. Case study
researchers have developed a number of different
approaches for increasing the integrity of qualitative
research [27]. Below are the detail explanations of
validity approaches.

3.3.1 Construct Validity

Consfruct validity achieved by developing the
constructsin this case study research. The 14 identfified
performance criteria and the related metrics are the
constructs for this case study. These constfructs were
derived through multiple sources of evidence.
Consequently, SLR, structured inferviews, expert
validation are the sources of evidence for this case
stfudy. The constfructs of this case study are basically
developed through a real data from practitioners as
well as from the literatures.

3.3.2 Internal Validity

Internal validity is to ensure that the study measures or
tests what is actually intended as described by
Andrew K. Shenton (2003)[26]. In this case, this case
study uses the experienced software project
managers as participants of this model evaluation.
They handle many software projects in the real
industry. Subsequently, these selected six software
project managers are the people who handled the
selected six soffware projects in the industry. Besides,
the selected six software projects are the real projects
at two different agencies at industry. Currently, four of
these software projects which are Software Project A,
B, D, E are being used in the agencies. However, the
other two software projects C and F are not in use due
to incompleteness and failures. Thus, this shows that
this case study is tests in the actual contexts which
increase the validity of this study.

3.3.3 External Validity

External validity is mainly concerned to what degree it
is possible to generalize the findings in the particular
research. This can be achieved through the use of a
case study [27]. Subsequently, this study used multiple
cases in generalizing the findings. Six software projects
from Malaysian Public Sector were chosen as a unit of
analysis in this case studies. Respectively, three
software projects from the large scale and three more
software projects from small scale software project
environment. Based on these findings from two
different software project environments, it is likely fo

generalize the findings of this case study to other
settings or backgrounds.

3.3.4 Reliability

Accordingly, to increase the possibility that data
collected are reliable and consistent across different
time, we strictly follow:-

o Respondents for threshold session are senior
software project managers from Malaysian Public
Sector. These three senior software project
managers are having vast experiences in a
software project management for more than 15
years. They consult many of government
agencies software projects development. Thus,
they are the right participants for this threshold
session.

o Data are collected in a same way using same
insfruments at each tfime. Al the six selected
project managers were used the same metrics lists
as an instfrument in this case study.

o The respondents of this case study are having the
same background of working environment which
is Malaysian Public Sector. Besides, all six case
study respondents are software  project
managers. These software project managers are
in the professional group at Malaysian Public
Sector.

4.0 CONCLUSION

As a conclusion, this paper explained in detail the
process of model formulation. It explained the entire
processes that involved in this model formulation. It
discussed how idenfified metrics are integrated and
mapped using one of the core techniques in
Grounded Theory which is Constant Comparison. This
process followed by metrics validation by project
management experts from Malaysian Public Sector.
Then, these integrated metrics were described
according 1o ISO/IEC TR 9126:2003. We confinued with
metrics categorizations based on PMBOK Iron Triangle
Model.

Finally, the Mefric Threshold Measurement Scale
was created. This proposed model was evaluated
and validated by conducting multiple case studies
evaluation. The multiple case studies evaluation
started with identifying threshold for each and every
metrics using Metric Threshold Measurement Scale by
the software project managers and followed by
evaluation with selected software projects at various
ministries at Malaysian Pubic Sector.

We also validate this model in a different project
environments in this multiple case studies evaluation
such as large scale outsource projects and small scale
outsource projects. This is to examine our model
suitability and flexibility in any types of software project
environment at the public sector. This model can assist
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the software project managers in monitoring and
conftrolling the software projects.

The Model comprises 14 performance criteria and
143 related metrics for the software projects
moniforing and confrol. These metrics involves with
threshold value to perform the performance scores.
These processes required additional strength and
time. Thus, this proposed model can be transformed
into an automated tool in future, which comprises the
processes and fasks that need fo be performed by the
project managers during the monitoring fime.
Moreover, automated tool may reduce the human
errorsin these processes as well as ease and fasten the
processes.

Consequently, this Model can be enhanced by
looking at the validated metrics impacts. Each
identified metrics in this study can explored and
analyzed whether it is giving high, low or no impacts
on the software projects performance towards its
success. Besides this, these identified metrics also can
be prioritized according to its impact level in the
software projects management. This may helpful for
the project managers to deepen the software
projects monitoring process.

Furthermore, to increase the reliabilities of these
validated meftrics, a statistical analysis can be
performed in future. The statistical techniques such as
co-relation and multi-regression can be applied into
these validated metrics through survey questionnaires
to the project managers.

Subsequently, this study determined the threshold
value for the small and large scale software project
environments in the context of Malaysian Public
Sector. This threshold value can be enhanced for
medium scale software projects in future. Project
managers from this medium scale software project
environment also will be benefited in future.

Additionally, in future, these validated meftrics can
be categorized according to software project
management life cycle phases such as project
inifiation, project planning, project execution and
project closure. By categorizing these metrics, project
manager can monitor the software project in detail by
each phase of software projects. This can be
increased the success rate of software projects in
future.
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Appendix A Metrics Description for Cost Performance Criteria

Metric Metric Name | Purpose of the | Method of | Measurement Interpretation of | Metric Input to | Target
ID metrics application formula and data | measured value | scale measurement audience
element type
computations (X)
Exists of | Does the actual | Determine X=A or X=B Actual cost plan | Nominal Project Project
Actual  cost | cost planis exist? the existence should exist. Management Manager
c1 plan of actual cost | A= Actual cost Plan
plan. plan is exists
B = Actual cost
plan is not exists
Exists of | Does the | Determine X=A or X=B Estimated  cost | Nominal Project Project
Estimated estimated cost | the existence plan should exist. Management Manager
co cost plan plan is existe of estimated | A= Estimated cost Plan
cost plan. plan is exists
B = Estimated cost
plan is not exists
Exists of cost | Does the cost per | Determine X=A or X=B Cost per | Nominal Project Project
per activities | activities plan is | the existence activities plan Management Manager
plan exist? of cost per | A= Cost  per | should exist. Plan
activities. Activities Plan is
C3 .
exists
B = Cost per
Activities Plan is
not exists
% of changes | How much is | Count the | X=A/B *100 The less | Ratio Project Project
in cost per | percentfage percentage percentage  of Management Manager
activities changes in the | of changesin | A=Changes on | changes is good. Plan
c4 cost per activitiese | a cost per | actual cost per
activities. activities
B= Actual cost per
activities
% of usage | What is the | Count the | X=A/B *100 The higher | Ratio Project Project
Cost per | percentage usage | percentages percentages of Management Manager
activities on cost per | usage on | A=Total usage of | usage is Plan
C5 activities? cost per | cost per activities according fo
activities. B= Actual cost per | cost per activities

activities

planis good.
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Appendix B Metric Performance Threshold Value Rating Scale for Schedule Criteria - Large Scale

Metric ID Metric Performance Threshold Value Threshold
Metric Name Indicator
Unknown or nil weak Average Above average strong
compliance compliance compliance compliance compliance
(0) (0.25) (0.5) (0.75) (1)
Total number of tasks per Projects should
s project No tasks 7-8 tasks 1-2 fasks 3-4 tasks 5.6 tasks have only
average tasks
only.
Total number of fasks The more
implemented per 1 tasks per More than 4 number of tasks
S2 day/week/month 0 tasks per month month 2 tasks per month 3 tasks per month tasks per month | implemented in
a monthis good.
Total number of The more
functionalities implemented Not implemented At least 1 ) B More than 4 functionalities
S3 per week . - - . - 2-3 functionalities . - are
any functionalities functionalities functionalities . .
implemented in
week is good.
% of project delivered on- The higher the
fime as estimated percentages of
project delivered
S4 Less than 60% 60-74% 75-84% 85-95% More than 95% on-fime as
estimated is
good.
% of project delivered on- The higher the
fime as actual percentages of
S5 Less than 60% 60-69% 70-79% 80-90% More than 90% | project delivered
on-time in actual
is good.
Total number of fasks The more
finished at specified quality number of tasks
Sé 0 tasks At least one task 2 tasks 3-4 tasks 5-6 tasks finished at
specified quality
is good.
% of project delivered The higher the
according to each planned percentages of
s7 | acfivifies Less than 60% 60-74% 75-84% 85-95% More than 953 | Project delivered
according fo
each planned
activities is good.
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Appendix C Metric Performance Threshold Value Rating Scale for Schedule Criteria - Small Scale

Metric Metric Performance Threshold Value
ID Metric Name Threshold
Unknown or nil weak Average compliance Above average sfrong compliance Indicator
compliance compliance (0.5) compliance (1)
(0) (0.25) (0.75)
Total number of Projects should
S1 fasks per project 1 tasks 2 tasks 3 tasks 4 tasks 5 tasks have only
average tasks
only.
Total number of The more number
fasks More than 3 tasks of fasks
S2 implemented per 0 tasks per month - 1 task per month 2 tasks per month implemented in a
per month .
day/week/month month is good.
Total number of The more
funcfionoliﬂes Not implemented At least 1 . - More than 2 funcﬂonoliﬁes are
S3 implemented per . o - . i 2 functionalities . o implemented in
any functionalities functionalities functionalities .
week week is good.
% of project The higher the
delivered on- percentages of
S4 time as Less than 60% 60-74% 75-84% 85-95% More than 95% project delivered
estimated on-time as
estimated is good.
% of project The higher the
delivered on- percentages of
S5 fime as actual Less than 60% 60-69% 70-79% 80-90% More than 90% project delivered
on-time in actual
is good.
Total number of The more number
s¢ | fasks finished at 0 tasks 0 tasks 1 task 2-3 fasks 4-5 tasks of fasks finished at
specified quality specified quality is
good.
% of project The higher the
delivered percentages  of
57 Zéiﬁrd'”%omefﬁ Less than 60% 60-74% 75-84% 85-95% More than 95% zrcc’c’i%inge“verig
activities each planned
activities is good.
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Appendix D The performance level for each criterion for large scale software projects

The Performance level of each criterion for Large Scale Software Projects

100
90
80
70

60
Performance

Level(%) 50
40

30
20

Performance Criteria

m Software
Project A

m Software
Project B

m Software
Project C




