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ABSTRACT Implementing a successful measurement process is a challenging task. Most measurement studies
report measurement models, experiences, and lessons learned based on pilot projects or case studies in a limited
scope to overcome specific challenges. This study identifies 14 basic measurement practices and proposes a model
of 18 success factors for implementing measurement processes with respect to the identified measurement theories
in our systematic literature review (SLR) i.e., "A systematic literature review on software measurement programs”,
by Tahir et al., 2016. In addition, a survey is conducted to evaluate the state of measurement practices and to
validate the proposed model based on the feedback from 200 software professionals working in Pakistani software
industry. The state of measurement practices in the industry is mostly not according to the identified measurement
theories in the SLR. For instance, more than 50 measurement models reported in the literature but only 10%
software organizations follow any measurement model. 75% of organizations do not follow any measurement
standard. 80% software organizations do not use any measurement tool. The proposed model is validated by
applying structural equation modeling on the survey data. Furthermore, among 18 success factors, it is statistically
significant that Pakistani software professionals strongly believe in necessity of 3 factors for successful
implementation of a measurement process i.e., synchronization between measurement process and software process
improvement, use of measurement standards and use of measurement models. In addition, they also believe that a
successful measurement process will improve prediction, monitoring and management of software projects, and
support in achievement of individual and organization-wide objectives. Software organizations might consider this
study in planning and improving their measurement processes.

INDEX TERMS Software Measurement, Software Measurement Program, Software Metrics, Software Measurement
Survey.

performing and evaluating measurement within an
1. INTRODUCTION overall project, enterprise or organizational
The use of measurement is common in all aspects of measurement structure”. Despite the acknowledged

human life such as scales for buying vegetables,
fruits, grocery items, gold or making estimations for
reaching to the home of a friend. The applications of
measurement are obvious in all disciplines such as
sciences, engineering, medical and others. The
measurements play a vital role in software
organizations for the improvement of software
processes [1], [2]. It is reported by many software
quality assurance agencies that the quality of
software product is strongly influenced by the quality
of software process followed to develop the software
product [3]. Software measurement has become an
essential process in software organizations for
characterizing, evaluating, predicting and improving
software products, processes, and resources [4]-[6].
ISO/IEC 15939:2007 [4] defines measurement
process as "a process for establishing, planning,

importance and advocated benefits of measurement
processes for software engineering community, their
actual applications in the software industry are
limited [4], [5], [8], [9]. It is also reported in a
systematic review on measurements in software
engineering that software process is the least
measured entity [35].

There are as high as 70% software organizations
which are not implementing software measurement
processes in spite of all the reported benefits [8],
[10], [11]. In addition, the studies on implementing
measurement processes have reported various
challenges [2]. Popovi¢ & Boji¢ [12] have reported
that most of the measurement processes are
implemented as an additional process which lacks a
systematic structure. Diaz-Ley et al. [13] reported
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that implementation of measurement process can fail
because software organizations find it difficult to
collect required data. It is reported that 80% of the
measurement processes fail due to indecision in what
should be measured, how to use measurement data in
decision making and lack of awareness regarding
fundamental concepts of software measurement [14]
[15]). The lack of awareness impacts their decisions
of not implementing measurement process or
adopting it inappropriately [11], [16]. Most of the
failed measurement programs lack long-term
sustainability, clear objectives, correct measurement
instruments, resources, time and budget [4], [5], [9].

There are a number of published studies which
focused on improving different aspects of software
measurement for successful implementation of
measurement processes by proposing measurement
models, tools, theories, guidelines, and practices, to
implement software measurement processes in
software organizations [1], [5]. For instance,
sustainability of measurement process [16]-[21],
transition to measurement culture [21], [22], use of
measurement standards [4], [5], [7], synchronization
between measurement process and business strategies
[23]-[25]. Although, the significance of measuring
and evaluating the outcome of software measurement
programs is paramount, but still there exist no
standard guidelines and models of success factors
that may be generalized for all type of software
products and software development organizations.

Most software organizations initiate measurement
programs (MPs) as pilot projects to plan and establish
their measurement processes [5], [26]. The aim of
MPs is to evaluate the measurement processes for
their benefits and improvements in software
processes and products [4], [5], [26]. However,
sustaining the MPs organization-wide for all/multiple
projects and gauging their actual impact to
characterize, evaluate, improve and predict software
processes, products and resources remain challenging
[4], [5], [26]. Moreover, there are many organizations
which implicitly use the data generated through their
software processes (e.g., source lines of code,
function points, number of defects, number of defects
fixed, time spent on specification/design/code/test
etc.) for project management purposes even though
they do not have a defined measurement process.
Unterkalmsteiner et al. [4] and Touseef et al. [5]
reported that the majority of MP studies lack the
description of context in which they were conducted.
The context description includes organizational
context (e.g., size of organization, measurement
scope, and  project/organization  level  of
measurement), stakeholders of measurement datasets,

measurement process details (e.g., metrics collection
and analysis methods, business goals, measurement
goals, source/timestamp of measurement, and
artifacts used for measurement). Due to lack of these
details, it is very difficult to generalize the state
measurement practices in the software industry.
Therefore, based on the findings and analysis of our
systematic literature review (SLR) on MPs [5] and
the results of this survey, this paper has the following
contributions:

e The analysis and evaluation of previously
identified 3 key components and 14 sub-
components of MPs that should be
considered while planning and evaluating
MPs.

e A model of comprehensive success factors is
proposed that should be considered while
planning a MP.

A questionnaire containing 45 questions was sent to
200 software professionals working in Pakistani
software development organizations to evaluate and
validate the proposed model of success factors. It
consists of three types of questions:

e Demographic information  about the
participant and his/her organization.

e Evaluation of the state of measurement
processes by asking specific questions that
are based on identified measurement
components.

e Validation of the model of success factors
based on the opinions of participants on
likert-scale regarding the importance of
success factors for the implementation of a
measurement  process. The  structural
equation modeling is applied to the
responses to identify statistically significant
factors.

Table 1 presents research questions of this study.

TABLE 1. RESEARCH QUESTIONS

1D Research Question Motivation

RQ1  What is the state of To identify, analyze,
measurement practices  classify and  evaluate
in software standard practices and
organizations in components of software
Pakistan? measurement programs in

software organizations.
To identify key success
factors and validate the

RQ2  What are significant
success factors for

implementing model of success factors
measurement for software measurement
programs according to  programs.

software

professionals?
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This paper has two main contributions for researchers
and practitioners: 1) to provide basic components of a
MP which should be considered while planning a MP
and evaluating the state of measurement practices in
Pakistani software industry with respect to the
identified components, 2) to support in planning a
successful MP by proposing a model of success
factors based on synthesizing and consolidating
reported success factors in SLR [2] and later
identifying statistically significant success factors for
Pakistani software organizations. The practitioners
and researchers can further evaluate, extend and
refine the measurement components and the model
presented in this paper.

This paper is organized as follows. Section 2 presents
related work. We build background and motivation
for the survey as a whole and theoretical model of
success factors in Section 3. Section 4 elaborates
research methodology and Section 5 describes survey
results and analysis. Section 6 presents discussions in
terms of a summary of findings and mitigation
strategies to key issues, threats to validity and
managerial implications and future work of this
study. Section 6 presents conclusions.

2. RELATED WORK

Soini [8] presented a survey to investigate the use of
software measurement in the Finish software
industry. The problems, challenges, limitations are
evaluated. There is an overlap between the metrics
used for measuring processes and products and most
of the process metrics are used for product
measurement too which can affect the effectiveness
of decision making. Most of the metrics are extracted
from the data that was not collected with the
intention/context of measurement. Metrics are not
collected for their intended use at some management
level e.g., middle or upper management. Most of the
metrics are lagging (calculated at the end of a
process) but there is a strong need of leading metrics
(real-time) that can support effective monitoring and
controlling. The metrics selection method is based on
the information system available for project
management in software organizations, or metrics are
extracted from already collected data. The metrics are
mostly collected to characterize and evaluate while
they are rarely used for prediction and improvement
of software processes, products, and resources. Most
of the metrics are collected and analyzed regarding
processes and products entities while resource
metrics are least collected and analyzed. We have
also evaluated related issues in Pakistani Software
industry including purposes of measurement
processes, types of metrics, real-time metrics, scope
of measurement process, availability of measurement

tools, and defined measurement process (Section
3.1).

The Software Engineering Institute (SEI) conducted a
survey consisting of 17 questions with the help of
random sampling [9]. The implementations of
measurement processes are investigated with respect
to participant beliefs and organization type. It is
observed that administration and staff have different
opinions regarding measurement process. The
administration believed more strongly that they
understand the purpose of the measurement process
and it should be documented, measurements should
be consistently defined and indicators and thresholds
set on measurements should be used for corrective
actions and decision making and it helps to improve
team performance. The larger organizations (size >=
500 employees) had  better  measurement
infrastructure. Only 40% of respondents believed that
corrective actions are taken based on measurement
indicators while 20% believed corrective action is
rarely or never taken. The use of CMMI guidelines
for identification, collection, and analysis are
believed to be used by 56% of respondents. There
were 21% respondents who believed to have no
measurement method for identification, collection,
and analysis of software metrics. Most respondents
(97%) believed that tracking scheduled progress is
most reported metric while 93% respondents believed
that effort is the most reported metric. In our study,
we have also investigated similar issues and also state
of the art issues of measurement processes such as
sustainability of MP, use of measurement models and
real-time metrics etc (Section 3.1) in different
organization types. The organization types in [9] are
defined as department of defense, commercial and
government. In our study, we have defined
organization types as start-up, SME, large, and very
large, because we have observed in a systematic
mapping study on SMEs that MPs in small
organizations face more challenges of time, budget,
and resources as compare to large organizations [27].

Gopal et al. [21] proposed a theoretical model to
evaluate the impact of institutional forces and
management commitment on successful adaptation of
measurement process in an organization. They also
analyzed the impact of successful adaptation of
measurement process on decision making. They
conducted a survey among 214 metrics managers of
software organizations and applied structural
equation modeling (SEM) on responses. It is
observed that institutional forces, metrics adaptation,
and management commitment are essential for
successful implementation of measurement process.
This model is proposed based on experience of

2169-3536 (c) 2018 IEEE. Translations and content mining are permitted for academic research only. Personal use is also permitted, but republication/redistribution requires IEEE permission. See

http://www.ieee.org/publications_standards/publications/rights/index.html for more information.



IEEE Access

This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI 10.1109/ACCESS.2018.2872956, IEEE Access

Tahir et al.: An Evaluation of Software Measurement Processes in Pakistani Software Industry

implementing MPs and it is also validated in software
organizations having already defined MPs. The
responses are collected regarding frequency of
adapting measurement processes. On the other hand,
our model of success factors is proposed based on
SLR on MPs. It contains three success factors for
implementing a measurement process i.e., external
factors, measurement adaptation factors and
measurement acceptance factors. In our model of
success factors, we have adapted external factors and
measurement acceptance factors from the model of
Gopal et al. [21]. They defined three possible
dimensions of measurement acceptance i.e., 1)
frequency of adapting measurement process, 2)
mental attitude towards impact of adapting a
measurement process and 3) intention to adapt
measurement process [21]. We applied SEM on the
responses of Pakistani software professionals
regarding their mental attitude towards the
importance of external factors and measurement
adaptation factors for successful implementation of
MP and impacts of measurement adaptation towards
measurement acceptance factors.

Dyba [28] presented an empirical study to investigate
major success factors that may be used to evaluate
software process improvement (SPI) using survey
method. The proposed model comprises on six
independent, one dependent and two contextual
variables. A questionnaire with 47 questions related
to independent, dependent and contextual variables
was sent to different software organizations. A total
of 120 respondents from 55 software organizations
returned the filled questionnaire. Based on the
feedback of respondents, the author presented a
theoretical model to analyze major success factors
and they succeeded to provide more insight on
influence of organizational issues by empirically
showing that they are equally essential similar to
technology. He concluded that evaluating success
factors for SPI depends on organizational factors and
organization culture plays a paramount role in this
regard. The RQ answered in this study focuses on the
success factors of implementing SPI rather than
discussing success factors of implementing MPs. Our
study has proposed and validated a model of success
factors for implementing MPs.

This study differs from the above surveys in two
perspectives. First, the above surveys are mainly
based on the experience of implementing MPs while
this study first identified 14 basic measurement
practices based on a SLR on software MPs (1997-
2015) [2] and later analyzed the frequencies of these
practices in software organizations. Moreover, a
model of success factors is also proposed based on

the SLR and validated using SEM. Second, we
checked Google Scholar, Wiley Interscience, Science
Direct Journals, Springer, One Search, ACM, and
IEEE for similar studies in Pakistani software
industry. To the best of our knowledge, there is no
similar study previously conducted according to
research questions in Table 1.

3. BACKGROUND OF THEORETICAL MODEL

We stem motivation and build background for survey
and theoretical model of success factors from our
concrete findings highlighted in SLR [2] in this
section.

3.1. Background

In our previous research, we conducted a SLR on
software MPs [5]. We identified 35 different
measurement-planning models and 11 associated
tools while answering the following research
questions.

"RQ1: Which measurement planning models, tools,
and practices are discussed in the literature?"

"RQ2: Which techniques/methods/models are
developed for metrics selection when implementing
MPs?"

"RQ3: What are the success and failure factors for
MPs implementation?"

"RQ4: Which mitigation strategies are discussed for
MP implementation?"

We found that there is no clear structure of
measurement programs that are reported in primary
studies of SLR. Therefore, in this paper, we identified
key components of a measurement program that
should be considered while planning a measurement
program. We have analyzed the state of measurement
practices based on these key components. Table 2
presents key components, sub-components and
description of components that are analyzed in the
software development industry as shown in Appendix
A. We have analyzed these components based on
descriptive statistics (e.g., percentages and averages)
with respect to the size of software organizations. We
divided organizations into four categories, such as
start-ups, SMEs (less than 250 employees), large
(250 -500 employees) and very large (greater than
500 employees).

3.2. MODEL OF SUCCESS FACTORS

Among the primary studies of SLR, we identified 18
success factors for implementing MPs. In this paper,
we have mapped these success factors among three
main factors and propose a model for implementing a
MP. The main factors include external, measurement
adaptation, and measurement acceptance factors.
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Later, we have conducted a survey to identify
statistically significant success factors of the model
with respect to beliefs of software professionals in
the Pakistani software industry. The structural
equation modeling is a multivariate statistical
analysis technique that is used to empirically validate
the model based on the survey data. A five points
likert-scale is used to collect response of participants
i.e., strongly agree (5), Agree (4), Neutral (3),
Disagree (2), and Strongly disagree (1).

The successful implementation of a MP is mainly
affected by external factors and the internal
(measurement adaptation) factors. First, this model
presents external and measurement adaptation factors
that should be considered while planning a MP in a
software organization. Second, this model presents
measurement acceptance factors to evaluate the
successful implementation of MP.

Measurement
Acceptance

Measurement

External Factors Adaptation

Figure 1. Proposed Abstract Theoretical Model

3.2.1. EXTERNAL FACTORS

The external factors/constructs that may impact the
successful implementation of a measurement process
consists of 3 sub-factors (EF1-EF3). Table 3 presents
a brief description of each sub-factor as shown in
Appendix B. The external environment might also
strongly influence the software organizations because
they need to comply with certain industry-wide
practices and policies in order to gain legitimacy in
the market [21]. In this survey, we are measuring the
participant's beliefs regarding the influence of
external factors on the successful implementation of a
measurement process.

3.2.2. MEASUREMENT ADAPTATION FACTORS
The measurement adaptation factors consist of 11
sub-factors (MAD1-MAD11). Table 4 presents a
brief description of each sub-factor as shown in
Appendix B.

3.2.3. MEASUREMENT ACCEPTANCE

In a study, there are three possible dimensions of
measuring measurement acceptance i.e. 1) mental
attitude towards the impact of adapting a
measurement process, 2) intention to adapt
measurement process and 3) degree of adapting
measurement process [21]. In our context, we are
measuring measurement acceptance factor in terms of
mental attitude (beliefs) towards the impacts of
measurement  adaptation.  The  measurement
acceptance construct is measured in terms of four

sub-factors. Table 5 presents a brief description of
each sub-factor as shown in Appendix B.

4. RESEARCH METHODOLOGY

Below, we discuss the details of the survey design,
data collection, and analysis procedures. We have
used the guidelines of the software Engineering
Institute (SEI) for conducting survey specifically in
software organizations [29].

4.1. SURVEY DESIGN

We designed a questionnaire® that consists of three
types of questions: a) demographic information about
the participant and his/her organization (Section-1 of
survey), b) specific information about the state of
measurement  process implementation in the
participant’s organization (Section-2 of survey), c)
opinions of participants regarding the importance of
success  factors  for  measurement  process
implementation (Section-3 of survey). In total, the
survey contains 45 questions.

The survey was sent to 542 software professionals.
We made the survey available online on the web for
three months. In total, we have collected 200
responses. We made the design of the survey to
ensure that the respondents provided answers to all
necessary questions in a section. For example, the
respondents could not continue to the next section of
the survey if necessary questions in a current section
were left blank.

The opinions of the participants regarding success
factors of measurement process implementation
(Section-3 of survey) are analyzed using Structural
equation modeling (SEM). It is a multivariate
statistical analysis method that is effectively used to
evaluate the structural relationships between
variables [30]. The minimum dataset size for
applying SEM is 200 [30].

The compulsory questions were asked as closed
questions while optional questions were asked as
open-ended questions to get further information. For
example, a close-ended question is followed by an
open ended question:
e Does your organization use any
measurement model? (Yes, No).
e If yes, does your organization use any
specific measurement model (e.g., Goal
Question Metric)? (Open Ended).

! The questionnaire of the survey is available at:
https://goo.gl/forms/9kvnVVh7EG6ir617e72
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Most of the questions were multiple-choice
questions. We prepared the choices considering the
terms used in well-known standards or commonly
used terms in software industry to avoid ambiguity.
For example, 1SO 12182 software classifications are
used for classification of IT systems and software
development domains. Similarly, we used the term
"measurement process” instead of "measurement
program" in our questionnaire as many organizations
may not have implemented a specific measurement
program but yet have been performing a
measurement process.

For getting answers to opinion questions, we used a
five-point likert-scale. Likert scale is a psychometric
scale, which is the most commonly used scale in
questionnaire and survey designs. It is used when
respondents are asked to rank their opinion about
something such as customer are asked to rank their
opinion about a product quality from high to low or
best to worst using five or seven levels [31]. The
five-point likert-scale used in this survey included
opinions ordered such as following:

o Always (5), Generally (4), Sometimes (3),
Seldom (2), and Never (1)
e Strongly Agree (5), Agree (4), Neutral (3),
Disagree (2), Strongly disagree (1)
4.2. DATA COLLECTION
We used a survey facility of Google Forms to design
the questionnaire. The survey was available online
for three months. When distributing the link of the
survey, we decided to make purposive homogeneous
sampling, which is a non-probabilistic sampling
technique [32], [33]. It is suitable to collect a
homogeneous sample that contains instances of
similar characteristics and traits. This technique is
suitable for our study, as we have collected data from
software  professional working in  software
development organizations. It was explicitly
described to the participants to fill up the survey only
if they were part of a measurement process or had
observations of it in their respective organization.

4.3. DATA ANALYSIS

First, we first transferred the collected data to MS
Excel and transformed the likert-scale answers into
ordinal data. Second, we transformed data to
Statistical Package for the Social Sciences (SPSS?)
and performed both descriptive and predictive
statistics for analysis towards answering our research
questions.

Z Statistical Package for the Social Sciences

5. RESULTS AND ANALYSIS
The questionnaire consists of three types of
questions:

1. Demographic information about the
participant and his/her organization,

2. Specific information about the level of
measurement process implementation in the
participant’s organization,

3. Opinion questions on the three factors,
which the participant considers as important
for  successful measurement  process
implementation.

In the following sections, we analyze demographic
information about the participants (Section 5.1) and
their organization (Section 5.2) and specific
information about the level of the measurement
process implementation in the their organizations
(Section 5.3) and validation of the model of success
factors of implementing MPs (Section 5.4).

5.1. PARTICIPANT'S DEMOGRAPHIC
INFORMATION

Figure 2 presents a summary of the demographic data
about the survey participants and their role in
measurement process implementation in their
organization.

More than 50% of participants in this survey have 1-3
years of experience and their job title as software
engineers. The reason for this is that most university
alumni working in software industry in Pakistan are
contacted and a majority of them were fresh
graduates having minimum 1-3 years of experience.
A majority of the participants responded being
observers  of  the measurement  process.
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Joh Title

Team leader 36
System Analyst 8
Software Quality Engineer 14
Software Engineer 102
Software Analyst 14
Project Manager 20

Program Manager 6

Experiencein Years
10or moreYears 8
7to9Years 28
4to7 Years 46

1to 3 Years 118

Role in Measurement Process

Observe Measurement Process 112
Plan and Monitor 26
Monitor 38
Plan 24

Figure 2. Demographics of Participants

5.2. DEMOGRAPHICS OF PARTICIPANT'S
ORGANIZATION

Figure 3 presents demographics of software
organizations. We divided organizations into four
categories i.e., start-ups, small and medium
enterprises (SMESs) (less than 250 employees), large
(250 -500 employees) and very large (greater than
500 employees). According to small and medium
enterprises development authority (SMEDA?®), SMEs
constitute nearly 90% of all the enterprises in
Pakistan and their share in annual GDP is
approximately 40%. According to [34], there are
approximately 1500 registered IT organizations and
approximately 10,000 Computer Science graduates
enter IT market every year. The IT exports were 100
million in 2003 but exports have grown to US$2.2
billion in 2015, according to Pakistan Software
Export Board (PSEB, www.pseb.org.pk). These

® www.smeda.org

figures indicate an evolution in Pakistani software
development industry.

In our survey, 42% of the organizations were SMEs.
These SMEs are further categorized as very-small
(less than 25 employees), small (25-100 employees)
and medium (100-250 employees), which constitute
15%, 57% and 28% of SMEs in our survey. There
are 6% startups, 24% large and 28% very large
organizations.

The list of domains for which software applications
are developed in software industry is extracted from
another survey [35]. The information technology
(70%), professional and business services (44%) and
financials (33%) are the most common domains of
software application development in this survey.

Organization Type
Startup 16
SME 101
Large 44
Very Large 39
SME Type
Very-Small 18
Small 43
Medium 35

Figure 3. Demographics of Software Organizations

5.3. DEMOGRAPHICS OF MEASUREMENT
PROCESSES
In this survey, we have evaluated the state of 3 key

components of measurement programs in software
development industry. The distribution of key
components of a measurement program into
measurement practices is depicted with the help of a
work breakdown structure as shown in Figure 4. Each
measurement practice is elaborated below.
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Measurement Structure Measurement Objectives Metrics Management
Defined Measurement Metrics Collection
Measurement Purpose
Program Method
Software Development Scope of Measurement . .
Categories of Metrics
—— Standards and Software Process and Data
Measurement Standards Measurement Entities
—— Measurement Models SIIENS PlIEEESS Measurement Glossary
Improvement
. Measurement
Measurement in o
—— Measurement Tools - Repositories for
Distributed Development o
Prediction
— SIS Real Time Metrics
Measurement Process

Validation of
Measurement Data

Figure 4. Key Components of Measurement Programs Identified from SLR
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5.3.1. MEASUREMENT STRUCTURE

A. DEFINED MEASUREMENT PROCESS

Most of the participants (61%) answered that there is
no defined measurement process in their
organization. The large (17%) and very large (18%)
organizations have higher tendencies of defined
measurement process than SMEs (4%) while none of
the startup organizations in the survey have defined
measurement process as shown in Figure 5.

ISO/IEC 15939:2007 [4] defines measurement
process as "a process for establishing, planning,
performing and evaluating measurement within an
overall project, enterprise or organizational
measurement structure”. However, it is observed in
the SLR [5], that there is no standard definition of
software measurement process followed among
reported  measurement  studies in  software
development organizations. However, organizations
might define their measurement processes with
respect to their needs and objectives.
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Large

SME
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Figure 5. Frequency of Defined Measurement Processes

B. SOFTWARE DEVELOPMENT STANDARDS

We observed in the SLR, that software measurement
studies discuss the use of few software development
standards. Therefore, in this survey, a list of IEEE
glossary of standards is presented. A checkbox with
‘other' option and textbox is also given to identify
mostly used standards. There are 41% organizations
in the survey which do not follow any international
standard. According to organization types, there are
startups (1%), SMEs (47%), large (30%), very large
(22%) organizations, which do not follow any
software development standard as shown in Figure 6.
ISO/IEC 12207, ISO/IEC 23026 (IEEE std 2001-
2002) and ISO/IEC 15393-2002 are used by 18, 18,
and 9% of the organizations. There are 5% responses
with 'l don't know' which might mean that they are
unaware about the standard used by their
organization. The other standards mentioned by
respondents include: Microsoft Gold Partner (1%),
PCI standards (2%), 1SO 9001:2008 (4%), 1SO 27001
(3%), 3GPP and 5 GPP (1%), SOC2 (1%), ISO

26262 (1%), and Scrum (1%). The overall figures
indicate lack of software development standards used
among the software development organizations in
this survey.

Software Development Standards

Other

ISO/IEC 23026 (IEEE std 2001-2002)
ISO/IEC 16085:2006
ISO/IEC 15393-2002
1SO/IEC 15288:2008
ISO/IECTR 15271:1998
IEEE/EIA 12207.1-1996
IEEE Std 1517-1999
IEEE/EIA 12207-2008
IEEE Std 1220-2005
IEEE Std 1074-2006
ISO/IEC 15504

ISO/IEC 12207

No Standard

Figure 6. Frequency of Adapted Software Development
Standards

C. SOFTWARE MEASUREMENT STANDARDS

In this survey, we presented IEEE glossary of
measurement standards in a similar way of software
development standards to indentify mostly used
measurement standards.

In total, there are 75% of organizations which do not
follow any measurement standard as shown in Figure
7. Among the remaining 25% organizations, SMEs
(30%) have a lesser tendency to use measurement
standards as compared to large (61%) and very large
(60%) organizations. IEEE Std 982.1-2005 is used by
highest (9%) number of the organizations. Overall,
these figures indicate lack of measurement standards
used among the software development organizations
in this survey.
Measurement Standards

15O/IEC9126-X 10
ISO/IEC 20968:2003 6
ISO/IEC19761:2003 6
ISO/IEC 15939-2002 g
IEEE Std 982.1-2005 18
No 150

Figure 7. Frequency of Adapted Measurement Standards

D. MEASUREMENT MODELS

We have identified 35 measurement models and 11
tools being reported in the primary studies in the SLR
[5]. Goal Question Metrics (GQM) model is
considered as a base model for the majority of those
35 measurement models but in this survey, there are
only 4% of the organizations using the GQM model.
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There are 95% of the organizations which do not
follow any measurement models as shown in Figure
8. This indicates lack of measurement models used
among the software development organizations in
this survey.
200
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Figure 8. Frequency of Adapted Measurement Models

E. MEASUREMENT TOOLS
The automated tools play a very important role in all
fields of software engineering including measurement
programs but surprisingly, only 20% software
organizations are using automated measurement tools
according to results of this survey. The software
organizations either develop their own tools or use
commercial or open source tools available as shown
in Figure 9. MS Excel is used by 12% of the
organizations. According to organization type, the
SMEs (16%), large (34%) and very large (50%)
organizations practicing automated measurement
tools. However, in this survey, 80% of the software
organizations don’t use any measurement tool. In the
SLR, we could only identify 11 tools among 65
measurement studies. We cannot find any concrete
reason for lack of interest of researchers and software
organizations regarding applications of automated
tools. Therefore, we recommend that software
organizations and researchers need to focus on the
automation of measurement process with help of

measurement tools.
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Figure 9. Frequency of Adapted Measurement Tools

F. SUSTAINABLE MEASUREMENT PROCESS

10

In this survey, the sustainability of measurement
process is focused by only 6% of the organizations.
In the SLR [5], it is also one of the least focused
objectives of measurement studies. Irrespective of
organizational-size, the sustainability is not mainly
focused by all organizations as presented in Figure
10. There are 29% participants who were unaware
about the presence/absence of  sustainable
measurement process in their organization. It reflects
from results that sustainability of measurement
processes requires the attention of software
practitioners and software development
organizations.

Start-up

Large 37
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Very Large 12 1Don't Know

SME 19
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Figure 10. Sustainability of Measurement Processes

5.3.2. MEASUREMENT OBJECTIVES

A. MEASUREMENT PURPOSE

In the SLR [5], the distribution of measurement
studies according to measurement purposes of the
MP are as follows: Characterization (81%),
evaluation (77%), improvement (70%) and prediction
(28%). Figure 11 represents Venn diagrams to
analyze the measurement purposes with respect to
four types of software organizations. It is evident
from the diagram that less than half of organizations
e.g., large (39%), very large (29%), SMEs (20%) and
start-ups (0%) use measurement process for all the
four  purposes.  Characterization,  evaluation,
prediction, and improvement of software entities are
the purpose of 53, 59, 52 and 61% of organizations.
While measurement processes used for all four
measurement purposes are in 26% organizations.

This indicates that measurement possesses
implemented in software industry are not fully
aligned with theoretical perspective of reported
measurement studies which advocate that software
measurement process should be used to achieve all
four measurement purposes [5], [6].
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Start-u simultaneously at both levels respectively. In the
=lartub SLR [5], most of the primary studies discussed
measurement programs at project-level, followed by
organization-level and simultaneously at both levels
respectively 58, 28 and 14%. The results of this
survey and SLR [5] illustrate that the scope of
software  measurement process in  software
organizations is mostly at project level.

Evaluate Improve

Characterize

Figure 12 represents the scope of measurement

SME processes in four types of software organizations with
the help of Venn diagram. The large (39%) and very
Bvaluate PO large (41%) organizations have higher tendency to

implement measurement process at both levels as
compared to SMEs (20%). On the other hand, SMEs
(65%) have higher tendency to implement
measurement process at project level as compared to
large (47%) and very large (44%). Measurement
process at sole organization level is least among
SMEs (13%), large (14%) and very large (14%).

Characterize

Start-up SME

Project-level Organization-level Project-level Organization-level
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Figure 12. Scope of Measurement Processes in Software
Organizations

Figure 11. Measurement Purposes of Software Organizations

B. SCOPE OF MEASUREMENT PROCESS

The use of measurement process at project and
organizational level simultaneously helps to plan,
implement, monitor, control and improve software
development processes, products and resources at
each project-level and achievement of organizational
goals such as return over investment, and employee
satisfaction. In this survey, software measurement
process is observed at 56, 14, and 30% of
organizations at  project, organization and

C. MEASUREMENT ENTITIES

This survey identifies that processes, products, and
resources are measured by 74%, 48% and 36% of
organizations  respectively. ~ While all  three
measurement entities combined (i.e., processes,
products and resources) is the focus of 23%
organizations. In the SLR [5], software process,
product and resources entities are measured by 96,
58, and 40% of empirical studies while all three

11
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combined are measured by 56% of studies. The
results of this survey and the SLR illustrate that
process entities followed by product and resource
entities are mostly measured. The resource is a least
measured entity in both of these studies. Figure 13
represents measurement of the software entities in
four types of organizations with the help of Venn
diagram. The collection of all three metrics by
software organizations is less than 30% among the
software organizations which might indicate lesser
collection of data to effectively characterize,
evaluate, predict and improve basic categories of
software entities. The process metrics are collected
more than twice as compared to product and resource
categories which might indicate that focus of
organizations is to manage their processes while

management of products and resources is not
generally focused.
Start-up SME

Product

Process Product

Process

Resource Resource

Large

Process Product

Very Large

Product

Process

Resource Resource
Figure 13. Measurement Entities Focused by Software

Organizations

D. SOFTWARE PROCESS IMPROVEMENT

CMMI is identified as most widely used software
process improvement (SPI) model in the SLR on
software measurement programs [5] and SLR on
evaluation and measurement of SPI [4]. In this
survey, CMMI is used as software process
improvement initiative by 29% organizations while
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71% of organizations don't follow any software
improvement methods, models or standards. Among
the remaining 29% organizations, CMMI is used by
SMEs (20%), large (47%) and very large (30%)
organizations as shown in Figure 14.

Start-up
Very Large
W SPICE
ECMMI
Large mNo
SME
1 T T T T T !
0 20 40 60 80 100 120

Figure 14. Frequency of Adapted Software Process Improvement
Models

E. MEASUREMENT IN DISTRIBUTED
DEVELOPMENT

In Pakistan, mostly software industry constructs
software products using distributed development
[34]. In this survey, 67% of organizations follow
distributed development. These 67% of organizations
are further categorized as near-shoring (19%), off-
shoring (42%), outsourcing (33%), and on-shoring
(6%) as shown in Figure 15. There are only 38% of
participants who believe that their organizations have
a defined measurement process for distributed
software development.

The measurement process becomes even more
important for distributed development because
characterization,  evaluation,  prediction, and
improvements of software processes, products and
resources are generally based on data collected at a
distant organization. However, in the SLR [5], there
are less than 10% measurement studies in distributed
development organizations.

Defined Measurement Process

mYes mMNo
On-Shoring
Out-Sourcing
Off-Shoring

Near-Shoring

Figure 15. Software Measurement Processes in Distributed
Development Organizations

5.3.3. METRICS MANAGEMENT
A. METRICS COLLECTION METHOD
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In the SLR, we generalized metrics collection
methods among six categories. The collected metrics
are a key input for evaluation, prediction,
characterization, and improvement of software
development process. In this survey, majority of the
organizations only collect most common metrics
(23%) or necessary metrics (30%) for software
process improvement. The SMEs (20%), large (22%)
and very large (37%) organizations collect metrics
that are necessary for software process improvement.
The most common metrics are collected by SMEs
(30%), large (30%) and very large (11%)
organizations as shown in Figure 16. The use of
measurement tools and expert judgment is used by
14% of organizations. The use of automated tools,
measurement models and expert judgment is under
15% among the organizations. The use of
measurement models is least used method for metrics
collection while on the other hand, there are 35
measurement models proposed in literature.

W Measurement Standards
Start-up |2
. mAutomated Tools
M Measurement Experts
W Measurement Models
7 I Necessary for Software
Process Improvement
SME
1 Most Commonly collected
Metrics

[=1

50 100 150

Figure 16. Frequency of Metrics Collection Methods in Software
Organizations

B. CATEGORIES OF METRICS DATA

We have extracted common measurement attributes
that are discussed in the studies on implementing
measurement processes [5]. The actual use of the
measurement attributes in the software industry is
evaluated in this survey. The duration, cost, and
effort are most measured attributes as shown in
Figure 17. A text-box labeled "other" was also
presented but no participant provided any other
measurement attribute.
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Measurement Attributes
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Figure 17. Frequency of Attributes Measured in Software
Organizations

C. REAL-TIME METRICS

In SLR [5], lack of real-time metrics (e.g., cyclomatic
complexity, dynamic function calls, no of unused
objects and variables) to monitor and control the
actual software development progress is observed to
be least discussed. A survey in Finish software
industry specifically reported lack of real-time
metrics used during software development process. In
this survey, we realized that 89% of organizations
don’t use real-time metrics as shown in Figure 18.

Real-Time Metrics

No 178

Figure 18. Frequency of Real-Time Metrics Collected in Software
Organizations

D. MEASUREMENT GLOSSARY

The lack of usage of measurement glossary might
cause ambiguities in understanding measurement
objectives, tasks and process. A measurement
glossary containing definitions of used metrics is
maintained completely by 38% of the organizations,
while 19% partially and 16% don't use measurement
glossary at all. There are 28% respondents who are
not aware of measurement glossary usage in their
organization. A few SMEs completely (30%) or
partially (18%) maintain measurement repository as
shown in Figure 19. The large organizations
completely (52%) or partially (22%) maintain a
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measurement repository. The large organizations
completely (44%) or partially (11%) maintain a
measurement repository.
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Figure 19. Frequency of Organizations Maintaining Measurement
Glossary

E. MEASUREMENT REPOSITORIES FOR
PREDICTION

It is observed in the SLR [5] that prediction is the
least focused purpose of measurement processes in
the empirical studies. In this survey, the degree of
past data usage for predicting software
attributes/entities (e.g., size, cost etc.) is measured on
a likert-scale of 5 i.e. "Never", "Rarely",
"Occasionally”, "Frequently" and "Always". Most of
the participants working in very large organizations
believe that they frequently (40%), or occasionally
(40%) use measurement data for prediction. While
few believe that they rarely (12%) use measurement
data for prediction. Similarly, most of the participants
working in large organizations believe that they
frequently (32%), or occasionally (48%) use
measurement data for prediction as shown in Figure
20. A few participants believe they rarely (15%) or
never (5%) use measurement data for prediction.
Most of the participants working in SMEs believe
that they frequently (45%), or occasionally (35%) use
measurement data for prediction. A few believe that
they rarely (15%) or never (5%) use measurement
data for prediction. Overall, less than 50% of the
organizations frequently use past data for prediction.
None of the participants responded with "Always" on
the scale.
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Figure 20. Frequencies of Organizations using Measurement
Data for Prediction
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F. VALIDATION OF MEASUREMENT DATA

It is important to learn that we are actually measuring
what we think we are measuring. The metrics
validation in software measurement processes is vital
yet it is observed in the SLR [5] that it is least
discussed issue in empirical studies. This survey also
shows that 58% of participants believe that their
organizations don't have any metrics validation while
other 15% participants don't know if there is a
metrics validation mechanism exists. While only 27%
of organizations consider metrics validation as an
important measure. A small number of SMEs (13%),
large (6%) and very large (6%) organizations validate
their metrics as shown in Figure 21. We have not
collected any further details on validation methods as
the purpose of this survey is to collect data on basic

software measurement processes in software
development organizations.
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Figure 21. Frequency of Measurement Data Validation in
Software Organizations
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5.4. RESEARCH MODEL OF SUCCESS FACTORS

This section presents the results of applying SEM. It
is a multivariate statistical analysis technique that is
used to empirically validate the factors of successful
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measurement process implementation based on
practitioner's beliefs. The five-point likert-scale is
used in this survey i.e., Strongly disagree (1),
Disagree (2), Neutral (3), Agree (4), and Strongly
agree (5).

We analyzed participant's opinion after proposing a

The relationships among constructs of proposed
models are evaluated with the help of two hypotheses
as shown in Table 6.

TABLE 6
PROPOSED HYPOTHESES FOR EMPIRICALLY VALIDATING THE

Historic Data

theoretical model of 18 success factors for THEORETICAL FRAMEWORK
implementing MPs and identifying relationships Proposed Hypothesis Association Paths
among its constructs i.e., external forces, H1: 'External Forces' construct is
measurement adaptation, and measurement Significantly Related to Measurement EF —» MAD
acceptance as shown in Figure 22. The relationships Adaptation in Software Organizations
among constructs are validated based on hypothesis H2: 'Measurement Adaptation' is
testing. Each of these constructs is measured using a Significantly Related to Metrics MAD—» MA
distinct set of questionnaire items. Tables 3-5 present Acceptance in Software Organizations
the questionnaire items in Appendix B.
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Figure 22. Proposed Theoretical Model with Success Factors

5.4.2. STRUCTURAL EQUATION MODELING
Structural Equation Modeling (SEM) is a statistical

practice that explains the relationships among
multiple variables. It is a multivariate statistical
analysis method that is effectively used to evaluate
the structural relationships between variables [30]. In
this research, SEM is used for factor analysis.

The factor analysis is a technique used to identify a
structure that describes the relationships among
different observed variables. The factor analysis is
performed by two methods i.e., Exploratory Factor
Analysis and Confirmatory Factor Analysis, which
are presented below.

A. EXPLORATORY FACTOR ANALYSIS (EFA)
EFA is concerned with how many factors are

necessary to explain the relations among a set of
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indicators (variables) and with estimation of factor
loadings [30], [36]. It explores the inter-relationship
among variables to discover if those variables can be
grouped into a smaller set of underlying factors. The
KMO (Kaiser-Meyer-OlKkin) test is used to test the
factor loading (bonding of variable in a factor) and its
value that is greater than or equal to 0.50 is
acceptable [36], [37].

There are three constructs (factors) of the proposed
model (Figure 22). The validity of each factor is
tested with the help of EFA. The validity of a factor
is indicated as good if a set of questionnaire items
associated with it are loaded appropriately on it. The
KMO value of our dataset is 0.726, which is
acceptable for EFA[30], [36], [37]. Furthermore,
Eigenvalues of the factors should be greater than 1
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and total variance explained should be greater than
60 [30], [36], [37]. Table 7 shows the total variance
explained (i.e., 66.248) and Eigenvalues greater than
1 for three factors as shown in Appendix C.

The principal component extraction method is used to
extract the factors because the principal component
method is most simple and suitable method for EFA
[30], [36], [37]. Table 8 represents the rotated
component matrix in which all the extracted
components are mentioned with their suitable
observed variables as shown in Appendix C. The
correlations between different factors in the path
diagram are known as factor loadings. Factor
loadings can be positive or negative.

B. CONFIRMATORY FACTOR ANALYSIS (CFA)
CFA means testing the number of factors to confirm
whether the loaded factors are according to the pre-
developed theory (i.e., either the resulted latent
variables actually cause impact on the observed
factors). CFA is used to validate the scale with a
specified hypothesis structure [38]. The extracted
components are designed in AMOS 24 to perform
CFA. AMOS 24 is an appropriate statistical tool to
perform CFA. Figure 23 shows the path diagram of
the proposed model in which relationships among the
latent and observed variables, and error variables are
shown. These variables are defined below:

e Latent variables: These variables are also
known as unmeasured variables because
these are difficult to measure directly. In our
proposed model, there are three latent
variables i.e., external factors (EF),
measurement  adaptation (MAD) and
measurement acceptance (MA). They are
shown in ellipses in the path diagram.

e Observed variables: The variables that are
measured or observed by the researchers are
known as measured variables or observed
variables. These variables are presented in
Tables 3-5 as questions/items for each
construct/factor and also shown in
rectangles in the path diagram.

e Error variables: Each observed variable
have some kind of errors in measurements.
The measurement errors of variables are
shown in small circles in the path diagram.

In the path diagram (Figure 23), the EF, MAD and
MA factors are acting as independent, mediator and
dependent variables respectively.

Figure 23. Path Diagram of Proposed Theoretical Model

In SEMs, model fits are used to indicate whether the
underlying model is acceptable. If the resulting
model is accepted then relationship paths of factors
are tested for significance [39]. Table 9 presents fit
indices with their standard and estimated values [40],
[41]. The fit indices values are greater than the
recommended values. The method to make a good
model fit is iterative, which means to delete one
indicator/questionnaire-item at a time and check
again to make a model fit. The results of the model
fits show that measurement model is a good fit with
the data of the proposed model as shown in Table 9.

TABLE9
MODEL FIT INDICES
Fit Indices Recommended Measurement

values [70] Model
Goodness-of-Fit >0.90 0.968
Index (GFI)
Adjusted Goodness- >0.80 0.946
of-Fit Index (AGFI)
Comparative Fit >0.90 0.995
Index (CFI)
Root Mean Square <0.08 0.048
Error of
Approximation
(RMSEA)
Normed Fit Index >0.90 0.941
(NFI)
Parsimony Normed > 0.60 0.690

Fit Index (PNFI)

C. HYPOTHESIS TESTING

The mode fit indices above represent the extent to
which the hypothesized model fits the survey data.
Later, the estimation of the paths between constructs
is used for hypothesis testing as shown in Table 10.
The empirical validation of the hypothesis is
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significant if the value of P of a relationship between
constructs is less than .001, .01 or .05 [41].

Table 10 shows that the hypothesis H2 is significant
with (P=.035). It depicts that there is a strong
empirical validation that metrics adaptation is
associated with metrics acceptance.

TABLE 10
HYPOTHESIS PATH ESTIMATIONS
Hypothesis
H1 H2
Path EF —» MAD MAD —» MA
Estimates  .085 .292
SE .069 .138
CR 1.226 2.114
P 220 .035
Analysis Non-significant Significant

6. DISCUSSION

In this section, we discuss and analyze the results in
terms of a summary of our findings, key issues and
mitigation strategies, statistical and general validity
threats and managerial implications and future work
of this study.

6.1. SUMMARY OF FINDINGS

In this section, we summarize the state of
measurement practices and statistical validation of
the model. Analysis and findings of SLR on software
measurement programs are the basis of this study [5].

First, we have identified three key components and
14 sub-components of measurement programs as
shown in Figure 4. Second, a survey is conducted to
analyze the state of measurement processes in
Pakistani software development industry according to
the identified components. As a whole, large and
very large scale organizations are observed with more
measurement practices as compared to SMEs (see
details in Section 5.3). Following are the highlights:

A. DEMOGRAPHICS OF PARTICIPANTS AND
SOFTWARE ORGANIZATIONS

e 50-60% of the participants are software
engineers with experience of 1-3 years and
they have responded being observers of
measurement processes.

e SMEs are nearly 50% of the organizations in
this survey. IT (70%), professional and
business services (44%) and financials
(33%) are the most common domains of
software applications development.

B. DEMOGRAPHICS OF MEASUREMENT
PROCESSES

1) MEASUREMENT STRUCTURE
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e 61% of the organizations do not have
defined measurement process.

e 41% of the organizations do not follow any
software development standard. 1SO/IEC
12207, ISO/IEC 23026 (IEEE std 2001-
2002) and ISO/IEC 15393-2002 are used by
18%, 18%, and 9% of the organizations.

e 75% of the organizations do not follow any
measurement standard. IEEE Std 982.1-
2005 is used by highest (9%) number of the
organizations.

e 95% of the organizations do not follow any
measurement model.

e 80% of the software organizations don’t use
any measurement tool.

o 94% of the organizations don't focus on the
sustainability — of  their  measurement
processes.

2) MEASUREMENT OBJECTIVES

e Characterization, evaluation, prediction, and
improvement of software entities are the
purpose of 53%, 59%, 52% and 61% of
software organizations. 26% of software
organizations use measurement process for
all four purposes.

e Software measurement process is observed
at 56%, 14%, and 30% of organizations at
project, organization and simultaneously at
both levels respectively.

e Process, product, and resource entities are
measured by 74%, 48% and 36% of
organizations respectively. Combination of
all three entities is measured by 23% of
organizations.

e CMMI is used by 27% of organizations and
71% organizations don't use any software
process improvement approaches.

e 67% of organizations follow distributed
software development and 62% of these
organizations do not have defined
measurement processes.

3) METRICS MANAGEMENT

e Most of the organizations use necessary and
most commonly used metrics and expert
judgment instead of measurement models,
and automated tools.

e Duration (32%), cost (27%), and effort
(27%) are the most measured attributes.

e 89% of the organizations don’t use real-time
metrics (e.g.,, cyclomatic complexity,
dynamic function calls, no of unused objects
and variables) to monitor and control the
actual software development progress.
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e A measurement glossary is completely
maintained by 38% of the organizations,
while 19% partially and 16% don't use
measurement glossary at all.

e Less than 50% of the organizations
frequently use past data for prediction.

e 58% of software organizations don't have
any metrics validation criteria.

C. HIGHLIGHTS OF MODEL VALIDATION

We have also proposed a model of success factors of
implementing a MP based on analysis of SLR [2].
We have mapped the success factors among three
main factors of a model i.e., external, measurement
adaptation and measurement acceptance factors. The
model is empirically validated based on the responses
of 200 software professionals by using a multivariate
statistical analysis technique (i.e., structural equation
modeling (SEM)). This technique internally checks
the factors of a theoretical model based on
Exploratory Factor Analysis (EFA) by exploring the
inter-relationship among the items to discover their
bonding to constitute a factor. The Kaiser-Meyer-
Olkin (KMO) test is used to test the factor loading
(bonding of items in a factor) and its value that is
greater than or equal to 0.50 is acceptable [36], [37].
The factor loadings of all the items of "external
forces” and "measurement adaptation” factors have
acceptable bonding (KMO>0.5) to constitute both
factors. However, the EFA identifies 3 out of 11
items i.e. MAD4, MAD5, MADG6) which are
necessary to constitute measurement adaptation
factor based on factor loadings. This means that
practitioners strongly believe that synchronization
between measurement process and software process
improvement (MAD4), use of measurement
standards (MADD5), and use of measurement models
(MADSG6) are necessary to be adapted for successful
implementation of a measurement process. The EFA
is followed by confirmatory factor analysis (CFA),
which verifies that the theoretical model is also
statistically significant based on model fit indices.
The factors of the models are connected based on
hypotheses. Later, hypothesis path estimations are
used for empirical validation of hypotheses. The H2
hypothesis is empirically validated (P<0.05) which
means practitioners strongly believe that adaptation
of measurement process is significantly related to
improvement in monitoring and management of
software projects (MAL), better utilization of
historical data for prediction (MAZ2), achievement of
organization-wide objectives (MA3) and enabling
individuals to complete their tasks (MA4).

6.2. KEY ISSUES AND MITIGATION STRATEGIES
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Table 11 presents key issues identified in this survey
and their mitigation strategies discussed in
measurement studies. These strategies are presented
from our comprehensive literature reviews on
software measurement programs [5], [27].

TABLE 11
MITIGATION STRATEGIES FOR KEY ISSUES FOUND IN THE SURVEY
Key Issues Mitigation Strategy

Large and very large  software
organizations should study following
before planning a MP [5]:
Auvailable Measurement
models/tools
Reported Challenges of MP planning
Reported Success Factors of MP planning

Planning

Lack of
defined
measurement
programs.

SMEs should study following before
planning a MP [27]:
Available Measurement
models/tools for SMEs
Reported Challenges of MP planning in
SMEs

Reported Sucess Factors of MP planning
Difference between the challenges of
implementing MPs in large and very large
organizations as compared to SMEs

Planning

Integration of MP with Software Life
Cycle [21], [23], [26], [42], [43], Tool
support: [24], [43]-[48], Use of standards:
e.g., ISO/IEC 15939:2007 [71,
ISO/IEC/IEEE 24765:2010 [49], [50],
ISO/IEC 9126-x [51]-[53], ISO/IEC
25000 [54] and ISO/IEC 14598-x [54]
(Most commonly discussed measurment
standards for metrics selection methods
for measuring software  processes,
products and resources),using
measurement models [5], [27]

Lack of
suitable
metrics
selection
methods.

First, it should be analyzed that a software
organization is measuring what it thinks it
is measuring [55], [56]. Second: software
Lack of organizations should adapt from 47
measurement metrics validation criteria according to
data their context and goals of measurement.
validation. Meneely et al. [55] devised these criteria
based on a comprehensive analysis of the
last 40 years of research on metrics
validation.

Adaptation of software development
standards according to size of an
organization and its processes, product
and resources e.g., IEEE glossary of
software development standards and

Lack of
software
development
standards and

software software measurement standards, and
measurement ISO/IEC Standards. The most commonly
standards. used measurement standards in large and

SMEs are analyzed in [5], [27].

Lack of using Defining  measurement  goals  of

measurement characterization, evaluation, improvement
data for and prediction according to business goals
characterizatio [24], [25], [57] and then using
n, evaluation, measurement data to achieve these goals
prediction, [6], [57]-[59]. Effective and efficient use
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and of historical [measurement] data for
improvement achieving prediction goals is a key input
of software for planning a MP.

processes,

products, and
resources.

Mostly MPs
are MPs are more beneficial if they are used at
implemented the project and organizational level

at project simultaneously [4], [5], [27].

level.

Lack of MP It is one of the least focused areas in this

for distributed study and also among measurement
studies [2], [77]. However, we could not

software

find a study that specifically focuses on

development. this issue.

Lack of Consistent and complete definitions of
Measurement ~ measurement concepts and measurement
Glossary entities [55], [60]-[62].
Lack of Identifying  potential  challenges  of
Sustainable sustainable MP [16], [18], [21], [26],
MP [63]-[66].
It is one of least focused area of
measurement studies [2], [77] and in this
Lack of real .
time metrics survey. However, we could not find a
study that specifically focuses on this
issue.
Establishing a measurement repository
[59], [67]-[71]. Complete automation of
Lack of measurement process and establishing
measurement measurement repository at once might not
repository for be possible due to lack of budget, time and
prediction resources [72]. Therefore, incremental
measurement process implementation is
proposed in literature [44], [73]-[76].
CMMI is the most commonly used SPI
Lack of model [4]. However, there are many other
Software SPI models analyzed in SLR [4]. The
process SMEs face fundamental challenges of
improvement available time, resources and budget for
initiatives SPI.  Therefore SMEs should adapt

lightweight SPI models [27].

6.3. THREATS TO VALIDITY

In this section, we present statistical and general
validity threats of the survey study. We have
evaluated state of 14 measurement practices and
validated a model of 18 success factors for
implementing MPs with respect to responses of
Pakistani software professionals.

6.3.1. CONSTRUCT VALIDITY

The construct validity relates to whether we are
actually measuring the real-world software
measurement practices. Furthermore, it involves
reliability of the questionnaire-items that are based on
the success factors of the proposed model. Reliability
of the measures expresses the degree to which it is
consistent and repeatable.
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The questionnaire-items for evaluating the state of 14
basic measurement practices are designed with
respect to findings of peer-reviewed and empirical
research in SLR. The purpose of questionnaire-items
was to count the frequencies of measurement
practices in startups, SMEs, large and very
organizations. The frequencies of measurement
practices directly convey the presence/absence of
measurement practices without any addition of
biasness. The impact of participant's role, experience
and organization type on their opinions regarding
success factors of MPs are statistically evaluated in
Section 6.3.5.

The Cronbach Alpha test measures the internal
consistency  (reliability) of questionnaire-items
regarding the proposed model of success factors [77],
[78]. It indicates the extent to which the
questionnaire-items truly measure what it claims to
measure, i.e., the underlying construct. In other
words, it tests whether the questionnaire-items
measuring a construct are inter-correlated well
enough to jointly form the construct. Table 12
presents Cronbach Alpha test results of the three
factors/constructs of the proposed model. The
coefficient of alpha is calculated to measure the level
of closeness among the related items in a group. This
coefficient varies from 0 to 1 and higher value of
alpha indicates higher reliability of scale as given
below.
o (0>0.9): Excellent

e (0.7<0<0.9): Good
o (0.6 <0<0.7): Acceptable
e (0.5<0<0.6): Poor
e (0.<0.5): Unacceptable
TABLE 12
CRONBACH ALPHA TEST RESULTS
Factors No of Cronbach
Questionnaire- alpha value
items
External forces 3 0.789
Measurement 4 0.827
acceptance
Measurement 11 0.672
adaptation

6.3.2. SAMPLING VALIDITY
There is possible sampling bias as purposive

sampling is used instead of random sampling in this
study. The purposive sampling involves selection of
participants by the researchers as compared to
random sampling. There are few surveys on software
measurement processes which have used databases of
clients and their employees working in collaboration
with research centers and they have also used random
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sampling to an extent due to having very large data
size e.g., Software Engineering Institute [8] and
Finland software industry [8]. But in our case, there
is no such database/repository available for research
purpose and the software industry in Pakistan is
going through an evolution [34]. Therefore, we
applied the purposive sampling method [33] in which
participants with specific characteristics are contacted
based on their availability and convenience for the
survey.

In order to partially mitigate this risk: first, we
defined software measurement and software
measurement process at the start of the survey and
given the choice to give no response if they think
they did not support or be part of a software
organization, where measurement process is applied
and/or observed as defined. There are 15 respondents
that did not fill up the survey as they could not
visualize measurement process in their organizations
or as practitioners. The authors being university
instructors mostly contacted computer science and
software engineering alumni students. In addition,
professionals working in software industry within the
social circle are contacted. Furthermore, Linkedln
contacts of software professionals are also requested.
The participants were assured of anonymity and
confidentiality of data so that they could answer
questionnaire-items without any reluctance.

6.3.3. MODEL VALIDITY
SEM is used to validate the model of success factors.

The SEM performs model validation by estimating
two separate models i.e., the measurement model and
the structural model.

A. MEASUREMENT MODEL

It addresses the degree to which questionnaire-items
capture the underlying constructs/factors. This model
involves construct and discriminant validity. The
construct validity is already presented above.
Discriminant validity tests if the questionnaire-items
measuring one construct are sufficiently uncorrelated
from other constructs, thereby establishing the ability
to discriminate between constructs. The tests results
of KMO and eigenvalues in EFA ensure discriminant
validity among success factors of the model (see
details in Section 5.4.2). EFA involves a factor
analysis of all the questionnaire-items together to
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examine the factor structure and loadings. The KMO
test is used to test the factor loading and its value is
0.726 which is greater than the minimum acceptable
value i.e. 050 [26], [36], [37]. Furthermore,
Eigenvalues of each of three factors is greater than 1
and total variance explained is also greater than 60
[30], [36], [37] (Section 5.4.2).

B. STRUCTURAL MODEL

It describes the relationship between the constructs of
the proposed model and tests the research hypotheses
(Section 5.4.1).

CFA is used to estimate the structural model (Section
5.4.2). CFA can be applied to survey data provided
that the responses are interval scaled, continuous data
and sample size is great than 199 [79]. We have used
five-point likert-scale and prior research has shown
that this scale can be treated as continuous for the
purposes of CFA [80]. West et al. evaluated the
impact of categorization of a continuous variable in a
covariance matrix with maximum likelihood
estimation using a set of Monte Carlo simulations
and estimations based on categorized variables were
sufficiently robust [81]. Bollen and Barb have shown
that a five-point likert-scale used to approximate
underlying continuous variable has small distortion in
correlation coefficients [82]. Therefore, we consider
five-point likert-scale data in this study as
continuous[21].

CFA is used to estimate the statistical fitness of the
proposed model. The goodness of fit indices for the
model (Section 5.4.2) depicts that the overall
hypothesizes structure (Figure 22) appropriately fits
the data. Later, we check individual hypothesis based
on estimations of paths between constructs.
Hypothesis testing shows that there is a statistically
significant association (P=.035) between the metrics
adaptation factor and metrics acceptance factor as
shown in Table 10. Thus overall hypothesized
structure of the proposed model and there is a strong
empirical validation that metrics adaptation factor is
associated with metrics acceptance factor.

6.3.4. CONCLUSION VALIDITY

Conclusion validity involves reliability and
credibility of the conclusions drawn from the results
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of each phase of the research work [83]. It is related
to the degree of confidence regarding the validity of
the study that researchers can gain from the
appropriateness of empirical methods [84]. We have
taken a systematic approach to this research for
managing the construct validity threats. First, we
have conducted a SLR which is considered vital to
accumulate evidences from the research literature. It
systematically identifies and analyses evidences from
primary studies (Section 3.1). The identification of
basic measurement practices and the proposed model
of success factors are based on the results and
analysis of SLR (Section 3.2). Second, the survey
was administered to 5 practitioners, who provided
valuable feedback. The changes and feedback were
incorporated before conducting the survey. Third, a
structured survey instrument is used to statistically
evaluate the frequency of 14 measurement practices
in software industry and validation of statistically
significant success factors in the proposed model
based on the practitioners' beliefs (Section 4.1). The
investigation of 14 measurement practices provides a
key insight of state of measurement practices in 200
software organizations without drawing a general
conclusion (Section 5.3). Finally, SEM provided a
statistical validation of the model.

6.3.5. IMPACT OF PARTICIPANT'S
DEMOGRAPHICS ON THEIR RESPONSES
One-Way ANOVA test is applied on the survey data

to analyze the impact of participants' experience, role
and organization type on their opinions regarding
importance of three success factors. This test is used
to compare mean scores of three or more groups,
such as comparing the mean scores of different types
of organizations; startups, SMEs, large, very large,
regarding the impact of external factors on
implementing software measurement process.

A. PARTICIPANT’S EXPERIENCE

The One-Way ANOVA test is conducted to compare
the effect of different levels of participant's
experience on their opinions regarding the impact of
external factors, measurement adaptation factors and
measurement acceptance factors on successful
implementation of measurement process. Table 13
presents the results of the One-Way ANOVA test as
shown in Appendix D.
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The analysis of variance showed that the effect of
participant's experience on their opinion regarding
the impact of external forces was not significant,
F(3,196) = .35, p= .771. Similarly, the analysis of
variance showed that the effect of participant's
experience on their opinion regarding the impact of
measurement adaptation factors was not significant,
F(3,196) =1.808, p= .147. The analysis of variance
showed that the effect of participant's experience on
their opinion regarding the measurement acceptance
factors was also not significant, F(3,196) =1.808, p=
.147. The p-value greater than 0.05 for each factor
indicates that there is no experience level of
participant's (1-3, 4-6, 7-9, 10 or more years) which
impacts his/her opinion regarding the external
factors, measurement adaptation factors, and
measurement acceptance factors.

B. PARTICIPANT'S ROLE

The One-Way ANOVA test is conducted to compare
the effect of participant's role on their opinions
regarding the impact of external factors,
measurement adaptation factors and measurement
acceptance factors on successful implementation of
measurement process. Table 14 presents results of the
One-Way ANOVA test as shown in Appendix D.

The analysis of variance showed that the effect of
participant's role on their opinions regarding impact
of external forces was not significant, F (5,194) = .35,
p=.539. Similarly, analysis of variance showed that
the effect of participant's role on their opinion
regarding the impact of measurement adaptation
factors was not significant, F (5,194) =.751, p= .586.
Furthermore, analysis of variance showed that the
effect of participant's role on their opinion regarding
the measurement acceptance factors was not
significant, F (5,194) =1.696, p= .137. The p-value
greater than 0.05 for each factor indicates that there is
no participant's role (Program Manager, Project
Manager, Team Leader, Software Engineer, Software
Analyst, Software Quality assurance) which impacts
his/her opinion regarding the external factors,
measurement adaptation factors, and measurement
acceptance factors.

C. PARTICIPANT'S ORGANIZATION
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The One-Way ANOVA test is conducted to compare
the effect of participant's organization type on their
opinions regarding the impact of external factors,
measurement adaptation factors and measurement
acceptance factors on successful implementation of
measurement process. Table 15 presents results of the
One-Way ANOVA test as shown in Appendix D.

The analysis of variance showed that the effect of
participant's organization type on their opinions
regarding impact of external forces was not
significant, F (3,196) = 1, p= .394. Similarly,
analysis of variance showed that the effect of
participant's role on their opinion regarding the
impact of measurement adaptation factors was not
significant, F (3,196) =1.442, p= .232. Moreover,
analysis of variance showed that the effect of
participant's role on their opinion regarding the
measurement acceptance factors was significant, F
(3,196) =3.773, p= .012. The p-value greater than
0.05 for external factor and measurement adaptation
factor indicates that there is no participant's
organization type (start-up, SME, large, very large)
which impacts his/her opinion regarding both factors.
The p-value less than 0.05 for measurement
acceptance factor requires further investigation to
identify which organization type effects the opinion
of the participants and this is done with the help of
Post Hoc Tukey Test.

The Post Hoc Tukey Test is applied on the job-
organization of participants and their opinion
regarding measurement acceptance factor. Table 16
presents results of the Post Hoc Tukey Test as shown
in Appendix D. The test showed that the opinions of
participants working in SMEs and very large
organizations differed significantly (at p < .05)
regarding measurement acceptance factors. Similarly,
opinions of participants working in large and very
large organizations differed significantly (at p < .05)
regarding  measurement  acceptance  factors.
Furthermore, the effect size of participant's job-
organization on their opinion regarding measurement
acceptance is calculated by Etta-Square value (n2).
The univariate analysis in the SPSS tool is used to
calculate n2=0.055. According to Cohen (0.02 >n2
>0.13), the effect size is small [85]. In a nutshell, this
means that effect of participant's job-organization on
her/his opinion regarding measurement acceptance
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factors is statistically significant but the size of the
effect of job-organization is small.

6.4. MANAGERIAL IMPLICATIONS AND FUTURE
WORK

Software managers are key stakeholders of
measurement process while planning, monitoring,
and controlling software development process and
making decisions. Our research informs them with a
first level description of basic measurement practices
based on a SLR on MPs and aims to support planning
and setting up measurement processes. Furthermore,
it presents the state of Pakistani software industry
according to the basic measurement practices. The
researchers and practitioners from other countries can
reuse this study 1) to evaluate and compare the state
of measurement practices in their industry 2) extend
the 14 measurement practices or modify the survey-
questionnaire according to their context. The
software industry in Pakistan is small and going
through an evolution as compared to USA and
European countries [8], [9], [26], [34]. The survey
results depict lack of basic measurement practices
such as  defined measurement  processes,
measurement standards, measurement models and
automated measurement tools. We have also
proposed mitigation strategies for  observed
challenges based on analysis of literature on MPs. On
the other hand, measurement processes are
considered key component for software process
improvement in research and software industries of
modern world [4], [21], [26], [42].

In this survey, we have found out that nearly half of
200 software organizations are SMEs. Most of MP
studies in the SMEs report fundamental challenges of
budget, time and resources as compare to large
organizations. Therefore, we have also conducted a
systematic mapping study on MPs to investigate
measurement models, tools, standards, practices,
challenges, and success factor in SMEs [27] and
using it to design a questionnaire for specifically
investigating MPs in SMEs. Moreover on a broader
spectrum, this study, SLR [5] and SMS [27] are the
first step towards research and development of
measurement processes specifically for Pakistani
software industry. In future, we are planning to
evaluate the software development practices and
measurement practices with the help of interviews
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and observations and propose tailor-made

measurement model and practices.

It is also observed that 58% of participants in this
survey have 1-3 years of experience which might
affect their responses regarding measurement
practices. In this study, we have applied One-Way
ANOVA test on the survey data to analyze the impact
of participants' experience, role and organization type
on their opinions regarding importance of three
success factors (Section 6.3.5). The test results reveal
that only participants' job-organization has a
statistically significant effect on their opinions
regarding measurement acceptance but the size of the
effect of job-organization is small (Section 6.3.5).
We have distributed the survey among 542 potential
participants keeping in mind the experience range of
1-3, 4-7, 7-9 and 10 or more years. However, more
university alumni confirmed to fill up the survey. The
participants were assured of anonymity and
confidentiality of data so that they could answer
questionnaire-items  without  any  reluctance.
However, only 37% of the contacted software
professionals responded. The reason might include
lack of industry and academia coordination in
research and software professionals are not used to
participate in survey-based research.

It is important for software managers to consider
success factors of implementing MPs while
implementing basic measurement practices (Section
6.2). The successful adaptation of measurement
practices requires structural changes to improve the
chances of measurement acceptance e.g., establishing
measurement culture, synchronizing measurement
process with software development process and
software process improvement and sustainability of
measurement process across all software projects in
an organization (Section 3.2). Moreover, it is
important for software managers to facilitate
adequate budget, time and resources for successful
implementation of MPs [4], [5], [27]. This approach
can support them to improve chances of successful
implementation of MPs.

The proposed model of success factors has multiple
opportunities for future work. First, the model is
proposed purely based on literature review. More
work by practitioners and researchers is required to
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refine the factors and possibly add more factors in
this model. Second, we are measuring the success of
MP in the form of measurement acceptance factor.
With more research, the success of MP can also be
measured in terms of return over investment,
software process improvement and product quality
improvement. Third, context of implementing MP in
SMEs and large organizations face different
challenges [27], therefore, organizational settings
should also be considered while implementing the
proposed model of success factors.

6. CONCLUSIONS

In this paper, we evaluated key components and
success factors of software measurement programs
extracted from our previous SLR and proposed a
model of success factors. In general, the state of
measurement practices in software organizations is
not at a good status around the globe and requires
special attention for Pakistani software development
organizations. We discovered very conclusive
outcomes through this survey. For example, there are
more than 50 measurement models reported in the
literature but only 10% software organizations in this
survey follow any measurement model. Similarly,
75% organizations do not follow any measurement
standard. There are 80% software organizations
which do not use any measurement tool. There are
multiple software process improvement (SPI) models
but 71% software organizations do not use any SPI
model. The resource metrics are least utilized by
software organizations. There are only 38% software
organizations which frequently use measurement data
for prediction. As a whole, large and very large scale
organizations are observed with more measurement
practices as compared to SMEs. Later, we have also
presented mitigation strategies for key issues
identified in software organizations. To the best of
our knowledge, this survey is a first attempt to
evaluate measurement processes in Pakistani
software industry.

In this paper, we have proposed a model of 18
success factors for implementing a MP. The 18

factors are mainly categorized under external,
measurement  adaptation  and measurement
acceptance factors. The model is empirically

validated by applying Structural Equation Modeling
(SEM) on the responses of 200 software
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professionals and it is revealed from responses
(strongly believe) that synchronization between
measurement  process and  software  process
improvement (MAD4), use of measurement
standards (MADS5), and use of measurement models
(MADG6) are necessary to be adapted for the
successful implementation of a measurement process.
In addition, software professionals strongly believe
that adaptation of measurement process are
significantly related to improvement in monitoring
and management of software projects (MAL), better
utilization of historical data for prediction (MA2),
achievement of organization-wide objectives (MA3)
and enabling individuals to complete their tasks
(MA4).

According to PSEB4, IT industry in Pakistan is going
through a revolution as IT investments have currently
risen up to $5.1138 billion from $100 million in 2003
and growth rate of IT remittances in Pakistan was
16% in the year 2016-2017. Software measurement is
vital for software process improvement (SPI) and
effective monitoring and controlling of processes.
They can provide key support towards meeting
international quality standards of processes and
products. For instance, CMMI is most commonly
used SPI model and its certification by a organization
cannot only improve its processes but also improves
its chances of winning international project bids. The
software process capability and maturity level-4 and
level-5 of CMMI cannot be achieved without
effective and efficient measurement processes.
Therefore, software organizations might plan and
evaluate their measurement processes according to
three key components presented in this study and
they should also consider the model of success
factors before planning their measurement programs.
In future work, this study might also be conducted in
the software industries of other countries to evaluate
and compare the basic states of measurement
processes and to identify the most important success
factors.

* http://www.pseb.org.pk/
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Appendix A
TABLE 2
COMPONENTS OF MEASUREMENT PROGRAMS ANALYZED IN THE SOFTWARE INDUSTRY

Main- Sub- Description and Response Collection Method
Component Component
Software The software development standards encourage the use of software measurement processes for planning,
development  monitoring, controlling and improving software processes, products and resources. Initially, we
and identified the use of software development and measurement standards for implementing MPs through

measurement  primary studies in our SLR [5]. Later on, we also consulted IEEE glossary of standards® and IEEE
standards glossary of measurement standards® for a complete list of available standards in this survey to analyze
the state of the standardization in software development industry.
Response collection method:
List of software development standards and measurement standards are presented with checkboxes.
A textbox with ""Other" label is added to make sure that participant could add a standard if it is missing
in the presented options.

Measurement ~ Measurement  The use of measurement models helps systematic implementation of a measurement process. In the
Structure models systematic literature review, we have identified 35 measurement models [5].
Response collection method:
In a close-ended question, "Does your organization use any measurement model?" (Yes, No), a follow
up open-ended question is provided a text box to capture model name.

Measurement  The application of measurement tools automates collection, storage, analysis and re-usability of the data
tools [5].

Response collection method:
An open-ended question is presented with a text box i.e., “Which automated tools your organization use
for collecting metrics? Please specify "

Measurement  MPs support informed decision making by identifying four type of purposes: characterize, evaluate,

purpose predict and utilize resources [6]. In the SLR and in this survey, we analyzed primary studies and

software development organizations according to these four purposes. The use of only four purposes
generalizes most of MP activities.
Response collection method:
List of four measurement purposes is presented with check boxes.

Scope of Fenton and Pfleeger [86] distinguished three types of measurement entities i.e. process, product, and
measurement  resource. Abran and Buglione [87], [88] added project and organization to measurement entities as well.
Measurement process and In the SLR and this survey, we distinguished measurement entity focus (i.e. process, product, and
Objectives measurement  resource) from the level of MP implementation (project level or organizational level).
entities Response collection method:

List of three types of metrics is presented with checkboxes. Similarly, in another question list of three
possible measurement scopes i.e. Project level, organization level and both-levels is presented.

A textbox with ""Other" label is added to make sure that participants could add a type of metrics if they
believe it is missing in the presented options.

Software It is observed through data of the primary studies in SLR that software measurement is considered as an
process integral part of every software process improvement (SPI) initiative. Software measurement enables
improvement  assessment of SPI strategies.
Response collection method:
An open-ended question is presented with a text box i.e., "Has your organization been involved in a
software process improvement initiative (e.g., CMMI, SPICE, etc.)? please specify:"

Defined Software measurement is pervasive as every single software process generates data and/or uses data
measurement  generated about processes, products and resources. There is a possibility that software organizations use
process measurement practices and measurement data without a formal definition of a MP.

Response collection method:
Binary response (Yes, No) is collected on the existence of a defined measurement process.

Measurement  In the SLR, we could not find a measurement study on implementation of MPs in distributed

in distributed  development of software projects. However, software MPs are critical for distributed software

development  development because they face more challenges of planning, monitoring, controlling and improving due
to constraints such as time zone differences, geographical distances, cultural differences etc [89]. In this
survey, we analyzed which type of distributed development (e.g., outsourcing, nearshoring, offshoring,
onshoring) use distributed/centralized measurement processes.

® https://standards.ieee.org/findstds/standard/software_and_systems_engineering.html
® https://standards.ieee.org/findstds/standard/instrumentation_and_measurement_all.html

30

2169-3536 (c) 2018 IEEE. Translations and content mining are permitted for academic research only. Personal use is also permitted, but republication/redistribution requires IEEE permission. See
http://www.ieee.org/publications_standards/publications/rights/index.html for more information.


https://standards.ieee.org/findstds/standard/software_and_systems_engineering.html
https://standards.ieee.org/findstds/standard/instrumentation_and_measurement_all.html

This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI 10.1109/ACCESS.2018.2872956, IEEE Access

IEEE Access

Tahir et al.: An Evaluation of Software Measurement Processes in Pakistani Software Industry

Response collection method:

A close-ended question is presented, "Does your organization involve distributed development of
software projects? (Yes, No)

In a first follow-up question, we have presented a list of distributed software development methods with
checkboxes. In a second follow-up question, we have asked a close-ended question that either they
defined distributed measurement processes across all contractors or a centralized measurement process.

Metrics
collection
method

Categories of
metrics data

Metrics
Management

Measurement
glossary

Measurement
repositories
for prediction

Real-time
metrics

Validation of
measurement
data

Based on the analysis of SLR, the metrics collection methods are classified into five categories. 1) using
the guidelines of measurement models 2) measurement experts deciding on what measures to collect 3)
using automated tools 4) collecting necessary metrics for software process improvement 5) most
commonly collected metrics.

Response collection method:

A List of five metrics collection methods is presented with checkboxes.

A textbox with ""Other" label is added to make sure that participants could add their in-house metrics
collection method or if they believe it is missing in the presented options.

In the SLR, we have identified following types of metrics discussed in primary studies: duration,
cost/budget, effort, size, productivity, time to market, defects, customer satisfaction, return on
investment, employee commitment. In this survey, we analyze the use of these metrics in the software
industry.

Response collection method:

A List of types of metrics data is presented with checkboxes. A textbox with *"Other"* label is added to
make sure that participants could add a new type of metrics data or if they believe it is missing in the
presented options.

It is observed in SLR that there is a lack of consistent terminology in software measurement domain
[55]. Therefore, it is important for software organizations to define measurement glossary for a
consistent and complete understanding of metrics, measurement tasks, and activities. In this survey, we
analyzed the use of measurement glossary in the software industry.

Response collection method:
Binary response (Yes, No) is collected on the existence of a measurement glossary.

It is observed in SLR that prediction is the least focus of measurement studies. In addition, there are a
few publically available datasets such as Architecture Research Facility, DACS Productivity, NASA
Ames, NASE/SEL, Software Reliability, ISBSG Benchmarking datasets. In this survey, we analyze the
use of measurement data of past project for prediction in the future projects.

Response collection method:

A lickert-scale question is presented with radio buttons: Never, Rarely, Occasionally, Frequently and
Always. The question is presented as, "Does your organization use [measurement] data of past projects
to plan/predict future projects? (e.g., software size, number of defects)"”

In the SLR, we have observed that there is a lack of discussion on the use of real-time metrics in MPs.
Mostly software metrics are discussed in the context of planning phase or at the completion of software
development. The real-time metrics (e.g., cyclomatic complexity, dynamic function calls, no of unused
objects and variables) help to monitor and control actual software development in progress. In this
survey, we analyzed the use of real-time metrics in the software industry.

Response collection method:
An open-ended question is presented with a text box i.e., "Does your organization use software metrics
to monitor and control the software development progress in real-time?. Please specify those metrics:"

It is important to learn that we are actually measuring what we think we are measuring. We have
observed in SLR that the metrics validation in software measurement processes is vital yet it is one of
the least discussed issues in empirical studies.

Response collection method:
Binary response (Yes, No) is collected on the existence of a metrics validation criteria.

Appendix B

TABLE 3

EXTERNAL FACTORS FOR SUCCESSFUL IMPLEMENTATION OF MEASUREMENT PROCESSES IN SOFTWARE ORGANIZATIONS

Factor

Factor )

Sub-Factors

Description References
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EF1
External EF2
Factors
(EF)
EF3

Stability of economic
sector

IT domain

External stakeholders

The strong pressure of economic situation of the
environment might also affect the policies and practices of
implementing measurement processes in the organization.

The industrial practices in a domain are affected by strong
industrial institutions. The software industry is also
affected by influential institutions such as software

[17]1-[21], [90]

engineering journals (ACM, IEEE, Science Direct, 90], [91]
Springer, Elsevier etc.)

The software industry is also affected by software
organizations such as IBM, Oracle and Motorola and [14]-[18]

academic institutes such as Software Engineering Institute
(SEI) and customers.

[17]-{21], [73],

TABLE 4
MEASUREMENT ADAPTATION FACTORS FOR SUCCESSFUL IMPLEMENTATION OF MEASUREMENT PROCESSES IN SOFTWARE ORGANIZATIONS
Factor Factor ID Sub-Factors Description References
MAD1 Measurement culture It means that measurement processes are actually trusted and used
ot : g ; [21], [22],
for characterization, evaluation, prediction and improvement of [25]. [92]
software development processes, products and resource utilization. [93]’ '
MAD?2 Sustainability of The sustainability of measurement process (MAD2) is of key [7], [16]-
measurement process importance as most of the MP fail or usually do not last more thana  [21], [94]-
project. It is also observed in the SLR [5], that most of the [96]
measurement processes are implemented only for a specific project
or product. The sustainability of a measurement process to
characterize, evaluate, improve and predict the processes, products
and resources in the organization-wide scope might help to gain full
Measurement advantages of measurement process.
Adaptation
(MAD) MAD3 Synchronization A number of studies stated that synchronization between MP and  [8], [44],
between measurement SDLC (MAD?3) is critical for effectiveness of measurement [45], [58],
process and software process. The measurement processes should be linked with each  [74], [75],
development life cycle and every process of SDLC because every process creates or uses  [97]
(SDLC) data for its characterization, evaluation, prediction and
improvement.
MAD4 Synchronization The synchronization between MP and SPI (MAD4) is considered  [13], [67],
between measurement  as a significant success factor. The measurement process is usually  [72], [74],
process and software related as data collection activity to characterize and evaluate [76], [91],
process improvement  software processes, products and resources but its critical success [93], [98]-
initiatives (SPI) factor is its ability to help in decision making and software process  [102]
improvement.
MADS5 Use of measurement The use of measurement standards (MAD5) to implement [26], [51],
standards measurement process is considered as significant success factor. A [60], [63],
well-defined structure for implementing measurement process is  [63], [67],
given key importance and measurement standards serve this need  [72], [74],
by providing guidelines, processes, and tasks of implementing [76], [98]-
measurement process. [100],
[103],
[104]
MAD6 Use of measurement The use of measurement models (MADS) to identify, collect and [5], [60],
models to identify, analyze measures to implement a measurement process is [105]
collect and analyze considered as a key success factor, as we identified 35
measures in  measurement planning models [5] that are proposed to implement
measurement process measurement processes in the empirical studies.
MAD7 Use of measurement The use of automated tools (MAD?7) is considered as key success [24], [25],
tools factor for the effective and efficient collection, storage, analysis, [44], [58],
and prediction of data for the improvement of software processes. [74], [97],
[98], [104],
[106]
MADS8 Use of measurement The essence of a successful measurement process is the ability to  [8], [60],
data to improve  effectively use measurement data for decision making (MADS). [67], [72],
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decision making There are multiple studies in the SLR [5] which link the success of  [76], [93],
a measurement process with its ability to support in decision [97], [98],
making. [107]-
[109]
MAD9 Efficient data A well-defined data collection procedure (MAD?9) is considered as  [21], [42],
collection processes a success factor because only high quality of data (i.e. timeliness,  [56], [63],

completeness, correctness, accuracy) can support characterization, [64], [72],
evaluation, prediction and improvement of software development [90], [94],

processes. [108],
[110],
[111]
MAD10 Efficient data analysis An efficient data analysis process (MAD10) is considered as a [21], [42],
processes success factor among multiple studies in the SLR [5] because it  [98], [102],
enables correct decision-making process. [109]
MAD11 Reuse of measurement The reuse of measurement data for planning and prediction [17], [56],
data for planning and (MAD11) is a major success factor because it enables data-driven  [60], [87],
prediction predictions that are redoable and comparable as compare to expert  [94], [96],
judgment that is based on one's experience and tacit knowledge. [107],
[112],
[113]
TABLES5
MEASUREMENT ACCEPTANCE FACTORS FOR SUCCESSFUL IMPLEMENTATION OF MEASUREMENT PROCESSES IN SOFTWARE ORGANIZATIONS
Factor Factor ID Sub-Factors Description References
MA1 Improved monitoring and The fundamental purpose of implementing a [4], [8], [17], [19],
management of software measurement process is to improve monitoring and  [21], [44], [75], [97],
projects management (MA1) of the software development [104], [106], [107],
processes, products and resources. [114], [115]
MA2 Efficient utilization of The measurement process enables storage of [8], [21], [42]-[44],
Measurement historical data for project ~measurement data which helps better utilization of [76]
Acceptance planning and estimation historical data for project planning and
estimation/prediction (MAZ2).
MA3 Achievement of The measurement process helps in achievement of [17], [21], [25], [64],
organization wide organization wide objectives such as increased [64], [76], [76], [99],
objectives market-share and reworks reduction (MA3). [101]

MA4 Completion of tasks The implementation of a measurement process helps  [16], [20], [21], [43],
individuals such as project manager, software [58], [104], [113],
engineer and software analyst by providing necessary  [116]
data and to perform their tasks (MAA4).

Appendix C
TABLE 7
EIGENVALUE AND TOTAL VARIANCE
Total Variance Explained
Initial Eigenvalues Extraction Sums of Squared Rotation Sums of Squared
Loadings Loadings
T S o S o S o
g 5 2 2 4 2 2 4 > 2
& & & g & & § & =
2 8 2 8 2 3
8 3 8 3 8 =S
1 2.766 27.662 27.662 2.766 27.662 27.662 2.661 26.605 26.605
2 2.152 21.515 49.178 2.152 21.515 49.178 2.129 21.293 47.898
3 1.707 17.070 66.248 1.707 17.070 66.248 1.835 18.350 66.248
4 .700 6.998 73.246
5 557 5.574 78.821
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6 .512 5.118 83.938
7 .488 4.882 88.821
8 449 4.485 93.306
9 .352 3.519 96.825
10 .318 3.175 100.000
TABLE 8
ROTATED COMPONENT MATRIX
Component
1 2 3
MA4 .845
MA1 .827
MA3 795
MA2 .768
EF3 .857
EF2 .849
EF1 .805
Mad6 .806
Mad5 .787
Mad4 .733
Appendix D
TABLE 2
EFFECT OF PARTICIPANT'S EXPERIENCE ON THEIR OPINIONS REGARDING THE IMPACT OF EF, MAD AND MA
Sum of Squares Degree of Freedom (F) Mean Square F Sig.
Between groups 9.060 3 3.020 375 a71
External Factors Within groups 1576.440 196 8.043
Total 1585.500 199
Measurement Between groups 118.241 3 39.414 1.808 147
Adaptation Within groups 4272.554 196 21.799
Factors
Total 4390.795 199
Measurement Between groups 71.668 3 23.889 1.818 .145
Acceptance Within groups 2574.887 196 13.137
Factors
Total 2646.555 199
TABLE 3
EFFECT OF PARTICIPANT'S ROLE ON THEIR OPINIONS REGARDING THE IMPACT OF EF, MAD AND MA
Sum of Squares Degree of Freedom (F) Mean Square F Sig.
Between groups 21.736 5 4.347 .539 746
External -
F Within groups 1563.764 194 8.061
actors
Total 1585.500 199
Measurement  Between groups 83.372 5 16.674 751 .586
Adaptation Within groups 4307.423 194 22.203
Factors Total 4390.795 199
Measurement  Between groups 110.850 5 22.170 1.696 137
Acceptance Within groups 2535.705 194 13.071
Factors Total 2646.555 199
TABLE 4
EFFECT OF PARTICIPANT'S ORGANIZATION ON THEIR OPINIONS REGARDING THE IMPACT OF EF, MAD AND MA
Sum of Squares Degree of Freedom (F)  Mean Square F Sig.
External Between groups 23.901 3 7.967 1.000 .394
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Factors Within groups 1561.599 196 7.967
Total 1585.500 199
Measurement Between groups 94.815 3 31.605 1.442 232
Adaptation Within groups 4295.980 196 21.918
Factors Total 4390.795 199
Measurement Between groups 144.480 3 48.160 3.773 .012
Acceptance Within groups 2502.075 196 12.766
Factors Total 2646.555 199
TABLES

MULTIPLE COMPARISON USING POST HOC TUKEY TEST

95% Confidence Interval

Organization Type (I)  Organization Type (J) Mean Difference (I-J) Std. Error  Sig. Lower Bound Upper Bound
2 -.22340 191924 .995 -2.6054 2.1585
1 3 -.41667 .98750 975 -2.9755 2.1422
4 1.85000 1.01407 .265 =777 44777
1 .22340 .91924 .995 -2.1585 2.6054
2 3 -.19326 .63384 .990 -1.8357 1.4492
4 2.07340" .67450 .013 .3256 3.8212
1 41667 .98750 975 -2.1422 2.9755
3 2 .19326 .63384 .990 -1.4492 1.8357
4 2.26667" 76491 .018 .2846 4.2487
1 -1.85000 1.01407 .265 -4.4777 777
4 2 -2.07340" .67450 .013 -3.8212 -.3256
3 -2.26667" 76491 .018 -4.2487 -.2846

*. The mean difference is significant at the 0.05 level.
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