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Abstract. The goal of software metrics is to provide continuous insight into prod-
ucts and processes. Software product and software development process are tightly
coupled since high-quality software products represent the result of a high-quality
process. To understand, predict, and evaluate software development and maintenance
process, it is widely recognized that software metrics, as an important technique
in the static and dynamic analysis, should be integral part of these processes. Soft-
ware metrics are a critical tool for building reliable software and assessing software
quality, especially in complex domains and/or mission-critical environments. The
aim of the research conducted in this paper is to determine the existence of different
perspectives regarding the impact of software metrics on software quality between
participants in software development. The contribution of this paper consists of
analyzing the impact that the application of software metrics has on the quality of
software and on the overall project success by statistically analyzing data obtained
from the survey. Overall, there were 108 respondents from ten countries in the survey.
The paper contains a comprehensive survey of code analysis techniques, software
metrics, and the analysis of the application of software metrics in practice. Also,
importance, influence, and the level of usage of software metrics in IT companies
have been considered, as well as the estimation of results significance obtained in
the process of measuring software.

Keywords: Code Analysis, Software Metrics, Software Quality.

1. Introduction

Software quality is a term that has different meanings to different people involved in
creating, maintaining, and using software. Its presence can be difficult to define, but
its absence can be easy to see instantly. There are many different definitions of quality.
According to some definitions, it is the “capability of a software product to conform to
requirements” [1], while for others it can be synonymous with “customer value” [2] or
even defect level.

The main quality attribute of each software product is correctness. Without correctness,
it is pointless to talk about other quality attributes such as functionality, usability, reliability,
efficiency, portability, compatibility, security, and maintainability [3].
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These quality attributes can be analyzed, controlled, and monitored at the early stages
of software development by examining source code and other artifacts (software archi-
tecture, system specification, etc.), or later during the execution of the system. These
activities should ideally, be performed by all the parties involved in the process of software
development: developers, testers, QA (quality assurance) analysts, and managers. Those
activities are performed statically and dynamically, depending on the phase and state of the
project. Evaluation of software quality attributes that is performed on a source code or any
of its internal representations (like syntax trees, graphs and various meta-models which
represent abstract syntactic structure of source code written in a programming language)
without executing the program belongs to a domain of static analysis, while analysis of
a software product during its execution represents dynamic analysis. Both kinds of code
analysis rely on various metrics, with growing importance of static analysis and software
metrics since a lot of emphasis is being put on monitoring and quality control in the early
stages of the development [3].

The goal of software metrics is to provide continuous insight into products and pro-
cesses. Software products and their development process are tightly coupled since high-
quality software products represent the result of a high-quality process. To understand,
predict, and evaluate software development and maintenance process, it is widely recog-
nized that software metrics, as an important tool in static and dynamic analysis, should
be an integral part of these processes. Software metrics are a critical tool for building
reliable software and assessing software quality, especially in complex domains and/or
mission-critical environments. A useful metric typically performs a calculation to assess
the effectiveness of the underlying software or process [4]. An increasing need for mea-
surement data used in decision-making on all levels of the organization has been observed
when implementing the software process. Although the benefits of measurement in the
software process are indisputable, the popularity of the use of measurement in practice
is rather limited [5]. It is expected that the measurement provides reliable and precise
information, but at the same time to be cost-effective and unassuming during the software
development process.

Measuring software quality is motivated by at least two reasons [6]:

— Risk management — software errors are not just a nuisance — they can cause serious
damage, especially in the embedded systems used in medical devices, airplanes etc.

— Cost management — recent report revealed that in 2022, software failures cost the
economy US$2.41 trillion in financial losses [7]. If the cost of fixing a requirements
error, discovered during the requirements phase, is defined to be one unit, the cost to
fix that error if found during the design phase increases to three to eight units; at the
manufacturing/build phase, the cost to fix the error is 7-16 units; at the integration and
test phase, the cost to fix the error becomes 21-78 units; and at the operations phase,
the cost to fix the requirements error ranged from 29 units to more than 1500 units [8].

This paper investigates whether different stakeholders involved in software develop-
ment hold differing perspectives on the impact of software metrics on software quality.
The study focuses on examining how the use of software metrics influences both software
quality and overall project success. To achieve this, a statistical analysis was conducted on
data collected through a survey involving 108 respondents from ten different countries. In
addition, the paper provides a comprehensive overview of code analysis techniques and
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commonly used software metrics, along with an examination of how these metrics are
applied in real-world practice. Particular attention is given to the perceived importance,
influence, and level of adoption of software metrics within IT companies. The research
also includes an assessment of the statistical significance of the results obtained through
software measurement. Finally, the findings of this study are compared with results from
similar surveys conducted in previous years in order to identify trends and changes over
time.

This paper is organized as follows. Section Related Work contains references to the
similar surveys done before, as well software metrics reviews. Definitions and standards
of software quality, overview of code analysis techniques, and relation between software
metrics and software quality is presented in the next section. Section Survey and Results
describes survey, and its results and analysis. Survey results are compared to results of
the previously conducted surveys and discussed and analyzed in section Discussion and
analysis. Section Conclusion contains concluding remarks.

2. Related Work

Since this paper contains comprehensive review of software metrics, the role of software
metrics in measuring software quality, and analysis of survey of software metrics usage,
this section contains an overview of the papers reviewing existing software metrics, and
papers in which surveys on software metrics usage were conducted. Finally, the section
highlights the novelty of this study in comparison to all referred ones.

Study conducted by Setiadi [9] investigates the measurement of software quality in the
Academic Information System at Marshal Suryadarma Aerospace University. The research
considers both direct metrics, such as cost, code size, execution speed, and documentation,
and indirect metrics related to functionality, efficiency, dependability, and maintainability,
transforming these metrics into indicators for evaluating software quality. The study aims
to assist university administration in monitoring and improving their information systems,
while providing a comprehensive understanding of how metrics and indicators can be
applied to assess and enhance the quality of academic software.

Dynamic metrics, which are usually obtained from the execution traces of the code
or from the executable models are analyzed by Chabbra and Gupta [10]. In this paper
advantages of dynamic metrics over static metrics are discussed and then a survey of
existing dynamic metrics is carried out. These metrics are grouped to different categories,
such as dynamic coupling metrics and dynamic cohesion metrics. Towards end of the
paper, potential research challenges and opportunities in the field of dynamic metrics are
identified.

Srinivisan et al. [11] analyze and review the most referred object-oriented metrics in
software measurement. The paper presents formal definitions of most important categories
of object-oriented metrics and their characteristics, while proposing suite for measuring
object-oriented design attributes.

In his research, Lee [12] builds an appropriate method of software quality metrics
application in quality life cycle with software quality assurance. Successful software
quality assurance is highly dependent on software metrics, and it needs a link between the
software quality model and software metrics. This link is obtained by using quality factors
to offer measure method for software quality assurance. The paper defines some software
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metrics and discusses several software quality assurance models and some quality factors
measuring methods.

Pavli¢ et al. [13] conducted the survey to determine how and to what extent the quality
of software is measured in Slovenia. Results of the survey were compared to the similar
surveys previously taken and the conclusion was that they do not differ significantly. Larger
deviations were only found by combining obtained quality estimate into overall quality
estimate, which is a more common practice elsewhere than in Slovenia.

Study conducted by Paulinus [14] looks at the role of transparency as a non-functional
requirement in the software engineering process, addressing the lack of appropriate mea-
surement methods and empirically validating metrics for evaluating and improving trans-
parency throughout the software development lifecycle. The study investigates correla-
tions between transparency factors and metrics, and proposes a Goal Question Metric
(GQM)-based transparency evaluation and improvement model. Results from a controlled
experiment demonstrate that enhanced transparency improves maintainability of software
requirements specifications, supports better communication, and increases stakeholder
productivity, offering practical guidance for early phases of requirements engineering and
design.

In the study taken by Tahir et al. [15], a model of 18 success factors for implementing
measurement processes is proposed, while 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 survey showed
that, for example, only 10% software organizations in this survey follow any measurement
model, that 75% organizations do not follow any measurement standard, and that there
are 80% software organizations in Pakistan which do not use any measurement tool. The
paper presented mitigation strategies for key issues identified in software organizations.

In his research, Kasunic [16] conducted a comprehensive survey consisting of 17
questions with the help of random sampling, with individuals from 84 countries responded.
The aim of the research was to find out: a) what measurement definition and implementation
approaches are being adopted and used by the community, b) the most prevalent types
of measures being used by organizations that develop or acquire software, and c) what
behaviors are preventing the effective use of measurement. Among other things, it was
observed that administration and staff have different opinions regarding measurement
process, and that the larger organizations had better measurement infrastructure.

The goal of the research taken by Chen et al. [17] was to investigate how the use of large
language models (LLMs) can distort traditional size-based software metrics, particularly
lines-of-code (LOC), and to assess the practical applicability of simple versus complex
efficiency metrics across multiple software repositories. Additionally, the research aimed
to evaluate the effectiveness and cost-efficiency of static analysis tools such as SonarQube
and PMD in detecting commits that introduce significant changes to software quality.
Finally, the goal was to validate these findings in an industrial context through a case study
in a large financial-sector organization, which included a rapid review of existing practices
and the development of a software metrics migration plan.

Eisty and colleagues [4] conducted a survey to gather information about research
software developers’ knowledge and use of code metrics and software process metrics. The
survey results, from 129 respondents, indicated that respondents have a general knowledge
of metrics. However, their knowledge of specific metrics was lacking and their use even
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more limited. Software developers appear to be interested and see some value in software
metrics but may be encountering roadblocks when trying to use them.

The research of Atanasova and Temole [18] is addressing the persistent challenge of
implementing software quality models in complex organizational environments, such as
large companies undergoing agile transformation. It proposes a pragmatic, value chain-
oriented Quality Gate Framework that operationalizes software quality by integrating
measurable quality indicators across both product and process dimensions. Empirically
grounded through 58 expert interviews, the framework improves transparency, stakeholder
alignment, and quality assurance while remaining compatible with agile and DevOps prac-
tices, offering a transferable approach for organizations seeking sustainable improvements
in software development outcomes.

Survey conducted by Padmini et al. [19] is characteristic because it is only concerned
with the use of metrics in the agile development process. Aim of the research was to
explore metrics suitable for the agile development process, use of those metrics in practice,
perceived benefits, and related tools. The survey and interview-based analysis of 24
development companies in Sri Lanka identified ten metrics that can be beneficial to the
agile development process, where their benefits outweigh the overheads involved.

Schaffernak et al. [20] tried to track and measure significant software quality attributes
to quantify the current state of a system and support strategic and technical decisions.
They analysed existing measures related to the ISO/IEC 25022:2016 quality in use (QiU)
model to evaluate sustainability aspects and conducted a systematic literature review of 961
articles, followed by internal evaluations of the identified measures. Their results identified
100 measures covering economic, social, technical, and environmental sustainability,
showing a strong focus on economic sustainability and underrepresentation of other
dimensions, providing guidance for enhancing the QiU model in a more systematic and
sustainable way.

Colakoglu et al. [21] review the present studies in the area of software product quality
metrics (SPQM) to allow for the analysis of the situation at hand, as well as to predicting
future research areas. Paper presents research aims to analyze the active research areas
and trends on this topic appearing in the literature between 2009 and 2019. A Systematic
Mapping (SM) study was carried out on 70 articles and conference papers published
between 2009 and 2019 on SPQM as indicated in their titles and abstract. The result
is presented through graphics, explanations, and the mind mapping method, as well as
trend map, knowledge about this area and measurement tools, issues determined to be
open to development in this area, and conformity between conference papers, articles and
internationally valid quality models.

Research conducted by Molnar and colleagues [22] is proposing a comprehensive
study of software metric values in the context of three complex, open-source applications.
Their methodology and tooling is aligned with that of existing research, and presented
in detail in order to facilitate comparative evaluation. Metric values obtained during the
entire 18-year development history of the target applications were studied, in order to
capture the longitudinal view that was found lacking in the existing literature. Also, metric
dependencies were identified and their consistency checked across applications and their
versions, along with comparative evaluation with existing research.

The aim of the paper by Mishra et al. [23] is to systematically investigate research on
software metric threshold calculation techniques, which were identified as important in
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evaluating different aspects of quality. In the study, electronic databases were systematically
searched for relevant papers; 45 publications were selected based on inclusion/exclusion
criteria, and research questions were answered. Results showed that most of the methods
proposed to calculate the thresholds are based on statistical analysis techniques, and that
the field of identifying the object-oriented metrics threshold values has received more
attention recently.

Research conducted by Vogel at al. [24] studies metrics used in the automotive sector
and the quality attributes they address. The HIS, ISO/IEC 25010:2011, and ISO/IEC
26262:2018 are utilized to draw a big picture illustrating (i) which metrics and boundary
values are reported in literature, (ii) how the metrics match the standards, (iii) which
quality attributes are addressed, and (iv) how the metrics are supported by tools. Most of
the identified metrics are concerned with source code, are generic, and not specifically
designed for automotive software development. Research concludes that although many
metrics exist, a clear definition of the metrics’ context, notably regarding the construction
of flexible and efficient measurement suites, is missing.

Finally, Rashid and colleagues [25] describe how the software metrics affect the quality
of the software and in which stages of its development software metrics have applied.
Also, different software metrics are described, along with the impact these metrics have
on software quality and reliability, specifically on the aspects of improving the quality of
software and increasing the revenue.

The research conducted in this paper differs from previously mentioned papers by
aiming to establish a statistical correlation on the impact of using software metrics to
software quality and success of software product. Specifically, aim of the survey is to show
potentially different perspectives on software metrics usage and understanding between
managers and software development team members. Also, it contains a detailed review of
software quality, code analysis in general, and software metrics, giving the comprehensive
assessment of these topics.

3. Software Quality, Code Analysis, and Software Metrics

The concept of software quality is very broad, spanning through various aspects of soft-
ware product and its development process. Therefore, it is useful to consider different
perspectives on this concept. Measuring software quality is important because it enables
creating a baseline for quality, associating specific costs with the improvement of quality,
as well as presenting the level of quality on which further improvements can be made [26].
During time, several software metrics were introduced in order to capture various aspects
of software, including software quality characteristics.

3.1. Software Quality — Definitions and Standards

Various software quality models have been proposed to define quality. A global initiative
for describing the concept of software quality taken by experts around the world led
to the standardization of the quality concept by the ISO (the International Organization
for Standardization) in the form of documents ISO 9126 [27] and ISO 9000:2000 [28],
whereas ISO 9126 is about the quality characteristics of a software product, and the ISO
9000:2000 document is a quality assurance standard mostly directed to processes [26].
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As a result of cooperation between ISO and IEC (the International Electrotechnical
Commission) in the field of standardization, ISO/IEC 25000 standard, based on ISO 9126,
was proposed [28]. ISO/IEC 25000 is a series of standards under the general title Systems
and Software Quality Requirements and Evaluation (SQuaRE). New standardization uses
new definition of software quality and related terms, defining them as an expression of a
degree to which a software product satisfies stated and implied needs when used under
specified conditions.

As per ISO 9126 standard, quality is defined as “the totality of features and charac-
teristics of a product or service that bears on its ability to satisfy given needs” [1]. This
definition refers to the level of compliance of requirements.

Software quality has also been defined in terms of two types of product characteris-
tics [29]:

— external quality (how the product works in its environment), such as, usability and
reliability.

— internal quality (how the product was developed), such as, software structure and
complexity.

In other words, software quality refers to two related but distinct notions [30]:

— software functional quality reflects how well it complies with or conforms to a given
design, based on functional requirements or specifications. That attribute can also
be described as the fitness for purpose of a piece of software or how it compares to
competitors in the marketplace as a worthwhile product. It is the degree to which the
correct software was produced.

— software structural quality refers to how it meets non-functional requirements that sup-
port the delivery of the functional requirements, such as robustness or maintainability.
It has a lot more to do with the degree to which the software works as needed.

In software, the narrowest sense of product quality is commonly recognized as the lack
of “bugs” in the product. It is also the most basic meaning of conformance to requirements,
because if the software contains too many functional defects, the basic requirement of
providing the desired function is not met. This definition is usually expressed in two ways:
defect rate (e.g., number of defects per million lines of source code, per function point, or
other unit) and reliability (e.g., number of failures per n hours of operation, mean time to
failure, or the probability of failure-free operation in a specified time) [31].

3.2. Software Quality Analysis

Monitoring and controlling software quality are key processes in software development
lifecycle, so it is important to assess software quality from the early stages of software
development. It is achieved by analyzing the source code and other artifacts throughout
the entire life cycle of the observed software. Assessment of quality attributes of software
that is made on the source code or any of its internal representations without executing
the program is called static analysis, while analysis of the program during execution time
is called dynamic analysis. Numerical values reflecting a software quality characteristic
or some of its aspects, and that are obtained by software analysis, are known as software
metrics [3].
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Static analysis can be defined as a set of techniques for program analysis that do not
require software to execute to obtain needed information. Various intermediate represen-
tations of a source code, like syntax trees and graphs are being used for the purpose of
analyzing code in this manner. Since it is crucial to obtain information on software quality
in the early phases of software development, static analysis becomes more important in
modern software development methodologies.

Static analysis plays an important role in software evolution and during maintenance
phase of software development process. The term evolution generally refers to progressive
change in software properties or characteristics. This process of change in one or more of
their attributes leads to the emergence of new properties or, in some sense, to improvements.
These changes affect both functionality and quality of the software product. The related
concepts also include software reengineering and software maintenance. Software reengi-
neering implies that new user-required features are added to existing software. Software
maintenance is defined as the modification of a software product after delivery to correct
faults, to improve performance or other attributes, or to adapt the product to a changed
environment [32]. These changes usually do not affect functionality of a program, but they
can have an influence on its quality. Since software quality can be compromised during
software evolution and maintenance, all these changes need to be closely controlled and
monitored.

Most of the static analysis techniques produce quantitative data along the way or are
focused on expressing some program properties. Some of these techniques rely on other
methods and corresponding metrics.

Dynamic program analysis represents analysis of properties of a running program [33].
In general, dynamic analysis involves capturing of dynamic state of the program. It usually
comprises the analysis of a system’s execution through interpretation (e.g., using the Virtual
Machine in Java) or instrumentation. After these activities, the resulting data are used for
such purposes as reverse engineering and debugging [34].

Dynamic program analysis provides a means to overcome the shortcomings of static
analysis. It is effective in examining the actual, exact runtime behavior of a program, as it
leaves no uncertainties about the control flow path taken, the values stored in variables, the
status of the memory, the time of the execution of the program, etc. Dynamic analysis is
as fast as the program being analyzed, which is usually not possible with static analysis
techniques. On the other hand, dynamic analysis incurs large runtime overheads, while
results obtained during dynamic analysis cannot be generalized for future executions [35].

3.3. Software Metrics

There are several techniques and methods that can be used in a program analysis. Since the
survey taken in this research considers using software metrics in the software development
process, and the role of software metrics in assessing software quality, software metrics
will be described in detail in this section.

Measuring and providing means for quantitative analysis of software is crucial for the
overall success of software development process, and consequently, the product. Software
metrics provide a quantitative basis for planning and predicting software development
processes [36]. By using software metrics during software development process, the
quality of software can be controlled and improved easily. This means better productivity
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and maintainability of software product, improving overall process and resulting in more
reliable and better software.

Software metrics can be defined as numerical values that reflect the properties of a
software development processes and software products [37]. Software metrics have been
used for a long time: there were attempts of applying software metrics in the 1960s [38]. In
the beginning, software execution time was measured and compared to gain insight in the
performance of the running programs. As the complexity of software systems increased,
software metrics was introduced to measure complexity and the level of cohesion between
different parts of software. Measuring characteristics of software design became more
important when it was observed that quality of software design corresponds to the number
of errors discovered in the latter stages of software development, hence influencing the
maintenance costs.

At the highest level, software metrics can be classified into three categories: product
metrics, process metrics, and project metrics [31]. Product metrics describe the charac-
teristics of the product. Some of the product metrics refer to characteristics visible to the
users (performance, design features etc.), and they are called external metrics. Product
metrics related to the characteristics visible only to the development team (size, complexity,
structure etc.) are called internal metrics. Process metrics are related to the characteristics
of process and can be used to improve software development and maintenance. Examples
include the effectiveness of defect removal during development, the pattern of testing
defect arrival, and the response time of the fix process. Project metrics describe the project
characteristics and execution. Examples include the number of software developers, the
staffing pattern over the life cycle of the software, cost, schedule, and productivity. Some
metrics belong to multiple categories. For example, the in-process quality metrics of a
project are both process metrics and project metrics.

Software quality metrics are a subset of software metrics that focus on the quality
aspects of a product, process, and a project. In general, software quality metrics are more
closely associated with process and product metrics than with project metrics. However,
the project parameters such as the number of developers and their skill levels, the schedule,
the size, and the organization structure certainly affect the quality of the product. Software
quality metrics can be divided further into end-product quality metrics and in-process qual-
ity metrics. The essence of software quality engineering is to investigate the relationships
among in-process metrics, project characteristics, and end-product quality, and, based on
the findings, to engineer improvements in both process and product quality [31].

Size of the software product can, in most fundamental form, be represented by the
number of lines of code. During the years, a class of Lines of Code (LOC) metrics was
proposed, containing several variations of this basic measure of length of code [39] [40]:

— SLOC: Source Line of Code reflecting number of lines containing source code without
empty lines and lines containing comments.

— CLOC: Comment Line of Code reflecting number of lines containing comments.

— BLOC: Blank Lines of Code reflecting number of lines containing neither source nor
comment.

— PLOC: Physical Line of Code reflecting size as it is without considering programming
style or code formatting.

— LLOC: Logical Line of Code reflecting size after applying codding style rules or
formatting and logical restructuring of statements over the lines.
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— EPLOC: Executable Physical Lines of Code reflecting number of lines of source code
minus blank lines and comment lines.

— ELLOC: Executable Logical Lines of Code reflecting number of statements which are
executed.

Some of the other metrics that have been proposed are Halstead metrics (H) [41],
Cyclomatic complexity (CC) [42], Chidamber and Kemerer [43], Lorenz and Kidd [44],
Morris [45], Li and Henry [46] and others.

Practical influence of using software metrics cannot be analyzed without considering
programming languages, technologies, and paradigms which are used in software creation.
Some of the metrics described previously (such are LOC metrics family) are programming
language dependent, i.e., these metrics do not consider programming language specificities,
which makes comparing results obtained from calculating metrics in heterogenous systems
challenging. Also, most of the frameworks and tools that were created to calculate software
metrics are language-specific, although there were some attempts in introducing language-
independent frameworks [47] [48].

Since most of the metrics are used predominantly in certain phases of software de-
velopment, software metrics usage cannot be analyzed without considering underlying
software development process model and methodology. Iterative and incremental nature of
some of these models (e.g., agile software development) can make use of software metrics
that are regularly used in other software development processes challenging. In some cases,
these metrics are not even applicable [19]. Also, some of the software metrics are meant to
be used only within the certain software development methods [49].

Not all the software metrics are of the equal importance to all the participants in
the process of the software creation, which is closely related. Also, software metrics
serve different purpose to the interested parties. Managers can use software metrics to
identify, prioritize, track, and communicate any issues to promote better team productivity.
This enables effective management and allows assessment and prioritization of problems
within software development projects. The sooner managers can detect software problems,
the troubleshooting process is easier and less expensive. On the other hand, software
development teams, consisting of developers, testers, QA analysts etc. can use software
metrics to communicate the status of software development projects, pinpoint and address
issues, and monitor, improve on, and better manage their workflow.

The aim of the survey conducted during the research described in this paper was to
reveal the degree of usage of software metrics in the IT industry. Also, importance and
relevance of software metrics in the software development process were described. These
features were analyzed considering diversity in programming languages, technologies,
methodologies, and roles of the participants in the process of software creation. Finally,
the survey tried to find out if there are different perspectives on software metrics usage and
understanding between managers and software development team members.

4. Survey and Results

Data were collected using an anonymous online survey administered via Google Forms,
containing 26 questions divided into three sections, which can be found in the Appendix.?

3 Google Forms link


https://forms.gle/oxqWxozek5WBotkH6
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The survey link was distributed electronically to various companies, mostly in Serbia,
and other countries, through members of SQAMIA initiative (http://sqamia.org/). A
non-probability convenience sampling strategy was employed, whereby companies that
were accessible to the researchers were invited to participate. Participation was voluntary
and respondents were informed that no personally identifiable information would be
collected. All responses were recorded anonymously and treated confidentially. In total,
108 respondents from ten countries responded to the survey. The characteristics of the
respondents and the companies for which they work are shown in Table 1.

Most of the respondents (43%) responded that they have average knowledge of software
metrics in general (Fig 1.), and 36% of the respondents had a low and very low level of
knowledge. This was further corroborated by the fact that most of the respondents did
not specify any software metrics they are familiar with, or they specified only a couple of
metrics (Lines of Code metric being the most prevalent among those), while the minority
of respondents had a thorough list of metrics in their response.

In most of the projects on which respondents are working, measuring is being performed
either continuously or in a certain point in time during coding and testing phases of software
development.

The survey employed several Likert-type scales to measure respondents’ opinions and
experiences. For example, respondents rated frequency (e.g., Never to Always), intensity
(e.g., Very Low to Very High), impact (e.g., No impact to Crucial), and agreement (e.g.,
Strongly disagree to Strongly agree) on these ordinal scales. Additionally, a limited number
of open-ended questions allowed for free-text responses to capture qualitative insights.

Most of the time IDE (Integrated Development Environment) or separate metrics or
testing tools are being used for capturing metrics, with visualization of results and support
for a particular programming language or a technology as a main advantage of a preferred
tool.


http://sqamia.org/
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Table 1. General Characteristics of the Respondents

Characteristic Freq. %  Characteristic Freq. %

Experience in IT industry Technology project is written
in

0-2 years 11 102 Java 82 759

2-5 years 17 15.7  JavaScript (or frameworks) 56 519

5-10 years 27 25.0 .NET/C# 32 29.6

10-15 years 20 18.5 Python 25 23.1

15+ years 33 306 C/C++ 21 194
PHP 10 93
Ruby 8§ 74
Kotlin 8 174
Swift 8 74
Smalltalk 4 37
Haskell 3 28

Country of respondent’s company Software methodology used

Serbia 62 574 Scrum 72 66.7

Slovenia 25 23.1 Waterfall 10 93

Germany 6 5.6 Iterative-incremental 9 83

Croatia 3 2.8 Extreme programming 4 3.7

Austria 3 28 Lean 3 28

Bosnia and Herzegovina 2 1.9  Spiral model 2 19

Hungary 2 1.9 Scrum-ban 2 19

France 2 19 Other 6 56

Other 328

Company size Role of the respondent in
project

Small (<50 employees) 28 25.9 Developer 60 55.6

Medium (51-1000 employees) 61 56.5 Team leader 33 30.6

Large (1000+ employees) 19 17.6  Solution architect 28 259
Project manager 24 222
Test engineer 27 25.0
QA analyst 20 18.5
DevOps 18 16.7

Company type Project phase

Service-oriented 56 51.9 Active development / released 75 69.4

Product-oriented 31 28.7 Active development / unre- 13 12.0
leased

Global In-House Center 9 8.3 Planning / requirements gath- 9 8.3
ering

Startup 5 4.6 Initial development / prototyp- 4 3.7
ing

Other 7 6.5 Maintenance/no new develop- 3 2.8
ment
Other 4 37

Almost half of the respondents (47%) stated that measurement is of crucial or great
importance to the success of a project/product they are working on (Fig. 2).
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WHAT IS YOUR LEVEL OF
KNOWLEDGE ABOUT SOFTWARE
METRICS IN GENERAL?

Very High
6%

Low

[
22% Average

43%

Very
Low
14%

igh
15%

Fig. 1. Most of the respondents have average knowledge about software metrics

Almost the same distribution of answers was obtained from the next question, where
respondents were asked about the influence of using software metrics on the overall
quality of the software product. Based on the respondents’ answers, software metrics are
sparingly used to evaluate overall team productivity, with 33% of respondents saying they
are sometimes being used for this purpose.

Almost two thirds of the respondents agree, to a greater or lesser extent, that
measurement-based data helps their team to perform better than without using it.

Next three questions were questions regarding activities monitored by the software
metrics and using and accessing results of the measurements. Most of the respondents
think that activities of developers and test engineers are being measured and controlled
by managers in various roles, who also have access to measurement results. There were
several different answers to two questions about resources needed to establish metrics, as
well as resources needed to use metrics, ranging from half an hour to a month. Finally, most
of the respondents (33%) were not sure that definitions of metrics used in their projects are
consistent and clearly defined (Fig. 3).

5. Discussion and Analysis

The main goal of the survey was to show whether there is a statistically significant
correlations between different variables obtained from the research sample. In order to
identify independent variables, answers from the following questions were used:

— How many years of experience in IT industry do you have?
— In which country is your company located?
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WHAT IS THE IMPORTANCE OF
MEASUREMENT FOR SUCCESS OF
THE PROJECT / PROCESS /

o PRODUCT? ! don't

impact know
2% 7%

Crucial

Insignificant 14%

4%

Small
13% Great

33%

Medium
27%

Fig. 2. Measurement has important role in the success of the project

— What is the size of the company you're currently working for?
— What roles do you have in the organizational structure of the project?

Answers to these questions were grouped in the following sample pairs:

— Experienced and less experienced respondents — respondents were considered
experienced if they had ten or more years of experience in IT industry

— Company is in Serbia / Company is in other country

— Medium size company / Small or large company

— Managers and non-managers

To determine whether someone has managerial role, respondents were designated as
the managers if they occupied one of the following roles:

Senior manager

Middle manager

Project manager

Product owner/Business analyst
Scrum master

Team leader

Next, appropriate samples were obtained from the answers given to the following
questions:

— What is your level of knowledge about software metrics in general?
— What is the importance of measurement for success of the project / process / product?
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DEFINITIONS OF MEASURES ARE
UNDERSTOOD AND CONSISTENT
Strongly disagree
Strongly 4%
agree
4%

Disagree
5%

Somewhat
disagree

11%
Agree
S h Not sure
omew 32%
agree
18%

Fig. 3. Definitions of metrics are not always consistent and clearly defined

How would you describe the influence of using software metrics on the overall quality
of the project / process / product?

How often are software metrics used in the aggregate to evaluate overall team produc-
tivity?

Measurement-based data helps your team to perform better than without using it
The definitions of measures that are used in my organization/current projects are
commonly understood and consistent

To statistically analyze these samples, the weight functions shown in Table 2 were used
(‘I don’t know’ and ‘Not sure’ answers were not taken into account).

Table 2. The Weight functions

Answer Value Answer Value Answer Value Answer Value
Very Low 1 No impact 1 Never 1 Strongly disagree 1
Low 2 Insignificant 2 Rarely 2 Disagree 2
Average 3 Small 3 Sometimes 3 Somewhat disagree 3
High 4 Medium 4 Most of the Time 4 Somewhat agree 4
Very High 5 Great 5 Always 5 Agree 5
Crucial 6 Strongly agree 6

Since sample pairs had unequal variances and were different in size, Welch’s t-test, a
variation of Student’s t-test, was used for statistical testing, since it tends to give more ac-
curate results than the latter one when the samples are of unequal size and/or variance [50].
Some of the results of the statistical analysis are shown in Appendix.
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By analyzing results obtained from applied test statistic to the sample pairs, the
following statistically significant differences appear (with the 99% confidence level, unless
stated differently):

— Managers have higher level of perceived knowledge on software metrics than the
regular employees

— Respondents in Serbia have lower level of perceived knowledge on software
metrics than the respondents from other countries

— Software metrics are being used more often to evaluate overall team productivity
in Serbia than in other countries (with the 95 % confidence level)

— Experienced respondents have higher level of perceived knowledge on software
metrics than the less-experienced respondents

— Respondents from medium-sized companies think that metrics have stronger
influence on team performance than the respondents from small and large com-
panies

— Respondents from medium-sized companies think that metrics have stronger
influence on project/process/product success than the respondents from small
and large companies (with the 95 % confidence level)

The observed differences in perceived knowledge of software metrics may be attributed
to the fact that, in most cases, managers are more experienced, having been promoted to
managerial roles after years of working as developers or QA analysts. In addition, the
survey indicates that the measurement results are used more frequently by managers, which
may contribute to a stronger perception of familiarity with the software metrics.

In general, most of the respondents are seasoned IT professionals with more than five
years of experience in the industry, working in medium sized companies, which are, in
most cases, service oriented. Also, most of the respondents are developers working in
Java, working on projects that are mostly already in production, with Scrum as a software
development methodology.

Although most of the respondents reported an average level of knowledge of software
metrics, their answers to open-ended questions—particularly the limited or missing exam-
ples of concrete metrics—suggest that self-assessed knowledge does not always align with
demonstrated familiarity. This discrepancy further supports the need to interpret findings
related to expertise as indicators of perceived rather than objectively measured knowledge.
In particular, respondents in managerial roles tended to provide more detailed metric lists,
which may reflect greater exposure to measurement practices rather than higher technical
proficiency.

Itis not a surprise (although it is not necessarily the best practice) that the measurements
are being performed during coding and testing phases, mostly continuously, by using
separate metrics tools, testing tools or IDE. The choice of tools for measurement is usually
guided by the platform independence, along with the possibility of the results visualizations,
as well as saving and the interpretation of the results.

For most of the respondents, measurements have significant impact on the project
success. Similarly, most of the respondents think that software quality is improved if
software metrics are used during the project, and that, generally speaking, teams performing
better than without using metrics, since productivity of the team is often being evaluated
by using some of the metrics.
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Unsurprisingly, there is the perception that, in most cases, metrics are being used to
assess and evaluate work and the activities of developers and QA and test analysts i.e.,
persons responsible for results of coding and testing phases, and that the metrics are being
used by people in some of the manager roles. Also, most of the respondents were not
sure about time needed to establish and run the metrics, with the great variation in time
in the available answers. Finally, it seems that there exists uncertainty about the notion
of software metrics, since only one third of the respondents think that the definition of
software metrics is well understood between all involved in the process of making the
software product, which could be influenced by the lack of common knowledge regarding
software metrics.

Compared to the results of the similar surveys and research mentioned in section 2, it
seems that results of this survey are pretty much alike. The common denominators in the
research previously conducted were the lack of knowledge of specific metrics, limited use
of software metrics, and the fact that results obtained through the measurement process
are mostly used by the upper management. These conclusions are mostly in line with
the previously presented results. There are some differences, though — e.g., half of the
respondents in the survey conducted by Pavli€ et al. [13] responded that metrics are not
used to improve the software quality. This is in stark contrast to the answers given in this
survey, where vast majority of respondents are of the opinion that metrics have at least
medium impact on the quality of the software. In the survey performed by Kasunic [16],
most respondents agree with the statement that the definition of measurements is well-
understood across the organization, which is not the case with the conclusions drawn in
this research.

Some of the differences noted can be attributed to the geographical and cultural
differences (surveys were conducted in Slovenia, Sri Lanka, Finland, Pakistan etc.). Also,
the samples in the surveys differ greatly when comparing average experience of the
respondents, size of the companies respondents are working for, whether the companies are
service or project oriented etc. Therefore, it is not always easy to make hard comparisons
between different surveys, but it is interesting to observe some templates of thinking and
performing, as well as some common practices, producing recurrent benefits and flaws.

From a practical perspective, the identified differences suggest that the use and un-
derstanding of software metrics within organizations are strongly influenced by role,
experience, and organizational context. Organizations could improve the effective use of
software metrics by increasing transparency around how metrics are selected and used,
and by involving both managerial and non-managerial roles in metric-related discussions.
Providing targeted training, establishing shared definitions of commonly used metrics, and
aligning metrics with improvement goals rather than solely with evaluation or control may
help bridge the gap between perceived and demonstrated knowledge. In particular, encour-
aging teams to use metrics as tools for reflection and continuous improvement—rather
than as performance indicators alone—may lead to more meaningful and sustainable
measurement practices.

6. Conclusion

Using the software metrics during software development process clearly is not deux es
machina solution for all the challenges regarding the software quality. Nevertheless, its



1070 Prentovic et al.

usage can greatly help in tackling some of the common pitfalls and shortcomings in the
software industry. Survey conducted as part of this research showed that there are no real
differences in perspective about the importance of software metrics to overall software
quality between managers and employees. It seems that there is a consensus that using of
the measurement is welcomed and should be embraced, although the level of knowledge
about software metrics appears to be imbalanced between two groups. Results of the survey
are pretty much in line with similar surveys conducted in the past, with differences that
can be attributed to different sample sizes, cultural diversity, respondent’s experience, and
role etc.

In the future, similar survey could be conducted with some wider population. Survey
should include multiple-choice questions about the knowledge of the concrete software
metrics, instead of free-form ones. Also, questions about validation of measurement data
could be added as well.
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APPENDIX

What is your level of knowledge about software metrics ingeneral?

1073

‘What is your level of knowledge about software metrics in general?

Serbia  Other country
Mean 2467742 3.195652174
Variance 1.138287 (0.871980676
Observations 62 46
Hypothesized Mean Difference 0
df 103
t stat -3.76819
P{T<=t) one-tail 0.000137
t Critical one-tail 1.659782
P{T<=t) two-tall 0.000274
t Critical two-tail 1.983264

What is your level of knowledge about software metrics ingeneral?

Experienced Less experienced
Mean 3.094339623 2472727273
Variance 1.279390421 0.846464646
Observations 53 55
Hypothesized Mean Difference 0
df 100
t Stat 3.126495659
P(T<=t) one-tail 0.001158291
t Critical one-tail 1.660234326
P(T<=t) two-tail 0.002316582

t Critical two-tail

1.583971519

Managers Non-managers

Measurement-based data helps your team to perform better than

without using it

Mean 3.016949
Variance 1.120337
Observations 59
Hypothesized Mean Difference 0
df 104
t stat 2.624231
P(T<=t) one-tail 0.004396
t Critical one-tail 1.65%637
P(T<=t) two-tail 0.009992
t Critical two-tail 1.983038

2.489795918
1.046768707
49

How often are software metrics used in the aggregate to

evaluate overall team productivity?

Medium Smali/Large
Mean 4.697674419 3.948717949
Variance 0.549280177 1.997300945
Observations 43 39
Hypothesized Mean Difference 0
df 56
tStat 2.960815687
P(T<=t) one-tail 0.002246619
t Critical one-tail 1.672522303
P(T<=t) two-tail 0.004493238
t Critical two-tail 2.003240719

‘What is the importance of measurement for success

of the project / process / product?

Serbia  Other country
Mean 2.912281 2.511111111
Variance 0.974311 1.301010101
Observations 57 45
Hypothesized Mean Difference 0
df 87
t Stat 1.870371
P(T<=t) one-tail 0.032397
t Critical one-tail 1.662557
P(T<=t) two-tail 0.064795
t Critical two-tail 1.987608

Medium Small/Large
Mean 4.581818182 4,133333333
Variance 0.988552189 1.613181818
Observations 55 45
Hypothesized Mean Difference 0
df 82
tStat 1.93116504
P(T<=t) one-tail 0.028458955
t Critical one-tail 1.663649134
P(T<=t) two-tail 0.05691791

t Critical two-tail

1.989318557
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‘Assassment of software qualty racking

Assessment of software quality tracking

Thank you for taking part in this survey!

‘This questionnaire is created in order to get insight of techniques and tools used to assess and
evaluate quality of software in IT companies.

‘The answers will be used in a survey document about usage of measurement in practical
environments. This survey document wil be accessible to all parties taking part in answering the
questionnaire

Warranty: All data will be used and published only in an anonymized survey form.

Author of the questionnaire:

Prof. Zoran Budimac

Department of Mathematics and Informatics
University of Novi Sad

zZib@dmi.uns acrs

*Required

General questions

sz Assessment o sofvare qualty vacking

3. Whatis the size of the company you're currently working for? *
Mark only one oval.
() small (less than 50 employees)

) Medium (51-1000 employees)

() Large (1000+ employees)

a,

What s the type of company you're currently working for? *

Mark only one oval.

) startup

(O senvice-oriented

() Product-oriented

() Global In House Center

) Other:

ey ‘Assassment of softwars qualty racking

6. Which software development methodology is used in the project you're currently
working on? *

Mark only one oval.

) Waterfall

) Prototype

() spiral model

() terative-incremental
) serum

tean

() Extreme programming

() other:

7. What roles do you have in the organizational structure of the project (choose all that
apply)? *

Check all that apply.

Senior manager
1. How many years of experience in IT industry do you have? * E o M
iddle manager
Which software development technologies are used in the project you're currently M
Mark only one oval. N [] Project manager
working on?
. ["] Product owner/Business analyst
() 02years Check all that apply. [ Serum master
() 2-5years [ Java [ Team leader
) 510years [ .NeT/cs [ solution architect
) 1015 years [] JavaScript (or its frameworks) [] Developer
)15+ years [CIpHp [] QA analyst
] Ruby [ ] Test engineer
e [ pevops
[ python Other: [
2. Inwhich country is your company located? * [ Kotlin
[ swift
[ ] Haskell Software metrics in your project
[ smalitalk
Other: [
" am am
sz Assessmentof sofvare qualty racking sz Assessmentof sofvare qualty racking sz Assessmentof sofvare qualty racking
8. Which best describes the current development stage of your project? * 1. Inwhich stages of the development a measuring is made? * 14, What kind of tools is used for the software measurements (and which)? *
Mark only one oval. Check all that apply. Check all that apply.
[ Planning []ioe
() Planning/Requirements Gathering ["] Business modelling [ Separate metrics tool
) Initial Development/Prototyping [ Design [ Designing tool
) Active Development/Unreleased Software [ coding [] Modelling tool
— [[] Testing [] Testing tool
() Active Development/Released Software
[Jusing [] None
() Maintenance/No New Development Planned [ Never 1 don' know
() other: ["]1 don't know Other: [
Other: [
. 15. What features of the tools used in the measurements were of crucial importance
9. Whatis your level of knowledge about software metrics in general? * . . "
12, List all metrics that are used in the measurements? in order to choose them? (choose all that apply) *
Mark only one oval.
Check all that apply.
) Very Low ["] Independency of platform
 Dtow [ "] supported certain platforms
() Average [ | supporting the particular programming language
) vigh [ ] Independency of programming language
— [ Supported certain metrics
() very High [ Supporting the large number of metrics
3. During the project life cycle measuring is done * [ Visualization of results
[ ] saving and interpretation of results
0. List all software metrics which you are familiar with Mark only one oval. [] None
— conti 1 don
() Continuously 1 donitknow
- Other: [
() Ata certain point (every week, month, some milestones ..)
() If necessary
() Atthe request of higher instance
() Randomly
) Never
(") 1don't know
() Other.
am m am
sz Assessment o ofware quaity vacking sz Assessment o cfware quaity vacking sz Assessment o cfware quaity vacking
16. What are the disadvantages of selected tools? (choose all that apply) * 18. How would you describe the influence of using software metrics on the overall 20. Measurement-based data helps your team to perform better than without using it
uality of the project / process / product? * -
Check all that apply. e profeetip P
] bependency of platform Mark only one oval, Mark only one oval,
[ ] unsupported certain platforms ) Crucial ) songly disagree
[ ] Lack of support for the particular programming language - -
) oreat (O bisagree
[ ] Dependency of programming language i i
[ ] unsupported certain metrics ) Medium ) Somewhat disagree
[ | supporting inadequate set of metrics O small (D Notsure
[ Lack of visualization of results () Insignificant () Somewhat agree
[ ] Lack of saving and interpretations of results (O Noimpact ) agree
[ None — —
()1 don't know () strongly agree
[ dont know — —
Other: [
19, How often are software metrics used in the aggregate to evaluate overall team Software measurement usage
o § productivity? *
7. What s the importance of measurement for success of the project / process /
product? * Mark only one oval, 21. Whose activities are monitored / controlled by the measurements? (choose all that
apply) *
Mark only one oval, (O Never
— Check all that apply.
() crucial () Rarely .
— Senior manager
=) () Sometimes
(L Great C vostof e [ Middle manager
— ) Most of the Ti
(O Medium (O Most of the Time [] Project manager
) smal (0 Aways [ Product owner/Business analyst
) nsignificant (1 dontknow [ scrum master
i Team leader
(") Noimpact g
i [ solution architect
() I dont know
["] Developer
"] aAanalyst
[ Test engineer
[ Devops
"] Noone
[ ]t don't know
Other: [
m am

o
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22,

N
5

Assessment of sotware quaity racking
Who uses measurement results? (choose all that apply) *
Check all that apply.

["] senior manager

[ ] Middle manager

[ ] Project manager

[] Product owner/Business analyst

[] Scrum master

[] Team leader

[ Solution architect

[ Developer

[] QA analyst

[] Test engineer

[ ] pevops.

[INoone

[ donit know

Other: ]

Who has the access to measurement resuits? (choose all that apply) *
Check allthat apply.

[ senior manager
[ "] Middle manager
(] Project manager
["] Product owner/Business analyst
[ "] scrum master
["] Team leader

[ solution architect
["] Developer

["] QA analyst

[ Test engineer
[] pevops

[INo one

[ ]t don't know

Other: ]

1o

ey ‘Assassment of softwars qualty racking

»
R

How much resources are consumed when the metrics are introduced and
established (person hours, days .)? *

25.  How much resources are consumed when the metrics are used (person hours,
days..)?*

26. The definitions of measures that are used in my organization/current projects are
commonly understood and consistent *

Mark only one oval.

() strongly disagree
() Disagree

() Somewhat disagree
() Not sure

() Somewhat agree
() Agree

() strongly agree

9 this survey.
have provided. Your responses will contribute to our assessment of software qualiy tracking
in IT companies.

Thanks!

This content s neither created nor endorsed by Google.
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