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Abstract

Software Project Managers require metrics to measure productivity in team work. Since
agile software development require continuous improvement, metrics helps in
identifying bottlenecks and incfficiencies thereby enabling teams to refine their
processes iteratively. Productivity metrics also helps in effective resource allocation and
optimization to ensure timely delivery of software products by Software Project
Managers. Although metrics have been developed for traditional software programmers
little work has been done in developing metrics for Agile Software Project Managers
specifically for JavaScript Program. In this work, metrics for Individual Expert agile
software programmers and specifically for JavaScript ‘was developed. Programs in
JavaScript was designed and developed to record the time spent in correcting deliberate
errors introduced. Experiment was conducted among one hundred programmers’ group
of Individual Expert pairs with the aim of recording time spent in debugging the codes.
The curve fit regression models of time spent in debugging a number of bugs in agile
software written in JavaScript programming language for project managers revealed that
Cubic model had the highest R squared value of 0.996 which is closcly followed by the

quadratic model with a value of 0.980 while the compound, growth and exponential

models have the least value of 0.868.
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Introduction

The art of project management involves keeping track of a team's development to ensure
that all project objectives are met within the allocated time frames. Typically, descriptions
of these details are included in the project documentation that is created at the beginning
of the development process. According to Gemino et al, (2021), Manurung and Kurniawan
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successfully. The ability of an organization to develop, learn. and advance via a2 project

can be improved with the help of project management knowledge, they are aware of this
(Marion et al., 2021; Fixson, 2021). , ‘

Software project managers create the project plans for software and online projects and
deconstruct the components necessary to finish-the project, such as allocating tasks,
creating a timeline, and creating checkpoints for progress. Software project mana-g '
supervise software projects and the team members involved from beginning to end. livan

eral. (2021).

=
ers

The Traditional Software Development .
Traditional software development makes the assumption that infonnatiop.regardlrlg the
clients' demands can be gathered right away Munteanu er al. (2021). T'radmona] software
development uses a plan-driven technique and makes the full assumption that all projects
needs can be acquired and implemented in advance. The methodology is only appropriate
for projects where the technology and requirements are set in stone and where changes are
not permitted throughout the entire cycle of software development. There are many

different phases in the creation of software that make up the product cycle.
i. Requirement
ii. Architecture and Design
1. Coding
iv. Testing and Feedback

The Agile Software Engineering Development

Agile methodologies have outstanding characteristics which are; lightweight, high
efficiency, low risk, flexibility, predictability, and scientific method of developing
software (Mantovani and Marczak, 2020).

Software Engineers have realized that the traditional, waterfall-style development methods
is no longer relevant in the present day fast changing requirements (Lawal ef al.. 2021;
Ogbu, 2021). In traditional software development method, all standard software
development phases are followed sequentially and this is known to be the earliest software
lifecycle development method which is popular and used in all kinds of projects (Akinsola
et al., 2020; Ayegbusi and Adebiyi, 2020). More successes are recorded mostly in large
and very complex projects. The challenge with the traditional software development
method is that all planning is done at the commencement of the software development
project. In the waterfall model, requirements cannot be changed during the development
stage. This is a flaw in the present-day software development market. A rigid software
development method, where changes are difficult will certainly lead to business failure
(Nanez et al., 2020).

The waterfall model, shown in Figure 1 therefore, is obsolete. Hence the need for a more
flexible model that permits software engineers to change their requirements much later to
reflect the changing software business world (Ashmore er al., 2021).
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i TNerative - this suggests that a software problem can be solved by starting with a
small set of elicitation questions and progressively coming up with an
approximation of the answer. The design is modified as the specifications are
updated to reflect these requirements.

1, Incremental - this characteristic demonstrates how the system is broken down into
little functional subsystems. The functionality is upgraded together with a new
release.

. Self-Organizing - this term refers to a team's autonomy, or the capacity to plan its

own structure and tasks., .
iv.  Emergent - A technique of working products should arise based on self-
organization, and when these forms, a framework of development technologies

will also emerge. This is referred to as being emergent,

METHODOLOGY

In order to specify the system requirements intended for the proposed research, this
chapter, which focuses on the system methodology, includes topics including research
design, participants, procedures and data analysis,

Errors are an inevitable part of producing software, so it is important to establish and
implement an effective productivity metrics for Agile project managers on how long it
takes a developer to rectify errors. Errors cannot be completely eliminated but it can be
undoubtedly lessened and the effects managed. For development of a software that will
record time taken to debug errors, some fundamental prerequisites are essential and need
to be taken into account. These prerequisites include the following:

i. Users should be required to sign in before accessing any functions or features of
the system, and security access control should be implemented.

ii.  Each member must be fully registered as a user on this platform in order to access
the system.

i, A user management page should be included in the system so that the system
administrator may properly oversee every aspect of the system's operation.
iv. A listing of registered users on the system,

RESEARCH DESIGN

Visualizing developer productivity in a vacuum is challenging, More broadly, it refers to
the quantity of dependable, high-quality software that an engineering team produces
quickly. The majority of teams monitor it by evaluating several indicators that show how
wella development team works in relation to preset objectives. These consist of teamwork,
time-to-completion, bug rate, developer experience and code coverage.

SYSTEM DESIGN
Figure 3 shows the flow chart for developing JavaScript programming languages that is

able to measure time spent in error corrections for agile software developers. System
design refers to the user interface of the program for debugging errors and the source code.
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Table 1: Grouping of Software Programmers (Ajiboye ef al., 2016)
Grouping Remark
Random pairs | Regardless of how long they have been doing pair programming
Expert pairs | Each has over five years of pair programming experience.
Expert-Junior | combination of programmers with one having less expertise in pair
programming and the other having more than five years

Junior-Junior

Individual Each has fewer than five years of pair programming experience.
Expert

Individual more than five years of agile methodology experience

Junior

Figure 4 shows the JavaScript program interface developed.
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Figure 4: Main Program Interface

DEVELOPMENT OF METRICS

The creation of new productivily measures specifically for software developers is one of
the main contributions of this research. These metrics may offer a more objective means
of gauging productivity, which could enhance the procedures used in software
development and eventually result in better sofiware. Furthermore, the study may advance

knowledge of the relationship between personality qualities and training regimens and
software development productivity.
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Regression Models

The Regression analysis analyzes how a single dependent variable is affected by the values
of one or more independent variables. The results can be used to predict the performance
of a new untested data set. Bivariate analysis, where exactly two measurements are made
on each observation was used. Linear, logarithmic, inverse, quadratic, cubic, compound,
power, sinusoidal, growth, exponential and logistic regression models were used to

generate metrics with time spent on error as dependent variable EY (1) and number of
bugs as independent variable ¢ for each of the pair and individual programmers. This is to
check the best fit model. The model metric Equations 2 to 12 are shown (Ajiboye et al.,
2023).

Linear Model

EY (1) = B, + Bt

(2)
Logarithmic Model
EY(t)=B,+ B,Int G)
Inverse Model
EY (t)y= By + ﬁ-‘—
! @
Quadratic Model
EY (1)=f,+ B+ B,1° 5)
Cubic Model
EY (1)=f, + B+ /3:’: + B’ (6)
Compound Model
LY (1) = ﬁoﬁlf )
Power Model
EY (1) = Boifs, “
Sigmoidal Model
EY (1) = cxp([}u " E_L)
: )
Growth Model
EY (1) =exp (B, + Bit) s
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language used in the design of the agile software are shown in Tables 3. The selected
model (one with the highest R squared values) is shown in F igures 3.

Table 3: Curve fit models of the time spent by individual expert in debugging crror
codes in agile software written in JavaScript

Model Summary Parameter Estimates
Equation R Square d df2  Sig Constant bl b? b3
Linear 0310 062 1 4 0003 12.389 13.914
logarithmic 096! 9733 1 & 000 -6.615 57443
Inverse 0935 §7783 | 4 0002 127525 -197.84l
Ouadratic 0880 75405 2 3 0003 33451 3176 -2645
Cubic 0938 158558 3 2 0006 30705 14528 10018 -0.838
Compound  0.B68 26383 | 4 0007 26692 1238
Power 0.854 g328l + 4 0OO 19.413 0.503
Sigmoid 0969 125762 1 4 0000 5.082 -3.175
Growth 0868 26383 | 4 0007 3.284 0.214
Exponential  0.868 76383 1 4 0007 26692 024

Cubic model had the highest R squared values and was selected as the best fit model for
agile software written in JavaScript programming language and is represented in Figure 5.

120.00

100.00

40 r_l'

Time of debugging (minutes)

20,00

0.00

y =-0.9379x" + 10.018x" - 14.53x + 30.71

R = 0.9958

4 5

Number of bugs

5 7 8

Figure 5: Cubic model of the time spent by individual expertin debugging ervor codes
in agile software written in JavaScript
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CoNcCLUSION

In this comprehensive analysis of regression models, we explored various mathematical

relationships to understand their efficacy in explaining the variability within the dataset.

Each model, ranging from linear to more complex forms such as cubic and logarithmic.

was evaluated based on statistical metrics and practical interpretability.

The cubic model emerged as particularly noteworthy, boasting an impressive R Square

value of 0.996. This indicates an exceptional fit to the data, showing its ability to explain

nearly all the variability observed in the dependent variable. The model's statistical

significance. as indicated by a low p-value of 0.006, further underscores its reliability in
capturing complex relationships within the dataset.

.'-\dditionall_\‘. the selection of the optimal model should consider the overarching goals of
the analysis. Whether the emphasis lies on predictive accuracy, theoretical alignment, or
uncovering intricate patterns within the data, the chosen model should align with the
specific objectives of the study.

In conclusion, the cubic model demonstrates robust statistical performance, making it 2
compelling choice for capturing complex relationships within the dataset. However. the
ultimate selection should be a judicious balance between statistical metrics, practical
interpretability, and alignment with the study’s objectives. As with any modeling exercise,
ongoing validation and scrutiny are recommended to ensure the chosen model effectively

serves the study’s goals and accurately represents the underlying pattemns in the data.
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Power Model

CEY (1) = foefit

(1
Logistic Model
EY (1) = (l""'ﬂuﬁl")-] (12)
Where
EY (1)

is the dependent variable, which is the time spent in debugging (min)
tis the independent variable, which is the number of bugs’

ﬁn'ﬂvﬂ:\ﬁ,\

are cocfficients of variables

RESULTS

The average time spent by Individual Expert programmers in debugging a number of error
codes (bugs) in agile software written in JavaScript programming language is presented in
Table 4.1. The data suggests that as the number of bugs increases, the time required for
debugging also increases, demonstrating a positive correlation between these variables.

The relatively consistent standard deviations across different bug counts suggest a degree

of stability in the time spent by Individual Expert programmers, indicating a certain level
of reliability in their debugging efforts.

The observed pattern provides insights for project managers, indicating that as the
complexity of the software increases, additional time may be required for debugging. This
information can be crucial for resource planning and setting realistic timelines in agile
software development projects led by Individual Expert programmers.

Table 4.1: Average time spent in debugging error codes in agile program by
Individual Expert JavaScript programmers

Pl 2 Bugs 3 Bugs 4 Bugs JBugs ©  BBugs 7 Bugs

groups .

Individe 3500 + 494 + 7519 + 9157 + 10000 + 9875 .
-3l Expert 7071 I1.440° 26.366° 32258 31623 11260°

Means are + Standard error
Values on the same column'with different superscripts are significantly different (p£0.05)

Predictive model for the time spent in debugging error codes in software for the use
of software project managers

The curve fit regression modelling in SPSS contain linear, logarithmic, inverse, quadratic,
cubic, compound, power, sigmoid (S), growth and exponential models that enables the
selection of the model of best fit using parameters like the R square values. The curve fit
regression models for Individual Expert programmers for JavaScript programming
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STATISTICAL ANALYSIS

The data collected from the experiment were subjected to data analysis using IBM SPSS
23.0, 2015 version. One-way variance analysis (oneway ANOVA) was used to check if
there are significant differences in the time spent on debugging a number of error codes
(bugs) introduced into the developed agile software between the different pair groups of
programmers. Where there were significant differences,. Duncan Multiple Range Test
(DMRT) was used to separate significant means into homogenous subscts.

STATISTICAL TOOLS

The Analysis of Variance (ANOVA) provide different types of variance analysis and
performs a simple analysis of variance on parametric data which is drawn from a known
population for three or more sampies. In this work, ANOVA was used to compare the
average time spent on an error and the time spent on cach of the project containing different
number of bugs between the different pair programmers and the different individual
programmer. Duncan Multiple Range Test (DMRT) was used to scparate significant
means. DMRT is sensitive and used for separation of means within the range of 3 and 7
samples.

Duncan's multiple range test is a cominonly used method for comparing all pairs of means
(1955). When using Duncan's Multiple Range Test (DMRT), numerical bounds are
computed to enable the difference between any two treatment means to be classified as
significant or non-significant. A sequence of values that each relate to a particular set of
pair comparisons must be computed for DMRT. The standard error of the mean difference
is the main determinant. The estimate of variance of an estimated elementary treatment
contrast through the design can be used to quickly calculate this. Applying the DMRT,
rate each treatment method according to the character being studied, either decreasing or
rising.

Correlation Coefficient

The degree to which two measures, let's say X and Y, vary together is shown by the
correlation coefficient. Each measurement pair is examined using correlation analysis to
see if there is a tendency for the two to move together. The value of the correlation
coefficient might range from -1 to +1. When there is a tendency for large values of one
variable to be correlated with large values of another, this is known as positive correlation.
When one variable tends to have small values and the other to have high values, there is a
negative correlation; when both variables tend to have unrelated values, there is a
correlation close to 0 (zero). Bivariate correlation given in Equation 1, was used to check
the relationships between the number of bugs in projects and the time spent to correct the
errors. Bivariate shows relationship between two variables,
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Figure 3: Flow Chart of the Developed Program in JavaScript

LOGICAL DESIGN

By putting the main elements of the system into practice, !hc logical design transforms the
specification of the system requirements into a system model. This layout offers a method
via which a user will be monitored during the period of code debugging which allows the
Project Manager to measure the productivity metrics of a software developer.

GROUPINGS FOR SOFTWARE PROGRAMMERS

According to Ajiboye et al. (2016), the basis of pair composition is programmer expertise
which is based on previous experience of pair programming. An Expert programmer is
defined as one who has at least five years of experience within the project domain while a
Junior programmer is defined as one who has less than five years of experience within the
project domain. In this research work, programmers were grouped to work as pairs, where
two programmers work together on a task and individuals. The individual experts were
chosen with pairing based on their knowledge and experience of pair programming as
shown in Table |

38|

CamScanner


https://v3.camscanner.com/user/download

FULOLIOMk-2024

FEDERAL UNIVERSITY, LOKOJA, KOGI STATE, NIGERIA-CONFERENCE 2023
The Praceeding of 29th Multidisciplinary Academic Conference, Flummngbird Publications and

Research International on African Creativity towards Sustainable Development Goals: Mulnidixciplinary
Approach. Vol. 29 No. 1, 29th-31st January, 2024 at Federal University, Lokoja, Kogi State, Nigeria

‘ FCASIBILITY STUDY I

RICIUMREPATNT ANALYSIY AN
LOPCINICATION

[ OUSION _]
G S

[ COOING AND UNIT TESTING

I

INTLORATHOIN AND SYRTEM
IratiING

l REAIN T ENANLL |

Figure 1: The Waterfall Software Development Process Source: Techtarget (2021)

As a result, a strategy for implementing agile approaches is suggested to account for the
flexibility that the waterfall model does not provide. Recently, there have been
developments in the software development sector. Agile software development has
become well-known and widely accepted as a result. Due to the present software industry's
unpredictability, flexibility in software development is absolutely necessary. Due to the
dynamic nature of the client's requirements, the conventional approach to software
development is insufficient. According to Sen et al. (2021); Agile approaches are a
combination of iterative, incremental, self-organizing, and emergent software
development procedures, as indicated in Figure 2.

Additionally, it promotes and places an emphasis on strong collaboration and relationships
between software clients and software developers. Every firm strives to use a software
development methodology that produces faster, better, and less expensive solutions (Al-
Saqga et «l., 2020; AbdeINabi, 2020). The engagement and regular communication
between the development team and stakeholders, as well as the quick delivery of usable

products, are at the heart of the agile: methodology's  problems.

Q‘_‘
\_j Agda sollware

deye opment

Figure 2: Agile Methodology Source: Ahal Labs
From Figure 2 the agile methodology is,
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(2022), Prashar (2021), and Shastri et al. (2021), the three key restrictions are money, time,
and scope.

Software engineering circles have discussed on the best way to organize software
development to deliver quicker, more effective, and less expensive solutions. Many There
have been recommendations made for improvements. Along with the standardization and
assessment of the software process, this comprises a wide range of valuable tools,
methodologies, and practices (Pettersen and Godderd, 2021). Most enhancement proposals
have come from software specialists who have separately built their own methods and
procedures to deal with the anticipated shift.

A group of seventeen software developers got together in Utah in February 2001 to talk
about the problems the software industry was facing and came up with the agile manifesto.
The phrase "agile methods" describes a collection of various techniques and procedures
that have similar goals and core principles. The traditional plan-based strategy, which
focuses primarily on an efficient, well-organized, and logical engineering-based approach,
is really what these agile development strategies are in response to (Rahanu et al., 2022,
Recchioni and Racinelli, 2022). .

The traditional method of software development allows for a complete specification of
difficulties. With careful planning, documented procedures, and extremely thorough and
diligent reuse of codes, every challenge is given optimal and predictable answers, which
makes the development activity effective. The agile software development process, on the
other hand, approaches the problem of an unpredictable world by putting more of an
emphasis on people and their ingenuity than on processes (Kuhrmann et al., 2021, Linssen
and Richardson, 2021).

An iterative method of finishing a project during the course of its existence is called agile
project management, Multiple iterations or incremental steps toward the completion of a
project make up iterative or agile life cycles. lterative techniques, which allow you to make
changes as you go instead of following a linear path, are frequently employed in software
development projects Lo increase stability and adaptability (Zhang et af., 2021; Von, 2021).
The goal of an agile or iterative strategy is to make sure that benefits are released
frequently throughout the process rather than just at the conclusion. Autonomy, respect,
and adaptability are three attitudes and behaviors that agile projects should fundamentally
encourage. The project managers are who? In a range of businesses, project managers use
their project management expertise to initiate, carry out, and complete projects (Kroener
et al., 2021; Barnard-Wills and Muraszkiewicz, 2021). Software project managers are
responsible for managing the planning, scheduling, budgeting, execution, and delivery of
software and web projects. They oversee the team members working on the projects and
ensure that every software project is effectively finished.

They are the creators of some of the most cutting-edge contemporary products, services,
and methodologies, from smartphone applications to the lavish buildings of foreign towns.
Project managers possess a set of abilities that help them do cach task more quickly and
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