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ANALYSIS OF METHODS AND MODELS FOR ESTIMATING THE DURATION
OF BANKING SOFTWARE DEVELOPMENT PROJECTS

This paper addresses the issue of inaccurate duration estimation in software development projects, with a particular focus on
projects implemented in the banking sector. The relevance of the topic is substantiated by the high failure rate of such projects, a significant
portion of which are not completed within the planned timeframe, resulting in substantial financial losses and reduced project management
efficiency. The key causes of schedule deviations are analyzed, including the specific characteristics of banking software, such as
regulatory constraints, architectural complexity, integration of numerous external services, high security requirements, and multi-level
approval processes on the part of the client. It is clarified that traditional models, such as COCOMO and ISBSG, often fail to reflect the
actual distribution of empirical data and industry-specific factors, which reduces the accuracy of estimation. The results of multivariate
normality testing of project duration and effort distribution for banking sofiware projects, based on a dataset of 482 real projects
implemented between 2014 and 2024, are presented using Mardia’s criteria. The data were found to deviate from the normal distribution.
Based on the same dataset, six COCOMO models and three ISBSG models were built — both for the full dataset and for subgroups
categorized by project type (single-team and multi-team). A comparative analysis of model quality showed that none of the resulting
models achieved acceptable estimation accuracy based on MMRE and Pred(0.25) metrics. The study justifies the need to improve
estimation approaches by developing specialized nonlinear regression models using data transformation techniques. These models would
enhance estimation reliability and enable interval-based forecasting. The results are of practical value for analysts, project managers,
and planning specialists involved in banking software development.

Keywords: banking software, estimation of software metrics, software development duration, sofiware development effort,
COCOMO, ISBSG.

JIATAHCBKA JIIOJJMUJIA, ITIOJIOBUHKA AHTOH

HarmionansHuit yHiBepcHTeT KopabineOyqyBaHHs iM. aqMipana Makaposa

AHAJII3 METOJIB I MOJEJIEX JJIs1 ONIHIOBAHHS TPUBAJIOCTI ITPOEKTIB 3
PO3POBKHN BAHKIBCBKOT'O ITPOT'PAMHOI'O 3ABE3INEYEHHS

YV pobomi posenanymo npobremy HedoCMOBIDHOCHI OYIHIOBAHHA MPUBANOCMI NPOEKMIE 3 PO3POOKU NPOSPAMHOZO
3a6e3neyenHs, 30Kkpema maKux, wo peanizylomscs 6 6anKiscoKitl cghepi. OBIPYHMOBAHO AKMYANLHICHb MeMU 3 02110 HA 8UCOKUIL Di6eHb
Hegoay Makux NPoEKmMis, 3HAYHY YACMUHY AKUX He 80AEMbCSA 3A8ePUIUMU Y 6CIMAHOBNEHT CIMPOKU, WO CNPUYUHAE 6I0UYMHI QiHaHCOBT
empamu ma 3HUNCYE eeKmueHicmv YnpagiinHa npoekmamu. IIpoananizoeano OCHOBHI NPUYUHU BIOXULEHb V OOMPUMAHHI MEPMIHIE
BUKOHAHHA poOIim, 30Kpema cneyupiky 6aHKi6CbKo20 nPoPAMHO20 3a6e3neueHHs, BKIOYA U NIUE Pe2yIAMOPHUX BUMO2, CKIAOHICb
apximexmypu, inmezpayiio 4UCIeHHUX 308HIWHIX Cepeicis, UCOKi umozu 00 Oe3neku ma 6azamocmynenesi no200JiceHHs 3 OOKY
3amosHuka. Ymouneno, wo mpaouyiiini mooeni, 30kpema COCOMO ma ISBSG, uacmo ne epaxogyloms peanvHi po3nooiiu eMnipuyHux
OaHUX ma o0coOaUBOCMI 2any3i, WO 3HUNCYE OOCMOGIPHICMb oyiniosanHs. Haeedeno pesynomamu nepesipku HOPMAIbHOCHI
6a2amosumMipHo2o po3noodiny mpuearocmi ma mpyoomicmkocmi po3podku 6baukiecekoeo I13 na npuxnadi 482 npoexmis, wo
peanizogyeanucs ynpooosac 2014—2024 poxis, 3a donomozoro kpumepiie Mapoia. Bcmanoeneno HegionogioHicmb HOPMATbHOMY 3AKOHY
po3nodiny onsa oanoi subipku. Taxkoo 3a oanoro subipkoio nodydosaro wicms modeneti COCOMO ma mpu mooeni ISBSG, six 0151 nogHux
daHux, max i 015 ix po3pizie 3a munom nPoEKmy (0OHOKOMAHOHI ma 6A2amoKOMAHOHL), NPOBEOCHO NOPIBHAIbHUL AHANI3 IX sKOCmi, ma
NOKA3AHO, WO HCOOHA 3 OMPUMAHUX MOOeell He D0CA2AE NPULHAMHO20 pieHs docmogiprocmi 3a nokaswukamu MMRE ma Pred(0,25).
Ob6epynmosano neobxionicms yOOCKOHANEHHS NiOX00I8 00 OYIHIOBAHHS MPUBAIOCHI NPOECKMI6 3 po3pobKku banxiecvkoeo 113, 30kpema
noOyo08y cneyianizo8anux HeHIUHUX peepeciiiHux MoOeell i3 3ACMOoCY8AHHAM HOPMAIZVIOUUX NEPEmBOPEerb, o 003601UMb NIOGULYUMU
00cmogipnicms ma 3abe3nevumu MOXCIUBICIMb [HMEPSATbHO20 OYinio8anHs. Pesynomamu pobomu marome npakmuyny yinnicmo Os
AHANTMUKIB, NPOEKMHUX MEeHeddcepie ma Qaxisyié 3 NIAHYEAHHS, WO npaywioms y cepi po3pobku 6ankiscokoeo I13.

Knrouosi cnosa: bauxiecvke 113, oyinosanna mempux 113, mpusanicme pospobku I13, mpyodomicmxicms pospobxu 113,
COCOMO, ISBSG.
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Statement of the problem

Research in the field of software development shows that a significant portion of software projects
are not completed within the planned timeframe. This leads to substantial financial losses for both customers
and software developers. According to the Standish Group CHAOS Report 2020, only 31% of IT projects were
completed successfully, 50% were finished with cost overruns, schedule delays, or reduced functionality, and
19% were completely failed, i.e., canceled at some stage of implementation [1]. This trend has remained
virtually unchanged since the 1990s. A project is considered successful if its objectives are achieved within the
defined constraints of scope, time, cost, and quality [2].

According to research in software project management, delays in implementation are the most
common type of failure encountered by project teams. In most cases, these are not just due to technical
difficulties — organizational, managerial, or communication issues are often to blame.
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Therefore, the accuracy of duration estimation within project time management is one of the key
factors determining the success of software engineering projects and contributing to their timely completion.

Accurate estimation is traditionally considered one of the most difficult stages of software
development. The main reasons for this complexity include:

— the lack of a reliable historical database with prior estimates;

— the high dependency of software development on numerous interrelated factors, many of which are
still not fully understood.

For each application domain, including banking software, these factors are unique and should be
considered to improve the reliability of further analysis.

Analysis of research and publications

Most traditional banks still rely on outdated software systems that have limited flexibility, complex
integration mechanisms, and high maintenance costs. These systems hinder the ability to respond quickly to
market demands, launch new digital products, and scale technological solutions efficiently.

According to recent surveys, 46% of banking executives consider legacy systems to be the main
obstacle to the growth of commercial banks. On average, large incumbent banks operate with more than 20
legacy software systems, many of which were developed decades ago. Modifying these systems becomes
increasingly difficult over time, as each newly added function complicates future migration efforts [3].

Such architectures present a significant barrier to innovation and necessitate a fundamental
transformation of IT infrastructure. This includes adopting a modular approach to software system
development, transitioning to cloud technologies and implementing microservice architecture. These solutions
allow banks to achieve the necessary speed and adaptability [4, 5]. Cloud platforms provide scalable computing
resources, reduce operational costs, and improve risk management. Meanwhile, microservice architecture
allows the decomposition of complex banking systems into autonomous components, each of which can be
developed, tested, and deployed independently. This significantly simplifies change management, accelerates
the delivery of new functionality, and is one of the key enablers for effective cloud migration.

These changes are not only technical but also strategic in nature, since without their implementation banks
risk losing their competitive edge against fintech companies that are originally built to operate in flexible digital
environments. As of 2022, approximately a quarter of core banking operations were hosted on cloud services, and
14% of overall banking functionality was delivered through public cloud services or cloud-based platforms [6].

Banking software projects also have a range of additional specific characteristics that distinguish them
from software development projects in many other domains. These features directly impact project planning
complexity, the accuracy of duration estimation, and the actual ability to adhere to project timelines.

The most common causes of delays in implementing financial IT solutions include the complexity of
regulatory requirements, legacy system architecture [4, 6], and a high density of integrated services, including
external service integrations [7]. Additionally, high security standards, elevated levels of formalization, and
longer decision-making cycles typical of banks—compared to general commercial development — also
contribute to increased project duration.

An analysis of modern approaches to estimating the duration of software development projects has
shown that probabilistic models remain among the most widely used. These include beta distributions within
the PERT method and nonlinear regression models that determine project duration as a function of effort, such
as the COCOMO model [8, 9] and models built using the ISBSG database [10, 11]. However, these approaches
have limitations that affect estimation accuracy and reduce reliability when applied to banking software
development projects.

In many cases, the empirical distributions of project duration and effort deviate from the normal
distribution. [11-13]. This prevents the effective use of models that rely on the assumption of normality for
constructing confidence intervals of duration estimates. In such cases, either the distribution is artificially
assumed to be normal, or nonparametric methods are applied [14]. Both options negatively affect the reliability
of duration estimates in software projects.

Therefore, the development of models that improve the reliability of duration estimation for banking
software development projects — and the creation of information processing technologies based on such models
— remains a relevant and practically valuable task.

Formulation of the article's objectives

The aim of this study is to analyze approaches for improving the reliability of duration estimation in
banking software development projects and to justify the need for further research in this area.

To achieve this goal, the following objectives have been set:

- To analyze the main causes of discrepancies between the planned and actual completion dates of
banking software development projects.

- To identify the specific features of duration estimation in banking software projects.

- To examine the existing methods and models used for estimating the duration of software
development projects.

- To determine ways to enhance the reliability of duration estimation in banking software development.

- To substantiate the necessity of further research on the estimation of project duration in the context
of banking software development.
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Presentation of main material

Estimating the duration of software development projects has been the subject of numerous scientific
studies and applied developments. The range of available estimation methods continues to expand, contributing
to the creation of models of various types and levels of complexity. There are a number of methods and expert
systems for determining the duration of software development projects, including expert judgment, analogy-
based estimation, parametric estimation, the three-point estimation method (PERT), bottom-up estimation,
reserve analysis, and others [15].

Parametric estimation methods are based on mathematical models that describe the relationship
between project parameters and estimated characteristics such as project duration and effort. Input parameters
may include the software size (measured in function points or lines of code), hardware and software
environment, level of team and management experience, and the development methodology used. These
models generate estimates using empirical data collected from past projects and observed patterns [8, 16].

The advantages of parametric methods lie in their reproducibility, transparency, and the ability to
justify estimates. They are particularly useful for large or critical projects, where formalized and documented
estimation is important. However, these methods require access to a high-quality historical project database, as well
as precise specification of current project parameters, which may be difficult at the early planning stages [17].

The most widely known parametric models include COCOMO and COCOMO 11, which estimate
effort and duration based on code size and a set of modifying factors [8, 9], and the ISBSG model, developed
as part of an international initiative maintaining the largest independent empirical software project dataset. A
nonlinear regression model derived from this data allows for the estimation of project effort and duration [10].
These models calculate effort £ in person-months and duration D in calendar months based on project size in
thousands of lines of code (KLOC) and a set of coefficients that account for various factors such as personnel
competence, software complexity, platform type, etc.

COCOMO further distinguishes between three project types: organic (small-scale projects, 2—50
KLOC), semi-detached (medium-complexity projects, 50-300 KLOC), and embedded (large-scale projects,
over 300 KLOC). For each type, COCOMO offers a separate empirical formula for estimating duration based
on effort [8, 9]:

— for the organic type:

D =0.371 -E%%, ¢))
— for the semi-detached type:

D =0.431 -E%%, 2)
— for the embedded type:

D =0.501 - E %%,

where: D — the project duration in months, E — the effort in person-months.

To estimate duration based on project effort using the ISBSG model, the following formula is used [10]:
D =0.662 - E 328, 3)

where: D — the duration in months, £ — the effort in person-hours.

Both models apply logarithmic transformation to normalize empirical data on project duration and
effort. However, in many cases, this transformation does not effectively normalize the data, thus creating the
need for alternative normalizing transformations.

Therefore, the first step in the analysis is to verify whether the available data on the duration and effort
of banking software development projects follow a normal distribution. If the data deviate from the normal
distribution, it becomes impossible to build reliable linear regression models, and the use of nonlinear
regression models with normalizing transformations becomes necessary.

In such a case, it is reasonable to initially apply existing nonlinear regression models such as
COCOMO and ISBSG to the available data and assess the reliability of the results. However, as these models
rely on logarithmic transformation — which does not always adequately normalize empirical data — the
reliability of duration estimates may be compromised. Additionally, banking software development has
specific characteristics that significantly influence project timelines and differ substantially from other types
of software projects.

Thus, if the accuracy indicators of the existing regression models prove to be unsatisfactory for current
data on banking software projects, it will be necessary to enhance the reliability of project duration estimation.
To achieve this, one or more specialized nonlinear regression models should be developed using normalizing
transformations that better reflect the distribution of project duration and effort data in banking software
development. These models will also support confidence interval estimation, allowing the uncertainty of point
estimates to be taken into account. The application of these methods will enable the development of more
reliable models by taking into account the empirical distribution characteristics of project duration and effort
(in particular, skewness and kurtosis), and will also provide the ability to construct confidence intervals for the
duration of banking software development projects.

Anonymized data from 482 real-world banking software development projects implemented between
2014 and 2024 were used as empirical data for the analysis and for exploring ways to improve the reliability
of project duration estimation. The dataset included both backend development projects written in Java and
frontend development projects using Angular and React frameworks. Project effort ranged from 40 to 2080
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person-days, and project durations ranged from 37 to 1722 calendar days. The number of developers involved
in each project varied from 4 to 17. Projects with 4 to 6 developers were considered single-team projects, while
those with larger teams were treated as multi-team projects.

This classification was important due to the substantial differences between single-team and multi-
team banking software projects. In multi-team development, complexity increases significantly compared to
projects handled by a single team. These challenges are caused by the need to coordinate between teams,
synchronize release schedules, align development methodologies and designs, and conduct integration testing,
which often requires separate test environments. Moreover, such projects demand additional planning phases
and the involvement of a project manager to monitor execution timelines and make necessary adjustments.

Verification of the empirical project data for multivariate normality was carried out using Mardia’s
criteria, based on multivariate skewness B and multivariate kurtosis 3, [18]:

~ 1 = _ S\)3
B = NZ Iiv=1 Zﬂy=1{(Xi _X)TSNl(Xj _X)} > “4)
~ 1 - _ p—
Bz = 3 XL, {(X: — )Ty (X — X)), ®)
where: N — the number of observations, X; — the i-th observation vector, X — the sample mean vector,

Sy — the inverse of the covariance matrix.
For 3, was used the test statistic:

N ~
B ©6)
which approximately follows a chi-squared (x?) distribution with k(k + 1)(k + 2)/6 degrees of freedom
and a significance level of a = 0.005, where k — the number of variables in the multivariate distribution.
If the calculated values of B; test statistic and B, exceed the corresponding quantiles, this indicates
that the empirical data do not follow a multivariate normal distribution.
The test was conducted both for the full dataset and separately for two groups based on team size:
single-team projects and multi-team projects. The results of the multivariate normality test for project duration
and effort data in banking software development are presented in Table 1.

Table 1
Multivariate Normality Test Results for Empirical Data
All Projects Single-Team Projects Multi-Team Projects
Indicator Value Q\l;z?lilele Value Quantile Value Value Quantile Value
E;S(f)tls(té;’ 2539.5269 14.8603 | 442.4637 14.8603 |  853.7690 14.8603
B2 by (5) 60.8453 8.3420 | 21.5726 8.6197 42.2105 8.7632

As seen in the table, none of the calculated values were below the corresponding quantile. This leads
to the conclusion that the empirical data do not follow a multivariate normal distribution. Therefore, to improve
the reliability of duration estimation for banking software development projects, it is necessary to consider
nonlinear regression models. First, we examine the existing nonlinear regression models COCOMO and
ISBSG.

Model quality assessment was performed using the following indicators: Mean Magnitude of Relative
Error (MMRE) and prediction level Pred(0.25) [19]. To be considered satisfactory, a model should have an
MMRE not exceeding 0.25 and a Pred(0.25) not lower than 0.75.

Based on the available empirical data, three groups of COCOMO models were constructed: using data
from all projects, from single-team projects, and from multi-team projects. Each group considered the
classification of projects into organic (formula (1)) and semi-detached (formula (2)) types, based on the number
of lines of code. In total, six models were built, with the results presented in Table 2. Similarly, three ISBSG
models were constructed using formula (3), and the results are shown in Table 3.

Table 2
Model Quality Indicators for COCOMO
Quality All Projects Single-Team Projects Multi-Team Projects
Indicator Organic | Semi-Detached | Organic | Semi-Detached | Organic | Semi-Detached
MMRE 0.5429 0.2636 0.5741 0.2285 0.4090 0.2734
Pred(0,25) 0.2056 0.5248 0.1849 0.6129 0.2941 0.5000
Table 3
Model Quality Indicators for ISBSG
Qu.allty All Projects Single-Team Projects Multi-Team Projects
Indicator
MMRE 0.6542 0.8704 0.3885
Pred(0,25) 0.2928 0.1751 0.4375
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According to the results, only one model (COCOMO, single-team, semi-detached) had an MMRE
value below 0.25, while all Pred(0.25) values were significantly below 0.75. This indicates that the quality of
the constructed COCOMO and ISBSG models is insufficient for reliably estimating the duration and effort of
banking software development projects based on the analyzed empirical data.

Accordingly, this creates the need to develop one or more specialized probabilistic models that can
account for the specific characteristics of the project data and ensure the required reliability of duration estimation
for banking software development projects. These models should also enable the construction of confidence
intervals for project duration. To build nonlinear regression models and corresponding confidence intervals, it is
advisable to apply methods based on normalizing transformations of the existing empirical data [20, 21].

Conclusions

This study addressed the important task of improving the reliability of duration estimation for banking
software development projects and substantiating the need for further research in this area.

It has been shown that the majority of software development projects are not completed within their
initially planned timelines. The key reasons for such delays have been analyzed, and specific features of
banking software development projects have been identified. These features significantly distinguish them
from typical commercial projects and have a considerable impact on their timelines.

It was determined that one of the main factors affecting the successful completion of banking software
development projects is the reliability of duration estimation. The accuracy of such estimation largely depends
on the models and methods applied.

A dataset of empirical data from real banking software development projects was collected and
analyzed to assess the normality of distributions. The results showed that the distributions deviate from
normality, which prevents the effective use of models based on the assumption of normality—particularly for
estimating confidence intervals of project duration.

Nonlinear regression models — COCOMO and ISBSG — were constructed based on various subsets of
the empirical data. However, the quality indicators of these models showed that they are not sufficiently reliable
for estimating the actual duration and effort of banking software projects.

As a result, the need to develop specialized regression models that can account for the specific
characteristics of the project data and ensure the required reliability of duration estimation for banking software
development projects has been substantiated. Possible methods for constructing such models have also been
identified.
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