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Abstract

The object of the study is the process of change management in an IT project.

The study addressed the problem of quantitative assessment of changes that
arise during the implementation of a long-term IT project. Existing common methods
of change management do not allow for quantitative assessment of the main para-
meters of changes. Modern research is mainly aimed at solving the problem of quan-
titative assessment and change management within the entire IT project. The issue
of quantitative assessment of changes that arise in the process of work of individual
teams of IT project performers remains practically unexplored.

In the course of the study, it was proposed to improve the existing method for
quantitative assessment of changes, based on the Beckhard and Harris's model.
To improve this method, it was decided to use a descriptor approach. An improved
method was developed, which, unlike the existing one, allows for quantitative assess-
ment of changes based on the values of descriptors. These descriptors are formed in
the process of performing sprints of a long-term IT project by its performers.

Based on the improved method, elements of information technology for auto-
mated solution of the problem of quantitative assessment of changes in the man-
agement system of along-term IT project have been developed. A description of the
architecture of information technology has been proposed, its technological stack
has been defined, and the results of the development of software elements have
been presented.

Experimental verification of the obtained research results was carried out
within the framework of the long-term IT project "Web Constructor". The verifica-
tion was carried out on the results of the work of one team of project developers.

© The Author(s) of individual chapters, 2025 DOI: 10.21303/978-9908-9706-8-4.ch5



Chapter 5 The task of quantitative assessment of changes in the long-term
IT project management system

The calculation was based on data obtained during the team's execution of seven
project sprints. The verification results showed that the predicted values of the
indicators quite accurately coincide with the values of the time actually spent on
implementing changes (0.97 and 0.81 for the sixth and seventh sprints of the
IT project, respectively).

Overall, the application of the improved method improved the change implemen-
tation rates during the IT project implementation and improved the team's attitude
to the change management process by 14.5%. This allows to consider the improved
method and implemented IT elements as a usable tool for change management of
individual teams of IT project performers.

Keywords
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5.1 Introduction

The last decades are characterized by the widespread use of long-term projects,
the implementation period of which is three or more years. Such projects are typical
for various branches of the IT sphere: development and implementation of informa-
tion technologies (IT), information systems (IS), IT infrastructure, scientific research
in this field, etc. [1, 2].

Analysis of the characteristics of modern long-term IT projects allows to high-
light their main features [2]:

- complexity of description, caused by a large number of functions, processes,
elements, data and connections between them;

- the presence of a set of closely interconnected subsystems, each of which has
its own local goals and objectives;

- the need to integrate existing and re-developed applications;

- heterogeneity of individual groups of developers in terms of the level of classi-
fication and established traditions of using tools;

- a constant flow of changes in modern IS.

A significant number of changes in the implementation of such projects occur at
the operational level of tasks, which makes high-quality change management at this
level necessary. For example, poor quality of time-to-market time-variance assess-
ment of individual project operations can lead to project overruns, resource over-
strain, and unforeseen delays in product launch. On the contrary, systematic time-
to-market time-variance assessment allows project management to make informed
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decisions regarding resource planning, task allocation, and priorities in the event of
changes in project requirements or conditions. Implementing such an assessment
as a separate functional task of the long-term IT project management system helps
reduce the risks of project delays and ensures its successful completion within the
established deadlines.

The modern point of view considers change management as one of the tasks
of change management. The term "change management" should be understood as
a comprehensive, cyclical, and structured approach to changing individuals, groups,
and organizations from their current state to a future state with expected business
benefits [2, 3]. This approach is now described in the form of a framework - conven-
tions, principles and methods of change management in the field of program man-
agement, project portfolios and individual projects. But, unfortunately, the existing
change management framework [3] and standards and body of knowledge on IT pro-
ject management [2, 4] do not provide specific recommendations for the selection of
change management methods and their implementation in IT project management
systems. Therefore, conducting research on solving change management problems
as elements of the IT project management system is relevant from a theoretical and
applied point of view.

5.2 Analysis of the approach and modern methods of project
change management

The general features of the implementation of processes, subprocesses and indi-
vidual works of the existing change management framework are determined by the
change management life cycle adopted in [3]. According to this life cycle, each of the
change management subprocesses is proposed to be considered as a set of individual
works, each of which is performed in the order established by the framework (but
not necessarily strictly sequentially one after the other). The entire change man-
agement process and its subprocesses in [4] are proposed to be described using an
iterative life cycle model, taking into account the possibility of constant occurrence
of adaptive changes in response to changing circumstances. Such a representation
of the change management life cycle allows minimizing the connections between
individual subprocesses and works of the existing change management framework
and considering them as separate independent objects of scientific research. At the
technological level, this means the possibility of creating and using for automation of
the corresponding subprocesses and works of individual IT, which interact with each
other according to the service-oriented paradigm.
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Since the existing regulatory documents do not provide recommendations for
choosing a specific change management method in an IT project, it was decided to
consider the features of the change management methods that are considered the
most common. These methods include [5]:

- Prosci ADKAR model [6, 7];

- the Accelerating Implementation Methodology (AIM) method [8, 9];

- Beckhard and Harris's model [10];

- Bridges Transition model [11];

- Kotter's 8-Step Change model [12];

- Kiibler-Ross model [13];

- amethod based on the Kurt Lewin model [14].

ADKAR is an abbreviation that represents five key stages necessary for the
successful implementation of changes: "Awareness", "Desire", "Knowledge", "Abil-
ity", "Reinforcement" [7]. The Prosci ADKAR model was created by J. Hyatt in the
late 1990s. This method offers a deep approach to change management, focused
on personnel. It is assumed that in the process of implementing changes, it is nec-
essary to clearly explain to personnel the reasons for the changes and their impor-
tance, which contributes to the involvement of personnel in the process. Next, it is
important to train each employee in the methods of implementing changes, which
allows to show the level of their professional knowledge and skills in the process of
introducing changes. The final stage involves consolidating the changes, ensuring the
sustainability of innovations in the organization's activities [6].

The Prosci ADKAR method is part of a broader approach to change management
developed by PROSCI. It is based on the method using the ADKAR model, but in-
cludes additional tools, methods and practices aimed at effectively implementing
changes in the organization [7].

AIM is a powerful and disciplined method for managing organizational change,
including transformational change, until the full return on investment. AIM can be
applied to any type of initiative or project, but most organizations direct the main re-
sources and energy to the technical and business process components [8, 9]. One of
the advantages of this method is the ability to systematically analyze and anticipate
possible difficulties in the change process, which allows organizations to prepare and
respond to them more effectively. However, AIM can require significant resources
and time spent on using the method, and can also become difficult in the event of
adverse circumstances or unforeseen events during the change implementation
process [9]. The method, based on the Beckhard and Harris's model, provides five
stages of change management aimed at identifying the need for change, developing
astrategy for its implementation, forming an action plan and identifying responsible
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executors. The main advantage of the method, based on the Beckhard and Harris's
model, is a systematic approach to the change process, which allows to structure it
and manage it effectively. Praxie has developed software applications for change
management using a method based on the Beckhard and Harris's model and pro-
vides training [10, 11].

The method, based on the Bridges Transition model, enables organizations and
individuals to better understand the human and organizational aspects of change
and manage them effectively. The main advantage of this method is its focus on in-
ternal transition, which can provide a deeper and more sustainable change in the
organizational environment. However, it may be less effective wheniit is necessary to
respond quickly to external and unpredictable changes, as it focuses on the internal
aspect of the transition [11].

The method, based on the Kotter's 8-Step Change model, is designed to increase
staffinvolvement in change management and ensure its acceptance by all employees.
The method includes the following eight stages [12]: "Creating the emotional need
for change", "Building a coalition", "Building a vision", "Communicating the vision",
"Implementing actions", "Formation of short-term achievements", "Consolidation of
achievements", "Implementation of changes into the culture". Skipping one of these
stages can lead to problems in making changes and complicate the change process.

The main advantage of the method is its systematic approach to change manage-
ment and emphasis on involving personnel in the process.

The following can be noted as disadvantages of the method based on the Kot-
ter's 8-Step Change model:

- implementation of all eight stages of the method may require significant effort
and time, especially in large organizations or with a large scale of changes;

- the method focuses mainly on the organizational aspects of changes, leaving
aside individual emotions and needs of employees;

- the method does not always take into account external influences, such as eco-
nomic or political factors, which may affect the success of changes.

The method, based on the Kiibler-Ross model, describes the stages of personnel
behavior change, including: personnel resistance to change, lack of awareness of the
consequences of change, personnel adaptation to new working conditions, positive
attitude of employees to change and their acceptance. This method is important for
understanding and predicting personnel reactions to changes in the organization.
However, it is worth considering that the reaction to change can be individual and
does not always correspond to this sequence of stages. From a practical point of
view, the method can be used to identify any obstacles in the early stages of change
projects and develop appropriate strategies. The main advantages of the method
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include the fact that it is simple but effective for managing organizational changes.
The disadvantage of the method is that since all employees react at different speeds,
they are at different stages marked on the change curve. This often leads to prob-
lems when planning changes [13]. The method, based on the model of Kurt Lewin and
developed in the middle of the twentieth century, remains one of the most popular
at the current stage of change management development. This method is notable for
its systematicity and practicality, which makes it effective for implementing changes
in various types of organizations. However, it can require significant resources and
time to implement, and may be less effective in the case of complex organizational
structures or indiscriminate application of change management methods [14].

To compare the considered methods of change management in projects, the
study proposed basic criteria (indicators). The results of the comparison of change
management methods by criteria are given in Table 5.1 [5].

Table 5.1 Comparison of existing methods of change management in projects
Method Method Method Method Method Method Method

Indicator No.1 No.2 No.3 No.4 No.5 No.6 No.7
Ease of use - - + - - + +
Complexity - - + - + + +

of implementation
Time required for use + + - + + + _

Availability of quanti- - - - - - _ _
tative assessment

of changes

Flexibility of the - - + + - + _
method
Use in rapid changes - + + - - _ _
Possibility + + - + + _ _
of certification

Possibility of training + + + + + + +
Availability of an + + + - + _ _

informative website

Availability - - + - - + +
of free training

Availability of use + + + - + _ _
in complex projects

Cost of training, $ 2000 1790
Source: [5]

6000 (850)
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Table 5.1 uses the following notations [5]:

- method No. 1 - Prosci ADKAR model;

- method No. 2 - AIM method;

- method No. 3 - Beckhard and Harris's model;

- method No. 4 - Bridges Transition model;

- method No. 5 - Kotter's 8-Step Change model;

- method No. 6 - Kiibler-Ross model;

- method No. 7 - method based on the Kurt Lewin model.

The main drawback of the considered change management methods is their lack
of opportunities for quantitative assessment of changes at the level of individual
project tasks. Therefore, an analysis of modern research aimed at eliminating this
drawback was conducted.

A significant amount of modern work in the field of change management in proj-
ects and, in particular, in IT projects is based on the idea of change management to
the tasks of general (organizational) project management as a whole. For example,
in [15] a new hybrid model of the IT project life cycle is proposed, which combines
predictive planning with iterative implementation. This model emphasizes defined
requirements, short sprints and early feedback, focusing on the interaction of peo-
ple and customers, while limiting changes during the project life cycle [15]. But this
model does not take into account the features of long-term IT projects. In addition,
this model, like the change management methods discussed above, is focused on
solving the problems of project personnel management, and not on quantitative
assessment and change management. In [16] mathematical models and methods of
change management in megaprojects caused by integrative actions of stakeholders
under complex external conditions are investigated. The term "megaprojects" in [16]
defines large-scale investment programs with complex organizational structures
that unite many stakeholders, the interaction of which leads to the redistribution of
power and the creation of temporary control centers. To describe the management
of megaprojects, vector-matrix models of a dynamic system with feedback on the
results of changes were used. To identify recurring patterns of negative events, the
method of event-based analysis was used. As a result of the study, in [16] a prototype
of IS was proposed, which is based on:

- amathematical model of change management in megaprojects;

- a methodology of neural network analysis based on the use of the large lan-
guage model Qwen 2.5-Plus for processing text information and forming quantita-
tive estimates;

- a software interface for uploading documents, automated data processing and
visualization of results.
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This prototype provides users with the ability to analyze stakeholder interactions,
assess the intensity of change, and predict potential risks based on historical data[16].

The disadvantage of this IS prototype is its focus on processing textual informa-
tion, through which stakeholders can express their own attitude to the megaproject.
This means that quantitative assessments of changes are formed in this prototype on
the basis of individual statements, which can be influenced by the economic or polit-
ical environment of stakeholders. In addition, this prototype is also focused on man-
aging changes and risks of the entire megaproject as a whole. Solving the problem of
project evaluation by using neural networks is one of the current research directions.
Thus, in[17] it was proposed to use a neural network of radial basis functions to pre-
dict project efficiency, which illustrates changes in efficiency levels during the phases
of failures and project recovery. To train this network in[17], data from 64 completed
construction projects were used. The results show that the discrepancy between the
predicted and actual values of the stability of the assessed project is less than 10%.
But this approach has quite significant disadvantages. Among these shortcomings,
it is necessary to highlight, in particular: the orientation of the proposed IT to the
evaluation of the project as a whole; the need to train the neural network on a large
volume of historical data; the impossibility of quantitatively assessing changes in in-
dividual project tasks.

A separate issue is the analysis of resistance to changes by project employees.
Existing methods for assessing resistance are based on closed questionnaires and
binary classifications. However, such methods, as indicated in [18], limit the expres-
sion of opinions and do not provide a nuanced segmentation of employees' posi-
tions on changes. Therefore, in [18] it is proposed to use an innovative automated
methodology for analyzing resistance to changes by project employees, which com-
bines specialized Large Language Models (LLM) with a zero result (in particular,
DeBERTa-v3-large-zeroshot) and rapid engineering methods. However, the disad-
vantage of this methodology is that it, like existing methods, is based on employees'
responses to pre-prepared questionnaires. Therefore, this issue requires additional
scientific research that goes beyond the scope of this study.

In general, the limitations and shortcomings inherent in modern research in the
field of change management in projects and, in particular, in IT projects, can be for-
mulated as follows:

- the absence in the overwhelming majority of widespread applied change man-
agement methods of a tool for quantitatively assessing these changes;

- the orientation of the overwhelming majority of methods and IT change man-
agement precisely on managing project personnel and stakeholders, as well as their
relationships with each other within the project life cycle;
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- the use of neural networks for various purposes in the proposed modern IS and
IT change management and assessment studies, which significantly complicates the
design and implementation of these IS and IT;

- the use of large language models in IS and IT change management and assess-
ment, which leads to the formation of change assessments based not on specific ac-
tions of project stakeholders, but on their statements on this issue.

Therefore, the main direction of work on automation of change management is
the expansion of existing project management systems and, in particular, IT projects
by developing separate analytical services. These services should be aimed at solv-
ing the problems of assessing changes in those phases, processes and activities of
an IT project that are relevant for stakeholders in specific periods of time. A feature
of these services should be their readiness for operation in the conditions of the so-
called "cold start" (i.e., in the absence of an array of historical data or a small amount
of such data for a specific project).

An example of research in this direction is the work [19], devoted to the analy-
sis of the impact of changes together with differences in the code during the ver-
ification of the software code of an IT project. To carry out this analysis, in [19] it
was proposed to combine methods of dependency analysis based on call graphs
and methods of intelligent history analysis. Using this combination of methods
made it possible to calculate a set of file metrics and an overall risk score for each
change request. The obtained estimates were not very accurate, but their accura-
cy generally satisfied stakeholders and IT project personnel. In addition, the time
of analytical calculations during the experimental verification of the obtained
combination of methods ranged from 7.4 to 22.43 seconds [19]. This makes it pos-
sible to apply the corresponding IT to change management in the management
systems of any IT projects based on almost any Agile or hybrid methodologies
and frameworks.

Therefore, the purpose of this study is to develop a service for automated solu-
tion of the problem of quantitative assessment of changes for the long-term IT pro-
ject management system. The operation of this service will reduce the costs of im-
plementing long-term IT projects by reducing unplanned time costs for performing
individual tasks of these projects.

To achieve this goal, the following tasks were solved in the study:

- to improve the method based on the Beckhard and Harris's model for quantita-
tive assessment of changes in a long-term IT project;

- to develop IT elements of quantitative assessment of changes based on the im-
proved method;

- to carry out experimental verification of the obtained research results.
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5.3 Materials and methods

The object of the study is the change management process in an IT project. This
process is not included in the standard processes of the IT product life cycle as a sys-
tem [4, 20], but is recognized as a typical process of the current change management
framework [3]. This process can be added to any process model of an IT project with-
out significant changes in this model.

The main hypothesis of the study is the hypothesis of the possibility of improving
the quality of assessment of changes in the execution time of individual tasks of long-
term IT projects by developing and implementing a service that will allow automat-
ing the solution of the change assessment problem.

The developed service is based on a method based on the Beckhard and Harris's
model [10].

This method consists of the following stages:

- "Internal organizational analysis";

- "Determination of the need for changes";

- "Analysis of differences between the current state and the desired one";

- "Action planning";

- "Transition management".

"Internal organizational analysis" stage. The purpose of this stage is to determine
the general attitude towards change in the organization. At this stage, it is necessary
to identify employees who may resist change. In particular, it is necessary to identify
any external factors that may hinder the change process.

"Determination of the need for changes" stage. This stage is necessary in order
to create a basis for implementing change. Key change participants must agree that
change is necessary for the success of the organization. This agreement assumes
that change participants can clearly articulate where they want to take the organi-
zation and why implementing change will help bring the organization closer to the
desired state. It is also necessary to have an idea of the consequences associated
with refusing to implement change [10].

"Analysis of the differences between the current state and the desired state"
stage. Before implementing change, it is first necessary to determine what devia-
tions exist between the current state of the organization and what it should be. De-
termining these deviations is important in order to clearly formulate an understand-
ing of the future of the organization.

"Action planning" stage. A change plan is formed and submitted for implemen-
tation. It is necessary to identify the key participants in the change process and the
responsibilities of everyone who makes the changes.
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"Transition management" stage. After the change is implemented, the employees
implementing the changes are responsible for continuously monitoring the progress
of the changes and making adjustments.

The main disadvantages of this method are:

- the lack of the ability to quantitatively assess the changes that arise during the
implementation of the IT project;

- the subjectivity of making decisions on change management, which depend
on the individual competence of decision-makers during the implementation of the
stages of the method under consideration.

To develop a service that will automate the solution of the problem of quantita-
tively assessing changes in long-term IT projects, it is proposed to apply a descriptive
approach. This approach is based on the following concepts: SCRUM, sprint, task,
descriptor, change indicator.

SCRUM is a project management methodology commonly used in software de-
velopment. It is based on iterative and incremental approaches to product develop-
ment, where the team works in short cycles (sprints) [21].

A sprint is a short period of time (usually two to four weeks) in which a project
team works on a specific set of tasks. This practice is implemented when using the
Agile software development methodology to increase the efficiency and trans-
parency of the development process [21].

Ataskis aseparate task with a unique identification number that is performed with-
in a sprint by a specific project team to achieve a set goal or result. A task is most often
evaluated by its complexity and execution time. It has the following characteristics:
description, creation date, priority, estimated execution time, responsible executor,
execution status, acceptance criteria, deadline, comments, and additional materials.

A descriptor is a quantitative characteristic of a task that provides descriptive
information about the task in a numerical format. A descriptor can describe certain
aspects of tasks, such as: information about the use of a certain technology, informa-
tion about the team that will perform the task, etc.

Change indicator - a numerical indicator that can be used to assess changes when
they are introduced. The change indicator can be the time required to complete a task,
or the difference between the planned time and the time spent on completing the task.

The descriptor approach, which is proposed for assessing changes at the level of
IT project tasks, includes the following processes:

- collecting and storing in a database information that will describe the charac-
teristics of the tasks being performed in the form of descriptors;

- building statistical models to find the dependence of the change indicator on
the descriptor in order to quantitatively assess the changes.

180



Chapter 5 The task of quantitative assessment of changes in the long-term
IT project management system

A condition for using the descriptor approach is the availability of sufficient in-
formation about the tasks being performed. For long-term IT projects (a distinctive
feature of which is the characteristic accumulation of information on completed
tasks in a significant amount, which allows this information to be analyzed using sta-
tistical methods), this condition is met.

5.4 Results of improving the method of quantitative assessment
of changes in along-term IT project

5.4.1 Classification of descriptors that describe tasks and changes
inan IT project

To use the descriptor approach within the framework of the implementation of
a long-term IT project, the following classification of descriptors is proposed:

- technical descriptors;

- task feature descriptors;

- team description descriptors;

- testing process descriptors;

- web page accessibility descriptors;

- other descriptors.

The number of types of descriptors by which the classification is carried out may
vary depending on the requirements of the IT project.

A descriptor may have a binary value: "Yes" (or "1" or "True") or "No" (or "0" or
"False"). For example, the descriptor of the change of the library for testing modules
for a certain software component can have the value "1" (if the task requires chang-
ing the library for testing the component) or "0" (if not).

Examples of a descriptor with a simple numerical value can be a descriptor of
the number of lines of code for which it is necessary to implement functional test-
ing, or a descriptor of the number of errors in the code that must be fixed during
the task.

When using the descriptor approach, it is recommended to provide the ability
to enter descriptors into the database to all members of the project team.

Itis proposed to carry out the process of updating the descriptor database with-
in each sprint and add information about the presence of this process to the read-
iness requirements of tasks that exist in the project (definition of done, DoD) [22].

If there is a database of descriptors and change indicators, it is possible to build
statistical models of the dependence of change indicators on descriptors.
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It is proposed to build a unidimensional model, based on the following reasons:

- simplicity of calculations;

- the need for a smaller amount of data for model development;

- the absence of a problem associated with multicollinearity of the proposed de-
scriptors [23].

A unidimensional model may be sufficient to identify the main trends and depen-
dencies in the data, especially at the initial stages of the study.

5.4.2 Development of an improved method for quantitative assessment
of changes

Using a descriptive approach, the basic method based on the Beckhard and Har-
ris's model model [10] was adapted to change management at the level of individual
IT project tasks. As aresult of this adaptation, an improved method for quantitative
assessment of changes was obtained, which is presented as a sequence of stages
and individual activities performed within specific stages. The scheme of implemen-
tation of the stages of the method and their most important activities, taking into
account the cyclical transitions between activities and stages, is shown in Fig. 5.1.

The stage "Internal project analysis" (Stage 1) is intended to form a description of
along-term IT project as a basis for further quantitative assessment of changes. This
stage is proposed to be considered as a set of the following activities:

- assessment of current processes and change management systems at the
task level;

- identification of employees who may have significant resistance to change;

- identification of external factors that may hinder the change process;

- analysis of resources available for implementing changes;

- determination, description and classification of descriptors;

- determination of a place to store descriptors (database);

- determination and description of change indicators and their storage location;

- appointment of those responsible for forming the descriptor database and
its updating.

These activities within Stage 1 can be performed sequentially or in parallel.

The determination, description and classification of descriptors for current tasks
should be performed at each iteration of the project.

The stage "Collection of information in the form of descriptors at each iteration
of the project" (Stage 2) is necessary for the formation of a descriptor database.
This stage consists of operations for collecting and storing descriptor values
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determined in the results of Stage 1. These operations can be implemented both by
means of the existing IS for managing a long-term IT project and by means of the
service being created.

Stage

! E [ Internal project analysis ] E
E 1. Determination, description and classification of descriptors |
| E Determination and description of change indicators \
! 2 | Collection of information in the form of descriptors E
! \ at each iteration of the project '
E 3. [ Determination of the need for change ) 51—
e e ;
V4 E [ Analysis of the differences between the current state and the desired one ) !
O T T T T e T T e :
. | Determination of the possibilities of implementing changes E
' ! at the current iteration of the project |
| E Selection of descriptors for analyzing the dependency P i
, | descriptor - change indicator !
| 3 E Building statistical models —
\ i Analysis of statistical models — E
. Evaluation of changes E
16 [ Action planning ) E
S SRR :
V70 [ Transition management ) E
b oo ;
18 ) [ Evaluation of the success of the change management process ) E

Fig. 5.1 Stages and key activities of the improved quantitative change
assessment method

The stage "Determination of the need for changes" (Stage 3) is necessary to
create a basis for implementing changes. At this stage, most of the work can be
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performed by a business analyst. It is proposed to consider this stage as a set of the
following activities:

- identifying specific areas where changes are needed at the task level;

- assessing the needs of users and customers in making changes to tasks;

- setting goals and expected results from implementing changes.

The stage "Analysis of differences between the current state and the desired
one" (Stage 4) is necessary to identify the impact of changes on the IT project.
This stage is proposed to be considered as a set of the following activities:

- identification of a set of significant deviations that exist between the current
state of the analyzed task and its state after making changes;

- assessment of possible risks and the impact of changes on the project;

- comparison of technical characteristics of the current and desired state of
the project.

The stage "Determination of the possibilities of implementing changes in the
current iteration of project execution" (Stage 5) is necessary for quantitative assess-
ment of the changes identified in Stage 3 and analyzed in Stage 4. At this stage, most
of the work should be performed using the tools of the created service. This stage is
proposed to be considered as a set of the following activities:

- selection of descriptors for analyzing the dependence of the change indicator
on the descriptor;

- construction of statistical models;

- analysis of statistical models;

- assessment of changes at the task level.

A set of descriptors can be analyzed by the mean value of the descriptors, but this
analysis can have significant drawbacks. Analyzing data using the mean (average) is
a simple way to describe the central tendency of the data. However, this approach may
not be predictive in cases where the data have high variability or when they are unevenly
distributed. Especially in cases where the data have a large number of outliers or asym-
metry, using the mean can lead to incorrect or incomplete understanding of the data.

Taking into account the features of the descriptor approach, within the frame-
work of Stage 5, it is proposed to investigate the relationship between the indicators
of change (the desired indicators) and the values of the descriptors. This relationship
can be represented by the formula

y;:ﬂo+ﬂ1'xiv (5.1)

where y, - the dependent variable (change indicator); x; - the independent vari-
able (descriptor); 8,, B, - regression parameters.
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After that, the task of finding the values of the regression parameters is solved.

There are many methods for building regression models. However, the most
commonly used method is the Ordinary Least Squares (OLS).

Before using the OLS method, it is necessary to check the fulfillment of the pre-
requisites for using regression analysis. As a result of such analysis, outliers may be
detected that will need to be processed.

In the case of outliers in the data collected during the implementation of the
project tasks, the developed combined method proposes to use Huber regression,
because it has properties related to robustness [24].

After building statistical models, it is proposed to check their performance using
the following indicators [24]:

- coefficient of determination (R?);

- forecasting coefficient (Q?);

- forecasting coefficient calculated using the Leave-one-out cross-validation
procedure (Q%oc);

- standard deviation (o);

- assessment of the significance of the statistical model (F-criterion).

If, during the verification of statistical models, these indicators acquire un-
satisfactory values, another descriptor is selected and the statistical models are
recalculated.

If the values of these indicators are satisfactory, the changes are assessed using
the constructed model.

When using the obtained assessment, an assumption is made about the possibil-
ity of implementing changes at the task level in the current iteration of the IT pro-
ject. If the assessment of the required task completion time corresponds to this
possibility, the changes are approved. If the assessment does not correspond to the
possibility of implementing changes, the results of Stage 3 are analyzed, after which,
if necessary, the possibilities of either attracting additional human resources from
other teams or overtime work of the current team members are analyzed. If it is de-
termined that the changes cannot be implemented in the current project iteration,
a new task is created. This task is included in the list of tasks when planning subse-
quent project iterations.

The stage "Action Planning" (Stage 6) is necessary for carrying out operations
tore-plan the IT project taking into account the introduced and evaluated changes
and implementing this plan. It is proposed to consider this stage as a set of the fol-
lowing activities:

- identification of key participants in the change process and responsibilities of
each person making the changes;

185



Management of a modern IT company: theoretical and technological aspects

- development of a specific change implementation plan, including resources and
deadlines;

- determination of the sequence of steps for implementing the changes;

- preparation of a communications plan to inform customers about the changes
and their impact on the project.

The stage "Transition Management" (Stage 7) is necessary for operational man-
agement of work on the direct implementation of the IT project iteration. It is pro-
posed to consider this stage as a set of the following activities:

- implementation of the change plan for the task;

- monitoring the impact of changes on the project and timely identification
of problems;

- providing support for users during the transition to a new state of the project.

The stage "Evaluation of the success of the change management process" (Stage 8)
is necessary to analyze the progress of the IT project iterations and assess the suc-
cess of the planned changes to the IT project. This stage is recommended to be car-
ried out once every several (two or more) iterations of the project or at the request
of the project stakeholders.

In order to assess the success of the change management process, it was pro-
posed to use the following indicators at Stage 8 [5]:

- the share (in percent) Ch, of time changes canceled due to the impossibility
of their implementation, excluding changes that became unnecessary for a cer-
tain period;

- the share (in percent) of time changes that were accepted by the customer and
approved as successfully implemented for a certain period of time, Ch,,;

- the difference between the time spent on work and the estimated time for
acertain period of time, 5Ch,;

- the share (in percent) of changes that were completed on time for a certain
period of time, Ch,,.

The share (in percent) of changes canceled over a certain period of time due to
the impossibility of their implementation Ch,,, excluding changes that have become
irrelevant, can be calculated by the formula [5]

ch,, :%6-100%, (5.2)

where Ch,. - the number of canceled changes for a certain period of time due to the
impossibility of their implementation, excluding changes that have become irrele-
vant; Ch - the total number of changes for a certain period of time.
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Large values Ch,, indicate poorly planned changes.

The share (in percent) of changes that were accepted by the customer and ap-
proved as successfully implemented for a certain period of time Ch,, can be calcu-
lated by the formula[5]

Ch,, :%-100%, (5.3)

where Ch, - the number of changes that were accepted by the customer and ap-
proved as successfully implemented for a certain period of time.

Alarge value Chg, indicates a better change management process.

The difference between the time spent on performing tasks of a long-term
IT project and the estimated time for a certain period of time §Ch; can be calculated
by the formula [5]

Z(tfp) 7t_(a))
6Ch, ==———, 5.4
T ti (5.4)

where t* - the time planned for implementing the change, days; t'* - the time spent
on implementing the change, days; t - the time period for evaluation, days; i - the
number of changes for the time period t.

The indicator 6§Ch; indicates whether changes are performed on time and in ac-
cordance with the change plan. The lower the indicator, the better organized the
change management.

The share (in percent) of changes that were completed on time for a certain peri-
od of time Ch,;, can be calculated by the formula [5]

Ch,, :%.100%, (5.5)

where Ch,; - the number of changes that were completed on time for a certain period
of time.

Ahigh value Ch, indicates a better change management process and adherence
to the planned schedule.

The use of the proposed improved method for solving the problem of quantita-
tive assessment of changes made it possible to formulate the main requirements for
the service that should provide an automated solution to this problem. To ensure
the possibility of multiple use of the obtained solutions, this service during design
and implementation (design & development) is proposed to be considered as a sepa-
rate IT for automated solution of the problem of quantitative assessment of changes.
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5.5 Elements of information technology for automated solution of the
problem of quantitative assessment of changes

IT for automated solution of the problem of quantitative assessment of changes
(hereinafter referred to as IT for quantitative assessment of changes) is proposed
to be developed for automated implementation of the proposed improved method.
Therefore, it was decided to use this IT to automate only those stages of the im-
proved method that are directly related to the collection, processing and storage
of data and information on changes that arise during the implementation of a long-
term IT project.

These stages include [5]:

- Stage 1 "Internal project analysis";

- Stage 4 "Analysis of differences between the current state and the desired one";

- Stage 7 "Transition management".

Based on this decision, it was proposed to present the developed IT as a sequence
of the following stages and steps [5].

Stage 1. Survey of the team of performers on the current perception of the change
management process.

Step 1.1. Forming a questionnaire and conducting a survey of all employees who
form the IT project teams regarding their current attitude to the change manage-
ment process.

Step 1.2. Processing the survey results and forming current assessments of the
level of employee satisfaction with the change management process.

Stage 2. Forming and storing descriptors of individual IT project work.

Step 2.1. Determining the set of descriptors of individual IT project work.

Step 2.2. Forming sets of values of the defined descriptors.

Step 2.3. Storing the formed sets of values of the defined descriptors.

Stage 3. Statistical analysis of IT project descriptors.

Step 3.1. Determining indicators of IT project changes.

Step 3.2. Selecting the defined descriptors to create a change model.

Step 3.3. Analysis of the sets of values of the selected descriptors for the pres-
ence of outliers.

Step 3.4. If the analysis results obtained as a result of Step 3.3 indicate the ab-
sence of outliers, then build a change model using OLS. Otherwise, build a change
model using the Huber regression method.

Step 3.5. Calculate the performance indicators of the built change model.

Stage 4. Survey of the team of performers on the final perception of the change
management process.
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Step 4.1. Form a questionnaire and conduct a survey of all employees who form
the teams of performers of the IT project on the final attitude to the change manage-

ment process.

employee satisfaction with the change management process.
A description of the IT architecture of quantitative change assessment in the

form of a data flow diagram is given in Fig. 5.2 [5]. When creating this diagram, the

Yordon-DeMarco notation was used. Fig. 5.2 does not indicate the names of the
flows that are directly related to the data warehouses, because these names coincide

Step 4.2. Process the survey results and form final assessments of the level of

with the names of the data warehouses themselves.

For the further implementation of IT, the features of its technology stack were
determined. The technology stack will be understood here and now as a set of tech-
nologies that are used together to develop and support software [25].

Results of the
current survey

Survey of the
team of
performers on
the current
perception of

Responses to the
survey questions

the change
management
process Results
of the survey
Team of
Formation of Formationand \ Definition of descriptors *| Performers
the survey storage of and their values of the
descriptors of IT project
individual 7
Results
of the
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Results X
ofthe \ IT project works
survey Sets of values of
IT project work
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Results of the
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Definition of indicators
Manager and |of change and their relationship,
the IT project with descriptors R - Responses
management v Staflst_lcalf to the survey
team Modeling results ar?j,gjzzf questions 3
Formation of descriptors
performers on
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the change
management
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Results
of the survey

Fig. 5.2 Description of the architecture of the information technology
of quantitative change assessment
Source: [5]
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The technological stack of IT quantitative change assessment has the following
components:

- for the development of the elements "Survey of the team of performers on the
current perception of the change management process" and "Survey of the team of
performers on the final perception of the change management process', it is pro-
posed to use the Google Forms service, which is included in the free Google Docs
editor package from Google;

- for the development of the element "Formation and storage of descriptors of
individual IT project works", it is proposed to use existing IT project management sys-
tems (for example, Jira [26]) and tools for storing descriptor descriptions and their
numerical values (for example, Microsoft Excel, or its analogues, or database man-
agement systems Firebase, MongoDB, PostgressSQL, etc.);

- for the development of the element "Statistical analysis of IT project descrip-
tors", it was proposed to develop a specialized service using the Python program-
ming language.

Microsoft Excel was used to implement data warehouses where it was planned to
store descriptor descriptions and their numerical values.

A fragment of the program code for calculating the values of the Gaussian den-
sity function is shown in Fig. 5.3. A fragment of the program code for plotting the
calculated Gaussian density function and checking the results obtained using the
three-sigma method is shown in Fig. 5.4 [5].

A fragment of the program code for creating a model using the OLS method is
shown in Fig. 5.5. A fragment of the program code for creating a model using the
Huber regression method is shown in Fig. 5.6 [5].

A fragment of the program code for calculating the performance indicator of the
model "Coefficient of determination" is shown in Fig. 5.7. A fragment of the program
code for calculating the performance indicator of the model "Forecasting coefficient"
is shown in Fig. 5.8. A fragment of the program code for calculating the performance
indicator of the model "Forecasting coefficient Q% ..," is shown in Fig. 5.9 [5].

A fragment of the program code for calculating the performance indicator of the
model "Standard deviation ()" is shown in Fig. 5.10. A fragment of the program code for
calculating the performance indicator of the model "F-criterion" is shown in Fig.5.11[5].

// OyHkyis Ona 064uCheHHs 3HaveHs 2aycCiBCeKot $yHKUii wineHocmi (PDF)
function gaussianPDF(x, mean, variance) {
const stdDev = Math.sqrt(variance);

return (1 / (stdDev * Math.sqrt(2 * Math.PI))) * Math.exp(-((x - mean) ** 2) / (2 * variance));
1

Fig. 5.3 A fragment of the program code for calculating the values
of the Gaussian density function
Source: [5]
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// Oynkuis ons nobydoBu zpagiky posnodiny raycca y 6uznsdi 2icmozpamu ma nepeBipku Memodom mpeoX cuzm
export function plotGaussianDistribution(x, chartRef2) {

// Midzomobka danux dns noGydobu

const mean = math.mean(x); // Cepedwe 3watens x

const variance = math.variance(x); // Aucnepcis x

const stdDev = Math.sqrt(variance); // Cmandapmwe Bidxunenns

// O64ucnenns stasens 2aycciBeokot GyHKUITL A KOXHOZO X
const data = x.map(value => ({

x: value,

y: gaussianPDF(value, mean, variance)

IDH

// BuBid kopuckoi ingopmayii 6 koHcons
console.log( CepeaHe 3uaueHHa (Mean): ${mean}’);
console.log(" Aucnepcia (Variance): ${variance}’);
console.log(" CTangapTHe siaxunensa (Standard Deviation): ${stdDev}’);

// Nepebipka 3a memodon mpeox cuzm
const lowerBound = mean - 3 * stdDev;
const upperBound = mean + 3 * stdDev;
const outliers = x.filter(value => value < lowerBound || value > upperBound);

console. log("AHoMansHi zauenn (3a mexamn 3d): ${outliers});

new Chart(chartRef2.current.getContext('2d"), {
type: ‘bar’, // Buxopucmanws 2icmozpamu

data: {

labels: x,

datasets: [{

label: 'Faycciecskuii posnoain’,

data: data.map(point => point.y),
borderColor: 'rgba(7s, 192, 192, 1)°,
backgroundColor: ‘rgba(7s, 192, 192, 0.2)",
borderiidth: 1

N

options:
scale:
x

{

type: ‘linear’,
position: 'bottom’,
title: {
display: true,
text: '3uavenwa X'

3

type: 'linear’,
position: 'left’,
title: {
i : true,
text: 'Tyctuda WwosipHocTi (Probability Density Function)

3
plugins: {
annotation: {
annotations: {
box1: {
type: ‘box',
xMin: lowerBound,
xMax: upper8ound,
yMin: o,
yMax: Math.max(...data.map(point => point.y)),
backgroundColor: 'rgba(e, 255, ©, 0.1)",
borderColor: ‘rgba(@, 255, 6, 0.5),
bordertidth: 1,
label: {
content: '3 Range’,
enabled: true,
position: ‘center’

s
Fig. 5.4 A fragment of the program code for plotting the calculated Gaussian density function

and checking the results obtained using the three-sigma method
Source: [5]
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// Mpocmuii wemod MHK (memod Haiimenuux k8adpami6)
export function leastSquaresRegression(x, y) {

const n = x.length;

const X = math.concat(math.reshape(x, [n, 1]), math.ones([n, 1]), 1);

const theta = math.multiply(math.inv(math.multiply(math.transpose(X), X)), math.multiply(math.transpose(X), y));

return theta;

Fig. 5.5 A fragment of the program code for creating a model using
the least squares method
Source: [5]

while (iteration < maxIterations) {
let updatedTheta = [0, ];
let totalloss = ©;

for (let i =0; i <n; i++) {
const r = y[i] - (thetaHR[®] * x[i] + thetaHR[1]);
const loss = huberLoss(r, delta);
const weight = Math.sqrt(delta / (r * r + delta));

// Construct weighted matrices
const weightedx = [X[i][e], X[1][1]]; // Select columns [6, 1] (corresponding to x and the intercept)
const weightedY = yMatrix[1][0]; // Access element from yMatrix directly using array indexing
// Update coefficients using weighted Least squares

updatedTheta = math.add(updatedTheta, math.multiply(weight, weightedX, weightedv));

totalloss += loss;

%

// MepeBipka wa 36ixwicme 3a 3minow 3azanewux 6mpam
if (Math.abs(totalloss - previousLoss) < tolerance) {
| | break; // 3ynunsemo imepayit, sxuo 6mpamu maiive we smimoemscs

b

// OnoBrenns koeiuienmi6 pezpecit Ha ocHoBi BazoBanux MHK

thetaHR = updatedTheta;
previousLoss = totalloss; // OoBioeso nonepedki 6mpamu dns nopiBusris

iterations+;

i

return thetaHR;

b

Fig. 5.6 A fragment of the program code for creating a model using
the Huber regression method
Source: [5]

function calculateR2(actual, predicted) {
const meanActual = math.mean(actual);
const totalSumOfSquares = math.sum(actual.map(val => Math.pow(val - meanActual, 2)));
const residualSumOfSquares = math.sum(predicted.map((val, i) => Math.pow(actual[i] - val, 2)));
const r2 = 1 - (residualSumofSquares / totalSumOfSquares);

return r2;

}
Fig. 5.7 A fragment of the program code for calculating the performance indicator
of the model "Determination coefficient R*"
Source: [5]

// PospaxyHok npocmozo Q*2 0na pezpecii
function calculateSimpleQ2(y, yPred) {
const meanY = math.mean(y);
const totalsumOfSquares = math.sum(y.map(val => Math.pow(val - meanY, 2)));
const sumSquaredErrors = math.sum(y.map((val, i) => Math.pow(val - yPred[i], 2)));
const simpleQ2 = 1 - ( q E / totalSumOfsq )

return simpleQ2;

)
Fig. 5.8 A fragment of the program code for calculating the performance indicator

of the model "Forecasting coefficient Q*"
Source: [5]
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// PospaxyHox Q"2 3a LOOCV dna pezpecii
function calculateQ2LOOCV(x, y, regressionFunction, addParam) {
const n = x.length;

let sumSquaredErrors = @;

let totalSumOfSquares = @;

for (let i = @; i < nj its) {
const xTrain = [...x.slice(o, i), ...x.slice(i + 1)];
const yTrain = [...y.slice(9, 1), ...y.slice(i + 1)];
const xTest = x[i];
const yTest = y[i];

const theta = regressionFunction(xTrain, yTrain, addParam);

// Nepe6ipka, 4u ompumaro Kopexmi 3Ha4enns Koepiuienmié theta
if (theta !== null & typeof theta === ‘object’ & theta.length >= 2) {
| const ypred = theta[e] * xTest + theta[1];
const squaredError = Math.pow(yTest - yPred, 2);

mSq Errors += squ rror;

const meanY = math.mean(yTrain);
const totalSquare = Math.pow(yTest - meanY, 2);
totalSumofSquares += totalSquare;
} else {
console.error('Regression function did not return valid coefficients.');
// OnuionansHo moxwa noSepwymu null aGo iHwe 3Ha4ews y 6unadky nomunku
return null;

}

const Q2 = 1 - (sumSquaredErrors / totalSumofSquares);
return Q2;

}

Fig. 5.9 A fragment of the program code for calculating the performance indicator

of the model "Forecasting coefficient Q7 .,"
Source: [5]

// StandardDeviation

function calculateCalculatedStandardDeviation(actual, calculated, numParams) {
const n = actual.length;
const residuals = actual.map((val, i) => val - calculated[i]);
const squaredResiduals = residuals.map(residual => Math.pow(residual, 2));
const sumSquaredResiduals = math.sum(squaredResiduals);

const sigmacalc = Math.sqrt(sunSquaredResiduals / (n - numParams - 1));
return sigmaCalc;

Fig. 5.10 A fragment of the program code for calculating the performance indicator
of the model "Standard deviation (o)"
Source: [5]

function calculateFStatistic(R2, numParams, numDataPoints) {
const F = (R2 / (1 - R2)) * ((numDataPoints - numParams - 1) / numParams);

return F;

}

Fig. 5.11 A fragment of the program code for calculating the performance indicator
of the model "F-criterion”
Source: [5]
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5.6 Description of an example of solving the problem of quantitative
assessment of changes during the implementation of a long-term
IT project

5.6.1 Description of the features of the long-term IT project
"Web Constructor"

Experimental verification of the obtained research results was proposed to be
carried out during the implementation of the long-term "Web Constructor” IT pro-
ject. The duration of the implementation of this IT project is 6 years.

The main result of this IT project is the "Construct" system. This system imple-
ments an administrative portal, where customers can use the library of components
to create sites. The "Construct” system supports more than 20 languages and allows
to create web pages for most countries of the world. The results obtained from the
implementation of the long-term "Web Constructor” IT project are already in oper-
ation and continue to expand.

The main goal of the long-term "Web Constructor" IT project is the development
and support of the created "Construct" system.

According to the classification of the main groups of projects by interests of the
Project Management Institute (PMI), this project belongs to IS development pro-
jects[2, 3].

Table 5.2 provides an additional classification of the "Web Constructor" project.
This classification was carried out according to classification criteria according to the
materials of sources [27, 28].

Table 5.2 Additional classification of the "Web Constructor" project

Classification feature Project type
By scale Large
By complexity Technically complex
By implementation time Megaproject
By resource constraints of a set of projects Program
By the nature of the project and the level of participants International
By the nature of the project's target task Marketing
By the main reason for the project Need for structural and functional
transformations
By the location of the customer External
Degree of customer participation in the project Average
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The "Web Constructor" project is divided into subprojects depending on the re-
quirements. For example, during the project implementation, subprojects took place
to update designs, transition to more progressive and competitive technologies, add
new functionality, and others. The project continues to scale, so new teams and sub-
projects are currently being created to perform individual business tasks.

During the implementation of the "Web Constructor” IT project and its individ-
ual subprojects, a lot of work is performed, the main of which are:

- creation of new system components;

- updating existing system components;

- creation of new web page templates;

- improving the performance of existing web pages;

- collection of analytical information on system usage;

- system support/updating;

- solving problems with content accessibility;

- transition to new technologies;

- implementation of the possibility of using the system in new countries;

- updating the system design.

To implement the "Web Constructor" IT project, the resources of the following
IT company departments were used:

- Management department;

- Inclusion and accessibility department;

- Business analysis department (BA);

- Strategic architecture and consulting department (Solution Architects, SA);

- Back end (BE) development department;

- Front end (FE) development department;

- System efficiency and performance department;

- Software development and implementation automation and optimization de-
partment (DevOps);

- User interface design department;

- Software testing experts department (Quality Assurance, QA).

Several teams participate in the implementation of the IT project. Most teams
are development teams, each of which has 6-10 employees. Such a team usually in-
cludes several BE developers, FE developers, and QA specialists. One of the project
participants plays the leading role of the team leader and reports to other teams and
divisions of the IT company on the success of the work, maintains communication
with them.

The "Web Constructor" IT project is international and includes employees from
different countries of the world.
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When planning the work of the teams of the "Web Constructor" IT project, the
provisions of the Agile SCRUM methodology were used [21]. The main type of itera-
tion of this IT project is a sprint lasting 3 weeks.

When planning a specific sprint of the "Web Constructor” IT project, the tasks
that are allocated in the backlog of this sprint can be attributed to one of the follow-
ing classes:

- tasks that must be fully completed during the current sprint;

- tasks that must be completed during the next sprint;

- tasks that will be performed during several sprints.

If the task is selected with the intention of obtaining a finished version of the
program (i.e. as a release task), the team should spend no more than 2 weeks on its
implementation, because it must be checked by test engineers and customers during
acceptance testing (UAT) in the software product environment. If the task is planned
without taking into account obtaining a finished version of the program (i.e. as
a non-release task), development can take place within the entire sprint. Therefore,
testing the task will be planned within the next sprint.

The main technologies used in the implementation of the "Web Constructor"
IT project and forming its technological stack are: JS, React, JAVA, SQL, HTML, CSS,
Redux, TS, LESS, AWS.

5.6.2 Overview of the causes of changes in the long-term
"Web Constructor" IT project

The risks and changes that occur during the implementation of the "Web Con-
structor" project are closely related to its features and classification. Therefore,
before starting the experimental verification of the obtained research results, it is
necessary to consider the current problems that may lead to changes in the "Web
Constructor" IT project and the "Construct" system.

The most relevant problem encountered during the implementation of the long-
term "Web Constructor" IT project is the problem of changing the characteristics
of tasks during their execution. Changing these characteristics in the process of de-
veloping a project task after assessing the time required for its execution is a very
common phenomenon [29].

The characteristic of the task is a description of what must be performed during
the implementation of the task. The characteristics are described and divided by
BA specialists into characteristics on the BE side and characteristics of the FE.
Sometimes the same characteristic may require work from two parts (BE and FE).
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In this case, for the requirements descriptors, it is proposed to include such a re-
quirement in both descriptors.

When performing the "Web Constructor" IT project, the characteristics of the
tasks are described in a table format and each of them is given a universal identifier.
If the task is technical in nature, then the characteristics can be explained and de-
scribed by the system architect. At the time of discussing the task before selecting it
for execution during the work sprint, the characteristics should already be described
and the team should familiarize themselves with them in advance. This provides an
opportunity to resolve misunderstandings about the task before its final discus-
sion (grooming, SCRUM stage) [21].

Depending on the characteristics, the tasks are divided into technical and busi-
ness tasks. Within the framework of business tasks, customer requirements are ful-
filled, technical tasks are solved in order to improve the technical performance and
quality of the created product.

Another group of relevant problems of changes in the long-term "Web Construc-
tor" IT project are problems that arise during the project implementation.

Firstly, such problems include restrictions on direct communication between in-
dividual departments. As a result of such restrictions, communications become more
complicated and sometimes take place as a dialogue in the form of electronic cor-
respondence. Such complications, in turn, can slow down the editing of elements of
the Construct system and lead to changes that should be made already at the time of
work on the relevant tasks.

Secondly, such problems include situations when the design department initiates
changes in designs during the implementation of a certain functionality, that is, when
the task has already passed the stage of evaluation by the development team. Exam-
ples of the most frequent changes that arise due to this reason include the following:
replacing images, changing colors, changing fonts, changing sizes, introducing new
designs for individual cases or screen sizes, etc.

Thirdly, such problems include situations in which designers do not always in-
form BA specialists about changes to graphic designs after making them. Direct com-
munication between the development team and designers in the "Web Constructor"
IT project is absent and occurs through communication with BA specialists. Such
changes can make the characteristics described by BA specialists irrelevant and cre-
ate the need to make changes at the task level [26].

The problems considered generate a set of changes that arise directly during
the implementation of the IT project. If such changes are insignificant and the team
has the opportunity to perform them within the task it is working on, these changes
are made immediately. If the changes are critical and complex, they are made as
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a separate task and given a higher priority. A task of this type is called a change re-
quest (Change Request, CR) [30]. In this case, another task planned within the cur-
rent sprint will be replaced by this CR, if the team has the opportunity to complete it,
or the requirements for the tasks in progress are simplified.

Another group of urgent problems of changes in the long-term "Web Construc-
tor" IT project is associated with the need for interaction of individual subprojects
with external organizations or internal teams. The results of the activities of these
organizations and teams can significantly affect the progress of these subprojects
and the entire IT project. For example, during the development of the server part, the
JAVA programming language and the Adobe Experience Manager (AEM) platform
are used. But the use of this platform in some cases, unfortunately, leads to difficul-
ties and limitations in expanding the functionality. This leads to the fact that some
tasks cannot be completed on time. In some cases, such tasks are postponed and
a etter is written to the AEM developers with a request to fix the problems found.

Similar problems also arise during the development of the user interface of the
"Construct" system. There is a separate internal subproject that provides a com-
mon library with components to be used at the "Web Constructor” IT project level.
This leads to problems integrating individual system components with the library
being created.

Some similar characteristics of tasks in parallel subprojects are implemented dif-
ferently, which also leads to problems and complicates the integration process with
related components and external systems.

Similar problems arise when using external libraries (for example, node package
manager). There have been situations when updating the library version led to sig-
nificant system defects and required replacing the used library or making a decision
to use an old version of the current library. For such a decision, it was necessary to
take the risk that refusing updates could cause system security problems. In such
cases, it is possible to decide to wait for updates to the necessary library, because the
development team of this library may know about the existing problem and plan to
solve itin future releases.

A separate group of problems arises in the process of solving tasks of estimating
the time required to perform a certain task and implement changes at the task level.
There are cases when the team cannot estimate the time required to perform a task
or implement changes due to insufficient information on the technical features.
In such cases, it is proposed to perform the task for the purpose of more detailed
research and estimation of the time required to perform the task or implement the
change. Such a task is called a proof of concept (POC). However, the team may not al-
ways be aware of the risks and propose conducting such a study. In such cases, during
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development, it becomes necessary to make changes to the characteristics or to cal-
culate the amount of time required to perform the task.

Estimation of the time required to perform tasks in different teams of the "Web
Constructor" IT project occurs differently. In development teams, time estimation
is carried out by planning using Poker Planning technology. Scores are given in the
range from 1 to 13 by all team members. The meeting at which the assessment pro-
cess takes place usually takes place a week after the meeting to discuss the task with
the BA specialists. This, in turn, leads to the fact that the assessments may not be
accurate and relevant, because the team may not remember all aspects of the as-
sessed task.

Among other problems that are the causes of changes in the long-term "Web
Constructor" IT project, the following types of problems should be noted:

a) problems arising from the work of the project teams under stressful conditions;

b) problems arising from the need to compensate for work;

c) problems arising from the complexity of the existing organizational structure
of the IT company;

d) problems arising from the low level of experience of individual IT company
specialists.

Type of problem (a) is caused by the fact that due to high competition, IT project
tasks must be performed quickly and efficiently. This requirement sometimes leads
to overtime work by employees or work on weekends. Frequent cases of such work
can lead to emotional fatigue of employees and worsen the effectiveness of the team
and individual project participants.

Type of problem (b) is caused by the international crisis of the IT market. The con-
sequence of this crisis is a situation in which customers prefer budget solutions and
refuse to implement the latest technologies due to financial resources. This leads to
increased competition in the market and a decrease in the technological level of the
created "Construct" system.

Type of problem (c) is caused by the incomplete knowledge and skills of mem-
bers of the project teams regarding the rights and obligations of managers of indi-
vidual divisions of the IT company. Team members are not personally familiar with
higher-level managers and may not know which link in the organizational structure
to contact with various issues. This can lead to the problem of a slow response when
an employee contacts its manager, and the manager is forced to go further through
the links of the organizational structure of the IT company's management.

A type of problem (d) is caused by the low level of experience of a certain group
of employees in working with parts of the developed system. This is due to the long
duration of the implementation of the IT project "Web Constructor" - a significant
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part of the system components was implemented by employees, some of whom are
no longer working on the project. Among the problems of this group, one can single
out the problem of poor-quality process of transferring information about the pro-
ject and poor-quality process of adapting employees of the IT company.

According to the results of the review of the problems that occur during the
implementation of the "Web Constructor” IT project, it was proposed to classify
these problems for experimental verification of the obtained research results
as follows:

- problems of quality of estimating the time required to complete tasks and make
changes;

- problems of medium-term forecasting;

- problems of changing task characteristics;

- problems of an emotional nature;

- problems of the level of compensation;

- problems of the need for overtime work;

- problems of a technical nature;

- problems of communication;

- problems of the level of knowledge of employees;

- problems of organizational structure complexity;

- problems caused by the use of outdated documentation and the lack of a qual-
ity adaptation process for employees performing the project.

5.6.3 Description of the progress and results of experimental verification
of the obtained results

It was decided to conduct an experimental verification of the obtained research
results within the framework of the tasks and iterations of the "Web Constructor"
IT project by one development team (the description of this team is given in Subsec-
tion 5.6.1). The IT project manager was appointed responsible for the implementa-
tion of the stages of the improved method.

Before the implementation of the improved method, the method based on the
Beckhard and Harris's model was used during the project implementation [10].

During the implementation of Stage 1 of the improved method, the manager con-
ducted a survey of the team regarding the perception of the change management
process operating in the team at the task level. An anonymous questionnaire (Google
Forms) was created for the survey and sent to each project participant. The ques-
tions and answers of the project participants are given in Table 5.3.
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Table 5.3 Assessment of employees' attitude to the method based on the Beckhard and
Harris's model

Questions for evaluation on a scale Employee Average score
fromOto 10 1 2 3 4 5 6 7 8 perquestion
Speed of change implementation 6 5 4 6 7 4 5 3 5
(10 - fast)
Comfort of change management 5 4 5 6 7 6 8 7 6
processes (10 - comfortable)

Presence of stressful situationsduring 7 8 6 7 7 6 8 6 6.875

change implementation (10 - absent)

Need for overtime work (10 - absent) 8 8 10 9 10 9 9

Difficulty of change assessment 6 7 5 6 7 8 5 4
(10 - not difficult)

Average employee rating 64 66 56 7 74 68 7 58 6.575

According to the survey results, the average score of the current change manage-
ment method was 6.575.

Then, with the participation of all project team members, an analysis of the use of
descriptors was conducted.

A conditional name was chosen for each descriptor for use in the descriptor data-
bases. The main descriptors at the time of discussion were the following:

- number of task characteristics (C_Amount);

- number of task characteristics to be implemented on the client side (C_FE_
Amount);

- number of task characteristics to be implemented on the server side (C_BE_
Amount);

- planned number of days to complete the task (W_Days_Planned);

- number of days spent to complete the task (W_Days_General);

- number of task characteristics at the time of completion of work on it (C_Amount_
Final);

- difference between the number of task characteristics at the time of taking the
task into work and the number of characteristics that occurs at the time of comple-
tion of work on the task (C_Delta);

- the difference between the number of days planned for the task at the time of
its initiation and the number of days spent on its implementation at the time of its
completion (W_Days_Delta).

During Stage 2, information was collected in the form of descriptors by entering
them into the descriptor database.
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The tasks that were performed during the last five sprints were analyzed.
The description of the descriptors for these tasks is given in Table 5.4.

Table 5.4 Descriptors for tasks performed during the last five sprints

TaskiD ~ C-Amount,  C_Amount Arcn_cl):Er_lt, A%Elfﬁt, \AYSE;ZZ, \gér?:lgi
pieces Final, pieces pieces pieces days days

WEBCO_2342 80 92 30 50 15 20
WEBCO_2343 80 94 65 15 23 31
WEBCO_2344 20 25 10 10 8 10
WEBCO_2345 35 38 15 20 7 8
WEBCO_2346 42 47 12 30 12 15
WEBCO_2347 76 85 26 50 9 14
WEBCO_2348 12 12 12 0 5 5
WEBCO_2349 56 61 26 30 16 18
WEBCO_2350 15 20 10 5 5 7
WEBCO_2351 71 75 25 46 14 16
WEBCO_2352 12 12 0 12 3 3
WEBCO_2353 7 10 7 0

WEBCO_2354 2 2 0 1 1
WEBCO_2355 1 8 1 0 6
WEBCO_2356 35 40 32 3 18 20
WEBCO_2357 8 10 1 7 4 5
WEBCO_2358 54 65 53 1 50 55
WEBCO_2359 34 53 25 9 74 84
WEBCO_2375 50 43 30 20 15 12
WEBCO_2376 40 33 25 15 12 9
WEBCO_2377 35 28 20 15 10 8
WEBCO_2380 20 15 12 8 7 5
WEBCO_2384 70 62 40 30 20 16
WEBCO_2385 50 42 28 22 15 12
WEBCO_2386 45 32 25 20 13 8
WEBCO_2387 40 30 22 18 12 8
WEBCO_2388 35 32 20 15 11 10
WEBCO_2342 80 92 30 50 15 20

During the next (sixth) sprint, descriptors were also entered into the descriptor
database. The values of these descriptors are shown in Table 5.5.
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Table 5.5 Descriptors for tasks performed during the sixth sprint
C_FE_ C_BE. W_Days- W_Days-

C_Amount, C_Amount_

Task ID pieces Final, pieces Arr’ri\:cuer;t, Arr)rilgclfer;t, Plgr;c:d, G(:jr:;,,l;al,
WEBCO_2389 30 26 18 12 10 9
WEBCO_2395 20 20 12 8 8 8
WEBCO_2396 25 21 15 10 9 7
WEBCO_2397 30 35 18 12 10 13
WEBCO_2398 22 24 14 8 8 9
WEBCO_2399 35 35 20 15 11 11
WEBCO_2360 65 75 40 25 20 25
WEBCO_2361 25 59 15 10 8 23

During Stage 3 of the sixth sprint, when performing task WEBCO_2360, it be-
came necessary to make changes at the task level. The task included updating the
designs of the bottom menu component of the page (footer). During the task, it was
discovered that changes to the graphical interface designs were necessary. The de-
signer updated the graphical interface, and the business analyst updated the compo-
nent characteristics in accordance with the design updates.

During Stage 4, the difference between the task states without changes and with
changes was studied in detail. The team was explained the changes necessary for
implementation.

The development team requested Stage 5 of the improved method. To build sta-
tistical models of changes, a descriptor was selected that determines the difference
between the number of task characteristics at the time the task was started and the
number of characteristics that occur at the time the task was completed (C_Delta).
The change indicator was chosen as the difference between the number of days
planned for the task at the time of its start and the number of days spent on its imple-
mentation at the time of completion of work on it (W_Days_Delta).

First, the prerequisite for using regression analysis was checked. It was carried
out for data collected on the basis of the first five sprints. Using the developed soft-
ware, a Gaussian distribution was constructed, presented in Fig. 5.12 [5].

The mean, variance, and standard deviation of the descriptor values collected for
the first five sprints were calculated. The mean was 1.52. The variance was 62.72.
The standard deviation was 7.92. There were no outliers outside 3o. The check
showed that there were no outliers in the data, so it was decided to build a model
using the OLS method. The model calculations were performed for the descriptors
collected from the first five sprints.
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Fig. 5.12 Gaussian distribution for the data on the number of changed characteristics
collected for the first five sprints
Source: [5]

The model obtained as a result of the OLS calculations is represented by the
formula

y,=0.46-x,+0.26, (5.6)

where y; - the value of the change indicator W_Days_Delta (system property); x; - the
value of the descriptor C_Delta.

The change model, built using the OLS method for the data of the first five sprints,
is shown in the graph (Fig. 5.13) [5].
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Fig. 5.13 Change model built using the OLS method for data
from the first five sprints
Source: [5]
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After building the model, its performance was checked using the following in-
dicators: R%, Q?, Qfoocv, F-criterion and standard deviation o. The calculated perfor-
mance indicators for the change model, built on the basis of descriptors for the tasks
of the first five sprints, are given in Table 5.6.

Table 5.6 Performance indicators for the change model

Method  Regression equation R? Q Qoocyv F c

OLS y;=0.46-x,+0.26 0.98 0.98 0.97 481.61 0.59

The values of the calculated indicators showed that the model is workable and
can be used to estimate the change indicator.

During the sixth sprint, issues were resolved regarding updating the list of char-
acteristics of the WEBCO_2360 task after it was put into operation. The initial num-
ber of characteristics was 65 units. The team was tasked with choosing one of the
proposed options:

- add 20 new characteristics to the current task;

- add 10 priority new characteristics to the current task and create a task with
10 other characteristics to be performed during the next sprint.

The calculation of the change implementation time estimates under the condi-
tions of adding 10 and 20 new characteristics is given in Table 5.7.

Table 5.7 Calculation of the change implementation time required for the WEBCO_2360
task due to changes in the number of characteristics

. . Time of change Time of change
Method Regression equation (20 characteristics) (10 characteristics)
OLS y;=0.46-x,+0.26 9.46 4.86

Using the resulting change estimate, it was decided to add 10 new features
during the current sprint. The project manager assigned people responsible for mak-
ing changes and checking them.

The changes took 5 days, which was slightly longer than planned. This fact
showed that using the improved method, an estimate was obtained that was close
enough to the actual value. The calculation of the ratio of the predicted value to the
actual value is given in Table 5.8.

During the seventh sprint, issues were addressed regarding the reduction of the
list of characteristics of the WEBCO_2361 task after it was taken into operation. The
initial number of characteristics was 55 units. After taking the task into operation,
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it was found that 7 characteristics were no longer relevant. The development team
requested Stage 5 of the improved method.

Table 5.8 Calculation of the ratio of the predicted value of time to the actual value of time

Method Forecast change, Actual change, Ratio of forecasted and
days days actual results
oLS 4.86 5 0.97

To build statistical models of changes, it was decided to use the descriptor
C_Delta and the change indicator W_Days_Delta, as for previous calculations.
The data collected on the basis of the first six sprints were checked for outliers.
The Gaussian distribution for the values of these descriptors, which were col-
lected during the previous six sprints, is shown in Fig. 5.14 [5].

The calculated mean was 2.4. The variance was 82.6. The standard deviation
was 9.09. The three-sigma test showed the presence of an outlier in the data with
avalue of 34.

Since the test showed the presence of outliers, models were built using Huber re-
gression. The models were calculated on the descriptor values of the first six sprints
using the following values of the parameter 6: 1.345,0.8,0.1,0.02, and 1.5. A fitness
check was performed for the found change models. The results of the calculations
are given in Table 5.9.
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Fig. 5.14 Gaussian distribution for descriptor values collected during

the previous six sprints
Source: [5]
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Table 5.9 Models calculated using Huber regression and their fitness indicators

Parameter 5  Regression equation R? Q Qloocy F o
1.345 y;=0.25-x,+0.01 0.76 0.76 0.78 51 2.09
0.8 y;=0.24.x,+0.01 0.74 0.74 0.76 46 2.16
0.1 y;=0.37-x,+0.01 0.94 0.94 0.93 259 1.02
0.02 y;=0.41-x,+0.02 0.97 0.97 0.97 517 0.74
1.5 y;=0.25.x,+0.01 0.76 0.76 0.78 51 2.07

According to the calculated performance indicators, the value 6 = 0.02 was cho-
sen for further calculations.

The model built using Huber regression for the data of the first six sprints is
shown in the graph in Fig. 5.15 [5].
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Fig. 5.15 Model built using Huber regression, for data from the first six sprints
Source: [5]

The calculated performance indicators of the model showed that the model is
workable and can be used to estimate the indicator of changes in task execution
time. The calculation of the estimate of released days under the condition of chang-
ing the number of characteristics of the task WEBCO_2361 is given in Table 5.10.

For task WEBCO _2361, it was decided to remove 7 characteristics from the
task descriptionin the current sprint. 4 days less were spent on solving the changed
task. Calculations of the ratio of the predicted value to the actual value are given
in Table 5.11.
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Table 5.10 Calculation of the estimate of released days under the condition of changing
the number of characteristics of the task WEBCO_2361

Method Regression equation Change indicator

Huber regression y;=0.41-x,+0.02 2.85

Table 5.11 Calculation of the ratio of the predicted value to the actual value for
task WEBCO_2361

Method Forecasted value, Actual value, Ratio of forecasted and
days days actual results
Huber regression 2.85 3.5 0.81

Thus, the calculated change estimates turned out to be close to real changes.
Therefore, it was decided that the results of the experimental verification of the im-
proved method and the elements of the corresponding IT are adequate to the real
processes of implementing the long-term "Web Constructor" IT project.

5.7 Discussion of the research results

Improving the method based on the Beckhard and Harris's model using the de-
scriptor approach made it possible to solve the following tasks:

- conduct a quantitative assessment of changes based on the values of descrip-
tors that are formed in the process of implementing sprints of a long-term IT project
by its performers;

- automate the solution of the problem of quantitative assessment of changes
by forming and analyzing statistical models of the dependence of change indicators
on descriptors.

The developed IT elements of quantitative assessment of changes allow to im-
prove the quality of change management in a long-term IT project. This possibili-
ty was achieved through the use of the descriptor approach and statistical models
of quantitative assessment of changes. The use of software implementation devel-
oped by IT greatly simplifies the work on assessing changes in the time parameters
of individual tasks of a long-term IT project [5].

Unlike the derived method based on the Beckhard and Harris's model [10], the
use of the improved method allowed to improve the performance indicators of the
change assessment process. The results of comparing the values of these indicators
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calculated for the derived method based on the Beckhard and Harris's model and
after the implementation of the improved method are given in Table 5.12.

Table 5.12 Results of comparing the values of indicators of the change assessment process

Application of Application of the
the derivative developed informa- Changein

Indicator method basedon tion technology for the indica-
the Beckhard and quantitative assess- tor
Harris's model ment of changes
Proportion (in percent) of time 7 5 Decreased
changes canceled due to impossibil- by 2
ity of their implementation Che,
Proportion (in percent) of time 92 95 Increased
changes that were accepted by the by 3

customer and approved as success-
fully implemented Ch,,

Difference (in hours) between the 7 2 Decreased
time spent on work and the esti- by 5
mated time, 5Ch;
Proportion (in percent) of changes 79 86 Increased
that were completed on time Ch,;, by 7
Employee attitude assessment 6.575 8.025 Improved
towards change management by 14.5%

processes (from 1 to 10)

The developed improved method has the following limitations:

- the duration of the project must be large enough to allow collecting the nec-
essary amount of information for analysis;

- there is a need for additional storage of information for analysis;

- models built using this approach are relevant only for specific projects on
the basis of which data was collected for building models (however, exceptions
are possible).

The main limitation of the use of the developed IT elements is the need to op-
erate IS and IT management of the work of project teams, which could provide the
formation of derived data arrays for further calculation of the values of the selected
descriptors of the tasks of a long-term IT project. In addition, a significant drawback
of the developed IT is a significant increase in the duration of model calculations with
an increase in the number of descriptors taken for analysis. To overcome this draw-
back, it is necessary to conduct additional research to reduce the time and computa-
tional complexity of the algorithms for implementing the developed IT [5].
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Research on the development of an improved method for quantitative assess-
ment of changes is proposed to focus on determining the possibility of its application
for assessing and predicting other (except time) parameters of changes that arise
during the implementation of a long-term IT project. To conduct such research, it will
also be necessary to conduct additional research to determine the best indicators
that characterize changes and the success of the change assessment process in
IT projects of various types.

5.8 Conclusions

In the process of research, a method based on the Beckhard and Harris's model
was improved for quantitative assessment of changes in a long-term IT project.
To improve the method, it was proposed to use a descriptor approach. The improved
method, unlike the existing one, allows for quantitative assessment of changes based
on the values of descriptors that are formed during the implementation of sprints of
along-term IT project by its performers.

The results of improving the change assessment method were implemented in
the form of IT elements of an automated solution to the problem of quantitative
assessment of changes in the long-term IT project management system. A service
architecture was selected for implementation, and the developed IT was considered
as a means of implementing the corresponding service. The IT architecture was de-
fined, a technological stack was proposed, and elements of the software implemen-
tation of the service were developed.

To experimentally verify the obtained research results, it was decided to test
these results during the implementation of the long-term "Web Constructor"”
IT project. The test was performed on the results of the work of one project develop-
ment team. The calculation used data obtained during the team's execution of seven
project sprints.

The calculations were performed for two cases of changes that occurred
during the sixth and seventh sprints. In the first case, the ratio of the predicted
time estimate to the actual time spent on implementing the change was 0.97,
in the second case - 0.81. These results showed that the predicted values of the
indicators quite accurately coincide with the values of the time actually spent
on implementing the changes. In general, the use of the improved method im-
proved the indicators of change implementation during the implementation of the
IT project (Table 5.12) and improved the team's attitude to the change manage-
ment process by 14.5%.
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